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ISCRAM Asia Pacific 2018: Innovating for Resilience 

 

Introduction 

 

The role of information systems in crisis response and management is becoming ever more important, 

both as society becomes increasingly reliant on information systems for its general operation and 

functioning, and as information systems become more sophisticated. In the Asia Pacific Region, a 

number of major disaster events in recent years (e.g. the Christchurch 2011 and Kaikoura 2016 

earthquakes in New Zealand, the Ash Wednesday 2009 bushfires in Australia, major tsunami events 

in Indonesia in 2004 and 2018) have placed information systems at the forefront of disaster 

management for governments, academics and the private sector.  This volume contains papers 

submitted, peer reviewed and presented at the ISCRAM Asia Pacific 2018: Innovating for Resilience 

Conference, held in Wellington, New Zealand from 5-7 November 2018.  The papers are organised 

into 9 tracks, each represented by a section in this volume.  

 

Particular areas that are well represented in this collection of papers include the use of social media 

for disaster management, the role of data generally and geospatial data specifically and the importance 

of resilience of organisations, information systems, physical infrastructure and societies. 

The volume of papers presents a range of current academic and practitioner work that addresses the 

use of information systems in disaster management and response, highlighting the key and current 

topics and the ways they are being addressed both in current, innovative research, and by governments 

and agencies who are directly managing such events.    Papers describe case studies across a wide 

range of geographical areas, both within the Asia Pacific region and beyond.  There is a focus on 

experiences in New Zealand, and to a lesser extent Australia, but disaster events in the United States, 

Malaysia, Taiwan, Sri Lanka and Nepal (among others) are also discussed. 

 

The papers contained are of two types (Research and Insight) and two lengths (Work in Progress, 

shorter papers and Complete, longer papers).  Research papers conform to the normal academic 

requirements, while Insight papers are more practitioner focussed, addressing lessons learnt or 

experiences in the field. 

 

The specific organisation of the volume is as follows.  We begin by addressing approaches that 

increase Resilience to Cope with the Unexpected (Section 1) in disaster events, considering ways in 

which organisations and leaders can become more resilient in disaster situations in an international 

context (e.g. papers by Grant; Hanson and McDougall; Gul et al and Zhuravsky).  We also consider 

issues of infrastructure resilience (e.g. papers by L'Hermitte et al and Scholl et al), and of 

psychological mechanisms for dealing with disaster events through sense-making (Seto et al). 

 

In Section 2, we consider Monitoring and Alerting Systems supporting Business as Usual and 

Emergency Warnings, considering the use of mobile technologies for alerting in New Zealand 

(Gordon et al) and Taiwan (Chang et al) and methods for predicting demand for government services 

during disaster events in Queensland, Australia (Power et al). 

 

In Section 3 we address the rapidly growing area of Data Issues for Situation and Disaster 

Awareness, including both specific cases such as the development of a building inventory in 

Wellington, New Zealand (Noy et al) and the use of data from social media and other sources for 

response to Hurricane Irma in the Carribbean and United States (Gray et al).  The challenges involved 

in resilience monitoring (Stevenson et al), data uncertainty (Hudson-Doyle et al), knowledge transfer 

(Nadeera and Prasanna) and regional issues in geographic information management (Treadgold et al) 

are addressed, along with more specific issues such as the extraction of content from text sources 

(Shamoug et al). 

 

Turning to Geospatial and Temporal Information Capture, Management, and Analytics in 

Support of Disaster Decision Making (Section 4), studies centred around specific systems include a 

web geographic information system (GIS) for waste management in disaster events in New Zealand 

9



(Flaws and Purchas) and a system for water supply resilience in Wellington, New Zealand (Papion).  

Papers addressing the use of satellite imagery for disaster management include the time series InSAR 

technique (Ge et al) and spectral indices for bush fire mapping (Tran et al).  We also address issues 

such as data collection practices (Sampedro), integration of geospatial resources (Kaeppler) and the 

role of geospatial practitioners and organisations in emergency management (Phyn; Maunder).  

Finally, we discuss the future of geospatial systems in disaster management (Bunker and Sleigh). 

 

In Section 5 we address Human Centred Design for Collaborative Systems Supporting the 4Rs 

(Reduction, Readiness, Response and Recovery), considering such issues as user interface design 

for disaster applications (Kremer; Tan et al), interfaces for the visually impaired (Madanian et al) and 

underlying cognitive issues (Huggins et al).  Finally, we consider the enablers and barriers to 

collaboration between agencies in a Malaysian context (Lee). 

 

In Section 6 we consider the role of information systems in Understanding Risk, Risk Reduction, 

Consequences and Forecasting.  This Section addresses risk assessment for insurance (Pastor), as 

well as specific engineering aspects and their impacts (Sherson et al; Milkop et al).  A retrospective 

analysis of the Indian Ocean Tsunami and its impact on Sri Lanka (de Alwis) and community 

engagement to promote preparedness (Shackleton) are also included. 

 

A range of papers on Social Media and Community Engagement Supporting Resilience Building 

are included in Section 7, focussing mainly on research aspects in this emerging field.  The use of 

social media to manage a range of disaster events are addressed, including hurricanes in Small Island 

Developing States (Gray et al) and the 2017 Iran-Iraq earthquake (Shahbazi et al).  Specific 

techniques that are addressed include classifications of Twitter tweets (Li et al), analysis of content 

for emergency dispatch (Kropczynski et al), assessment of veracity of social media posts (Plotnick et 

al), identification and support of vulnerable people (Balcell et al; Otaka et al) and rescue request and 

location tracking (Nishikawa). 

 

In Section 8, Information Systems for Disaster Healthcare are discussed from both a technological 

perspective, considering virtual reality (Xia et al) and an organisational perspective, addressing cross-

agency communication (Abbas et al). 

 

Finally, in Section 9 we finish as we started, addressing the issue of resilience, with a particular focus 

on Enhancing the Resilience of Natural, Built, and Socio-economic Environment.  Papers in this 

Section focus on the resilience and interdependency of major infrastructure assets, including physical 

infrastructure in Wellington, New Zealand (Syed et al), ICT infrastructure in Nepal (Lama) and 

general infrastructure issues (Zorn) on a city-wide basis (Audain et al), as well as risk modelling and 

human perceptions thereof (Crawford). 

 

As will be evident from this introduction, the papers contained in this volume address a vast array of 

topics in the field of information systems for crisis response and management, and consider a range of 

geographical areas, both from the perspective of academic researchers, and practitioners who are at 

the coalface in managing disaster events.  This nexus of skills, geographies and technologies describes 

a new wave of research and ideas in the integrated handling of disaster events which is essential to 

manage the growing challenges of the future. 
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University of Waikato, Hamilton, NZ 

cecile.lhermitte@waikato.ac.nz 

William Wang 
University of Waikato, Hamilton, NZ 
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Eric Deakins 
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ABSTRACT 

This research explores the applicability of the Physical Internet (PI) to disaster relief operations. The PI is a 
groundbreaking logistical system in which standardised packages are routed through a hyperconnected network 
of logistics providers and facilities. Based on a review of the literature and publicly available information from 
emergency responding agencies and the media, we use the 2016 Kaikoura earthquake to identify six key 
requirements that support the efficient movement of relief items following a disaster. We then consider how the 
PI can support these requirements. We conclude that a fully integrated logistics system in which relief items 
move seamlessly across a web of interconnected transport modes and operators can enhance the speed, 
flexibility and reliability of emergency responses. By discussing a concept that has received very little attention 
in the disaster management literature and identifying new ways of improving emergency responses, this study 
aims to stimulate debate within the disaster relief sector. 

Keywords 

Emergency Response; Disaster Relief Operations; Physical Internet; Logistics; Supply Chain Management. 

 

INTRODUCTION 

When a disaster strikes, essential resources such as medical supplies, water and shelter must be deployed 
without delay. Efficient distribution and successful emergency responses call for dynamic and flexible 
movements of goods in response to continually updated information due, for example, to emerging needs or 
suddenly inaccessible roads (L'Hermitte, Bowles, Tatham and Brooks, 2015). However, experience shows that 
fragmented operations, the under-utilisation of resources, unconsolidated shipments, the lack of coordination 
and collaboration, inefficient transport, bottlenecks in the delivery process, and delays are common in relief 
operations (Ado, Ben Othmane, Matei and Montreuil, 2014; Fogarty, 2014; L'Hermitte, Tatham and Bowles, 
2014; McLean, Oughton, Ellis, Wakelin and Rubin, 2012). 

The objective of this explorative research is to investigate the applicability of the groundbreaking concept of the 
Physical Internet (PI) to address these issues. The PI proposes that goods can be moved seamlessly across a web 
of interconnected transport modes, operators and platforms similarly to how the digital Internet routes data 
packets (Ballot, Montreuil and Meller, 2014). In a PI system, goods are packed into standardised logistics units 
and automatically routed from origin to destination through a hyperconnected network of logistics providers and 
facilities. Thus, the PI is conceived as a system of fully integrated modes, actors and facilities that enable 
seamless and efficient movements of goods by supporting shipment consolidation, increasing asset utilisation, 
optimising routing, and speeding up deliveries (Montreuil, 2011; Montreuil, Meller and Ballot, 2012). 

We argue that the PI principles have the potential to change relief operations and to support smooth flows of 
urgently needed relief items in the aftermath of a disaster. Although the PI is receiving growing attention from 
academics, practitioners and policy makers (Sternberg and Norrman, 2017; Treiblmaier, Mirkovski and Lowry, 
2016), research on this topic is virtually non-existent in the disaster management discipline. We, therefore, opted 
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for a qualitative research approach designed to deepen the understanding of the concept and stimulate debate 
within the emergency relief sector. 

Based on a review of the relevant academic literature and publicly available information from emergency 
responding agencies and the media, we firstly use the Kaikoura earthquake that occurred in the South Island of 
New Zealand (NZ) on 14th November 2016 to identify six key requirements that support the efficient movement 
of relief items in the aftermath of a disaster. We then identify six characteristics of the PI and explore how these 
characteristics can support the requirements of emergency response operations. We conclude that the PI 
principles have the potential to enhance the speed, flexibility and reliability of emergency responses. In other 
words, a fully integrated and collaborative logistics system in which relief items and information move 
seamlessly across a web of interconnected transport modes and operators could increase the efficient 
deployment of urgently needed relief items. 

The remainder of this paper is structured as follows. The next two sections present the emergency management 
framework in place in NZ and recount the events following the Kaikoura earthquake. Then, the concept of the 
PI is examined and its applicability to the emergency management context is discussed. This study’s limitations 
are also identified before final observations and recommendations are provided. 

NZ EMERGENCY MANAGEMENT FRAMEWORK 

This section briefly presents the NZ emergency management framework and focuses, more specifically, on 
logistics since this function is in charge of managing the response resources, including relief items. This section 
also shows that collaboration, ongoing communication, and resource sharing are key factors of successful 
emergency responses. 

NZ’s exposure to multiple natural disasters, including earthquakes, storms, floods and landslides, as well as the 
need for rapid and well-coordinated responses to these events led the NZ Government to introduce a 
Coordinated Incident Management System (CIMS) in 1998 (subsequently revised in 2014). CIMS establishes a 
joint response framework to be used by the emergency management agencies at all levels (incident, local, 
regional and national). The framework ensures consistent responses to a wide range of emergency situations 
(from small, single-agency operations to complex emergencies requiring the participation of multiple 
responders). Designed as a scalable and modular system, CIMS describes how responses can be expanded or 
downsized, and how a variety of resources and capabilities can be mobilised or demobilised to respond to the 
specific circumstances of an event (NZ Government, 2014). 

CIMS supports the coordination and integration of the activities of a broad range of NZ responders, including 
Civil Defence and Emergency Management (CDEM), the Police, Fire Service, Ministry of Health, and Defence 
Force (NZ Government, 2014). Because emergency management takes place across multiple responding 
agencies at the incident, local, regional and national response levels, collaboration and resource sharing between 
actors are key characteristics of NZ relief operations. In particular, when one agency is unable to meet its own 
resource needs, it must cooperate with other agencies and response levels (DPMC, 2015; MCDEM, 2015). 

CIMS also allocates the diverse tasks and responsibilities to be undertaken in emergency responses to seven 
functions: Control, Intelligence, Planning, Operations, Logistics, Public information management, and Welfare. 
The primary responsibility of the logistics function is to source and track the personnel, equipment, supplies, 
facilities and service resources needed to support emergency response activities. These resources must be made 
available at the right time, to the right place, in the right quantities and in a good condition. More specifically, 
the logistics function is responsible for managing supply (sourcing, procuring, storing, loading and tracking 
resources), arranging transport, and managing facilities (sourcing and maintaining the buildings and land used 
during the emergency). It also manages the response personnel (including volunteers) and establishes and 
maintains information technology networks to support communication between responders (MCDEM, 2015; NZ 
Government, 2014). 

Since ongoing communication and interactions among functions and agencies are critical to emergency 
operations, mechanisms are in place to capture and disseminate information, and to provide visibility on 
logistics operations. In particular, responding agencies use a common, web-based information management tool 
called Emergency Management Information System (EMIS) that is designed to maintain situational awareness, 
record information, track data and generate reports. From a logistics perspective, EMIS is used to store 
documents (e.g. resource request forms), to create and process resource requests, and to track tasks and 
resources. Resources are tracked through several processes to enhance supply chain visibility from the time a 
responding agency requests them to the time they are no longer needed. Thus, the records are 
maintained/updated when resources are requested, received, stored, issued to field teams, and returned/disposed 
of (MCDEM, 2015). 
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THE KAIKOURA EARTHQUAKE 

This section uses the 2016 Kaikoura earthquake to illustrate the logistics of disaster relief operations. It also 
identifies a number of key requirements that support the rapid, flexible and reliable deployment of emergency 
supplies. 

On 14th November 2016, a 7.8-magnitude earthquake struck the north-eastern part of the South Island of NZ and 
was followed by multiple severe aftershocks. The earthquake triggered 21 fault ruptures over more than 150 
kilometres and caused significant land movements and deformations. Although the earthquake was widely felt, 
the most severe damage and disruptions were experienced in the upper South Island (MCDEM, 2017b; 
Wotherspoon, Palermo and Holden, 2017). In particular, the earthquake caused massive infrastructure 
destruction and heavy disruption to the transport network when roads were buried by landslides, railway lines 
were swept away, and bridges and tunnels were destroyed. The earthquake isolated thousands of people (local 
residents and tourists) and severely disrupted supply chain operations (Davies, Sadashiva, Aghababaei, Barnhill, 
Costello, Fanslow, Headifen, Hughes, Kotze, Mackie, Ranjitkar, Thompson, Troitino, Wilson, Woods and 
Wotherspoon, 2017). 

Immediate closure of some major transport routes occurred, including State Highway 1 (SH1), NZ’s main 
highway connecting Picton (the entry point to the South Island), Kaikoura and Christchurch. The Main North 
Line railway, a rail freight line running on the East Coast of the South Island and carrying about 1 million 
tonnes of freight between Picton, Kaikoura and Christchurch before the earthquake, was also immediately 
closed. These closures were rapidly followed by further road cut-offs, in particular SH7 and other smaller inland 
roads such as Route 70. As a result, severe freight disruptions on the East Coast of the South Island occurred 
and multiple communities, including the township of Kaikoura (a popular touristic destination with a permanent 
population of over 3,500 people), became inaccessible by road (Davies et al., 2017). 

The NZ Transport Agency reported a total of 5,000 landslides (up to 500,000m3 in size) and 3,300 road and rail 
items requiring repair (NZ Transport Agency, 2018). While the road and rail networks were severely damaged, 
the air transport infrastructure (including the regional airport of Kaikoura) was mostly unaffected. Moreover, 
despite the damage due to the uplifting of the sea bed, the Kaikoura Port remained accessible to small boats 
(Davies et al., 2017). Figures 1-4 illustrate some of the major infrastructure damage around Kaikoura, including 
the road and rail closures in the immediate aftermath of the disaster. 

 

 
Figure 1: SH1 and the Rail Line Near Kaikoura (Source: Mitchell, 2016) 
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Figure 2: SH1 and the Rail Line Near Kaikoura (Source: Twitter, 2016) 

 

 

 
Figure 3: Road Closures in the Kaikoura Area on Day 1 (Source: Davies et al., 2017) 
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Figure 4: Rail Closures in the Kaikoura Area on Day 1 (Source: Davies et al., 2017) 

 

The emergency response was activated by the NZ Ministry of Civil Defence & Emergency Management 
(MCDEM) on 14th November (Day 1). MCDEM requested the assistance of 64 supporting agencies at the local, 
regional and national levels, including the NZ Fire Service, Police and Defence Force, as well as Red Cross and 
six private organisations. By 15th November (Day 2), Kaikoura was established as the most heavily affected 
community (MCDEM, 2016, 2017b). 

The extreme infrastructure damage and some severe weather conditions in the days following the earthquake 
impeded the relief operations and required the use of Defence Force resources. On Day 2, four NZ Air Force 
NH90 helicopters delivered 1.3 tonnes of water, 300kg of food, and diesel to the residents of Kaikoura. On Day 
3, three Squadron helicopters delivered five tonnes of aid and C-130 Hercules Air Force airplanes were used to 
drop 5,000 litres of water to the township. On Day 4, the NZ Air Force used the Squadron helicopters to deliver 
two additional tonnes of supplies. 

An Overland Force convoy of 27 trucks (Medium Heavy Operational Vehicles) managed to reach Kaikoura only 
on Day 5. By Day 10, the Overland Force had delivered 155 tonnes of urgently needed supplies (including 
medical supplies, petrol, diesel, gas bottles, fresh food, milk and water) to the township (NZ Defence Force, 
2016). In the following 13 days, daily convoys of the NZ Defence Force transported supplies to Kaikoura by the 
inland road, Route 70. This road remained closed to non-army vehicles until Day 23, when controlled access 
was made available to emergency services and residents. On Day 38, Route 70 reopened and Kaikoura became 
accessible during daylight hours via the southern part of SH1 (Davies et al., 2017). SH1 was finally reopened on 
both sides of Kaikoura in December 2017 following the 13-month rebuild (Hayward, 2017b; Hayward, Wright 
and Lewis, 2017). The rail freight line on the East Coast reopened in September 2017, some 10 months 
following the earthquake (Hayward, 2017a). 

The Kaikoura earthquake changed the broader transport patterns around the upper North Island of NZ. In 
particular, air and coastal shipping movements increased. They not only supported the relief efforts in the 
immediate aftermath of the earthquake, but also helped make up for the lost rail freight capacity and supported 
the routine movements of goods over the long term. For example, 14 days following the earthquake, NZ’s rail 
operator (KiwiRail) shifted freight from rail to ship by offering a new coastal service called NZ Connect. It also 
combined rail and coastal shipping between Auckland and Christchurch (Davies et al., 2017; Kilroy, 2016). 

Also severe was the impact of the Kaikoura earthquake on road traffic movements. In particular, demand for 
road haulage suddenly increased and alternative routes had to be used (Aitken, 2017; Davies et al., 2017). As a 
result, delivery times became significantly longer. For example, the distance from Picton to Christchurch 
increased by 250 kilometres when trucks were rerouted on the inland road, which increased the travel time from 
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4½ hours to 8 hours (Stevenson, Becker, Cradock-Henry, Johal, Johnston, Orchiston and Seville, 2016). 
Another consequence was that the road transport industry experienced an acute shortage of truck drivers 
(Aitken, 2017). Ultimately, the Kaikoura earthquake highlighted the vulnerabilities in NZ’s road and rail 
networks, as well as the valuable contribution of the normally under-utilised coastal shipping capacity in a 
disaster situation (Ladbrook, 2017; Van Beynen, 2016). 

The above accounts of the logistical response to the Kaikoura earthquake enabled us to identify six key 
requirements that support the efficient movement of relief items in the aftermath of a disaster: 

1. Efficient interagency coordination; 
2. Efficient collaboration with commercial logistics operators; 
3. Efficient utilisation of the available resources; 
4. Seamless and uninterrupted transport flows; 
5. Rapid freight movements between transport modes; 
6. Rapid routing/re-routing due to sudden changes in available transport routes/modes. 

Table 1 shows how the events following the Kaikoura earthquake illustrate these requirements. Later, this paper 
will argue that the PI principles can support these six requirements and, ultimately, streamline emergency 
responses. 

 

Emergency response requirement 2016 Kaikoura earthquake 

1. Efficient interagency coordination 

A key element in NZ’s CIMS is the need for multiple responding 
agencies to collaborate and coordinate their relief activities. The 
response to the 2016 Kaikoura earthquake, which was beyond the 
capacity of a single organisation, illustrates this need. As mentioned 
earlier, 64 supporting agencies at the local, regional and national 
levels were involved in the relief operations. 

2. Efficient collaboration with 
commercial logistics operators 

Mobilising and using the expertise and resources of commercial 
organisations (e.g. the providers of coastal shipping services when 
road or rail transport is unavailable) increase the flexibility of the 
emergency response operations. 

3. Efficient utilisation of the available 
resources 

The response to the Kaikoura earthquake shows that multiple 
logistics resources can be used to deliver the goods to the affected 
communities. In particular, the unavailability of the road and rail 
networks in the Kaikoura area brought the valuable contribution of 
the normally under-utilised coastal shipping capacity into focus. 

4. Seamless and uninterrupted transport 
flows 

The continuous and rapid deliveries of urgently needed relief items 
to the communities isolated by the Kaikoura earthquake required 
efficient transport flows, as illustrated by the emergency deliveries 
completed by the different services of the NZ Defence Force in the 
aftermath of the disaster. 

5. Rapid freight movements between 
transport modes 

The response to the Kaikoura earthquake shows that various 
transport modes can be used to move goods in the aftermath of a 
disaster. The combined rail/ship service offered by KiwiRail 
illustrates this point. Swift movements of goods between transport 
modes support smooth deliveries. 

6. Rapid routing/re-routing due to 
sudden changes in available transport 
routes/mode 

The Kaikoura earthquake was a highly dynamic logistics 
environment, as illustrated by the sudden road/rail closures due to 
extreme infrastructure damage and severe weather conditions. 
Transport needed to be adapted to deal with emerging constraints 
(e.g. road/rail closures or less efficient road transport due to the 
longer travel times) and opportunities (e.g. available air or coastal 
shipping capacity). 

Table 1: Emergency Response Requirements (Source: The Authors) 
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THE PHYSICAL INTERNET 

This section focuses on the PI. Since this concept is new to the emergency management discipline, the following 
subsections go into the details of what the PI is, before identifying the components of a PI system and discussing 
how the concept has been addressed in the literature and in practice. Ultimately, a number of key characteristics 
that have the potential to support efficient logistics operations in the aftermath of a disaster are identified. 

The Physical Internet Concept 

The term “Physical Internet” was first used in 2006 on the front page of a special report of The Economist 
dedicated to logistics operations (The Economist, 2006). The catchy headline led a small pool of researchers to 
explore the analogy between the flow of digital data and the flow of material goods. In particular, Montreuil and 
his colleagues (Montreuil, 2011; Montreuil, Meller and Ballot, 2010, etc.) conceptualised the PI concept and, in 
doing so, envisioned a system that radically changes logistics operations and reinvents the way goods can be 
moved, stored, handled and delivered across the world. 

The digital Internet has revolutionised information and telecommunication technologies by encapsulating data in 
packets and moving them freely across an open and interoperable computer network. Using the digital Internet 
as a metaphor, the PI is defined as a logistical system in which standardised, modular packages are 
automatically routed from origin to destination through a hyperconnected network of logistics providers and 
facilities (Ballot et al., 2014; Montreuil, 2011). The PI encapsulates goods of various sizes and shapes in 
standardised logistics units, and efficiently moves them across a network of interconnected operators and 
platforms. Thus, the PI is conceived as a system of fully integrated modes, actors and facilities that support 
seamless logistics operations, including transport, handling and storage (Montreuil et al., 2012). 

Multiple authors (e.g. Montreuil, 2011; Pan, Ballot, Huang and Montreuil, 2017) argue that the PI can address 
the costly inefficiencies of the current logistics model such as empty trucks and delays. In particular, the PI can 
drive significant improvements in transport and logistics by supporting shipment consolidation, increasing asset 
utilisation, optimising routing, and speeding up deliveries. Such efficiencies can be induced at the level of a 
facility (e.g. a warehouse), the level of a city, a country and, ultimately, the whole world (Montreuil, 2011). 

A related concept, synchromodality, is particularly relevant to this study since the previous section showed that 
modal shifts are a critical component of emergency operations in NZ. Synchromodality is defined as the real-
time planning of, and shifting between, modes and routes to create efficient transport flows (van Riessen, 
Negenborn and Dekker, 2015). In synchromodal transport, movements of goods are booked mode-free so that 
the modal split and the route can be optimised for each shipment. Synchromodality requires close and ongoing 
communication and collaboration between the participating transport operators, as well as sophisticated 
planning that is supported by the use of modern technologies. Technologies not only capture location and 
contextual data from various sources, but also support routing decisions (Pfoser, Treiblmaier and Schauer, 
2016). 

Three Key Components of a Physical Internet System 

Load Unitisation and Standardisation 

The concepts of load unitisation and standardisation refer to the packing of small items into standard unit loads 
that can be handled by mechanical equipment and moved between modes of transport without handling each 
item individually. In the current logistical system, standard unit loads include, among other things, shipping 
containers and pallets. Unitisation and standardisation support efficient transport flows and the reduction of 
delivery times. For example, the ISO standard 20- and 40-foot shipping containers facilitate the integration of 
transport, the development of door-to-door services and the optimisation of capacity, loading, unloading and 
stacking (ICS, 2010). 

The PI goes beyond these existing practices and applies load unitisation and standardisation more broadly to 
smaller loading units called PI-containers. Designed in different sizes (from small boxes to large shipping 
containers), PI-containers aim to facilitate the packing, storage, handling and routing of goods along the supply 
chain. To prevent the wastage of space and, ultimately, the movement and storage of air, PI-containers come in 
a variety of standard dimensions that allow for the modular packing of smaller loading units (e.g. boxes) into 
larger ones (e.g. shipping containers) (Montreuil, 2011). Figure 5 illustrates the modularity and unitisation of PI-
containers. 
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Figure 5: Modularity and Unitisation of PI-Containers (Source: Montreuil, 2011) 

 

Interconnected Network 

A seamless flow of PI-containers requires end-to-end interconnectivity between supply chain operators and 
facilities. Like standardisation, the concept of interconnectivity is not new and has been discussed widely in the 
logistics and supply chain management literature (Butner, 2010). However, Montreuil (2011) goes one step 
further by designing a fully integrated network of physical sites and facilities (so-called PI-nodes, such as 
warehouses, sorting yards, cross-docking platforms, ports, etc.), actors (e.g. transporters), and systems to 
interconnect them (e.g. information, standards and protocols). Operations carried out at the PI-nodes include 
transit (transferring PI-containers from one vehicle/mode to another), sorting (receiving PI-containers, sorting 
them according to their destinations, and shipping them again), and storage (Montreuil, 2011). 

In contrast with today’s logistics systems, which mostly use proprietary resources and pre-established 
agreements between independent companies (e.g. a supplier and a transporter), the PI conceives an open 
network of multiple organisations. These organisations maintain both competitive and collaborative 
relationships as they make their logistics capacity (transport, storage, handling, etc.) available on demand and a 
‘per use’ basis. Since shippers can use the resources of, and deploy their PI-containers through, any capable 
logistics operator (not only those with which they have pre-established contractual agreements), the PI offers 
every organisation access to a wider web of shared logistics resources and services. Using the best available 
resources regardless of which operator owns them enables organisations to optimise their deliveries in regard to 
cost, reliability, and speed (Mervis, 2014; Montreuil, 2011). 

The performance of the participating organisations and physical facilities must be continuously measured and 
reported to assess which best resources are available. The key service performance areas include speed (e.g. 
delivery lead time), throughput (e.g. the number of PI-containers moved within a period of time), reliability (e.g. 
on-time deliveries) and safety/security (e.g. undamaged deliveries). Having this information readily available 
enables the system participants to make informed decisions when selecting PI-services (Montreuil, 2011). 

Unlike existing logistical systems, which tend to be based on a point-to-point system (i.e. the transport of goods 
from origin to final destination) and have the disadvantage of cargo being rarely available for the return trip, the 
PI conceives a segment-to-segment system, namely a series of short hauls between multiple nodes. In such an 
arrangement, PI-containers move through interconnected, short-distance segments in consideration of every 
routing condition in real time (Montreuil, 2011). Routing is, therefore, dynamic and adaptable to emerging 
opportunities (e.g. available capacity on a specific transport mode) or emerging constraints (e.g. congestion, 
inaccessible road) to optimise the movement of goods (Montreuil, 2011). 

Supporting Technologies 

Developing the PI’s collaborative future to transform logistics operations requires supply chain data and real-
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time visibility on operations in order to optimise the movement of goods and, when needed, quickly adjust them. 
Thus, in a PI system, goods need to be tracked along the supply chain and contextual data, such as traffic and 
weather data, need to be captured to support predictive analytics and proactive responses to logistical issues. 
Data also enable prescriptive analytics and the definition of a course of action to address incoming problems 
(e.g. re-routing goods to avoid a weather-related issue and subsequent road closure). Ultimately, the PI is 
expected to support automated route optimisation, namely autonomous, end-to-end movements of goods based 
on artificial intelligence and machine learning (Gesing, Peterson and Michelsen, 2018). 

Some existing and emerging technological developments can be leveraged to enhance interconnectivity and 
improve the efficiency of physical flows. In particular, the Internet of Things (IoT) can play a critical role in the 
implementation of the PI. The IoT is a network of interconnected and interacting devices and technologies that 
track the movements of goods and monitor contextual parameters by making use of microchips and sensors 
embedded in physical objects (Atzori, Iera and Morabito, 2010; Lee and Lee, 2015). The primary purpose of the 
IoT is to establish critical links between the physical and the digital environments by supporting the collection 
of supply chain data and their real-time transmission to information systems. Ultimately, the IoT supports data-
driven supply chain management and operational analytics by enhancing object control and enabling quick and 
autonomous decision making about the movement of goods (Laurent, Pfeiffer, Sommerfeld, Willems, Chollet, 
Castiaux, Bruneton and Sainlez, 2017). 

In addition to the IoT, the distributed ledger technology is relevant to the PI as it changes how organisations 
relate to each other and creates more integrated and collaborative ecosystems. A distributed digital ledger, also 
known as a ‘blockchain’, is a shared data platform that enables authenticated data communication and the 
widespread sharing of real-time information among authorised participants. The blockchain is based on a 
common computing language and a distributed database that is available to every supply chain participant, 
rather than a closed, proprietary system and company-to-company interfaces that hinder the seamless flow of 
information (Cecere, 2017; Laurent et al., 2017). The blockchain technology can also be used to create smart 
contracts, i.e. digital agreements whose compliance and performance are monitored and linked to the 
information and preconditions available in the blockchain. In short, a blockchain, enables unrelated 
organisations to trust each other and collaborate, and can ultimately be used to streamline and speed up supply 
chain operations (Laaper, Joseph, Quasney, Yeh and Basir, 2017). Blockchain and the IoT are intersecting and 
complementary tools for the implementation of the PI. While the IoT enables the collection and communication 
of data from the physical world, blockchain supports their authentication and digital exchange among the 
participating entities (Laurent et al., 2017). 

Towards the Implementation of the Physical Internet 

In the same way that the digital Internet created new generations of businesses and business models, the PI will 
require organisations to reinvent themselves and embrace new operational practices and organisational changes 
(Montreuil, 2011). Ultimately, the PI posits a paradigm shift and a move away from the current logistics system 
that is based on non-standardised loading units, actors and facilities that operate independently, fragmented and 
uncoordinated operations, the inefficient use of assets and facilities, and sub-optimal shipping routes. Instead, 
the PI is characterised by a system of standardised and modular containers, an integrated network of actors and 
platforms, pooled and interconnected operations, efficiently used assets and facilities, and optimised and flexible 
shipping routes (Mervis, 2014). Figures 6 and 7 illustrate this paradigm shift. 

 

 
Figure 6: The Existing Logistics System (Source: Mervis, 2014) 

Non-standardised loading units Fragmented and 
uncoordinated transport 

Efficient use of resources 
(e.g. storage) 

Sub-optimal original-to-
destination delivery routes 
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Figure 7: A PI-Enabled Logistics System (Source: Mervis, 2014) 

 

Although the PI is a promising concept, and academics, practitioners and policy makers have intensified their 
efforts towards its realisation, it is infeasible to achieve such an extensive collaborative and efficient future from 
one day to the next. As no direct global cutover is possible, the PI can only be deployed progressively (ALICE, 
2015). According to Sternberg and Norrman (2017), many issues also remain to be discussed and resolved, 
including the development of standards as well as changes in the way organisations think and operate. The road 
to the implementation of the PI is, therefore, not only full of promises, but also full of hurdles. That being said, 
it is recognised that even limited and focused initiatives inspired by the PI principles could bring considerable 
benefits to logistics efficiency (Treiblmaier et al., 2016). 

The Physical Internet in the Literature and in Practice 

Given its potential, the PI is receiving growing attention from the academia. For example, Sternberg and 
Norrman (2017) included 46 publications in their review of the PI literature and Treiblmaier et al. (2016) 
identified 101 publications on the PI. Some academic journals have also dedicated special issues to the concept, 
including the International Journal of Production Research (Pan et al., 2017) and the Journal of Business 
Logistics. Moreover, the PI has attracted significant amounts of funding and several research projects have 
engaged academics, practitioners and governments. This includes a €5 million project supported by the 
European Union. This project, called Modulushca (Modular Logistics Units in Shared Co-modal Networks), is 
designed to develop a standardised modular container able to transit across transport modes as well as the 
protocols needed to connect the containers to the operators that handle them (Modulushca, 2015). Further 
emphasising the importance of the PI, the industry-led European Technology Platform of the Alliance for 
Logistics Innovation through Collaboration in Europe (ALICE) has placed the concept at the heart of its 2050 
vision for logistics and supply chain management, and has defined a comprehensive roadmap towards its 
implementation (ALICE, 2015). 

Despite the growing interest for the PI in the logistics literature and in practice, to the best of our knowledge, 
published research in an emergency management context is limited to two conference papers. In the first, Ado et 
al. (2014) identify a number of inefficiencies in humanitarian logistics operations and, by adopting the PI 
principles, develop a conceptual model that supports a higher level of interconnectivity between the various 
humanitarian actors (e.g. donors, governments, NGOs, suppliers, and beneficiaries). In the second paper, 
Gerschberger, Treiblmaier, and Montreuil (2015) explore how the development of an open, interconnected 
transport and delivery system can be used to increase the resilience of disaster-affected geographical areas. 

While research on the PI in the context of emergency response operations is very limited, the humanitarian 
logistics literature discusses a number of PI-related topics. These include standardisation (McGuire, 2015; 
Schulz, 2008), modularity (Jahre and Fabbe-Costes, 2015), consolidation (Vaillancourt, 2016), optimised 
routing and distribution (Maghfiroh and Hanaoka, 2018), network configuration optimisation (Maharjan and 
Hanaoka, 2018), agile movements of goods (Charles, Lauras and Van Wassenhove, 2010; L'Hermitte, Tatham, 
Bowles and Brooks, 2016), as well as supply chain integration (Kim, Pettit, Beresford and Harris, 2018). Also 
discussed is data analytics (Masood, So and McFarlane, 2017; Whipkey and Verity, 2015) and the use of digital 
technologies, including cloud computing (Schniederjans, Ozpolat and Chen, 2016) and the Internet of Things 
(Sinha, Kumar, Rana, Islam and Dwivedi, 2017). Although the PI is not explicitly discussed, the fact that such 
topics appear within the humanitarian logistics literature indicates the relevance of the PI to disaster relief 
operations. 

Standardised and modular 
PI-containers 

Pooled and inter-
connected transport 

Efficient use of resources 
(e.g. storage) 

Optimised, segment-to 
segment delivery system 
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APPLICABILITY OF THE PHYSICAL INTERNET TO EMERGENCY RESPONSE MANAGEMENT 

This section explores how some key features of the PI can support the previously identified requirements of 
emergency response operations. The six PI characteristics included in Table 2 widely support the efficiency 
requirements of logistics relief operations. Taken together, these characteristics streamline emergency response 
management and speed up the deliveries of relief items, as subsequently explained. 

 

  Emergency response requirements 
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Standardised and modular loading 
units       

Open pool of hyperconnected 
operators and facilities       

Logistics resources used on an on-
demand, per-use basis       

Widespread availability of real-time 
information       

Route optimisation supported by 
predictive and prescriptive analytics       

Multi-segment movements of goods       

Table 2: PI-Supported Efficient Flows of Disaster Relief Items (Source: The Authors) 

 

Standardised and Modular Loading Units 

Using standardised and modular loading units increases compatibility and interoperability and, thereby, has the 
potential to enhance cooperation and collaboration among responding agencies and with commercial operators. 
Moreover, standardisation and modularity can support the optimisation of the available emergency response 
capacity by eliminating wasted space, for example in the vehicles used to move relief items. Standardisation and 
modularity can also enhance transport integration and streamline logistics operations, including the loading, 
unloading and transhipment of emergency supplies. This has the potential to enable rapid freight movements 
between agencies/organisations and between transport modes, as well as swift routing adjustments to respond to 
changes, risks, or opportunities along the supply chain (e.g. sudden road closure preventing the access to 
disaster-affected communities). 

Open Pool of Hyperconnected Operators and Facilities 

An open pool of hyperconnected operators and facilities has the potential to improve the flow of relief items by 
making the logistics capacity of the participating agencies and operators accessible to every responder. As well 
as enabling emergency agencies to access a broader range of services, including intermodal transport, an open 
resource pool can support a better use of the available resources, for example NZ’s under-utilised coastal 
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shipping capacity. Ultimately, an interconnected network of operators, transport modes, and physical sites can 
support the seamless movement of relief items by redefining collaboration and by better balancing the supply 
and demand of logistics services across a network of responding agencies and commercial service providers. 

Logistics Resources Used on an On-Demand, Per-Use Basis 

Sharing capacity requires the various logistics resources to be made available to every responding agency on an 
on-demand and per-use basis. Doing so can increase collaboration between organisations that normally operate 
as separate entities, in particular between responding agencies and commercial organisations. On-demand 
capacity can also streamline logistics relief operations by enhancing operational flexibility and enabling 
emergency responders to deploy the relief items through an extensive network of actors based on their 
respective capabilities, proven performance, and available capacity. Moreover, on-demand services can optimise 
the use of logistics resources, support the rapid routing/rerouting of relief items, and speed up the movements 
between responders, commercial operators and transport modes. 

Widespread Availability of Real-Time Information 

As illustrated earlier in this paper, emergency responders operate in complex and dynamic environments, and 
typically face a high level of operational uncertainty and unpredictability. Under such conditions, having quality 
information is critical and supports effective decisions regarding the deployment of relief items. Key 
information includes the nature and the volume of the relief items needed, the actual location and quantities of 
the supplies stored or in transit, the available resources, and the disaster-specific circumstances (e.g. road 
accessibility). The widespread and real-time availability of this information provides visibility on relief 
operations, increases risk awareness, and supports informed and rapid logistics decisions. 

In addition, disseminating this information to all channel partners in an ongoing and simultaneous way enables 
responders, commercial logistics providers, and modal operators to optimise capacity and coordinate their 
actions and the freight movements. Real-time information can also support the rapid and dynamic rerouting of 
emergency shipments as soon as, or even before a disruption such as a road closure occurs or an opportunity 
arises. 

Route Optimisation Supported by Predictive and Prescriptive Analytics 

The collection and dissemination of relevant supply chain information can support predictive and prescriptive 
data analytics and, in turn, enable well-founded decision-making that ensures that the relief items are deployed 
and delivered most efficiently, namely by selecting the most efficient route and transport mode. In a further step, 
data analytics can support the automation of freight movements, i.e. actions triggered without human 
intervention, such as the automatic re-routing of relief items or the automatic shifting between operators and/or 
transport modes in response to changes and disruptions along the relief supply chain. 

Multi-Segment Movements of Goods 

A PI network is made of a number of segments through which goods are moved based on the best delivery 
conditions on each segment. In emergency relief operations, a segment would be a portion between two points 
of the network or between two different transport modes. Continuously querying and adjusting the 
segment/modal routing can support a better use of the available resources in addition to enabling agile freight 
movements and timely deliveries of urgently needed relief items to disaster-affected communities. 

To summarise, a PI-enabled emergency management system is an integrated and collaborative logistics network 
in which full visibility on the movements of relief items enables standard-sized packages to be automatically 
routed and re-routed across transport modes and network participants (both responding agencies and commercial 
operators). Routes are optimised based on the logistics capacity available and the existing/arising constraints and 
opportunities along the relief supply chain. Based on the above discussion, we argue that such a system has the 
potential to create efficiencies in emergency management operations by enabling shipment consolidation, 
increasing asset utilisation, optimising the routing of relief items, and speeding up deliveries to those affected by 
a disaster. Although this should be further investigated (see next section), the existence of a hyperconnected 
network of emergency management actors and commercial operators could have reduced the overreliance on the 
NZ Defence Force until Day 23 of the Kaikoura emergency response by rapidly mobilising alternative transport 
options (e.g. coastal shipping) and commercial services (e.g. the KiwiRail combined rail/ship service). That 
said, a new emergency response paradigm cannot be implemented overnight. Therefore, the emergency 
management community needs to adopt a pragmatic, incremental approach, namely identify the challenges and 
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inefficiencies in the current emergency delivery processes and determine how the PI can help mitigate/overcome 
them. 

LIMITATIONS AND FURTHER RESEARCH 

This qualitative study is based on the academic literature and publicly available documentation. Consequently, 
the value of the PI for disaster relief operations requires further investigation with input from experienced 
emergency management practitioners and the gathering of logistics data related to actual relief operations (e.g. 
data from logistics reports and EMIS). Such data could support an evaluation of the logistics performance of the 
Kaikoura emergency response and the identification of the inefficiencies in the flow of relief items. Going one 
step further, obtaining data about the movements of emergency supplies in the aftermath of the Kaikoura 
earthquake would enable researchers to simulate an alternative response based on the PI principles and 
mechanisms. By doing so, research could provide strong evidence of the potential improvements and benefits of 
the PI over the current emergency management system in place in NZ. 

In addition, research should be extended beyond the NZ context, including humanitarian environments where 
national authorities have no adequate response capacity and call for international aid agencies to participate in 
the relief effort. Hence, this paper paves the way for our own and others’ future research, including the 
conceptualisation and testing of a robust and comprehensive PI model that supports efficient movements of 
relief items in the aftermath of a disaster. 

CONCLUDING COMMENTS 

Successful disaster relief operations call for responsive and flexible movements of goods in order to make the 
relief items available when and where they are needed by those affected. This paper extends the principles of the 
PI to disaster relief operations, a research context that, so far, has received very little attention in the PI 
literature. Our work illustrates how key characteristics of the PI are applicable to the emergency management 
area and how a fully integrated and collaborative logistics system has the potential to increase the efficient 
deployment of urgently needed relief items. In doing so, we suggest that operating a restricted PI in disaster 
relief operations (what could also be called a ‘Physical Intranet’) might enhance the speed, flexiliby and 
reliability of emergency response deliveries. 

Amid calls for a disaster response shake-up in NZ (Bayer, 2018; Long, 2018; MCDEM, 2017a) and growing 
evidence that extremely destructive disasters will strike the South Island (Earley, 2018), we recommend that the 
responding agencies evaluate the PI concepts when reflecting on their current practices. They should consider 
how such concepts could reshape emergency operations and enable them to move to a system where pre-
arranged company-to-company agreements are no longer required, and where standard-sized packages are 
dynamically handled and transported by a variety of interconnected operators and modes. 
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ABSTRACT 

Saving and sustaining lives, stabilizing the incident, and protecting both environment and property from further 

damage are professional responders’ first and foremost objectives when responding to any incident including a 

catastrophic one. Responders need to gain situational awareness (SA) to effectively direct the response. Yet, in a 

catastrophic incident, critical infrastructures, including response assets, are damaged and disrupted, which leaves 

responders without the badly needed complete and verified information for days and even weeks. Critical 

communication and technology infrastructures used by responders are among those damaged and disrupted critical 

assets, leading to both incomplete SA and a distorted common operating picture (COP). The lack of clear and 

comprehensive SA/COP and the disruption of communications and technology infrastructures seriously impedes 

incident commanders from efficiently directing the response effort. This study reports on communication and 

technology-related challenges that emergency responders faced with regard to situational awareness in a recent 

large-scale exercise under the name of Cascadia Rising 2016 (CR16). The exercise involved a total of 23,000 

active participants in the Northwestern United States. Over four days in June of 2016, CR16 simulated the 

coordinated response to a rupture of the 800-mile Cascadia Subduction Zone resulting in a magnitude-9 earthquake 

and tsunami similar to the catastrophic incident in Eastern Japan in 2011. Responders at all levels were severely 

challenged, and the exercise revealed major vulnerabilities in critical communication and technology 

infrastructures. Situational awareness was very difficult to establish. The study documents deficiencies of currently 

used information systems, showcases their lack of interoperability and their functional constraints, and makes 

recommendations for mitigating the shortcomings. 

Keywords 

Communication challenges, information technology challenges, information sharing challenges, WebEOC, radio 

technologies, training and preparedness challenges. 

INTRODUCTION 

Overview  

This is one of two papers dedicated to the phenomenon of first responders’ situational awareness in response to a 

simulated catastrophic incident also referred to as extreme event in the Pacific Northwest of the United States. 

While the other paper covers organizational and informational dimensions, this paper focuses on communications 

and technology-related aspects of situational awareness when responding to a catastrophic incident. Although these 

dimensions are necessarily intertwined in practice, the separate publications provide the space necessary for 

presenting important details, which would otherwise not be covered, while maintaining the dimensional 

connection. 

Only as late as the end of the 1980s geologists and other experts began to discover and understand that the Pacific 

Northwest of the North American continent had been affected by magnitude 8 to 9.5 earthquakes (Atwater, et al., 

1995; Goldfinger, et al., 1992; Rogers, et al., 1991; West and McCrumb, 1988) with some recurring regularity. 

These studies revealed with disturbing clarity and irrefutable evidence that megathrusts had occurred on average 

about every 350 years over the past eight millennia in this geography. Research was able to even provide the exact 

date and time of the most recent megathrust, which was given as January 26, 1700 at about 2100 hours local time 
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(Obermeier, 1995; Satake, et al., 2003), that is, about 318 years before the publication of this study. 

Before the devastating March 2011 Tōhoku earthquake and tsunami in Japan (Chatfield, et al., 2014; Hatamura, 

2012; Hatamura, 2011) the general public in the US/Canadian Pacific Northwest greatly ignored the grave threat. 

However, by contrast professional responders in the area considered the implications of the research insights and 

began with preparations in their respective jurisdictions without delay.  

The Cascadia Rising 2016 Exercise  

However, informed by the complexity and extent of the response to the East Japan catastrophe, which even 

stretched that country’s national resources, the enormity of the challenge when responding to a megathrust was 

better understood. As a result the US Department of Homeland Security and its Homeland Infrastructure Threat 

and Risk Analysis Center commissioned a simulation study (the so-called HITRAC study) the same year, which 

estimated in great detail the potential impact of a magnitude-9 earthquake and tsunami on the Pacific Northwest 

as a result of a complete rupture in the Cascadia subduction zone (Anonymous, 2011). With the results of the 

HITRAC study in hand, the need for a major effort in planning and preparedness had become painfully clear to 

officials and professional responders alike. A year after the catastrophe in Japan, the local newspaper Seattle Times 

then alerted the public that for the “Puget Sound and the Pacific Coast, the basic earthquake question is when, not 

if” (Anonymous, 2012). The Cascadia Rising 2016 Exercise, which involved a total of 23,000 participants from 

responder agencies of all levels in three Federal States (Oregon, Washington, and Idaho), the FEMA Region X, as 

well as the Military, was the acknowledgement of both the urgency of the need to prepare and the severity of the 

threat (Anonymous, 2016). 

As stated in a previous study, “[r]esponse efforts on this scale are extremely complex undertakings, and they 

require enormous managerial, operational, and tactical skills on part of the responders” (Scholl, et al., 2017, p 

2498) A catastrophic incident of the scale, scope, and duration of a complete Cascadia Subduction Zone rupture 

has not been recorded in recent history. In January of 2015, under the auspices of Western Washington University’s 

Resilience Institute, a detailed exercise scenario document was published on the basis of the HITRAC study and 

other sources (Paci-Green, et al., 2015), (see also https://huxley.wwu.edu/files/Cascadia_Rising_high_0.pdf, 

accessed May 17, 2015). 

The zipper-like rupture from one end of the subduction line to the other is expected to occur along the 800-mile-

long subduction line resulting in five to six minutes of violent shaking impacting areas up to 100 miles away. A 

30 to 40-foot high tsunami would reach the coastline about 20 to 30 minutes after the rupture. Several aftershocks 

of significant magnitude would be expected to follow the initial rupture inflicting more damage on the already 

heavily compromised and impacted infrastructure. According to the 

aforementioned HITRAC study, once this particular incident 

unfolded, it would likely inflict a major toll in terms of human lives 

lost and humans severely injured; it would also destroy critical and 

non-critical infrastructure alike.  

The impact on human lives and infrastructure would be the greater 

the closer the location to the coastline in the West ranging from 

severe damage throughout the so-called Interstate-5 corridor to 

almost total annihilation along the Western shorelines (see Figure 1). 

Power outages would be widespread and lasting up to a year, or even 

longer. The impacted areas West of the Cascadian Mountain range 

would be inaccessible by ground transport or sea transport for 

extended periods of time leaving the engulfed populations and the 

local responders to mainly their own means of support and response 

for up to two weeks.  

Relief would first come predominantly by air transport. Responders 

would find themselves stripped from using most modern information 

and communication technologies for the lack of power and intact 

communication infrastructures. Sustained communication 

infrastructures such as satellite phones or amateur (also, HAM) radio 

would provide only relatively low bandwidths, particularly, in data 

communications. Low-tech technologies such as T cards and other 

paper-based methods would be the tools of necessity for an extended 

period of time. Responders’ “situational awareness” as the basis of 

a shared “common operating picture” would be hard to establish for 

at least the first couple of weeks after the incident. 

Figure 1  Cascadia Rising 2016 Exercise  –  

M9.0+ Megathrust Impact Assumptions 

(Paci-Green et. al, 2015, p. 14) 
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The Study Environment 

An earlier empirical study had shown in detail how accurate and reliable information was the “most important and 

most scarce resource in early disaster response” (Scholl, et al., 2017, p. 2498). The study’s focus was the March 

2014 SR530/Oso landslide in Washington State, which was declared a national disaster. Many, if not most, 

responders and agencies involved in the real response of 2014 participated in the CR16 exercise two years later.  

Quite a few responders who had been interviewed for the SR530/Oso landslide study were willing to be 

interviewed again after the CR16 exercise providing an excellent frame of reference. Other responders and exercise 

planners from several levels of government were also interviewed. Furthermore, along with the interview 

transcripts the study analyzed the after-action reports from over 20 responder agencies. The overall methodology, 

the theoretical framework, the interview instrument, and the ex-ante codebook, and other tools used for this study 

incorporated slight adaptations to those used in the earlier study. 

The paper is organized as follows: First, the academic literature on situational awareness during incident responses 

is reviewed, followed by a presentation of the resulting research questions and the methodology section. 

Subsequently, the study findings are detailed, leading to the discussion of insights from the findings. At last, 

conclusions are drawn, and the directions for future research on the subject are sketched out.   

LITERATURE REVIEW 

Situational Awareness  

The academic literature has highlighted the indispensable role of actionable and integrated information in disaster 

response (Endsley, 2015; Mendonça, et al., 2007; Scholl and Patin, 2014). Based on this particular type of 

information, (individual) situational awareness (SA) leading to shared (group or team) situational awareness (SSA) 

can effectively be developed among responders, which then serves as a prerequisite for generating and maintaining 

a shared common operating picture (COP) (Endsley, 2015; Endsley, 1995; Harrald and Jefferson, 2007; Scholl 

and Patin, 2014). Both SA/SSA and a shared COP are foundational to any mission and any well-directed and 

effective response (Harrald, 2006). Interestingly, despite their extraordinary importance to the success of response 

and early recovery, systematic study of SA and SSA did not advance in Disaster Science first. It rather unfolded 

in other academic fields such as Behavioral Science, Human Factors Research, and Safety Sciences, particularly, 

in the context of the military, far earlier and much faster than in the study of disasters.  

As an example, Endsley presented a comprehensive SA framework, in which she distinguished (1) perception, (2) 

comprehension, and (3) projection as three intertwined levels of SA (Endsley, 1995). The Endsley framework, 

which was first developed in the context of military combat aviation, has been found the most influential theoretical 

contribution to the understanding of SA and SSA (Salmon, 2016). The framework, however, despite its popularity 

and wide acceptance has been criticized for its alleged linearity, its lack of accounting for inter-level feedback 

relationships as well as for an unclear distinction between SA product(s) and SA process(es) (Salmon, 2016; 

Stanton, et al., 2001; Stanton, et al., 2015; Uhlarik and Comerford, 2002). In a detailed rejoinder Endsley refuted 

these criticisms as mainly misunderstandings  and misconceptions (Endsley, 2015).  

Critics of Endsley’s approach to SA and SSA have proposed the concept of “Distributed Situation Awareness” 

(DSA) as an alternative (Stanton, et al., 2015; Stanton, et al., 2006), which claimed to employ a so-called system-

theoretical perspective. "DSA is considered to be activated knowledge for a specific task within a system at a 

specific time by specific agents, that is, the human and nonhuman actors in a system" (Stanton, et al., 2015, p. 47). 

The inclusion of technology or information artifacts into the DSA framework as nonhuman “actors” has drawn 

serious criticism itself (Endsley, 2015). In DSA, nonhuman “actors” have been portrayed as triggering and 

informing each other, thus, along with human actors, representing the activated knowledge within the network; 

however, as Endsley pointed out, it would still always need a human actor to notice, interpret, and comprehend 

the technology alert, or the interaction, to make it an instance of SA. In terms of DSA it has also remained unclear, 

what exactly the “system” is, and what its identifiable system boundaries might be. In other words, no clear system 

definition has been found regarding what is considered part of or element inside the system, and what is not. 

As pointed out before, in Disaster Sciences the notion of and discussion about SA/SSA was informed and 

influenced by advances in other disciplines, which over time have mainly adopted the Endsley framework (Harrald 

and Jefferson, 2007; Luokkala and Virrantaus, 2014; Seppänen, et al., 2013; Seppänen and Virrantaus, 2015; Son, 

et al., 2008). However, upon reviewing government documents on the subject as to when professional responders 

had gained “full” SSA in the early stages of a response to a major incident, the point in time when SSA was fully 

established appears to be somewhat in the eye of the beholder. For example, an official commission report on the 

response to a recent landslide disaster in Washington State claimed that SA was established after “several hours” 

(Lombardo, et al., 2014), while other documentation on the same incident stated that, in fact, SA was not fully 

established for “several days” (Scholl, et al., 2017). This substantial discrepancy in views (“hours” versus “days”) 

demonstrates that what establishes, or what “is,” situation awareness is still not well enough articulated. While the 
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commission report might correctly refer to the SSA level of “perception,” which was assumed after “hours,” the 

other official documentation undoubtedly refers to the SSA level of “comprehension,” also indicated by 

readjustments in the response mentioned in the document, which indeed took several “days.”  

In other words, research needs to address in more detail, which level of SSA is investigated, and how the three 

levels of SSA transition from one another (including feedback), which may, for example, include granular 

computational approaches (Loia, et al., 2016). A recent experimental study found evidence that “enriched” 

information, that is, summarized information rather than providing raw data, enhanced responders’ SSA, and 

hence, would improve the effectiveness of a response (Van de Walle, et al., 2016). 

Information Systems in Disaster Response 

In general, modern information and communication technologies (ICTs) have been playing increasingly important 

roles in disaster response management (Hiltz, et al., 2014; Van De Walle, et al., 2014), and in particular, for 

assuming SSA (Betts, et al., 2005; Harrald and Jefferson, 2007; Luokkala and Virrantaus, 2014; Salerno, et al., 

2003; Scholl, et al., 2017; Scholl and Chatfield, 2014; Son, et al., 2008), although with the progressive proliferation 

of ICTs new vulnerabilities, complications, and dependencies were also introduced (Quarantelli, 1997).  

The requirements and design principles for so-called crisis information management systems (CMIS), also referred 

to as  emergency management systems (EMIS), which are used in emergency operations centers (EOCs) and by 

incident management teams (IMTs), were analyzed in a comprehensive study and laid out in great detail (Turoff, 

et al., 2004). Among others the requirements included extreme ease of learning, usability by trained responders, 

conciseness, customizability to responders’ specific needs, support for all EOC/IMT functions, independence from 

a particular physical location, and support for structured communication processes (p. 12). Real-time resource 

requesting and resource tracking were identified as other major functional features of any CMIS, which had also 

to be able to effectively pass on incident-relevant situational information between responder shifts (Henricksen 

and Iannella, 2010). With regard to SSA and COP, CMIS were also chartered with mitigating information 

overload, which would be facilitated by increased automation helping filter out and adequately represent decision-

relevant information (Carver and Turoff, 2007). 

In an account describing the practical experience with an operational CMIS during a County-wide snowstorm 

response, the researchers found that with certain limitations the system supported responders’ coordinated decision 

making along the interpersonal and process dimensions (Chen, et al., 2014). However, they also surfaced a number 

of shortcomings in the use, usability, and control of the CMIS relative to the tasks at hand. At County level, due 

to insufficient information sharing on part of municipalities, SSA was incomplete, leading to suboptimal response 

and resource allocations  (Chen, et al., 2014). Reflecting on the disruptive nature of large-scale incidents, other 

authors have called for flexible and adaptively interoperable CMIS that support more readily improvisation and 

adhocracy in disaster responses (Mendonça, et al., 2001; Mendonça, et al., 2007). Furthermore, in a study of the 

aforementioned March 2011 Tōhoku earthquake and tsunami in Japan, the development of “frugal” CMIS, which 

would incorporate the use of a range of extant devices such as personal systems and private smart phones, for 

accomplishing simple tasks in organizing the response (Sakurai, et al., 2014). 

According to Fischer, emergencies can be categorized on a 1-10 scale from 1 equaling an everyday emergency 

(like a single home burning) to 9 equaling a catastrophe (like the 2011 Tōhoku earthquake and tsunami) and 10 

equaling (total) annihilation (of a whole society) (Fischer, 2003). Against the backdrop of this wide range of 

emergencies, effective CMIS not only have to provide for improvisation and adhocracy but also for tremendous 

scalability, recoverability, and interoperability, which leads to the research questions presented next. 

RESEARCH QUESTIONS  

Given the response to a simulated category-9 catastrophe of the Cascadia Rising 2016 exercise: 

 

Research Question #1 (RQ#1): 

What are specific SA/SSA-related communications challenges to professional disaster responders on all levels in 

the early stages of response to a (simulated) catastrophe? 

 

Research Question #2 (RQ#2): 

What are specific SA/SSA-related information and communication technology (ICT) challenges to professional 

disaster responders on all levels in the early stages of response to a (simulated) catastrophe? 
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METHODOLOGY 

Theoretical Lens 

This study implements the so-called “information perspective.” At its core this perspective is human actor and 

human action-centric, and it views information and communication technologies (ICTs) as facilitators of human 

information needs, information behaviors, and information flows. Human actors’ (here: responders’) information 

behavior and the information flows between them depend on so-called information infrastructures, which 

encompass formal and informal, organizational, technological, and social elements among others (Scholl and 

Chatfield, 2014; Scholl and Patin, 2014). In disaster management, when looking at the technological elements, 

ICTs as part of the information infrastructures have assumed important roles (Chua, et al., 2007; Kapucu, 2006) 

by providing high-quality, mission-critical, timely, and actionable information to responders in typically fast and 

dynamically changing environments (Kapucu, 2006; Kapucu, et al., 2010; Turoff, 2007)). On the downside, ICTs 

have also been found contributing to information overload, work overload, and other stressors to responders in 

disaster responses (Endsley, 2015). The information perspective allows a detailed investigation of actions and 

interactions of responders as they are mediated via the existing and emerging information infrastructures and their 

various elements. 

Instrument and Coding Scheme 

Based on the theoretical lens, that is, the conceptual framework of resilient information infrastructures (RIIs) 

(Scholl and Patin, 2014) a semi-structured interview protocol was devised upfront, which covered five topical 

areas of (1) management and organization, (2) technology, (3) information, (4) information infrastructure, and (5) 

RIIs/resiliency. The instrument administered was a shortened and adjusted version of the instrument used in a 

previous study (Scholl, et al., 2017; Scholl and Carnes, 2017). A total of twenty-five interview questions plus 

respective probes were incorporated. 

Sample 

The sample was purposive (Ritchie, et al., 2003) and included responders from eight different groups: the (1) City 

Emergency Operations Centers, (2) County Emergency Operations Centers, (3) Washington State Emergency 

Management Division, (4) WA State Agencies, (5) Health Districts, (6) Regional Aviation, (7) Washington State 

National Guard, and (8) Federal Emergency Management Agency (FEMA), region X. A total of seventeen 

individuals were interviewed. Furthermore, after-action reports (AARs) from twenty-three agencies from all eight 

responder groups were collected and analyzed.  

Data Collection 

Interviews were conducted in person between September 2016 and March 2017 and lasted between 33 to 107 

minutes. Two interviews were conducted via Skype video conferencing. All interviews were audio taped, 

transcribed, and coded for analysis by at least two coders. During the interview notes were also taken, and 

participant interaction was observed and recorded. Moreover, besides the 23 after-action reports other documents 

such as press interviews were collected, reviewed, and coded as appropriate. 

Data Analysis and Coding 

The initial codebook, which was based on the aforementioned conceptual RII framework, contained six category 

codes (one for each topical area) and 141 sub-category codes. Additional codes were inductively introduced during 

data collection, in individual coding sessions, and inter-coder sessions (Glaser, 1999; Glaser and Strauss, 1967; 

Strauss and Corbin, 1998; Urquhart, et al., 2010). Since a codebook in a hybrid approach of deductive and inductive 

analyses (Fereday and Muir-Cochrane, 2006) is designed to be open to extension, it ultimately encompassed 176 

sub-category codes in the six main categories. 

At least two researchers coded each transcript and document by means of a cloud-based software tool for 

qualitative and mixed-method data analyses (Dedoose main versions 7 and 8, dedoose.com). The coded data were 

compared one by one and demonstrated high inter-coder reliability. 

When analyzing the code frequency table, the highest counts of code applications were found in the areas of 

“management and organization” (2,763), “information” (1,705), and “technology” (1,111). For the purpose of the 

specific analysis on situational awareness-related information needs, information behaviors, and information flows 

the code intersection represented by the sub-codes of “situational awareness,” “address challenges of information 

sharing,” and “use of information and communication technologies for information sharing” was selected, which 

produced 1,558 excerpts. 

For the most part, these excerpts were between two and three paragraphs in length. They were clustered by 

responder teams and then analyzed for emerging concepts in a grounded fashion. Recurring concepts and main 
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themes were identified and labeled through keywords and key phrases. All excerpt clusters were concept-analyzed 

by at least two analysts, in most cases by three analysts, as well as by the principal investigator. The coded concepts 

were checked for inter-analyst validity and a convergence of interpretation was found. Converging concepts were 

identified and transferred to the “canvas” of a cloud-based mapping tool (CMAP, version 6.03). After reconciling 

the remaining inter-analyst discrepancies in interpretation as much as appropriate, the reconciled concepts were 

also transferred to the canvas. The concept clusters were inspected and sorted into topical “bins” or “buckets,” in 

which chronological, logical, and other non-causal relationships were identified. Whenever evidence from the data 

supported it, relationship links between concepts were established, which were not interpreted as causal links. 

Research Team and Processes 

The research team consisted of the principal investigator (PI) and thirty-two research assistants (RAs), both for-

credit and voluntary. The PI and RAs worked individually and in small teams to transcribe, code, and 

conceptually/contextually analyze, and map the concepts. The research team met weekly in person or online and 

communicated via the research project site and the project listserv as well as via individual face-to-face and group 

meetings. All weekly meetings were streamed and recorded, which kept the whole research team in sync over 

extended periods of time. 

FINDINGS 

Ad Research Question #1 (What are specific SA/SSA-related communications challenges to professional 
disaster responders on all levels in the early stages of response to a (simulated) catastrophe?) 

The Partial or Total Loss of Electrical Power for an Extended Period of Time 

Although not completely simulated during the four days of exercise to the extent, which this particular kind of 

catastrophe would most certainly impose in reality, almost all jurisdictions and levels of response investigated in 

this study were painfully aware of potential effects of a partial or complete loss of electrical power leading to 

serious delays to their respective response efforts.  

The electrical grid in the Northern American Pacific Northwest (PNW) was not built under the assumption that it 

had to withstand major seismic shocks. The grid employs a mainly hierarchical structure, in which generating 

plants distribute high-voltage loads to substations, in which transformers convert the received load to lower 

voltages. From the substations with their delicate and relatively frail equipment, electrical power is redistributed 

to businesses, government facilities, hospitals, and residential homes among other recipients. In this architecture, 

the electrical capacity load has to always remain in balance between production and consumption. This critical 

infrastructure is particularly vulnerable if multiple substations are destroyed. In case of a megathrust in Cascadia 

Subduction Zone, more than 50 percent of electric facilities are expected to undergo serious and irreparable 

damage, resulting in power outages for the entire Cascadia region (Paci-Green, et al., 2015) for up to 12 months, 

or even longer. Even intact structures will most likely shut down due to capacity imbalances and overloads. Many 

response units will be able to continue operations for a limited period of time by means of fuel-operated electric 

power generators or other back-up systems. However, these sources of electric power will possibly be exhausted 

before replacement fuel arrives. As a consequence, response activities will significantly slow down. Along with 

the power outage come phone and communication network blackouts including the loss of Internet connectivity. 

Satellite phone connections, in-area radio communications including amateur HAM radio communications, as well 

as cellular networks might continue to operate for a limited period of time with low bandwidths until their 

respective power backups go down as well. With the Internet, cellular networks, and phone landlines down, 

communications will return to pre-industrial means with pencils, paper, daylight operations, and runners.  

As a National Guard Commander puts it, 

“With alternate power sources you can plan to fuel generators to allow you to have more power. But 
then, power only gets you so far, it gets you lights. You have to have the connectivity, right? And that's 
the next big challenges, and how do you do that?” (quote #01) 

And a City EOC director observes, 

“Information technology can also be crippling in the more that we become dependent on absolutely 
everything on an app or a system or something like that, the catastrophe will interfere with that and 
interrupt, and then what's your back-up?” (quote #02) 

Another responder adds, 

“There's also a website that we have from the health department, where we can monitor, and I have 
access to that. But again, it's electronic. And if the power's not going, and when the services are not 
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working, I can log on all day and get no information.” (quote #03) 

With the widespread loss of electrical power responders’ ICT infrastructure will be unavailable for a considerable 

amount of time. As long as cellular networks are still available, or, once they slowly return to service during 

recovery, they will suffer from heavy traffic congestion. Some municipalities, the counties, as well as Washington 

State and Oregon have therefore joined in the effort of building and maintaining an independent responder-reserved 

cellular infrastructure, which as long as it remains operational, will provide a backbone infrastructure for responder 

voice and text communications. However, as expected by responders at County levels, the bandwidths even in this 

scenario might be so low, so that text messaging would be the preferred format of utilization. Whatever 

combination of pre-industrial and low-bandwidth voice/text communication methods will be predominantly used 

within the first couple of weeks after the incident, as a result of responders’ inability to communicate laterally and 

vertically in any rapid and comprehensive fashion, situational awareness even at its lowest level (perception) will 

be very slow in coming for all responder groups. 

One-to-Many Bottlenecks and the Importance of Embedded Liaison Officers 

With most of the communication means unavailable or heavily degraded, it will be difficult for counties, the States 

of Washington and Oregon, as well as FEMA region X to establish and maintain situational awareness and develop 

a common operating picture, at least in the early response. During the exercise, although only partial and temporary 

losses of power and connectivity were simulated, municipalities reported that at times they were unable to establish 

even phone contact with counties, and counties as well as large cities were frequently unable to reach the WA 

State EOC (SEOC). One municipality responder describes the situation, 

“There was no information coming from the county to us. And the State, and I know the people at the 
State, and if I don't get information from them, I know the numbers to go, and I'm like "hey, you know, 
we're kind of sort of still alive. What's going on?" (quote #04) 

Echoing the remark from the other end, Washington State’s after-action report states, 

“In the exercise, peak participation was reached on the second and third day with over 15 counties 
communicating and coordinating with the SEOC and attempting to join the local jurisdictional 
conference call. The ability of the SEOC to collect and process information and act on it was 
overwhelmed.” (quote #05) 

Likewise, at the Federal level, FEMA region X was inundated by massive amounts of messages and raw data, 

which were difficult to cope with. As a FEMA director outlines, 

“How do we sort it all out? And I'm sure we're going to get into this here in a little bit, the profession 
has not solved this problem. You look at some organizations like law enforcement is a good one, they 
have a way to be able to take information in, and they get thousands of calls, you know, or hundreds of 
calls in a day, they have the ability to take that in real time emergencies, sort it out, be able to catalog 
it, and still be able to do follow-throughs as they are supposed to. And in an event like this it's so 
overwhelming, it's coming so quickly, we don't have the systems in place to be able to take the 
information in, categorize it, do the analysis, and then get it to the key leaders who have to be able to 
make decisions within a timely fashion. It's just, it's impossible to do.” (quote #06) 

Similar to the military, the problem of overcoming communication bottlenecks and coordination barriers has been 

addressed in responder circles for some time by deploying and embedding so-called liaison officers (LNOs) in 

each other’s organizations. While the deployment in the real case might need to overcome certain transportation 

obstacles, during the exercise LNOs were able to help resolve numerous information sharing and resource-

requesting/tracking problems among others. LNOs were also found effective in accommodating response units 

from outside the region. In particular, military LNOs embedded in EOCs and ECCs were able to make connections 

and provide resource-related knowledge, which would have otherwise remained unknown and unrequested. LNOs 

work most effectively with their target unit, when rank, expertise, and standing in their own organization provides 

them with clout and sufficient authority. 

As one City EOC director put it, 

“So, I go to my liaison and say, ‘reach back to your specific entity, and get that, make sure that it's 
vetted.’ I always ask specifically, if you send me somebody to work in the EOC, it has to be somebody 
that has the knowledge and then the ability and the authority to make a decision. Don't be a secretary, 
that's gonna say, nothing against secretary, but that's gonna say, ok, let me make three more phone calls 
to figure out if this is true, or if I can say that, or if I can do that.” (quote #07) 

As stated before, directly after the incident the transport of LNOs to their destinations, that is, their physical 

deployment, might pose a tricky problem in itself. Also, the sheer number of personnel who would meet the above 

outlined criteria and are needed to fill all desirable LNO positions at County ECCs and City EOCs might exceed 
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the respective sending organization’s pool of candidates. 

Pre-generated Procedures, Plans, Forms, Messages and Paper Redundancy 

Unsurprisingly, the exercise revealed that jurisdictions that had engaged in ex-ante scenario planning were better 

off handling the situation. They had already prepared response plans and tools, which included detailed lists of 

contacts and resources along with detailed forms for requesting and collecting specific information, for example, 

for assessing damage of critical infrastructures. In anticipation of public communication EOCs had also pre-

scripted public messages. These plans and tools helped bring some order into the chaos and curtail the information 

overload, although some of these tools had not been updated for some time, or they were new and difficult to 

navigate, rendering them less valuable.  

As one County EOC director critically reflects in hindsight, 

“Some of that was definitely lessons learned in pre-planning. Some of the messaging, so pre-planning 
some of the scripts for some of the basic information getting out, it would be beneficial. There is a lot 
of that that could be pre-staged, and so you kind of have a menu and you say, we need to use this one 
and fill in a couple of blanks and it's ready to go. As opposed to trying to rewrite it every time.” (quote 
#08) 

Other response units had developed plans and put tools in place; however, these plans and tools were so 

infrequently reviewed or updated, that they had fallen into oblivion, and instead of using the existing ones, the 

units redeveloped and redeployed them in a time-consuming fashion during the response. As the case illustrates, 

even if these plans and tools were pre-generated, they would remain in need of regular maintenance and review, 

as one City after-action report remarks, 

“Many departments resources (plans, maps, contact lists, etc.) are very out-of-date. There is a lack of 
education within and between departments as to what resources are available, and who is responsible 
for maintaining them.” (quote #09) 

With the aforementioned specter of losing power for an extended period of time along all the unpleasant 

ramifications in regard to attaining situational awareness and targeting the overall response effort, these plans, 

maps, lists, and other tools cannot be just developed and stored away electronically. Rather paper-based versions 

need to be created, which not only have to be distributed in multiple copies, but also require the same regular 

updating as the electronic versions, which epitomizes yet another laborious but priceless undertaking for better 

preparedness. As the after-action report of one State agency concludes, 

“It was identified that all EOCs need to have ability to do everything without electronics, meaning that 
all plans, policies, reference manuals, and forms used during an EOC activation need to be available in 
hard copies within each WSDOT EOC.” (quote #10) 

In summary, under the assumption of the likely enduring loss of power in the entire Pacific Northwest region in 

the event of a megathrust and tsunami originating from the Cascadia Subduction Zone, modern time-style 

communications and ICT-based operations will be curtailed to an insignificant minimum, based on which a 

coordinated response from inside the affected geography cannot be assumed to be effectively organizable. While 

power as a prerequisite will be restored in small increments over time, initial in-area response management at all 

levels has to assume mainly paper-based and (slow) face-to-face and messenger-based communication 

mechanisms, which will last for a duration of days, if not, more likely, weeks. As a result, situational awareness 

will initially be spotty, and a common operating picture will only emerge slowly leading to a harshly constrained 

response environment. 

Ad Research Question #2 (What are specific SA/SSA-related information and communication technology (ICT) 
challenges to professional disaster responders on all levels in the early stages of response to a (simulated) 
catastrophe?) 

While the widespread blackout described above will immediately knock out most of the terrestrial wired network 

and server infrastructures, wireless devices such as handheld radios, satellite phones, and cell phones along with 

other wired or wireless battery and generator-powered communication devices including undamaged cell towers 

will initially still remain operable. Nonetheless, over time they will become unavailable as batteries turn dead and 

fuels run out. However, this way a precious initial window of much degraded communication and bandwidth will 

remain open before most electrically-powered communication and ICT infrastructures gradually dwindle and 

finally cease to function. In the following, the findings are presented regarding the challenges to ICTs and radio 

technologies as long as they are still usable in the initial grace period, and after they step by step return to 

operability when power is being restored. 
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Lack of Standardization, Information Integration, Compatibility, and Interoperability 

The response units in the Cascadia Rising 2016 exercise used a range of different ICTs, which performed the same 
or similar tasks, but in different ways and on the basis of different protocols. Also, multiple media and data formats 
were in use, and the transformation or conversion from one format into another presented a challenge. For example, 
transferring information from a geographical information system (GIS) into a spreadsheet had to be performed 
manually, which introduced another potential source of error. On the other hand, several jurisdictions benefitted 
from the integration of GIS functionality into the respective incident management system, for example, the 
relatively popular, Internet-based, commercial off-the-shelf (COTS) system by name of WebEOC, although data 
might not have been readily updated between systems. As one City after-action report reveals, 

“Information was scattered in different reports from different departments. Those department reports 
were in various formats including Word, Excel, and hard copy formats. Picking through the reports and 
then entering the data took time and took talented people away from other priorities. The question is 
whether aspects of the information collection from departments could be automated and if so, to what 
extent that could be done in WebEOC. The exercise illustrated the challenges of incorporating 
department level damage assessment information into a single platform (WebEOC) or trying to leverage 
a geographic information system, such as ArcGIS Online. Part of that issue also includes how to display 
mapped features.” (quote #11) 

The same situation reoccurred at response levels up the chain unless certain organizational and technical 

standardizing measures had been taken. The WA State Emergency Management Division (EMD) has meanwhile 

developed a so-called Incident Snapshot form, which helps counties report back the overall damage without before 

completing a detailed analysis. As an WA EMD director explains, 

“They can just provide us with that Incident Snapshot and then we can basically consolidate that 
information and analyze it and then make the determination that, for example, communication 
infrastructure was hardest hit in these counties, transportation infrastructure was mostly impacted in 
these counties, but not in these counties, so just being able to do this Incident Snapshot prior to having 
in depth damage assessment. So that is an approach of developing and providing tools to the local 
jurisdictions that allows them to do this fairly quickly in a standardized format.” (quote #12) 

The lack of standardization of protocols and message exchange formats within jurisdictions and between 

jurisdictions led to delays in assuming SA/SSA and unnecessarily added another level of complexity to the already 

complex response undertaking. Besides the missing standardization of protocols and exchange formats, the wide 

variety of systems used on all levels of the response also led to limitations of basic interoperability up to the point, 

at which certain systems could not interoperate at all. As the FEMA after-action report describes, 

“These systems provided a wealth of functionality to support responders’ missions. However, different 
versions, configurations, and implementations of these systems introduced varying functionality, a lack 
of compatibility, and different interfaces for the user, all of which lead to varying representations of 
incidents, tasks, resource requests, and related data. As a result, the exchange of information between 
systems of different versions and functionality became a cumbersome task.” (quote #13) 

Access, Functionality, and Other ICT-related Considerations 

Quite a number of interviewees reported on serious problems with regard to accessing ICTs in use for organizing 

the response and obtaining much needed information. Some systems would not allow responders to log on at all 

even though authorization should have been established ex-ante. Others ended up logging on to the wrong systems. 

Yet, others were able to log on to the correct systems but were then barred from accessing any documents in the 

directory structure pertaining to their respective tasks. Or, the necessary GIS applications were not available on 

laptop systems, which prevented access to most up-to-date information. The list of access problems of different 

nature ranging from technical and connectivity issues to organizational and security problems could be extended; 

however, the result would always be a significant slowdown in response processes and activities including negative 

impacts on gaining SA/SSA. At times, the National Guard was able to provide a workaround by providing access 

to information, which the local civilian responders were unable to obtain from their own systems, even when the 

information was stored, but for some reason inaccessible on their very systems. However, besides the internal 

access problem, the important role of the military in disaster responses and the need for establishing working 

relationships between local responders and the military prior to any incidents have become abundantly clear 

through the recent 2014 SR530/Oso disaster and the CR16 exercise. As a City EOC responder discloses, 

“We came a long way to partnering with the military. Any large disaster response will be going to need 
them. But there is still a disconnect with that information sharing. It is just how they are normally used 
to share information. Normally the military doesn't share information with the local government, the 
local state. So, they are trying to figure out those things. So, on that way, this exercise was really great.” 
(quote #14) 
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As mentioned before, information exchange between systems could present a functional challenge to responders, 

but so could system functionality itself in terms of a difficult-to-navigate user interface or cumbersome logic of 

operation. Also, electronic forms could be difficult to navigate. As a City after-action report laconically illustrates, 

“The Situation Report form is cumbersome and difficult to navigate. Not all essential elements of 
information were included in the situation reports.” 

Other ICT-related problems were reported with regard to insufficient scalability of ICTs given the enormity of the 

response effort, the lack of quantity of ICT equipment, phones of all kinds, and wireless bandwidth to adequately 

support responders, and the dearth of familiarity with the respective ICTs and radios among others. 

WebEOC 

As mentioned above, many response organizations in the PNW used one version or another of a Javascript-based 
COTS software application called WebEOC, as of 2018 a registered trademark of and licensed by Juvare of 
Atlanta, GA. As the name indicates, the application is Web-based and can be run on local servers and/or in the 
Cloud. During the Cascadia Rising 2016 Exercise WebEOC versions 7.3, 7.6, and 8.1 with an enhanced graphical 
user interface were in use. Among the WebEOC users were FEMA, Washington State agencies along with the 
State EMD, a number of County EOCs, as well as a number of City EOCs. However, quite a number of County 
and City response units relied on other incident documentation and resource tracking tools. 

Functional Rigidities and Limitations 

Almost all WebEOC users, regardless of the tool’s version used, pointed at functional rigidities and limitations 

that influenced the response in one way or the other. Since the application is not self-explicatory nor intuitive to 

use in any way, quite some extensive training is necessary to be able to effectively handle and use it. Furthermore, 

since most responders in the EOC will not use WebEOC on a daily basis, training and re-training has to be 

conducted on a regular basis. Among the most serious functional deficiencies that were repeatedly mentioned was 

the lack of integration of GIS metadata from the popular ArcGIS software (which most recent versions appear to 

provide). As a City EOC director explains, 

“WebEOC training was absolutely critical, and still, we had some challenges not only with WebEOC 
but also in particular with the integration with other systems like GIS, as you remember, where we put 
the damage reporting and some of the data and GIS and needed to import them into WebEOC, and here 
are some of those points that we want to pay attention to, and then on top of that comes ... if things break 
down, that becomes even more tricky.” (quote #15) 

While the application readily logged all inputs into the system, it provided little sophisticated tracking  =or data 

manipulation methods like sorting certain data. The application uses multiple boards such as “status update,” 

“significant events,” “task manager,” among others along with user-generated ones. Some users found it hard to 

manually update boards as necessary. Furthermore, it was said that information was not easy to find on the various 

boards. As a State EMD director states,  

“And that was the origin of WebEOC in that it would basically allow you to chronologically track 
events. But, that in itself is not helpful in sharing information, sharing situational awareness, or sharing 
a common operating picture, because I do not want to have to read through a thread of 200 events from 
the previous shift to get an idea of what the current situation is.” (quote #16) 

Quite a number of users felt the user interface was cumbersome, and the visualization capabilities were insufficient. 

Boards, it was said, were hard to read and comprehend. For the lack of truly functional resource request and 

resource tracking capabilities one responder group used a different system for that particular purpose. If 

information needed to be extracted for further processing elsewhere from one of the boards, this task needed to be 

performed in a manual fashion. Some organizations reduplicated WebEOC-based data in spreadsheets for both 

redundancy and data processing reasons.  

Interoperability Issues, Performance Issues, and Workarounds 

Across responder groups WebEOC was reported for having capacity and performance problems, the latter of which 

might in part be related to the internal software design with its use of Javascript. Different versions of WebEOC 

appear to not have been able to interoperate at all. The customizability of the application might have added to 

inconsistencies and incompatibilities when used within a large-scale response too. However, responders also 

wondered how scalable the application really was. The State WebEOC system crashed under the load and appeared 

to have been unavailable for an extended period of time. Responders held that they were unsure about where and 

when the load-breaking point would occur. As another City EOC leader asserts, 

"Our biggest challenge, I think, is that our technologies are built for the 95% of the time response that 
we have. And so, those forty-four times we activated in the last ten years, none of those were actually 
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catastrophic. None of those actually destroyed our ability to use WebEOC, or I guess we had one that 
started tampering with our ability to get to the Internet. But generally, our systems have been built for 
more the rearview-mirror type of disasters, more than for the futuristic, what's actually going to happen 
to us." (quote #17) 

Since interoperability between WebEOC systems in different jurisdictions did not work well, or even not at all, 

responders found a workaround in providing each other direct access to their respective systems. So, cities would 

have accounts on county WebEOC systems, and vice versa, counties would have accounts on the State EMD 

WebEOC systems, and vice versa, and so on. While this workaround at least provides access to information, it 

also attests the lack of integration and interoperability of WebEOC. Operating with multiple systems in the 

tumultuous environment of a catastrophic incident response adds potential for error, reduplication, inconsistency, 

and increased network traffic on already downgraded network connection. As the FEMA after-action reports 

tersely states, 

"Exercise participants recommended that all jurisdictions consider extending access to their information 
management and collaboration systems to external partners as needed, while ensuring the appropriate 
moderation and maintenance required to sustain any increased access." (quote #18) 

In summary, quite many participating jurisdictions in the exercise used WebEOC for assuming SA/SSA and the 

development of a COP among other aspects of the response such as resource requesting and tracking and task 

management. However, during this admittedly extreme test the system’s rigidities, limitations, and other issues 

noticeably surfaced. 

Radio Technologies 

Traditional High-Frequency Radio Communications and the Lack of Radio Interoperability 

Radio-based communications have been primary means of responder interaction and coordination, in particular, 

in a catastrophic event such as the one simulated in Cascadia Rising 2016. As long as electrical power is available 

on handheld and stationary devices as well as for the mobile and fixed high-frequency (HF) stations, basic 

communications between responders on compatible frequencies and equipment remain intact. However, for 

example, the 800 MHz Public Radio System used by responders in municipalities and counties was quickly 

overwhelmed, and voice and data transmission suffered from bandwidths problems. The use of HF radio in a multi-

agency and multi-jurisdictional response faces also challenges with regard to channel allocation and radio 

interoperability. During the exercise, the military assisted local jurisdictions with allocating available frequencies 

and multiple channels for communications with the field and the County. Radio interoperability, however, requires 

both frequency or equipment compatibility. Even when operating on the same frequencies, different agencies used 

incompatible radios, so that interoperability remained a major problem until both frequency/channel allocation and 

equipment compatibility via standardization have been secured. As one City EOC responder remarks, 

“Since 9/11, we know that agencies cannot talk to each other over the radio <insertion by the authors>. 
And that has not been resolved, either. So, we spent a lot of money, federal government spent a lot of 
money but agencies do still not have the ability to talk to each other on the same radio system.” (quote 
#19) 

Besides the described interoperability and bandwidth problems, quite a few responders on municipality and County 

levels reported that the number of available radios and channels was insufficient and no alternate means of 

communication available.  

Alternate and Auxiliary Communications 

Several alternate (backup) and auxiliary means of communications were used during the exercise. For example, 

the State of Washington, maintains stationary HF stations at the SEOC and at all State Patrol district 

communication centers with eight assigned HF frequencies as secondary emergency back-up communications 

capability in case primary communication capabilities become seriously degraded or completely unavailable. In 

this backup infrastructure, in addition to the fixed infrastructure, mobile HF stations can be deployed as necessary. 

However, bandwidth problems and equipment incompatibilities can also hamper this backup infrastructure. 

Satellite phones were used as another alternative to radio and other communications means. While satellite phones 

share the basic problem of ultimately needing a source of power, they nevertheless provide a low-to-medium 

bandwidth voice and data alternative to other communication infrastructures including HF radios. Similar to radios, 

satellite phones need unobstructed lines of sight for their signals to receive and transmit to the respective service 

satellites. Responders reported that connectivity from within buildings was difficult or even completely 

impossible. Also, thick cloud covers could impair this particular backup. Quite a few responders bemoaned the 

lack of a sufficient number of available satellite phones. However, cost considerations were cited as the main 
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reason for only moderately relying on this particular backup type in the respective jurisdictions. 

Amateur (or, HAM) radio was incorporated into the Cascadia Rising 2016 Exercise at municipal, county, State, 

and Federal levels as an auxiliary communication infrastructure, which served in part also as an important backup 

for other degraded or failed infrastructures. Uses included the transmission of essential elements of information 

(EEIs) both via voice as well as text and graphics, which helped gain SA/SSA despite the slow transmission speeds 

for the latter. HAM communications also provided information about areas, which were inaccessible on the 

ground. HAM operators, though, were found verbose and not trained in crisp emergency radio communication 

protocols. Overall, wherever HAM radio communication was used, it was found helpful, although specific 

protocols for HAM operations in the emergency response context were needed for future operations. Likewise, 

HAM operators would need training in professional emergency-related radio communications. Nevertheless, quite 

some optimistic comments from responders summarized the experiences made with amateur radio during the 

exercise. Yet, on a more cautionary tale, a State EMD director finds, 

“So, amateur radio equipment also uses power. So, this is only going to work as long as my batteries 

work. Then, once the batteries are dead, I'm dead in the water as well. Then, all of the antennas with my 

amateur radio—towers with amateur radio antennas—if the earthquake topples the tower, my antenna's 

toast as well. And then, the other thing—the big thing that I keep mentioning—there is no way the 

amateur radio community can backfill the bandwidth that we are used to using on a daily basis to 

communicate. So, while amateur radio may be the very first band aid that we apply, we, as quickly as 

possible, want to get back to reestablishing the communication infrastructure that we are used to using 

on a daily basis.” (quote #20) 

In summary, radio technologies (along with operational modern ICTs) provide the backbone of disaster response 

communications and operations, which are complemented by satellite phones and amateur radios as auxiliary 

means of communication in the response to a catastrophic disaster, all of which provide essential inputs for gaining 

and maintaining SA/SSA. 

DISCUSSION 

Gaining/Maintaining SA/SSA Under Circumstances of Massively Degraded Radio and ICT Infrastructures 

Despite its artificiality, which, for example, basically disregarded the very likely complete and long-term power 

blackout in the entire Pacific Northwest region, the Cascadia Rising 2016 Exercise greatly demonstrated the 

enormous challenges, under which responders will find themselves in and after a catastrophic incident of the 

simulated kind, in particular, with regard to gaining and maintaining situational awareness, and more so, shared 

situational awareness. Even at the basic SA level of perception, it will be utterly challenging to identify in any 

comprehensive fashion the damage to critical infrastructures while at the same time engaging in the top-most 

priorities of saving lives and then sustaining lives. While the initial megathrust and tsunami will cause considerable 

structural damage to critical infrastructures, the expectable aftershocks will substantially add to the damage of 

these structures, which have already been compromised, all of which will lead to cascading effects such as multiple 

fires, downed high-voltage power lines, broken gas and oil pipelines, broken water mains, spills from damaged 

sewage systems, other hazardous spills, and landslides, to name a few. In other words, the incident will not be 

static, but rather dynamic in nature, while response capabilities, and, particularly, reconnaissance and intelligence 

capabilities, which would provide for SA/SSA, will be massively degraded. A major insight from the exercise was 

that responders and populations will find themselves in relatively inaccessible “islands” for some time due to the 

collapse of hundreds of bridges and overpasses making both ingress and egress other than on foot or by airlift 

virtually impossible. 

According to the director of a County Department of Emergency Management, around sixty such “islands” were 

identified in that particular jurisdiction. For the entire PNW region, this number might go into the hundreds. From 

the 2014 SR530/Oso response responders learned that aerial reconnaissance would not reveal the full extent of 

damage witnessed on the ground. In particular, soil and ground conditions would not be exactly known until 

responders were able to inspect the terrain on the ground. For SA/SSA this means that even reaching the level of 

basic “perception” would need weeks rather than days, and “comprehension,” as the second level of SA/SSA, will 

take weeks, if not months. 

With modern ICTs unavailable, sheer necessity will dictate the response to be organized on the basis of paper, 

pencils, and face-to-face communication via runners, then the responder population will not perform well under 

these particular constraints unless substantial efforts have been undertaken ex ante to prepare for this particular 

scenario in terms of still accessible hardcopy-based tools such as checklists, essential elements of information 

questionnaires, contact information, pre-scripted public messages, and the like. This type of preparation will allow 
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for some organizational effectiveness of on-site responses under uniquely reduced capabilities. However, a paper-

based response will not scale well. Also, the information kept on, for example, T cards, will not easily be shareable. 

Nevertheless, all information collected in this pre-industrial fashion will need to be shared with other responders 

to become effective. In order to speed up the process for regaining the full capacity of the ICT infrastructure, which 

will be dependent on the local restoration of power, jurisdictions in the likely impact area might want to consider 

the creation of ICT mirror infrastructures in an outside safe area. Rather than waiting for equipment and power 

sources to be brought into the impact area, it might be faster, safer, cheaper, and more effective to fly out responders 

from the impacted jurisdictions who bring their detailed local expertise and knowledge of existing plans and ICTs 

into a fully functioning and well-known mirror ICT environment. With help of initially pre-staged or flown-in 

mobile battery-powered wireless long-range transmitters, information can be exchanged between the functioning 

remote mirror EOCs and the responders on the ground. Information can be converted from paper to electronic 

records at the mirror EOCs in various ways, which would not slow down the responders on the ground. In the 

remote mirror EOCs, information could be integrated into a more complete SA/COP than locally possible. The 

exchange of information would be provided on regular basis via airlift, which would provide laptop and other 

handheld devices with updated information from the remote mirror site to the responders on the ground. Instead 

of being confined to working on paper-pencil basis, ground-zero responders would increasingly work with 

equipment and technology, with which they are familiar. Since the impact area is a coastal region, the proposed 

mirror EOCs might best be stationed on maritime vessels just off-shore making airlifts short. Of course, such 

vessels must be stationed safely outside the impact area but close enough to be operational on-site within less than 

72 hours after the incident. 

State of Currently Used Emergency ICTs in Light of the 2004 DERMIS Recommendations 

As mentioned in the literature section, in their landmark 2004 paper Turoff and colleagues presented and discussed 

premises and requirements for what they then generically called “dynamic emergency response management 

information system, or short, DERMIS” (Turoff, et al., 2004). Although it would go far beyond the scope of this 

contribution to compare the ICTs investigated in this study to the design principles and requirement specifications 

given in the DERMIS paper in a point-by-point fashion, it is insightful to review the currently used systems and 

contrast them to at least to a partial list of DERMIS principles and requirements. 

Extreme ease of learning was seen as a foremost requirement as stated above. The ICTs investigated in this study 

including, in particular, the increasingly proliferated WebEOC, this specific and important requirement is unmet 

by each of the systems. On the contrary, as the findings showed, WebEOC, for example, requires extensive and 

recurring efforts of training for mastering its basic functions. The system is mostly used when EOCs and response 

units are activated, but it is not used on a daily basis. 

Usability by trained responders is another requirement, which is certainly met in part by all investigated systems, 

although the lack of functionality for sorting, filtering out, and intelligently consolidating information for SA/SSA 

and COP purposes is certainly not a feature of WebEOC, which stands out. 

Conciseness was a recommendation relating to a user interface, which makes it very easy for the responder to 

navigate the information with a minimum amount of effort and learning. None of the systems comes even close to 

matching up with this requirement. 

Customizability to responders’ specific needs is a requirement, which is in part met by WebEOC, which allows 

the creation of boards, which serve a user-defined purpose. However, these boards function in the fashion of a 

logging system. When increasingly populated they quickly lose their informational clout. 

Support for all EOC/IMT functions is necessary to serve all tasks and needs in response management without the 

necessity to resort to other unintegrated applications or sources of information. At least until recently, major GIS-

related information could not easily be integrated into a system like WebEOC.  

Independence from a particular physical location is a requirement, which shields the system against disruption 

and a single point of failure. While, for example, WebEOC fulfills this requirement in theory, its lack of scalability 

evinced by the crash of its State EOC implementation indicated that certain harsh physical constraints and 

vulnerabilities exist. 

Support for structured communication processes is a principle, which can be met by a number of the systems 

studied; however, these processes need to be organized by issuing, for example, standard ICS forms on part of the 

system administrators. Unfortunately, the lack of standardization in forms and processes is one of the major 

insights from this study, which hampers specifically system interoperation and the gaining of SA/SSA. 

As the Washington State National Guard after-action report states, this is a widely unmet requirement, which 

would need a concerted effort of multiple parties. The Guard, which operated with a standardized system made an 
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interesting proposal, 

 “Standardization across all echelons of response requires heavy weighting in the decision criteria for 

that selection. A nationally maintained system that allows access to national, state, and local EMs for 

SA development, sharing of information, and knowledge management, should receive strong 

consideration. A current potential solution is the DAART system offered by National Guard Bureau 

(NGB).” (quote #21) 

CONCLUSION 

This study of the Cascadia Rising 2016 Exercise response suggests that communication infrastructures and 

dedicated emergency management information systems (EMIS) will be very vulnerable to and badly damaged by 

the impact of a catastrophic megathrust of magnitude 9 plus and following tsunami as the result of the rupture of 

the Cascadian Subduction Zone in the North American Pacific Northwest. Situational Awareness and Shared 

Situational Awareness among and between multiple responder groups and jurisdictions will be hard to establish in 

the real case. 

The assumptions in the 2016 exercise represented some artificialities, which in the real case would likely not hold, 

for example, the assumption of only a partial loss of power or no severe after-shocks. On the other hand, the four-

day exercise united responders in the Pacific Northwest in confronting and working together on a very likely future 

scenario for the first time. While the artificialities of the simulated incident may have made the real-world incident 

appear more manageable than it would be in all likelihood, the simulation helped uncover numerous areas for 

improvement, which would have remained unknown, had the simulation been conducted under the assumption of 

an even more severe scenario with stingier injects.  

Nevertheless, the exercise has produced multiple inconvenient insights, which is why the planned repeat of the 

exercise on an even larger scale in 2022 involving the four States of Alaska, Idaho, Oregon, and Washington is 

consequential and necessary. If communication infrastructures are disrupted to the extent found in the exercise and 

described in this study, and if, as documented here, current ICTs are not ready for the prime time of a large-scale 

integrated response effort, then emergency management needs to engage in serious considerations and planning of 

necessary alternatives. These considerations shall be informed also by the results of the aforementioned second 

paper resulting from this study, which covers the organizational and informational challenges observed during the 

exercise. Future work will attempt to further develop recommendations for EMIS requirements and improvement 

of existing EMIS. 
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ABSTRACT 

This paper depicts the real-time sensemaking of experts as they worked to combat the first emerging disease of 
the 21st century: Severe Acute Respiratory Syndrome (SARS). Newspaper data was analysed from the 2003 
SARS crisis, with a Canadian perspective, to follow the process of solving the puzzle of this emerging disease. 
Retrospective sensemaking is a process that is triggered by the unexpected, which leads to actors gathering 
information (taking action) in order to consider possible interpretations for the unexpected event. Disease 
outbreaks serve as sensemaking triggers, and actors engage in retrospective sensemaking to find out the factors 
involved in how the outbreak happened.  Prospective sensemaking (future-oriented) is employed when actors 
work together to plan how to combat the disease.   The newspaper data demonstrate that retrospective and 
prospective sensemaking are tethered: to make plans to combat a disease, actors first require a collectively 
agreed upon understanding from which they can generate possibilities for a crisis response.  This paper 
contributes to the field by providing concepts for long-duration crisis sensemaking, as the bulk of organisational 
research focuses on acute crises such as wildfires, or earthquakes.   

Keywords 

Crisis informatics, public health crisis, organizational learning, social sensemaking. 

 

INTRODUCTION 

In our highly connected and fast-paced modern world, crises occur and may escalate in severity in a very short 
amount of time.  Crises are rare events, and may be compounded by ambiguity and complexity, with a 
requirement for rapid action to mitigate the magnitude of the event (Pearson and Clair, 1998).  The event may 
have extreme consequences for the physical, psychological, and material resources of the population (Hannah, 
Uhl-Bien, Avolio, and Cavarretta, 2009).   

The response to natural disasters (tsunamis, hurricanes, earthquakes), or human-caused disasters (power plant 
accidents, terrorist attacks) focuses on action within a 72 hour period (Ruback, Wells, and Maguire, 2013).  A 
public health emergency (specifically that of emerging infectious diseases) requires a completely different type 
of response. Unlike natural disasters, by the time a public health emergency is declared, the virus may have 
spread and created a reservoir in the population, and it may take weeks, months, or even years to resolve the 
crisis.  A disease outbreak would be a long-duration crisis as the focus on action is beyond the 72-hour period.   

On March 10, 2018, the World Health Organization has added Disease X (the unknown emerging disease of the 
future) to their list of diseases that require urgent attention: “planning for an epidemic or a pandemic should not 

44



Seto et al. Experts’ sensemaking during the 2003 SARS crisis 
 

Full Research Paper – Resilience to cope with the unexpected 
Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

 

 

be entirely focused on [a] particular disease or pathogen… While it may be easier psychologically to identify a 
clear single enemy and put a face to it, specifically targeting a very specific enemy can lead to solutions that are 
too focused, not flexible, and only work under limited conditions. This would be like buying underwear that you 
can only wear while riding a unicycle and juggling candles in Antarctica on a glacier next to penguins” (Lee, 
2018).  Preparing for a future unknown public health threat, caused by a novel organism, is of great importance 
– not only preparing for the response, but also understanding the processes that underpin it.   

Organizations engage in sensemaking to respond to a crisis: they gather information, interpret that information, 
and decide on a course of action, which is then executed.  This may result in further information that the 
organization utilizes for another cycle of sensemaking.  Research in sensemaking has investigated acute crises 
such as wildfires (Weick, 1993), or pursuit of a suspected terrorist (Colville, Pye and Carter, 2013).   Long-
duration organizational sensemaking research has been conducted in a non-crisis setting, lasting several months 
(Maitlis, 2005).  However, there is a clear gap in the literature around long-duration crisis (beyond 72-hours in 
crisis response mode) sensemaking.   

This research seeks to address the research gap, by exploring long-duration crisis organizational sensemaking 
and developing concepts of the process, as well as exploring how it differs from acute crisis organizational 
sensemaking.  The research question is: what are the acute and long-duration organizational sensemaking 
processes among experts (scientists, doctors, and other professionals that may be called upon to advise the 
government) during a public health crisis? 

This paper presents data from a PhD project on sensemaking and learning through a public health crisis, 
focusing on the Severe Acute Respiratory Syndrome (SARS) epidemic in Canada as a case study.  As this is a 
case study of one long-duration crisis event, there may be limited generalisability. However, this case provides 
an opportunity to illuminate how experts engaged in sensemaking in extraordinary circumstances – it is 
“unusually revelatory” and an “extreme exemplar” (Eisenhardt & Graebner, 2007).  Newspaper data is used to 
track experts’ sensemaking in real-time during the crisis duration. SARS in Canada was chosen due to the 
unique nature of an emerging disease: the first one in the age of global travel, and the first to represent the perils 
of that advancement.   

LITERATURE REVIEW 

Sensemaking  

There is no universally agreed definition on what sensemaking is (Maitlis and Christianson, 2014).  Instead, 
there are general agreements among scholars on sensemaking aspects, or the sensemaking perspective 
(Sandberg and Tsoukas, 2015), that it begins with the unexpected, and engages cycles of action and 
interpretation until sense is restored.  Weick is the seminal researcher in organizational (social) sensemaking 
(Maitlis and Christianson, 2014).  

Maitlis and Christianson (2014) define social sensemaking as:   

“a process, prompted by violated expectations, that involves attending to and bracketing cues in the 
environment, creating intersubjective meaning through cycles of interpretation and action, and thereby 
enacting a more ordered environment from which further cues can be drawn” (Maitlis and 
Christianson, 2014, 67).   

Social sensemaking occurs within the spaces between people, and is carried out in conversations, where 
“collective sense is generated in an ongoing, iterative manner, as actors shape each other’s meanings in repeated 
cycles of sensemaking” (Maitlis and Christianson, 2014, p. 95).  Researchers who focus on sensemaking in the 
spaces between actors are not all necessarily in agreement on whether sensemaking is retrospective (which is the 
classical view of sensemaking) (Maitlis, 2005; Maitlis and Lawrence, 2007; Weick, 1995), creating meaning 
from an event in the past, or prospective, where actors generate multiple possibilities of the future, such as in 
strategy or planning research (Gephart et al., 2011; Gioia and Chittipeddi, 1991; Kaplan and Orlikowski, 2013).   

Sensemaking in crisis and non-crisis situations 

Concepts from the sensemaking literature draw from research in both crisis and ‘normal’ settings.  This is 
because the “big picture” process is considered to be the same regardless of the urgency of the situation: 

“As a crisis becomes more severe, sensemaking intensifies, which normally lessens the crisis severity, 
which then reduces the sensemaking.  Phrased in that form, crisis sensemaking … is not all that 
different from sensemaking that occurs in response to breaches in everyday life.  The sequences are 
similar but the intensities are different.  There is an interruption, followed by moments of thought, 
action to clarify the thinking, and recovery” (Weick, 2010).   
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This literature review will focus on concepts from Weickian sensemaking, as Weick has examined many acute 
crises with a social sensemaking perspective.  As Weickian sensemaking can be applied to both crisis and 
‘normal’ settings, they may also be relevant to long-duration crisis social sensemaking; these concepts are 
reviewed in order to provide a foundation for this research.   

 

Sensemaking process 

Trigger: Frames and cues 

Sensemaking is triggered when current experience (cues) does not match expectations (frames).  Cues are units 
of meaningful information that are drawn from the environment, and can appear in any medium, such as words, 
visuals, sensation, etc. (Weick, 1995).  Weick does not specifically define cues, but rather uses a variety of 
metaphors and examples.    

There is a strong body of literature in management research on frames and framing; it stems from the cognitive 
stream, where a frame is defined as “a knowledge structure that directs and guides information processing” 
(Cornelissen and Werner, 2014).  Orlikowski is one of the first researchers to study frames that are socially 
constructed in her well-cited paper on technological frames (Orlikowski and Gash, 1994).  Their paper looks at 
existing socially-constructed frames, with a focus on technology.  The technological frame is defined as: “A 
collectively constructed set of assumptions, knowledge and expectations regarding a technology and its uses and 
applications in organizations” (Cornelissen and Werner, 2014).  Development of frames is a process, and when 
successful may result in a stabilized frame (Azad and Faraj, 2008).    

While frames are “past moments of socialization”, cues are “present moments of experience” (Weick, 1995, p. 
111). Triggers for sensemaking start when cues do not match existing frames.  However, the gap between 
frames and cues in itself do not necessarily trigger sensemaking. Sensemaking commences when the magnitude 
of the gap, and the perceived importance, is great enough to cause individuals or groups to be attentive, question 
and assess the situation, and decide what to do next (Billings, Milburn, and Schaalman, 1980; Maitlis and 
Christianson, 2014).   

Bracketing  

Triggering the sensemaking process involves the social acknowledgement of cues that merit collective attention 
and further investigation.   Bracketing is creating an initial sense of the interrupted situation, through extracting 
cues (units of meaningful information) from the environment.  Weick (1995) explains bracketing as a first step 
in discovery, that people set breaks in the stream of time, and impose labels or categories on the portion set 
apart. Bracketing is the first step to bring collective attention to the gap, the issue at hand.   

Creating meaning: Relating Cues to frames 

Following bracketing, an iterative cycle of meaning creation is entered, comprised of enaction and 
interpretation.  A key element of Weickian sensemaking is enactment; that is, to make sense of the situation, 
people take action based on “preconceptions” (Weick, 1988), some initial assumptions about the situation.  Cues 
(information) are generated from the action taken; actors interpret and understand the cues through social 
discourse: they talk about it.   

Weick explains that constructing a relationship between frames and cues is creating meaning (Weick, 1995).  At 
a trauma center, patient care teams co-create meaning, an understanding of the patient’s situation: “The way we 
cope with [mysteriously deteriorating patients] is to consult with our colleagues; to vocalize more freely about 
what we think about the possibilities; to consult at the highest level of the organization with those who might 
have more experience, or might have seen cases or something like it before” (Faraj and Xiao, 2006, p. 1165).  
The specialists at the trauma center converse about the situation (patient) bracketed, and consider possibilities 
for the diagnosis (matching cues and potential frames in interpretation stage).  They must determine a course of 
treatment in real-time as well as balance the tension of choosing the optimal course of action and the need to act 
as quickly as possible.  In considering possibilities, actors also then weigh the most plausible frame.    

Assessing plausibility of meaning created 

Weick suggests that plausibility is “a good story” (Weick, 1995, p. 61).  It includes elements of coherence, 
reasonableness, and is socially acceptable and credible.  In short, reaching consensus on plausibility is socially 
negotiated and agreed upon, and is itself a process.   

Trigger de-activated (output) 

When the group has collectively agreed that the meaning created is plausible and “good enough”, then they 
move to produce the output. The output of the sensemaking process restores the ‘gap’ between current 
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experience (cues) and expectations (frames) initially noticed in the triggering stage; as Azad and Faraj (2008) 
explain, the process of (coherent) sensemaking leads to a stabilized frame, which then ends the process. For 
example, Maitlis (2005) followed three British orchestras over several years, and depicted many sensemaking 
processes, one of which was the negotiation of the new season’s program (stabilized frame).    

 

Prospective Sensemaking 

Weick has been criticized for not conceptualizing anticipation in the sensemaking perspective (Sandberg and 
Tsoukas, 2015).  They discuss this issue as troublesome because an inherent aspect of a practitioner is the ability 
to anticipate the consequences of actions from experience.  Future-oriented sensemaking is defined as: 
“sensemaking that seeks to construct intersubjective meanings, images, and schemes in conversation where 
these meanings and interpretations create or project images of future objects and phenomena” (Gephart et al., 
2011).    Weick presents future-oriented sensemaking in the ‘future perfect tense’ where the actor chooses his 
desired outcome, and from that perspective looks backwards in time to where he is in the present, to plot the 
way forward to reach the desired destination.  This is different from prospective sensemaking where actors 
generate multiple possibilities from the standpoint of the present.   

The case study: SARS 2003, with a Canadian perspective. 

The following information is extracted from the WHO (2006) report.   

SARS was the first emerging disease of the 21st century, spread internationally with the speed of air travel.  
Retrospectively identified as the first SARS case, a man becomes ill in China on Nov 16, 2002 and infects a 
handful of his relatives.  The virus spreads, and by early January, authorities in China note the outbreak.  On 
January 23, 2003, an official statement is released about ‘atypical pneumonia’ by a Chinese regional authority.  
By early February, the WHO in China and its international surveillance network pick up information about an 
unusual epidemic of fatal pneumonia-like illness.   

Over the next few weeks, there is a flurry of activity between Chinese authorities and the WHO, with the former 
being uncooperative in opening their borders for a public health investigation.   

The following information in this section is extracted from the SARS commission (Campbell, 2006). 

At the Metropole hotel in Hong Kong, a sick doctor from China only stayed one night (February 21); but 
transmitted the virus to at least 17 people. They travelled to many other countries: Canada, USA, Australia, 
Hong Kong, Singapore, the Philippines, and Vietnam.  The Canadians flew back to Ontario and British 
Columbia, provinces on opposite sides of the country.  The index case (first person infected) in Ontario began 
an event that affected hundreds of people and caused national hysteria in early and mid-2003.     

In Toronto, on March 7, 2003 a man carrying SARS (he caught it from his mother, who had stayed at the 
Metropole hotel in Hong Kong) was brought in to hospital.  He transmitted SARS to several other people, 
including hospital staff.  From March 13-25, several people became ill, and it was noticed to be similar to 
outbreaks in South East Asia.     

A provincial emergency was declared, March 25-26, 2003, and the Provincial Operations Centre (POC) was 
formed.  For over six weeks this team of key decision makers were in crisis response mode, until mid-May when 
the crisis was declared over.  However, SARS was lurking beneath the surface, and in late May, SARS II was 
declared as another outbreak occurred.  Finally, on July 5, 2003, the WHO announced that the global SARS 
outbreak was contained.   

 

RESEARCH METHODOLOGY 

Data collection 

Two Canadian newspapers were chosen for this analysis: The Globe and Mail (TGAM) and the Toronto Star 
(TS). Canada is one of the countries that experienced an epidemic of SARS, and an assumption is that Canadian 
newspapers would carry detailed and in-depth coverage of the SARS crisis, both nationally and internationally.  
In January 2016, both newspapers were searched for SARS-relevant articles throughout the crisis period in 
Canada (March 24 to July 5, 2003).  1552 articles were downloaded for TGAM, and 1647 for TS.   

Criteria for inclusion/exclusion (I/E) were developed and applied to screening the 3199 articles (Table 1).  The 
focus was on retaining articles that covered the science or public health aspect of SARS that are Canadian, or 
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relevant to Canada, not the economic, societal or reputational cost.  Articles on pharmaceuticals or molecular 
science for therapy of SARS patients are also excluded as this research is focusing on the sensemaking of an 
outbreak, and controlling transmission. The final number of articles for analysis were 399, with a total of 722 
pages, single-spaced. 

 
 
 
 

Table 1.  Inclusion/ Exclusion Criteria 

Include Exclude  

Full articles 
 
Primary topic of SARS 
   
Canadian response (or relevant to) 
 
Letters to editor that are written by experts (doctors, 
epidemiologists, etc) 

Articles that are not relevant to SARS, or 
only mention SARS, but it is not the main 
topic 
  
Political, societal, or economic impact of 
SARS 
 
Drug therapy for SARS 

 

 

Data analysis 

A grounded theory analysis approach was chosen, due to the lack of prior research on long-duration crisis 
sensemaking.  While Weick’s sensemaking concepts provide a foundation, it is unclear what role they play, 
and/or if there are additional concepts, and relationship(s) between these concepts, in long-duration crisis 
sensemaking.  This approach is also suitable for detailed process data from multiple sources and formats.  
Charmaz’s method (2014) of analysis was followed, which has three levels of coding – initial, focused, and 
theoretical.   

The researcher first immersed herself in the 722 pages of data, and read each line.  Then, initial coding 
commenced, where the articles were split into columns, with the text in the left column and the right column 
used for coding.   Charmaz (2014) explains the researcher stays close to the data, and attempts to see what is 
emerging from the data by using words that reflect action.  The coding was short and precise.  

The next step is focused coding; these codes are the more frequent or significant of the initial codes.  These 
codes are applied to “sift, sort, synthesize, and analyze large amounts of data” (Charmaz, 2014, pg. 138).  The 
decision on what was significant was based on what patterns were arising that were directly relevant to the 
research question. Coding is a long and iterative process with codes often changing until the story fits the data, 
and vice versa.   

The final step in analysis is theoretical coding, or theory development.  This takes the focused codes to the next 
level of abstraction.  The level and balance of application of previous knowledge (from the literature review) 
and emergence from the data is ambiguous (Charmaz, 2014).  Theory development will be the next stage of this 
PhD project, once all the sources of data (including interviews and reports) have been analyzed and integrated.  
This paper present concepts arising from focused coding.   

RESULTS 

Four cases of sensemaking are presented in this paper; one case of acute sensemaking, and three cases of long-
duration sensemaking.  The three long-duration cases are robustly covered in the newspapers, and provide 
substantial data for analysis.  The acute sensemaking case chosen is an outbreak, and also relates to the group of 
experts that are being studied in the wider PhD project.  For this project, acute sensemaking is defined in the 
same time period as acute crises, such as floods, wildfires, and industrial incidents: 72 hours (Ruback, Wells, 
and Maguire, 2013). For SARS, once the potential of transmission is known, officials work as quickly as 
possible to identify, and quarantine people who might have been exposed.   While the quarantine period is 10 
days, the enaction and interpretation processes are immediate to limit the potential of transmission.  Long-
duration sensemaking refers to the sensemaking processes that are beyond the 72-hour time frame.  All of the 
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data analyzed and depicted are from articles in TGAM and TS, from March 24 to July 5, 2003.1   

Outbreak sensemaking follows the Weickian retrospective sensemaking process; an unexpected event has 
happened, and people take action to find out information in order to understand and take further action to 
address that event.  Figure 1 depicts a potential outbreak.  Dr. M discovers she has a fever (triggering 
sensemaking), and immediately enters the hospital.  At this time, people are only considered to be infectious 
when they are symptomatic; to be on the safe side, the officials decide to interview people who spent time with 
Dr. M within a 24-hour window before Dr. M’s onset of fever (this is the initial gathering of information – the 
bracketing stage).  As soon as possible, these people need to be identified and quarantined, to limit the extent of 
potential transmission.  The plausibility of the interpretation will be assessed once those people who were 
quarantined (and all those others who came in contact with Dr. M) become ill or not – if the disease has not been 
transmitted, then the sensemaking cycle is complete.  If new cases have arisen, another sensemaking cycle is 
entered, to ensure every person that may have come in contact with the person who is ill, is quarantined as well. 

 

 
 

Figure 1.  Acute sensemaking process of SARS case: Dr. M    

 

Newspaper data does not allow for fine-grained sensemaking analysis for long-duration processes; however, it 
does allow for the mapping of frames over time.  For long-duration sensemaking cycles, the evolution of frames 
will be mapped for the following sensemaking processes: the cause of SARS (figure 2), how SARS is 
transmitted (figure 3), and when it is transmitted (figure 4).  In these figures, possibilities are shown in dashed 
boxes, with the color being stronger the more certain experts are.  Solid boxes express certainty.   

Around the world, scientists work together to hunt down the organism that is causing SARS.  In the beginning, 
there are two contenders – a metapneumovirus or a coronavirus (Figure 2).   

 

                                                           
1 For a list of all of the articles, please contact the first author as they are not cited in this paper (due to the page limit). 
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Figure 2. The cause of SARS. 

On March 24 (Figure 2), newspapers report evidence of two types of organisms – human metapneumovirus 
(hMPV) and a coronavirus (SARS Co-V).   Scientists around the world are trying to make sense of the puzzle 
(Figure 2: March 27); they are not sure if either is the culprit, or if they work together, or if it is just a 
coincidence and there is another organism.  By early April (Figure 2: April 8-10), as reported in the Lancet and 
New England Journal of Medicine, experts state that evidence supports that SARS Co-V is the SARS causing 
organism.  They are cautiously optimistic of this.  However, in Canada, only 60% of SARS patients test positive 
for SARS Co-V. 

A week later, the WHO declares a consensus among their experts (Figure 2: April 16) that SARS is caused by a 
coronavirus – SARS Co-V.  However, there is continuing doubt in Canada – the national lab is not finding 
SARS Co-V in all SARS patients.   

As the weeks pass, Health Canada and CDC are not completely certain SARS is caused by the coronavirus due 
to evidence (Figure 2: April 24-27).  Even though they are not certain it is the coronavirus, experts are using that 
frame to engage in prospective sensemaking (depicted as overlapping circles) in planning, treatment, testing, 
and developing vaccines, because the stakes are too high to not take action.   

By May 1 (Figure 2), experts find that 14% of the people under investigation for SARS tested positive for the 
coronavirus, yet are neither probable nor suspect cases.  These people do not display the clinical symptoms 
associated with SARS – meaning there could be people with mild cases of SARS that are not being recognized 
by the authorities.  This leads to changing the understanding of SARS, and redefining the definition of SARS, 
that it is a disease that is expressed in a spectrum (Figure 2: June 18).   

For the third case of sensemaking process, the mode of SARS transmission is discussed (Figure 3).   
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Figure 3. How SARS is transmitted. 

 Dr. Heymann of the World Health Organization states there is no evidence of the disease being airborne – they 
have analysed thousands of passengers travelling with SARS infected people, who did not become ill (Figure 3: 
March 26).  They would be concerned if they find cases that did not involve close proximity with someone 
symptomatic. However, the CDC are considering the possibility of airborne transmission (Figure 3: March 30). 

On April 1 (Figure 3), in Hong Kong, several hundred people became ill with SARS who all live in the same 
building. Experts in Hong Kong are considering if the transmission is airborne.  Dr. Low in Canada says the 
data shows that 99% of cases are through close contact via respiratory droplets, and he suggests the role of 
fomites (surfaces where the organism survives). 

With several weeks of data, by May 20 (Figure 3), the WHO presents analysis of 35 flights with people showing 
symptoms of SARS: proximity is a big part of the transmission.  It is confirmed to be droplet transmission. 

The fourth case of sensemaking process will focus on whether transmission occurs when the person is 
asymptomatic or has symptoms of the disease.  From early in the SARS crisis, the disease was thought to be 
transmitted only when the person is symptomatic (Figure 4).  We see that as the SARS crisis unfolds, the 
definition of ‘symptomatic’ becomes a spectrum rather than a binary, as scientists learn that even people who 
have mild forms of the disease may not even know they are carrying it and are potentially infectious.   

 
Figure 4. Infectious when asymptomatic or only when symptomatic 
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In late March, the experts are working on the assumption that people are infectious only when symptomatic, and 
the “chances of spreading the illness before your symptoms show up is low” Dr. Singh from Canada (Figure 4: 
March 28). 

A few weeks later, there is some concern, as Dr. Maguire, a member of the WHO team, says there is some 
evidence suggesting people can transmit before they are symptomatic (Figure 4: April 14).  Although, the great 
majority of cases stem from someone who is ill and infectious. 

In mid-May, there is certainty expressed by the WHO that people are only infectious when symptomatic.  The 
WHO analysed data of 35 flights where people who were ill and symptomatic travelled: SARS is not contagious 
unless symptoms are showing, experts say (Figure 4: May 20). 

When the second wave of SARS hit, there was renewed concern about asymptomatic transmission.  An expert in 
Toronto said that there were some people who had mild cases of the disease – some displayed no symptoms – 
but carry the virus and may be able to transmit to others. Furthermore, experts had debated over some people 
that were exposed at the epicentre of SARS, and should have become infected, but declared no symptoms, and 
were deemed not SARS cases (and thus were neither quarantined nor tracked) (Figure 4: May 30).  

A potential case of asymptomatic transmission occurred in early June. A man from North Carolina visited a 
patient at Baycrest (Toronto) who days later developed SARS; the man also developed SARS in the States.  If 
this was true, then it would be the first case of asymptomatic transmission (Figure 4: June 11).   However, a day 
later, experts discovered the patient’s wife at Baycrest had been symptomatic and coughing while the man from 
NC was visiting (Figure 4: June 12). 

DISCUSSION 

Acute and long-duration sensemaking 

Acute crisis sensemaking has been studied widely, with Weick being the seminal researcher in this field (Maitlis 
and Christianson, 2014).  In an epidemic, the crisis is the possibility of widespread transmission of a disease; 
therefore, each outbreak represents an acute crisis as it holds the potential for widespread transmission, unless 
action is taken to contain the threat. As acute crisis sensemaking has been extensively studied, the contribution 
of this PhD project will be towards understanding and illuminating long-duration crisis sensemaking, and 
comparing and contrasting it to acute sensemaking.  For this paper, long-duration sensemaking is defined as 
being more than 72 hours in length; however, as the PhD research project progresses, the definition may become 
richer and more complex, and may include characteristics that are unique to long-duration sensemaking in 
addition to its length.   With newspaper data, there is not enough data to analyze and characterize long-duration 
sensemaking with depth, as it requires detailed process data.  However, this type of data does allow for the 
identification of the triggers of long-duration sensemaking, and the frames developed over time.   

Frames and certainty 

Information is required to assist decision-makers in public health crisis response; the decisions include the scale 
of response, and the selection and targeting of measures to reduce transmission, as well as for direct protection 
(Lipsitch et al., 2011).  In the cases presented in this paper, scientists are working together to find answers to the 
cause of SARS, and how and when it is transmitted, in order to help decision-makers in crisis response.  
However, in responding to infectious diseases, decisions must be made early in the outbreak when the threat is 
relatively small but there is not much available information.    

From the cases, we see that it takes time, it is a process for scientists and experts to find out information and test 
ideas before there can be greater certainty in frames.  Yet, this is counterbalanced with an urgency to take action 
to limit potential transmission.  In these cases, there is a relationship, a tension, between retrospective and 
prospective sensemaking, an urgency to understand what has happened in order to plan for the response. A 
trade-off is made between “comparatively small, but nearly certain harm that an intervention may cause (such as 
rare adverse events from large-scale vaccination…) and the uncertain probability of much greater harm from a 
widespread outbreak” (Lipsitch et. al., 2009, pg. 112).   

 

Relationship between retrospective and prospective sensemaking: tethering of frames 

This relationship is seen in Figure 2 in the case of the evolution of what scientists believe are causing the SARS 
virus.  In that sensemaking stream, even though the WHO officially declared the coronavirus (SARS Co-V) to 
be the cause of SARS, there is data that does not support that conclusion.  Specifically in Canada, there were 
only 60% of SARS patients that tested positive for the virus, and that number continued to drop – and even 
more bizarrely – they found that 14% of people who were not ill with SARS tested positive for the virus.  Even 
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with the uncertainty regarding SARS Co-V, there was immense pressure to take action, and scientists and 
leaders in crisis response moved forward in planning and strategizing how to combat the SARS epidemic with 
the assumption SARS Co-V causes the disease.  We see this tethering of frames, because the frames of 
treatment, testing, vaccine development, and planning, are all tethered on the assumption that SARS is caused 
by SARS Co-V.  It would be a significant loss of effort, time, and resources if a vaccine and treatment were 
developed but scientists finally found the “real” culprit of SARS to be the metapneumovirus.  This is an 
example of tethered frames that have a big risk – the alternative is to do nothing until scientists are “certain” the 
cause is SARS Co-V.   

Fluidity of frames and frame identity 

One of the remarkable aspects of the SARS crisis was the fluidity of frames.  They kept changing; at one point a 
frame was solid and experts were certain in it, then an event occurred that caused doubt, and loss of certainty in 
the frame. For example, the definition of SARS itself changed far into the crisis.  Scientists were at a loss to 
explain why 14% of people test positive for SARS Co-V when they are neither probable nor suspected cases 
(figure 2).  Then scientists were using abduction - the ability to “generate plausible conjectures about the 
meaning of fragmentary evidence” (Weick, 2010), that they were able to consider that SARS was expressed in a 
spectrum in the population, from mild to severe.  Some people who had very mild cases of SARS, possibly were 
not aware they had the disease.      

In the long-duration sensemaking cases, the frame development started with an assumption that the frame 
definitions would be solid, for example, that the transmission was droplet, contact, or airborne and the data 
gathered should elucidate which one it is.  However, scientists found that it is droplet transmission, with a 
substantial role of fomites and manual aerosolization that provided confounding data, which had suggested 
airborne transmission (figure 3).  There seems to also be an assumption that the frames are solid, and also, in 
general, discrete.  This is seen in the consideration of the possibilities of frames, for example, that people are 
either infectious when they are asymptomatic or not (figure 4).  Scientists later found that the definition of 
asymptomatic or symptomatic falls into a spectrum of disease expression.  Rather than a discrete binary 
(asymptomatic or symptomatic transmission), the structure of the frame’s substance shifts, to being a spectrum.  
This suggests a higher-order of sensemaking, that not only does an emerging disease cause high intensities of 
sensemaking, but may also cause scientists to question paradigms of scientific knowledge, such as how Weick 
described ‘cosmology episodes’ (Weick, 1993) where actors are faced with such overwhelming cues that do not 
match any existing frames that some are at loss to be able to engage in sensemaking.   SARS was an unrelenting 
crisis event with multiple confounding sensemaking cycles.   
Multiplicity and complexity of concurrent sensemaking  

All of the cases presented in this paper happened concurrently; while they can be separated and diagrammed, 
they also co-exist through time with many experts ‘overlapping’ and considering multiple problems at the same 
time.  As acute sensemaking takes place, frames are generated and exist in social collective spaces, for experts 
and scientists to use as working frames, to inform concurrent streams of sensemaking. 

There can be significant benefit from greater experience and frames to draw from – a wider “response 
repertoire”.  Christianson et al. (2009) define “response repertoires”: “the stock of routines, habits, and roles that 
have been experienced, as well as the capability to recombine portions of the stock in novel ways.  We 
emphasize that response repertoires include both realized and latent potential… for much of the stock remains 
outside awareness and is taken for granted until moments of interruption and attempts at recovery call attention 
to it or require actions that draw upon it” (846-7).  For situations where cues do not match existing frames, the 
most relevant frame(s) may be retrieved, and adapted to the situation (Maitlis and Sonenshein, 2010).   

Furthermore, as actors gain experience of cycles of sensemaking, they may become more familiar and adept 
with the process, which has been observed in organizational learning from rare events (Christianson et al., 
2009).  With more experience as practitioners develop a greater collection in their library of frames, and may 
develop the tacit ability or “capacity” to sense weak cues that could eventually develop into crises.  That is, with 
more experience (and becoming ‘experts’), there is a greater likelihood of sensing weak cues and stopping a 
crisis before it starts, or at least mitigating the effect.  The greater the number and variation of frames to draw 
on, the more likely the ability of the actors to sense an impending crisis earlier.   

Next steps 

In this paper, one subset of data for a PhD project was analyzed and presented: the newspaper data for the 2003 
SARS crisis.  Next steps in this project are to complete data collection of interviews, and then analyze and 
integrate that data, with document, reports, and newspaper data.  Interesting concepts have arisen from the 
newspaper data analysis, such as frame tethering, and the relationship between retrospective and prospective 
processes in long-duration sensemaking, and these will be further explored with all sets of data with the aim to 

53



Seto et al. Experts’ sensemaking during the 2003 SARS crisis 
 

Full Research Paper – Resilience to cope with the unexpected 
Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

 

 

build a conceptual framework for long-duration crisis sensemaking.   

LIMITATIONS 

Data were extracted from two Canadian newspapers.  Newspaper data alone cannot provide the fine-grained 
detail for sensemaking process research. This will be addressed in the next steps. 

CONCLUSION 

In this paper, newspaper data from the 2003 SARS crisis was examined.  This data has depicted some 
interesting concepts, and potential relationships between the substantial knowledge of acute crisis sensemaking 
and the nascent research on long-duration crisis sensemaking. This paper’s contribution to research is in 
illuminating that in long-duration crisis sensemaking, frames can be tethered, and providing insight on the way 
in which these tethered frames evolve over the period of the crisis. In terms of contribution to practice, a greater 
understanding of tethering of frames may lead to reflecting on current long duration crisis response planning, 
and how tethered frame evolution may affect the process of response.   There is a need to explore long-duration 
sensemaking further, and the evolution of frames, particularly the retrospective and prospective sensemaking 
processes between frames, within a public health crisis context.   
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ABSTRACT 

A set of publications from the online, English-language, Emergency Management (EM) doctrine has been 

surveyed to identify common topics in Command & Control (C2) at the tactical and operational levels. 

Jackson’s (2013) ontological and epistemological review of the evolution of military doctrine serves as the 

analytic lens, enabling a link to be made to resilience and agility. The topics identified were mapped to scientific 

disciplines in C2. The results could be used to draw up a recommended table of contents for comprehensive EM 

doctrine, to guide the development of curricula for training emergency managers, and to define the user 

requirements for supporting information systems. In further research, the results will be compared to a similar, 

ongoing survey of military C2 doctrine. 

Keywords 

Tempo, uncertainty, complexity, chaos, resilience, agility. 

 

INTRODUCTION 

One of the ways to encourage professionalization is to document experience and best practice as doctrine. 

Doctrine is defined as “a belief or set of beliefs held and taught by a church, political party, or other group” or 

“a stated principle of government policy, mainly in foreign or military affairs”1. This paper concerns doctrine in 

the field of Emergency Management (EM). More specifically, it focuses on the function that the military call 

Command & Control (C2), i.e. how emergency, disaster, and crisis operations are managed in real time both on-

site and remotely. Following Pigeau and McCann (2002), command is defined as “the creative expression of 

human will necessary to accomplish the mission” and control as “those structures and processes devised by 

command to enable it and to manage risk”. They point out that most acts, such as decision making, involve an 

amalgam of command and control, i.e. C2. C2 encompasses both the management process and the supporting 

socio-technical information system (Coakley, 1991). 

Grant (2017) developed a meta-theory of C2 in EM by identifying entity- and relationship-classes from a simple 

example incident. The result was a list of scientific disciplines relevant to C2. An initial attempt was made to 

verify this list by comparing it with a set of C2 doctrine publications. However, this set was small and drawn 

exclusively from the military domain. By contrast, this paper reverses the approach. Existing C2-related doctrine 

publications from the EM literature are surveyed to identify common topics. For example, topics commonly 

encountered in the literature include leadership, organization structure, and decision making. Jackson’s (2013) 

ontological and epistemological review of the evolution of military doctrine since the early 17th century serves 

as our analytic lens, enabling a link to be made to resilience and C2 agility. This approach has the advantage that 

the source material distills the actual knowledge of experienced emergency managers. Good doctrine 

publications evolve as new experience is gained, not infrequently triggered by unexpected events and adverse 

outcomes. The resulting list of topics could be used to draw up a recommended table of contents for 

comprehensive doctrine publications, to guide the development of the curricula for training prospective 

emergency managers, and to define the user requirements for supporting information systems. 

                                                           
1 From https://en.oxforddictionaries.com/definition/doctrine (accessed 24 May 2018). 
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The underlying motivation for this research is to scope the doctrine part of a forthcoming textbook on C2. As 

currently envisaged, the textbook will focus on military operations, on EM, and possibly on the operational 

management of utilities (e.g. water, gas, electrical power, sewage, telecommunications, and the like). A sister 

study of military C2 doctrine is in progress, and a similar study of C2 doctrine in utilities may be needed. When 

the studies are completed, the respective lists of common topics in C2 will be compared. 

The purpose of this work-in-progress paper is to identify common topics found in the existing doctrine for crisis, 

disaster, and emergency C2. The survey is limited to English-language publications on EM at the tactical and 

operational levels that can be found in the open literature. The paper consists of six sections. Following this 

introduction, section 2 summarizes the relevant theory. Section 3 describes the sources and methodology used in 

surveying doctrine publications found in the on-line EM literature, and section 4 summarizes the survey results, 

linking common topics to scientific disciplines. Section 5 discusses the results, comparing them with a similar 

survey of military C2 doctrine and looking ahead to near-future operational and technological developments. 

Finally, section 6 draws conclusions and makes recommendations. 

RELEVANT THEORY 

Jackson (2013) examines the evolution and nature of the belief systems of western militaries through an analysis 

of their doctrine. This belief system determines the militaries’ culture, how they fight, and their relationships 

with the state and society. An appropriate belief system results in organizational well-being, good strategy, 

stable civil-military relations, and victory, while getting it wrong means organizational disfunction, sub-optimal 

strategy, strained civil-military relationships, and poor operational outcomes and defeat. Lacking an equivalent 

study specific to EM, we apply Jackson’s analysis to EM doctrine. 

Jackson (2013) employs ontology and epistemology as the key tools for analysis. Ontology is the study of the 

nature of reality in terms of “a set of concepts and categories in a subject area or domain that shows their 

properties and the relations between them”2. For example, EM may categorize operations into the preparation, 

response, and recovery phases. Epistemology is a branch of philosophy concerned with “the theory of 

knowledge, especially with regard to its methods, validity, and scope, and the distinction between justified belief 

and opinion”3. It is used in evaluating an operation and assigning it to one of the ontological categories, e.g. to 

“response” or “recovery”. 

Epistemology and ontology are interrelated. If a doctrine publication asserts that there is a difference between 

the response and recovery phases, then this reveals (part of) the ontology in use (Jackson, 2013, p.8). If the 

organization determines that it is better to produce two separate doctrine manuals, one for response and the other 

for recovery, then this influences the epistemological process that determines exactly what kind of strategy will 

be established in each of the two manuals. 

Jackson (2013) reviews the history of military doctrine from its emergence in the early 17 th century to the end of 

the 20th. In his second chapter, Jackson identifies four schools of doctrinal ontology, which he labels technical, 

tactical, operational, and military strategic. Three factors distinguish these schools: the doctrine manual’s 

intended audience and scope, the manner in which the manual is applied, and the relationship between the 

manual and the military’s accepted institutional ontology; see Table 1. 

Jackson’s (2013) third chapter concludes that, despite the differences between the four doctrinal schools, 

doctrine has consistently employed ontological realism as the basis for discourse. Realism is an ontological 

perspective that emphasizes that the world is structured regardless of whether or not humans perceive and label 

it. This perspective is often contrasted with nominalism, which emphasizes that the identification and labelling 

of structures are prerequisites to establishing their existence. Militaries are prolific labellers, not aimed at 

creating reality per se, but more in an effort to understand how it works so as to manipulate it (cf. “shaping the 

battlefield”). Although not mentioned by Jackson, critical realism (Collier, 1994) may be better suited to 

military C2 and EM4, because its objective is to actualize real, internal mechanisms to produce desired outcomes 

in the world, rather than just understanding or labelling structures. 

  

                                                           
2 From https://en.oxforddictionaries.com/definition/ontology (accessed 25 May 2018). 

3 From https://en.oxforddictionaries.com/definition/epistemology (accessed 25 May 2018). 

4 The author is indebted to an anonymous reviewer for this observation. 
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Table 1.   Four schools of doctrinal ontology (Jackson, 2013). 

School Period Audience & scope Application Relationship 

to ontology 

1st: Technical 1607 to 18th 

century 

Users of technical systems Instruction 

manual 

(none) 

2nd: Tactical 1779 to end 

Vietnam war 

Student officers Training aid Implicit 

3rd: Operational 1982 to end 

Cold war 

Commanders & planning staffs Guidance Explicit 

4th: Military 

strategic 

1993 to 

present 

Much broader: from single service, through 

other services & militaries, to general public 

Instrument 

for analysis 

Inquisitive 

 

In his fourth chapter, Jackson (2013) determines that positivism, characterized by rationality and objectivity, has 

provided the epistemic foundation for the four doctrinal schools. Since the start of the 21st century, however, 

anti-positivism, emphasizing relativity and subjectivity, has begun to influence doctrine. Positivist doctrine 

failed in Iraq, Afghanistan, Libya, and Syria, in part because of the complexity of orchestrating international 

“coalitions of the willing”. The traditional hierarchical organization lost relevance. New information 

technologies, such as social media, enabled front-line officers in Iraq and Afghanistan to bypass hierarchical 

processes by crowdsourcing their experiences. Moreover, operations began increasingly to appear chaotic. 

Repeating procedures, even when the circumstances appeared to be the same, did not yield the same outcomes. 

Events only seemed to be fully understandable to participants. Perception gains in importance, but is unlikely to 

be black-and-white and can change over time. 

While there were already calls to apply chaos and complexity theory in the late 1980s, the first tentative steps 

were taken in US Marine Corps doctrine in 1996. Jackson (2013) draws on the work of Bousquet (2008) into 

chaoplexity, i.e. the combination of chaos and complexity. In consequence, military C2 doctrine manuals are 

starting to stress the role of intelligence and design thinking in inquiring into the nature of the problem, rather 

than in applying established procedures in solving it. 

Jackson’s (2013) fifth chapter considers the significance and implications of the emergence of this paradigm 

shift. Anti-positivist approaches have the potential to alter the way in which a responding organization perceives 

its relationships with others, enabling better inter-organizational communication. Mutatis mutandis, the same 

should be true for how EM organizations interact with one another. However, Jackson concludes that it is too 

early to say whether an enduring paradigm shift is underway or whether the anti-positivist approach is a 

chimera. 

In recent years, EM research has been focused on building resilience to cope better in the face of unexpected 

events. While much of this research has been directed at strengthening local communities during the mitigation 

and preparation phases, similar lessons could be applied to responding organizations to cope with organizational 

complexity and chaotic environments. In the military domain, by contrast, the emphasis has been on increasing 

the agility of the C2 system (Alberts, 2011), rather than on resilience. C2 agility is seen as altering the C2 

approach, namely the combination of the allocation of decision rights, the distribution of information, and the 

pattern of interactions among partners to suit changing conditions (Alberts & Hayes, 2006). 

SURVEY OF EM DOCTRINE 

Sources 

C2 doctrine publications were sought by searching the Internet and book suppliers’ catalogues (e.g. 

Amazon.com) using the search phrase “command and control” and variants. This ensures that the publications 

found are open source. Publications not relating to the EM domain, not in English, or focusing on the political 

level were rejected. A set of eight EM doctrine publications remained; see 
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Table 2. 
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Table 2.   EM doctrine publications surveyed. 

Year Form Nation Domain Reference Short title 

1996 Manual USA Disasters LA EOB Disaster Response – Command & Control 

2001 Book USA Disasters Green Command and Control of Disaster Operations 

2002 Book SWE Fire & 

rescue 

MSB The Elements of Command and Control: The 

general principles of C2 in fire and rescue 

operations 

2006 Book USA Medical Rüter et al Medical Command and Control at Incidents and 

Disasters 

2007 Manual DE Disasters DV100 Leadership and Command in Emergency 

Operations 

2008 Manual UK Fire HMG FSO Fire & Rescue Manual, Volume 2, Fire Service 

Operations – Incident Command (3rd ed) 

2009 Manual UK Police HMG NPIA Guidance on Command and Control 

2012 Manual UK Ambulance HMG NARU Command and Control Guidance 

Methodology 

A questionnaire was developed to analyze the EM doctrine publications found, based on Jackson (2013) and 

other relevant theory. The questionnaire template was as follows: 

Reference:   

Date:    

Audience & scope: system users / student commanders / commanders & staffs / broader 

Application:  instruction manual / training aid / guidance / analysis instrument 

Phase (FEMA):  mitigate / prepare / respond / recover 

Level:   technical / tactical / operational / strategic / political 

Tech metaphor:  (none) / clock / engine / computer / network / other (specify): 

Ontology:  (none) / implicit / explicit / inquisitive 

Mentions: 

- Tempo:   Yes / no 

- Uncertainty:  Yes / no 

- Complexity:  Yes / no  (emergence, self-organization) 

- Chaos:   Yes / no  (non-linearity, positive feedback, feedforward) 

- Resilience:  Yes / no 

- Agility:   Yes / no 

Decision making: (none) / cyclic / naturalistic / rational 

- Cycle: OODA / HEAT / SHOR / PDCA / other (specify): 

C2 definition: 

-  

Topics: 

-   

-   

-   
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After reading each publication, the questionnaire was filled in. Following Jackson (2013), the publications were 

classified into one of the doctrinal schools on the basis of their audience and scope, application, and whether or 

not an ontology was detailed. The disaster phase(s) and management level(s) at which the publication was 

focused were determined from its stated purpose. To assess the philosophical stance of the publication, notes 

were made of whether the publication mentioned time pressure (or tempo), uncertainty, complexity, chaos, 

resilience, and agility. The decision process described in the publication (if any) was characterized and, if cyclic, 

the type of cycle identified. Following Bousquet (2008), an attempt was made to identify the metaphorical 

technology (if any) underlying the decision-making process. Definitions of C2, command, and control were 

noted, if provided. Finally, the common topics were identified by mapping the publication’s contents to the 

scientific disciplines listed in Grant (2017). 

SURVEY RESULTS 

Doctrinal school 

As Table 3 shows, all the publications surveyed fell clearly into the category of Jackson’s (2013) third, 

“operational” school of doctrine. It would appear that, unlike military C2, EM doctrine has not progressed to the 

fourth school, in which doctrine is aimed at a broader audience at a strategic level. Several of the single-service 

publications did mention the need to partner with sister services, and two publications identified inter-

organizational interfacing or interoperability as a C2 topic. 

Table 3.   Results for doctrinal school. 

Year Reference Audience Application Ontology School 

1996 LA EOB Commanders & staffs Guidance Explicit 3rd: operational 

2001 Green Commanders & staffs Training aid & guidance Explicit 3rd: operational 

2002 MSB Commanders & staffs Guidance Explicit 3rd: operational 

2006 Rüter et al Commanders & staffs Guidance (none) 3rd: operational 

2007 DV100 Commanders & staffs Training aid & guidance Explicit 3rd: operational 

2008 HMG FSO Commanders & staffs Guidance Explicit 3rd: operational 

2009 HMG NPIA Commanders & staffs Guidance Explicit 3rd: operational 

2012 HMG NARU Commanders & staffs Guidance Explicit 3rd: operational 

Disaster phase and C2 level 

All the publications surveyed focus primarily on the respond phase of a disaster, and cover the lowest-level, 

tactical level of C2; see Table 4. All but one also cover the operational level. Four publications cover the 

strategical level as well. One (Rüter et al, 2006) extends to the political level, but this is outside the scope of this 

paper. 

Positivistic stance 

With the exception of the UK Ambulance Service (HMG NARU, 2012), all publications mentioned time 

pressure and the need for tempo in decision making and action; see  

Table 5. The exception is perhaps surprising, given that both sister services in the UK do mention tempo in their 

doctrinal publications. The omission may simply be a case of time pressure being so obvious to the publication 

author that it does not need mentioning. 

As might be expected, the great majority of publications mentioned uncertainty and the need to make decisions 

with incomplete information. Some publications mentioned information seeking or intelligence gathering as a 

measure for mitigating uncertainty. By contrast, few publications mentioned complexity or chaos as an 

influence in EM. None of publications that did provided a detailed description of chaos and complexity or 

prescribed counter-measures. 
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Table 4.   Results for disaster phase and C2 level. 

Year Reference Disaster phase C2 level 

1996 LA EOB Respond Tactical 

2001 Green Respond Tactical & operational 

2002 MSB Respond Tactical, operational, & strategic 

2006 Rüter et al Respond Tactical, operational, strategic, & political 

2007 DV100 Prepare & respond Tactical & operational 

2008 HMG FSO Prepare & respond Tactical & operational 

2009 HMG NPIA Prepare & respond Tactical, operational, & strategic 

2012 HMG NARU Prepare & respond Tactical, operational, & strategic 

 

Table 5.   Results for tempo, uncertainty, complexity, chaos, resilience, and agility. 

Year Reference Tempo Uncertainty Complexity Chaos Resilience Agility 

1996 LA EOB Yes Yes Yes Yes  Yes 

2001 Green Yes Yes     

2002 MSB Yes Yes   Yes  

2006 Rüter et al Yes      

2007 DV100 Yes Yes     

2008 HMG FSO Yes Yes Yes    

2009 HMG NPIA Yes Yes   Yes Yes 

2012 HMG NARU    Yes Yes  

 

A handful of publications mentioned resilience or C2 agility. Rather than referring to “resilience” or “agility”, a 

synonym was often mentioned. For example, HMG NARU (2012) referred to resilience as “business continuity 

management”, and MSB (2002) referred to the “principle of (organizational) vitality”. Agility was referred to as 

“flexibility” in LA EOB (1996) and HMG NPIA (2009). However, flexibility typically meant the ability to scale 

up the initial response as the disaster developed, rather than changing the C2 approach (e.g. from centralized to 

decentralized decision making). 

In summary, there is no evidence to suggest that any of the EM doctrine publications take on an anti-positivistic 

stance. This is consistent with the finding that all the publications surveyed fell into the third, “operational” 

doctrinal school. 

Decision-making process 

Almost all of the publications detail a decision-making process; see 
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Table 6. Only Rüter et al (2006) failed to mention decision making at all, and Green (2001) referred implicitly to 

what was evidently a rational decision-making process, but without detailing it. In the majority of publications 

that detailed a decision-making process, it was invariably cyclic. There was no agreement on what that cyclic 

process should be. Only two publications referred to a decision cycle that can be found in the decision theory 

literature, namely Boyd’s (1996) Observe-Orient-Decide-Act (OODA) loop in LA EOB (1996) and Deming’s 

(1982) Plan-Do-Check-Act (PDCA) cycle in HMG FSO (2008). In other words, authors of EM doctrine seem to 

prefer to invent their own decision process. 
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Table 6.   Results for decision-making processes. 

Year Reference Cyclic Naturalistic Rational 

1996 LA EOB Observe-Orient-Decide-Act (OODA)   

2001 Green   (implicit) 

2002 MSB “Planning cycle”   

2006 Rüter et al    

2007 DV100 Repeat (establish situation; planning; issue orders)   

2008 HMG FSO Dynamic Risk Assessment (DRA)   

2009 HMG NPIA Conflict Management Model (CMM)   

2012 HMG NARU Dynamic Decision Making Cycle (DDMC)   

 

The cyclic processes consist of a continual repetition of the following (respective) processes: 

• OODA: Observe – Orient – Decide – Act. 

• MSB’s planning cycle: planning – implementation – review. 

• DV100’s unnamed process: establish situation – planning – issue orders. 

• DRA: evaluate situation – tactical mode – select systems of work – risks proportional to benefits? (if 

not, loop back to select systems of work) – tactical control – additional / alternative measures – review. 

• CMM: information / intelligence received – threat assessment – powers & policy – tactical options – 

actions & contingencies. 

• DDMC: information received – risk assessment – policy & procedures – options – action – review. 

Metaphorical technology 

It proved impossible to assess what metaphorical technology (i.e. clock, engine, computer, or network) underlay 

the C2 process in all but one of the publications. A handful of the publications pointed implicitly to organization 

as the underlying “technology”. This was especially notable for HMG FSO (2008). The nearest equivalent in 

Bousquet’s (2008) scheme would be the network. 

C2 definitions 

All but one of the publications gave definitions, either for C2 of for command and control; see Table 7. Most of 

the definitions emphasized the authority given to the commander over personnel and other resources. While the 

three UK doctrine publications gave similar definitions, all definitions differed. None of the definitions was 

drawn either from influential references, such as Pigeau & McCann (2002), or from the military literature (e.g. 

the NATO Glossary or the US DOD Dictionary of Terms and Abbreviations). Like the decision-making process, 

EM doctrine authors appear to prefer to invent their own C2 definition. As other researchers have observed, the 

lack of standardization on definitions, terms, and models hampers interoperability and cooperation between 

organizations. 

C2 topics 

The C2 topics were extracted from the doctrine publications by mapping the publications’ contents to the 

C2-related entity-classes and scientific disciplines listed in Grant (2017); see  

Comparison with Grant (2017) shows that some topics appear to be missing from EM doctrine. Three key topics 

that doctrine authors seem to overlook are followership, sociology, and situation awareness. While leadership 

scores high on the list of topics, careful reading of the EM publications shows that the material on leadership all 

centres on the commander, and not on his/her subordinates. Modern research into leadership places equal 

emphasis on the characteristics of the followers (Grant, 2016). Moreover, EM involves interacting with large 

groups of people, often drawn from a variety of cultures. This calls for knowledge to be applied from the social 

sciences, e.g. on inter-cultural communication. However, this is not yet reflected in EM doctrine. Finally, 
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military C2 doctrine places strong emphasis on how incoming information is analysed to build up an up-to-date 

picture of the area of operations. Known as (gaining and maintaining) “situation awareness”, this has been 

shown to be essential to effective decision making. While threat or risk assessment processes are mentioned in 

the EM doctrine, the importance of acquiring the “big picture” or a “helicopter view” is absent. 

Table 8. 

It is possible to score topics by the number of publications referring to them. Ranking the topics in descending 

score order and choosing a cut-off point (e.g. when at least half of the publications refer to the topic) enables the 

common topics to be identified, as follows5: 

• Organization theory. More specifically, organization design and organizational structure (often termed 

“command structure”) is common to every doctrine publication. 

• Leadership theory. Leadership is central to C2. 

• Decision theory. Almost all doctrine publications detail the decision-making process at the heart of C2. 

• Psychology. EM involves directing people – first responders, victims, and volunteers – and to do so 

successfully requires knowledge and experience of psychology. Human factors become important 

when technological resources (especially information systems) are used. 

• Communication theory. Commanders and their staffs cannot accomplish their mission without 

communication. Situation reports must be communicated to the control room, and orders must be 

issued from the control room. Moreover, first responders must communicate with one another to 

deconflict or synchronize their actions. 

• Management theory. C2 involves many aspects of management theory and management science. Key 

aspects in EM include managing risk, planning, developing and using procedures, compliance with 

legal and ethical demands, and documentation management. 

Table 7.   Results for C2 definitions. 

Year Reference Defines Definition given Page(s) 

1996 LA EOB Command “exercise of complete authority to direct the actions of 

others” 

1 

2001 Green C2 “a process of exercising command and planning and 

directing operations towards a successful conclusion” 

6-7 

2002 MSB C2 “a conscious influence on a system of humans and 

methods through planning, implementation, and review” 

8 & 33 

2006 Rüter et al (none) (none) (none) 

2007 DV100 Commanding “a target-oriented process of thinking and acting that is 

continuously repeated” 

19 

Control “the verification of the decision implementation” 21 

2008 HMG FSO Command “the authority for an agency to direct the actions of its 

own resources (both personnel and equipment)” 

Glossary 

(p.141) 

Control “the authority to direct strategic and tactical operations 

to complete an assigned function, including (where 

agreed) other agencies” 

2009 HMG NPIA C2 “the authority and capability of an organization to direct 

the actions of its own personnel and the use of its 

equipment” 

6 

2012 HMG NARU C2 “the principles adopted by an organization acting with 

full authority for the deployment and utilization of its 

resources” 

10 

                                                           
5 The author accepts that this procedure is simplistic. 
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Comparison with Grant (2017) shows that some topics appear to be missing from EM doctrine. Three key topics 

that doctrine authors seem to overlook are followership, sociology, and situation awareness. While leadership 

scores high on the list of topics, careful reading of the EM publications shows that the material on leadership all 

centres on the commander, and not on his/her subordinates. Modern research into leadership places equal 

emphasis on the characteristics of the followers (Grant, 2016). Moreover, EM involves interacting with large 

groups of people, often drawn from a variety of cultures. This calls for knowledge to be applied from the social 

sciences, e.g. on inter-cultural communication. However, this is not yet reflected in EM doctrine. Finally, 

military C2 doctrine places strong emphasis on how incoming information is analysed to build up an up-to-date 

picture of the area of operations. Known as (gaining and maintaining) “situation awareness”, this has been 

shown to be essential to effective decision making. While threat or risk assessment processes are mentioned in 

the EM doctrine, the importance of acquiring the “big picture” or a “helicopter view” is absent. 

Table 8.   Results for C2 topics, indexed by scientific discipline. 

Entity-class Discipline LA Green MSB Rüter 

et al 

DV100 FSO NPIA NARU 

Person Psychology Yes  Yes  Yes Yes  Yes 

Leadership Yes  Yes Yes Yes Yes Yes Yes 

Decision theory Yes  Yes  Yes Yes Yes Yes 

Technology Engineering Yes Yes  Yes   Yes  

ICT Yes  Yes    Yes  

Information Information 

theory 

  Yes   Yes  Yes 

Knowledge 

management 

  Yes      

Message Communication   Yes Yes  Yes Yes Yes 

Organization Org theory Yes Yes Yes Yes Yes Yes Yes Yes 

Management Yes (risk) Yes Yes Yes Yes (protocols) (risk) 

Law & ethics  Yes  Yes Yes    

Political 

science 

   Yes     

State (-

change) 

Cybernetics / 

control theory 

Yes  Yes  Yes    

Geography & 

navigation 

  Yes      

Time   Yes      

Relation Network theory Yes        

 

DISCUSSION 

Comparison with military C2 doctrine 

At the time of writing, a similar study of 13 military C2 doctrine publications is in progress, using the same 

methodology as described in this paper. While the study is not yet complete, the C2 topics in the publications 

have been extracted. Using the same ranking scheme and cut-off point, the common topics in military C2 are as 

follows: 

• Organization theory. 
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• Socio-technical C2 system. 

• Leadership. 

• Spectrum of C2 approaches. 

• Mission & (commander’s) intent. 

• Technology (and ICT in particular). 

• Decision theory.  

The top three topics extracted from the EM literature – organization, leadership, and decision theory – also 

appear in the common topics found in the military C2 literature.  

Table of contents and curricula 

Based on the common topics found in the EM doctrine publications, the table of contents for a comprehensive 

doctrine publication could be structured as follows: 

1. Introduction 

2. Definitions 

3. C2 process, including control theory, decision cycles, and naturalistic versus rational decision making. 

4. C2 system, including basic systems theory and network theory, personnel, social networks (formal and 

informal), organization, DIKW (data, information, knowledge, wisdom), information systems, 

communications networks. 

5. Leadership & followership, including social science, psychology and cognitive science, leader-follower 

relationship, negotiation and conflict resolution, human factors (i.e. man-machine). 

6. Organization & management, including organization structures, management (as opposed to 

leadership), roles and responsibilities, risk management, knowledge management. 

7. Norms, procedures, and constraints, including legal and ethical considerations, norms, procedures, 

doctrine and rules of engagement, and other constraints.  

Operational and Technological Developments 

There are several foreseeable operational and technological developments that EM doctrine may need to take 

into account, as follows: 

• Operational developments: joint operations (collaborative working with sister services and other 

partners), collaboration with military forces and with local communities, and the involvement of 

volunteers. 

• Technological developments: autonomous vehicles and robots, information from social media, 

information from big data and analytics, and the near-term “tsunami of smallsats” for both 

telecommunication and remote sensing (Klotz, 2018).  

CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this work-in-progress paper has been to identify common topics in existing C2 doctrine for 

managing crises, disasters, and emergencies, to scope the doctrine part of a forthcoming textbook on C2. Eight 

English-language doctrine publications on EM at the tactical and operational levels have been found in the open 

literature. Using Jackson’s (2013) review of the evolution of military doctrine as an analytic lens, common 

topics have been extracted. The topics mentioned by at least half of the publications include organization theory, 

leadership theory, decision theory, psychology and human factors, communication theory, and management 

theory. These topics have been compared with a similar study of military C2 doctrine publications, and both 

domains share a focus on organization, leadership, and decision theory. To show the potential value of the list of 

common items, a table of contents has been proposed for a comprehensive doctrine publication. Other possible 

benefits could be to use the list of common items in guiding the development of curricula for training 

emergency managers and in defining the user requirements for information systems. 

The main contribution of this paper has been to identify a list of common topics in EM doctrine from a variety 
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of emergency services and countries. The key limitation of this research is that only a limited set of EM doctrine 

publications are available in the open literature. A larger number could be obtained if access could be gained to 

a range of EM organizations, improving the accuracy of the study. 

Recommendations for further work include increasing the number of doctrine publications studied, extending 

the study to military C2 doctrine (currently in progress), studying the topics in greater depth, contributing to the 

standardization of C2-related definitions and of cyclic decision processes, and extending doctrine to take into 

account foreseeable operational and technological developments. Other researchers may wish to widen the study 

to business and supply chain management and to extend Jackson’s (2013) framework to critical realism and its 

associated methodology. 
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ABSTRACT 

The magnitude 6.3 Christchurch earthquake struck the city at 12:51 pm on Tuesday, 22 February 2011. 

Christchurch Hospital sustained damage following the earthquake which severely strained the hospital's ability 

to function at normal capacity. Three acute medical wards had to be evacuated immediately after the earthquake 

and relocated to an older person's health hospital. 

This insight paper makes the unique contribution to the field of resilience by demonstrating the practical 

application and positive impact of the Resilience Engineering and shared leadership to team performance in one 

of the relocated acute medical wards during the initial two years following the earthquake. This paper which is 

still work in progress was developed from the experiences and reflections of the author, who was a charge nurse 

manager of one of the relocated wards and led a nursing team during the earthquake, evacuation, and relocation. 

 

Keywords 

Resilience Engineering, Shared leadership, Christchurch earthquake, Acute medicine 

INTRODUCTION 

The Canterbury region hosts New Zealand’s second largest city, Christchurch. While there are seven hospitals 

within the city, only one of these is a tertiary-level, acute-admitting facility with emergency department 

services. The other hospitals specialize in rehabilitation, mental health, non-acute medical and surgical services 

(Richardson and Ardagh, 2013). 

The magnitude 6.3 Christchurch earthquake struck the city at 12:51 pm on Tuesday, 22 February 2011. 

This earthquake heavily impacted the Canterbury region's healthcare system. Christchurch Hospital sustained 

damage following the earthquake which severely strained the hospital's ability to function at normal capacity. 

Due to water damage from leaking roof tanks, the top two floors of the ‘Riverside' hospital building (including 

three adult medical wards) were evacuated immediately after the earthquake and relocated to an older person's 

health hospital. Relocating these wards was a significant challenge for the entire general medical service.  

This insight paper aims to demonstrate the practical application and positive contribution of the Resilient 

Engineering (RE) model (Hollnagel, 2012) to sustained nursing performance in one of the relocated wards 

during the initial two years following the earthquake. The Resilience Engineering (RE) movement was founded 

by innovative academics and practitioners who have decades of experience in investigating and transforming 

work systems, and have an understanding of how human systems function as individuals and organizations.  

Resilience engineering (Hollnagel, Woods and Leveson, 2006) focuses on work systems as an instance of 

complex adaptive systems. In particular, it studies how the performance of systems is affected by disruptions 

and seeks to understand how the characteristics of these systems make them more prone to success or failure in 

their respective environments. The field borrows concepts and results from a variety of other fields related to the 

study of complexity. In return, resilience engineering aims at contributing to the study and improvement of work 

systems, as well as to the development of knowledge about complex adaptive systems.   
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The team complimented the RE model with shared leadership. Shared leadership in this particular case is 

defined as a system of management/leadership that involves all staff in the decision-making processes. Although 

not a novel invention, the concept of shared leadership has only recently been applied in the context of acute 

healthcare (St. Pierre et al., 2011).  

Currently, the role of leadership in creating resilient organizations is little understood. Some say that leadership 

is irrelevant, and that it is money that drives decisions. However, this may be because leadership is often 

expressed as a noun, or more simply, the linear associations within and across organizational boundaries 

depicted in organizational charts. Preliminary findings from research on resilience following the Canterbury 

earthquakes indicate that adaptive resilience, that is, active responding in the face of crises, requires shared 

leadership (Lee et al., 2013). Shared leadership approaches have been demonstrated to lead to better outcomes 

than individual leadership in a variety of contexts, and are considered to be particularly useful in situations of 

complexity (Knox, 2013). Collective leadership means everyone is taking responsibility for the success of the 

organization as a whole – not just for their jobs or work area. This contrasts with traditional control-based 

approaches to leadership, which have focused on developing individual capability while neglecting the need for 

developing collective capability or embedding the development of leaders within the context of the organization 

they are working in (West et al., 2014).  

  

This insight paper which is still work in progress was developed from the experiences and reflections of the 

author, who was a charge nurse manager in an adult medical ward during the Christchurch earthquake.  He led a 

nursing team for two years after evacuation and relocation to new premises at a hospital for the health of older 

people. As has been mentioned before, shared leadership does not constitute a part of the Resilient Health Care 

approach. Instead, it has been shown to positively impact team resilience in acute clinical settings in the context 

of the evolving crisis.   

BACKGROUND 

Department of general and internal medicine of Christchurch Hospital has close links with other internal 

medical specialties including health care of the elderly.  

On a day of the earthquake, three acute medical wards were evacuated and permanently closed in the Riverside 

building of Christchurch Hospital as the result of the post-earthquake decision to limit inpatient occupancy of 

floors without horizontal evacuation options. These wards were moved to temporary accommodation at the 

older person's health hospital- The Princess Margaret Hospital (TPMH). Two medical wards remained on 

Christchurch's hospital campus. This split of the acute services has had a significant impact on models of care 

and delivery of service within general medicine. 

Ward 29’s team of nursing and support staff which is described in this insight paper were the first to relocate. At 

the time, this was a 27 bedded acute general medical ward. The team included Charge Nurse Manager (CNM), 

thirty one registered nurses, ten healthcare assistants, and three clerical staff. Relocation took place within a 

week of the earthquake and involved complex planning and intricate execution, compounded by ongoing 

seismic activity. The team had to operate under tight time constraints and were expected to become fully 

operational with new admissions within three days of relocation. For two months the team remained the only 

acute general medical team at TPMH premises. Due to a lack of acute medical beds at Christchurch hospital, 

two remaining medical wards were relocated to TPMH later on to form a small cluster of acute medical services 

based at TPMH. 

In these wards, for more than two years medical and nursing teams continued to provide acute medical care to a 

diverse population under severe conditions where they coped with complex clinical and operational challenges 

and continuous seismic activity. These challenges required all teams to develop and maintain a high level of 

resilience. Coping with these challenges and trying to find solutions was not an easy task and it required 

developing a framework for response. The author became familiar with the initial concept of resilience 

engineering in 2011. The main foundations of the resilience engineering which defined system capabilities to 

monitor, to respond, to anticipate and to learn provided an excellent framework to allow development of 

sustained response in the complex and ever-changing environment. The nursing team has not been specially 

trained on the Resilient Engineering model. However, four core capabilities of the resilient system were 

integrated into daily performance and activities of the team on the ward. Initially, staff developed the capability 

to respond by recognizing the fact that this new situation of evolving crisis requires innovative and ‘out of box 

solutions.' By developing and embracing every opportunity to learn, the team acquired the capability to monitor 

the situation carefully and also plan for anticipated response. Eventually, the nursing team on the ward 

developed high adaptive capability which resulted in sustained resilient performance.   
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Over recent years, interest has grown within management and organizational studies in alternative models of 

leadership in which leadership is not limited to the formally appointed leader. Particular interest has been 

directed to models of shared leadership. In the context of the team response, a shared leadership approach was 

used to identify strategies for solving problems and to provide answers to complex clinical and organizational 

challenges. In general, a shared leadership approach comprises two principal components: formal and informal 

leadership. The main characteristics of a formal leadership role included decision-making responsibility, 

influence, and authority. Informal leaders, on the other hand, have influence and informal authority without 

possessing any formal title. Over a few months from the relocation, many informal leaders within the nursing 

team emerged and stepped up to provide support for other team members. Integrating a shared leadership model 

provided a solid base for improved communication and shared decision making. It assisted in developing a 

structured response to high-stress levels and improved the ability of the team to cope with ongoing uncertainty. 

 

DISCUSSION 

Resilience can be defined as the ability of the health care system ( clinic,  ward, a hospital a county) to adjust its 

functioning prior to, during, or following events (changes, disturbances, and opportunities), and thereby sustain 

required operations under both expected and unexpected conditions (Hollnagel et al, 2015). 

Hollnagel (2009) proposed a list of four capabilities that enable and promote resilient performance. These 

include: 

• Capability to respond. A system must respond appropriately in real time.  

•Capability to monitor. An ongoing search to identify threats and opportunities. 

•Capability to anticipate. A forward-looking approach, anticipating what could happen. 

• Capability to learn. A multi-level learning process is evaluating what went wrong and what went right.  

It is important to note that the nursing team on the ward has not been formally trained on Resilient Engineering 

model and it has not been formally introduced. As soon as the author got exposed to the concept of four 

capabilities of the resilient performance, he adopted and integrated these capabilities into the daily activities of 

the team. These core capabilities provided a foundation and framework for the team's actions. This model has 

not been formally evaluated given high complexity and protraction of the event. However, on a subjective level 

it was evident that when daily activities are built and developed around these four core capabilities, it provided 

structure to develop high adaptive capacity, team cohesion, and mutual support.  

The ward space the team moved into lacked proper infrastructure but within a short period IT systems were 

operating, acute admitting medical teams were formed, and modified policies and protocols were agreed on that 

reflected required operational changes. Setting up proper information systems proved to be a challenge. After a 

quick installation of hardware, IT support team developed and installed required patient management and 

tracking systems. It required reconfiguration of existing systems to make sure all clinical information is 

registered, recorded and available. This process required strong leadership and prompt communication between 

IT management, operations management, and clinical teams. Following relocation, a core model of care on the 

ward has been adopted to reflect changes and the team started receiving patients directly from the community 

via GP referrals, bypassing Emergency Department. This new process required the development of new 

software to allow monitoring, management and clinical risk assessment of new admissions. Prompt development 

and integration of existing and new information systems proved to be one of the critical components of 

providing a sustained response to the evolving critical event. Strong leadership was vital in maintaining 

communication, linking between team and departments and sharing accountability in decision making. 

 

Capability to respond 

Initially, the Christchurch earthquake required a quick response from all the team's members. 

All beds on Ward 29 were occupied, and some of our patients required complex acute care. Because of ongoing 

aftershocks, staff could not stand unsupported and although there was no structural damage, the physical 

environment of the ward was significantly compromised. While providing care to patients, the staff on the ward 

had to manage their stress, fear of the unknown and concerns about their families and relatives. It should be 

noted that the team had no prior training in responding to a crisis event of this type and scale. Initially, part of 

the response was based on self-organizing behavior and leadership. During that day the response focussed on 

three main things: firstly patient safety and care, secondly the safety of the environment, and finally preparing 

for possible evacuation.  
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Leadership played an essential part in the response.  New leadership structures quickly were established 

including shared leadership where informal leaders and members of medical teams and other senior members of 

nursing teams cooperated and coordinated in a shared decision-making process.  

The situation became more challenging after Ward 29 was relocated. The variety of complex problems faced 

while establishing and running the fully operational and viable acute medical word required quick solutions and 

‘out of box' thinking. To sustain resilience performance over time the team was up-skilled and trained.  

As an example, following relocation a decision was made to develop the new model of care which will allow 

new patients to get admitted to the ward directly from general practices bypassing triage in the emergency 

department. Nursing staff on the ward have been promptly trained in advanced assessment skills, clinical 

emergency response and clinical communication. Some patients arrived with complex clinical conditions and 

staff needed to respond quickly often improvising and developing non-standard solutions. As a part of the 

assessment, some patients required analysis of blood gases sample. TPMH did not have a blood gas analyzer, 

and the team was looking for a solution. Eventually, local taxi company was contracted to provide quick 

transport support in taking blood gas samples to the main hospital across town to complete testing within the 

required time frame.  

 

Capability to monitor 

Capability to monitor' was one of the key contributing factors in creating the robust and sustained response of 

the team. After relocating, it was essential to monitor many threats and identify suitable opportunities. First of 

all, they had to monitor indicators related to clinical performance to ensure that they were providing safe and 

timely care. Situations they faced and had to cope with were unusual and required continuous input. At the same 

time, it was vital to monitor how the staff was coping with the pressure and ongoing challenges. For example, as 

soon as Charge Nurse Manager identified staff who were struggling or found it difficult to cope he immediately 

offered one on one support, debrief or engagement with regular staff support services. Some staff members 

could not function appropriately following the initial earthquake and had to go through the lengthy and 

complicated process of mental health rehabilitation to allow them to return to the baseline functioning.  

Proactive monitoring of signs of stress, fatigue, and anxiety early helped to create an open and supportive 

environment which in turn contributed to the overall teams’ resilience. Staff had a wide range of options with 

regards to where and how to seek help and support. Also, given the evolving nature of the event and ongoing 

aftershocks, the team had to continuously monitor their physical environment to identify and report any 

potential damage. 

 

Capability to anticipate 

As soon as the team established robust mechanisms to monitor the physical environment, the safety of patient 

care, and a well- being of staff, they started developing their capability to anticipate. The purpose of looking for 

what may potentially happen was to identify possible future events and changes in the environment that could 

have affected the team's ability to function. They had regular staff meetings and debriefed sessions in smaller 

groups. These discussions contributed to their vision of what potentially might happen and the team’s risk 

awareness improved. 

 

Capability to learn 

The capability to respond depends on the capability to monitor, in the sense that the timing and precision of 

responses can be improved by effective monitoring. However, the capability to respond and the capability to 

monitor both depend on the capability to learn (Hollnagel, 2015).   

Developing a robust and comprehensive learning structure was one of the main objectives of the team.  

Given the complexity of circumstances and a wide range of unique challenges conventional learning tools 

known as single-loop learning could not provide the required outcomes. Single loop learning focusses on 

establishing rigid strategies, policies, and procedures and then prompting people to spend their time detecting 

and correcting deviations from the rules. 

Therefore, the team had to adopt a double-loop approach to learning where they were encouraged to develop 

creative and critical thinking. Research confirms that double loop learning is critical to the success of teams, 

especially during times of rapid change. For example, as soon as the ward started admitting patients directly 

from the community, staff identified the need to acquire advanced clinical skills in assessing complex patients, 
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identifying deteriorating patients early and communicating any clinical concerns to medical teams. This set of 

skills became of critical importance after hours when the number of available medical teams were reduced. To 

provide staff with excellent opportunity to learn these advanced skills and to encourage critical thinking a team 

of nurse educators together with charge nurse manager developed a comprehensive learning programme which 

focused on developing of technical skills combined with components to develop the ability to think out of the 

box and be creative in providing a clinical solution. For example, how would you manage difficult airway in a 

complex patient during a night time when the specialist team is not available. This particular challenge and staff 

engagement allowed to develop an innovative solution and engage excellent ambulance staff to be called to the 

ward in a case of an emergency which was not an accepted practice before that.  

To achieve the desired outcomes, the team needed enough opportunities to learn. Staff was encouraged to share 

their experiences in different ways. Teaching sessions were run for small groups that encouraged personal 

reflections and specific attention to debriefing processes. 

Everything the team did turn into learning processes with many opportunities to translate what they had learned 

into practice. 

 

Shared leadership-Acute medical ward 

At the time of the earthquake and following relocation, the Ward 29 team quickly adopted a shared leadership 

approach to decision making and management. At a very early stage, they had an active group of emergent 

leaders. An emergent leader is someone who is not designated as a leader but emerges as an informal leader of 

the group by exerting influence on group processes and group goal achievement.  

As an example, in 2005 Hurricane Katrina created a situation where the capacity of formal leaders to handle the 

situation was overwhelmed. It created a definite void in the leadership structure. To fill this void, individuals 

stepped up to assist others, and informal leadership capabilities came to the fore. 

In contrast to Hurricane Katrina, Ward 29 staff were motivated to step up and extend themselves during the 

crisis in Christchurch by a desire to support their team at many levels to keep things going in a very challenging 

time. Shared decision making and engaging formal and informal leadership groups within the team during the 

response contributed to the team's overall resilience. Genuinely shared leadership was based on mutual trust and 

open interaction at multiple levels within the team. One of our main learnings from this process of engagement 

with informal leaders was that: 

Successful performance in a crisis provides an opportunity for informal leaders to step up. 

Support for informal leaders begins with understanding how they approach different tasks during a crisis.  

The team had the ability and right tools to assist informal leaders in creating a positive and motivating 

environment. Informal leaders in the team needed to know that their positive attitude and creative contributions 

were of great value to the team and organization. Recognising efforts and new opportunities can be one of the 

most highly valued forms of reward.  Informal leaders were an essential component in responding to the 

challenges that Ward 29 had to cope with and their contribution to the successful performance of the team 

cannot be underestimated. Collaboration, trust and a high level of management support contributed to the ability 

of the staff to exercise informal leadership. 

CONCLUSION 

The purpose of this insight paper was to discuss the contribution of a Resilient Health Care model and its 

concepts of responding, monitoring, learning, and anticipating to the sustained resilient performance of the 

nursing team at one of the medical wards of Christchurch Hospital over the period of three years following 

Christchurch earthquake. In particular, this insight paper focussed on the capability to learn as a primary 

contributing factor to the resilience continuum and to explore the link between shared leadership and an overall 

team's resilience.  

Taking RE model as a framework for creating resilience in complex and unexpected environment proved to be a 

very positive experience which created many learnings and prompted the team to develop sustained resilience at 

personal, interpersonal and professional levels. 

On reflection, integrating four core resilient abilities into daily practice helped our team to develop high 

adaptive capacity and cohesion. It promoted a safe environment to express ideas and feel supported during very 

challenging times. Shared leadership was one of the critical components which helped to turn crisis into 

opportunity. This is probably one of the most significant learnings we can take from our experience with RE and 
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shared leadership as a framework for the response. By giving the staff the opportunity to step up, feel supported, 

sharing the lead, pushing for creativity and innovative solutions our team managed to turn this complex and 

evolving crisis compounded by personal and social stress into one big learning opportunity. It went well beyond 

acquiring the technical skill. We learned a great deal about ourselves, our strengths, weaknesses, and limitations. 

Our team came out of this unique experience feeling much more confident and stronger with better ability to 

cope and face unexpectedly. 

Working on this insight paper prompted the author to explore possible application of Resilient Engineering in 

the healthcare environment, taking it as a foundation principle of developing resilient health care in the context 

of complex adaptive systems. This transformed onto Ph.D. research which will be submitted to the conference 

colloquium. 
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ABSTRACT 

The purpose of this paper is to highlight the immense value that a web-based incident management system can 

offer emergency services agencies, using the Department of Fire and Emergency Services of Western Australia 

(DFES) as a case study.  

Following a number of recommendations and reviews that found their current incident management system and 

processes insufficient during an emergency situation, DFES implemented WebEOC, a web-based Crisis 

Information Management System (CIMS), that affords them a resilient, common operating picture and supports 

complete situational awareness, cross-collaboration and communication in real-time. 

This paper also briefly presents the state of Western Australia (WA) as leaders in the field of collaborative, 

intuitive emergency response systems, following their recent adoption and implementation of WebEOC Fusion 

– a single information hub that provides seamless inter-agency and intrastate collaboration. Through Fusion, 

connected agencies can disseminate crucial information rapidly and transparently, and intelligently prepare for 

and respond to events. 

WA is the first Australian state to have implemented such a system. Though Fusion is still in its infancy within 

the state’s agencies, WA has proven that they are leading the nation in ensuring increased efficiency, 

collaboration and resiliency in their emergency management efforts. 

Keywords 

Collaboration, resilience, common operating picture, emergency management, preparedness. 

INTRODUCTION 

The Department of Fire and Emergency Services (DFES) of Western Australia plays a crucial role in the 

coordination of emergency services for any incidents or disasters that pose a threat to life, property or 

infrastructure. 

Western Australia (WA) is a vast and multifaceted state. Comprising 2.5 million square kilometres of sparse 

cities, remote towns, rolling deserts, dense forests and dry wheatlands, the role of DFES’s approximately 29,000 

operational personnel, including volunteers and corporate staff members, is a vital and extremely complex one. 

The State’s bushfire season is high-pressure and high-risk. Exacerbated by WA’s differing weather patterns and 

sometimes difficult terrains, it is a time that requires avid attention to detail and tremendous response and 

recovery efforts. Climate change has affected a one-degree Celsius rise in average temperature over the last 50 

years and seen a decrease in rainfall along the west and lower south-west coasts of the state 

(www.agric.wa.gov.au, 2017), creating increasingly unpredictable and unruly weather patterns.  

Following two very severe fires, both of which were subject to Major Incident Reviews, and a request from the 

State’s governing emergency management body, DFES followed in the footsteps of Western Australia Police 
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(WA Police) and replaced their end-of-life and increasingly archaic incident management system with 

WebEOC, a web-enabled crisis management solution that would allow them to confidently and collaboratively 

manage incidents end-to-end within a common operating picture. This platform affords DFES levels of 

transparency, usability and accessibility unlike any they had experienced before, increasing not only their 

capacity for resilience in times of strife but also their ability to predict and pre-empt a multitude of incidents and 

events, boosting their capability to ready themselves and the community, and respond in a timely and fitting 

manner. 

After the implementation of WebEOC, DFES continued to enhance their incident management efforts by 

launching the EmergencyWA website which is supported by Whispir, a web-based notifications platform that 

enables the real-time dissemination of critical messaging across multiple channels. The site offers the 

communities of WA easy access to accurate and timely warnings and alerts, making it simple for them to stay 

abreast of incidents within their areas and prepare for action when needed. 

Most recently, six of WA’s key government agencies (including DFES and WA Police) have connected each of 

their WebEOC instances together through an information hub called WebEOC Fusion (WebFusion), becoming 

the first Australian state to have a single crisis information management system that offers a common operating 

picture for all entities. WebFusion enables these agencies to share and disseminate critical information within a 

single, accessible source, affording them situational awareness and the ability to prepare for and respond to 

incidents in a manner that was not previously possible. 

Though they’ve faced their challenges over the years, these days DFES, WA Police and WA’s core emergency 

management agencies are ensuring increased efficiency in preparation, response and recovery throughout 

serious incidents, as well as heightening resiliency within the communities of WA through consistent, 

trustworthy and accurate communication. 

REASONING FOR IMPLEMENTING A WEB-BASED EMERGENCY MANAGEMENT SOLUTION. 

The decision to implement the web-based crisis information management system, WebEOC, within DFES was 

one that arose from a variety of needs and recommendations. 

In 2008, the State Emergency Management Committee (SEMC), which is the peak emergency management 

body in WA, acknowledged that there was an increasing need for an emergency management platform that 

allowed government departments to quickly and easily share and disseminate crucial information during major 

incidents. 

Three key factors arose for DFES over the following years to support this observation. 

The current State Emergency Services (SES) incident management system was becoming obsolete. The use of 

Lotus Notes EM2000, paper-based manual spreadsheets and templates, shared drives, and email and phone 

communications to distribute and receive critical information during an incident was beginning to prove 

insufficient. Having multiple processes and platforms that could not connect with each other had an increasingly 

negative impact on communications between operations staff and responders, local government agencies and 

state agencies, and emergency agencies and the community. And of course, with any organisation, legacy plans 

and platforms find themselves at the mercy of technological advances as the years progress, and the need for 

agile yet trustworthy data capture and distribution becomes even more important to stakeholders and 

communities.  

Alongside this, it became widely recognised that there was a distinct need for a system that would seamlessly 

accommodate and facilitate information sharing within DFES’s internal groups, such as the Incident 

Management Team (IMT), the Regional Operations Centre (ROC), the Metropolitan Operations Centre (MOC) 

and the State Operations Centre (SOC), as well as external entities like Western Australia Police. 

Finally, a number of reviews into severe fires that resulted in the loss of homes, livelihoods and vital 

infrastructure had identified the need for a web-based common operating system. The Toodyay Bushfire that 

occurred on 29 December 2009 was noted as “one of the most damaging bushfires in Western Australia’s 

history” (Murphy et al., 2010), and resulted in the destruction of 38 homes and 3000 hectares of land as well as 

minor injuries reported. On 6 February 2011, the Perth Hills Bushfire destroyed 71 homes and damaged a 

further 39 homes, leading to the evacuation of 517 families in the Roleystone-Kelmscott area of the Perth Hills. 

Both incident reviews acknowledged the fundamental need for WA emergency agencies and responders to have 

access to a system that enabled ease of communication and collaboration, recommending that “[DFES must] 

identify and document its information requirements for end-to-end information exchange and then assess the 

adequacy of current systems to meet these information needs.” (Murphy et al., 2010) 
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KEY OBJECTIVES AND REQUIREMENTS OF THE SOLUTION. 

Driven to take action by these key factors, DFES underwent a detailed process of identifying their needs and 

required outcomes. WA Police had acquired WebEOC in 2005 (the first of the state’s government agencies to 

do so) and, with a desire to standardise emergency management state-wide, DFES followed suit in 2011, 

implementing WebEOC version 7 as their de facto incident management system. 

WebEOC is a web-enabled crisis management solution that can be fully configured and scaled to suit the unique 

needs of its users. The platform offers up a collaborative, secure common operating picture and provides end-to-

end management for the preparation, response and recovery of an incident whilst adhering to international best 

practices as well as an organisation’s specific business rules. 

There were three crucial aspects defined by DFES that the platform needed to deliver on in order to adhere to 

the SEMC’s plan for a common Crisis Information Management System (CIMS). 

1. The system would need to support a streamlined process in which to capture, store and distribute 

incident information and, in turn, enable DFES to significantly improve their effectiveness and 

efficiency in managing incidents. 

2. Having assessed and refined the different requirements for data capture, storage and distribution, DFES 

needed the system to be able to handle a varied range of input and output mediums, as well as integrate 

seamlessly with other operating systems, allowing information to be shared with frontline staff via 

mobile devices if needed. 

3. To ensure the timely and uncorrupted delivery of information from first responders to the command 

centre and vice versa, the platform would need to offer uninterrupted flow and distribution pathways 

allowing data to get through in a timely manner during an incident. 

WebEOC was able to provide DFES with what they needed: a web-based system that could be configured to the 

agency’s unique requirements and would allow them to communicate, collaborate and cooperate with other 

systems and agencies. 

OVERCOMING CONFLICT AND INTRODUCING THE SOLUTION AS BUSINESS-AS-USUAL. 

As is well known, with change often comes conflict. Organisations who have relied on and trusted in one system 

or process for a number of years may be reluctant to “fix it if it’s not broke”, particularly if it requires a major 

overhaul of the ways in which they work, communicate and learn. 

This was no different for DFES. Implementing a brand new, agency-wide incident management system would 

involve large scale changes to operational procedures and business workflows, and the maintenance and overall 

management of the platform would increase overheads. 

Many staff members were initially apprehensive of the system and user acceptance was somewhat low. Before 

the platform really begun to take shape, they perceived it as something akin to a blog – essentially, an electronic 

running sheet that simply provided a chronological account of resource requests, actions and reports. 

The project owners of DFES’s WebEOC implementation were attentive to these concerns and were candid in 

the way they introduced the system throughout the various areas of the agency. Initially it was used in a limited 

capacity for major incidents, allowing users to move comfortably and confidently from the old system to the 

new. DFES also introduced a number of change management programs, including various training groups and 

exercises for all Operational and State Operations Centre personnel, and added the common use of WebEOC to 

its doctrine and standard operating procedures. 

With this, user acceptance grew. The benefits of WebEOC became increasingly clear: this was a system that 

offered a single common operating picture; could be expanded or exclusively configured when needed to meet 

DFES’s unique requirements and business rules; and would integrate with DFES’s other incident management 

systems.  

AN INTUITIVE SYSTEM CONFIGURED TO DFES’ REQUIREMENTS. 

Today, WebEOC is used extensively throughout DFES and is considered business-as-usual for all hazards, 

incidents and events managed by the department.  

The platform is exclusively configured to cater to DFES’s requisites and integrates easily with their Computer 

Aided Dispatch (CAD), Resource Management System (RMS), Geographical Information System (GIS), and 

Critical Messaging systems. It also provides a seamless two-way flow of information between the IMT, ROC, 
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MOC and SOC. 

It is easy enough to argue that perhaps the utilisation of a single crisis management platform between such a 

variety of teams and platforms could be a hindrance. It may enforce a blanket set of rules across a diverse range 

of users and, in turn, convey a multitude of information that may or may not be relevant to these users. 

However, for DFES WebEOC boasts the opposite of standardisation and generic information sharing processes. 

From the outset, DFES established a distinct set of business rules and tools, including group permissions that 

dictate what information individual users can or can’t access depending on their positions; an Incident 

Management Toolbox that sits within the platform and has been crafted specifically to support DFES’s incident 

management efforts; and a risk management tool that ensures correct information is captured and disseminated. 

These regulations allow DFES to be confident that their reputation and professionalism will be consistently 

upheld. 

BUILDING RESILIENCY AND MINIMISING RISK. 

DFES, along with their WA agency counterparts, continue to substantiate the evidence that Australian 

government departments are using the WebEOC crisis management system in a way that is wholly unique to 

them. It is not simply an out-of-the-box Software as a Service (SaaS) offering, it is a highly configured and 

critical part of their end-to-end incident management program. 

As a business-as-usual platform, DFES utilise WebEOC for all of their readiness, reduction, response and 

recovery efforts. They have built key features into their emergency management system that are aligned with the 

SEMC’s CIMS requirements, including the ability to send SMS alerts from within WebEOC to response 

personnel during an emergency; ensure DFES personnel (and the system itself) are adhering to standards and 

regulations by utilising reporting, log and audit boards; and the ability to house all response plans, including 

business, community and industry plans, within the system. 

On a weekly basis, WebEOC is used as the central medium for DFES’s Operational Preparedness Briefing – an 

exercise in readiness for the entire state. Documents reviewing current and forecast risks and readiness are 

uploaded to the platform from all regions. So too are any required actions related to heightened risks and 

readiness measures such as fire danger, severe weather, or upcoming community events. This information is 

encapsulated in DFES’s State Preparedness Board on WebEOC which provides them with a transparent 

overview of their forecast risk and readiness, as well as staff resourcing levels at a state and regional level. 

Further to this, DFES can populate pre-emptive intelligence and predictive modelling within WebEOC to 

provide additional support to their readiness and reduction efforts for known events, such as incoming severe 

weather, bushfire incidents, or for sizeable community or government-based events. 

During an incident, WebEOC proves itself as a robust engine that ensures DFES have the capability to manage a 

multitude of tasks. It administers a consistent and accurate flow of information between the IMT, ROC, MOC 

and SOC, providing situational awareness to all relevant parties, as well as ensuring the timely distribution of 

warnings. WebEOC also enables DFES to plot out predicted changes or additions to personnel and equipment 

needs, and allows them to suitably manage and support worker fatigue and hours. 

Every bit of information that is entered into WebEOC during an incident is recorded, meaning After Action 

Reviews are simple and transparent. And because DFES’s WebEOC instance was developed in line with their 

business rules and regulations, there is no risk of the system or its users not complying with the agency’s 

legislature and policies. 

ENHANCING COMMUNICATIONS WITH WA COMMUNITIES. 

Having successfully progressed the SEMC’s plan for a common CIMS through their use of WebEOC, it was 

time for DFES to tackle another critical task. Both the Report of the Perth Hills Bushfire February 2011 Review 

(Keelty, 2011) and the Report of the Special Inquiry into the January 2016 Waroona Fire (Ferguson, 2016) 

recommended that DFES develop a centralised emergency communications system that would act as a single 

source of truth for communities during an incident. This would further enhance DFES’s ability to not only be 

resilient and prepared for an event, but it would also give communities throughout the state the information and 

encouragement they needed to be resilient and prepared for themselves. 

In October 2016, the EmergencyWA website was launched. The site works as a Critical Messaging System, 

providing emergency information to the people of WA via a range of digital and social media platforms. It is 

backed by Whispir, a web-based notifications system that provides multichannel communication options and 

allows users to send tailored messages in real-time to predefined distribution lists. DFES uniquely configured 

the platform to suit their needs to ensure that EmergencyWA provided information that was accurate and 
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relevant, plus easily accessible and instantaneously available to communities. 

EmergencyWA encompasses a streamlined process in which to disseminate warnings and alerts whilst 

simultaneously publishing content across multiple channels including email, social media, RSS feeds and 

WebEOC. The site also incorporates a GIS component featuring a map that broadcasts live feeds from DFES’s 

Fire Dispatch System, Geoscience Australia and the Bureau of Meteorology, as well as fire bans and 

information on fire danger ratings, enabling communities to see hazards within their area as they become 

available. 

DFES had again implemented a solution that would ensure resilience for their department and WA communities 

in times of strife. Increased efficiency in the distribution of incident and warning notifications to the public and 

media, as well as a user-friendly and easily accessible interface, has given Western Australians a true, real-time 

view of warnings and incidents, allowing them to be informed and prepared.  

Since its launch in late 2016, EmergencyWA has more than proven its robustness: it can serve up to 16 million 

site visits per day (as shown under extreme load testing) and has generated more than 7.6 million page views 

(Adonis, 2016). 

With the addition of the Whispir-based EmergencyWA communications platform and WebEOC running 

smoothly as their de facto CIMS, DFES had executed a sound, transparent and accurate way of communicating 

with the public, media and their own personnel. 

CONNECTING WA WITH A SINGLE, COMMON OPERATING PICTURE. 

Alongside WA Police and DFES’s successful implementation of WebEOC as their CIMS at the request of 

SEMC, a number of key agencies throughout the state followed suit. The Department of Health (including St. 

John Ambulance) and Main Roads WA had already implemented WebEOC in 2009, and in the years following, 

Public Transport Authority (PTA) and the Department of Primary Industries and Regional Development 

(DPIRD) introduced WebEOC to meet their own emergency management requirements.  

However, despite the application of a common operating system within all these agencies, the SEMC Emergency 

Preparedness Report 2015 (Edwards, 2015) raised concern around “effective and interoperable communication 

systems” throughout the wider state. A key finding in the report cited that the ability to maintain “effective and 

interoperable communication systems remains a challenge”. Although a number of agencies had committed to 

using a CIMS, each instance of the platform was operating independently without the ability or much needed 

mechanisms to share information automatically with each other, proving there was a serious capability gap 

within the current CIMS arrangements. This issue had been highlighted in two different reports over previous 

years. In the Auditor General’s 2009 report, it was deduced that “[Hazard Management Agencies] do not share a 

common crisis information management system or approach to managing incidents. This reduces their 

capability to respond to major emergencies.” (Murphy, 2009) Likewise, the 2012 Community Development and 

Justice Standing Committee’s report cites that “the Minister for Emergency Services request the State 

Emergency Management Committee to review by June 2013 the sharing of data between the State’s emergency 

response agencies using the WebEOC software and any further enhancements that can be made to this process.” 

(Quirk, 2012) 

Given that a number of WA’s key government agencies were using WebEOC as their de facto CIMS, it was 

suggested that the agencies utilise WebFusion, an information hub that allows users to connect multiple 

WebEOC systems into a secured network, facilitating the seamless sharing of critical information such as 

tasking, maps and resource availability. It would also enable the agencies to collaborate on incidents within the 

system, a feature that offers a fast and reliable way to communicate incident information to all involved parties 

when more than one Emergency Operations Centre (EOC) is responding to a single event. 
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Figure 1. Example of Fusion System Setup and related State Incident Boards (these are incident dependent) 

 

The ability to link incidents together and allow for the accurate dissemination of information among 

jurisdictions in real-time was hugely appealing for both the government agencies involved and the SEMC. State-

wide, participating entities would now have access to a single source of truth, boosting their ability to effectively 

coordinate and respond to major events. 

In March 2013, the SEMC endorsed the WA Police as the host agency for the State Crisis Information 

Management System (SCIMS). Having agreed to this, WebFusion was implemented within WA Police’s 

computer network to provide 24/7 support for the application and database. 

Whilst the procurement of funding for WebFusion was protracted over a number of years, as of May 2018, all 

six agencies – WA Police, DFES, Main Roads, PTA, DPIRD and the Department of Health – have been 

successfully connected to the platform, making WA the first of Australia’s states to have a wholly joined, 

collaborative incident management system. 

The implementation of WebFusion was supported by comprehensive training for Operations personnel 

conducted by external WebEOC Fusion experts during the user acceptance testing phase, as well as the 

development of comprehensive documentation that outlined WebFusion’s groups, positions and deployment 

activities, and ongoing 24/7/365 support from WebEOC developers. 

WebFusion provides a starting point for information sharing between these agencies. In its initial release, 

WebFusion includes three key components: 

1. State Incidents: A simplified, over-arching view consistently accessible to all agencies that provides 

real-time information on major incidents they each may be dealing with. 

2. State Activities: An inter-agency activity log that provides a consolidated view of each agency’s 

involvement in response to any incidents. 

3. Situation Reports (SitReps): To ensure situational awareness for all users, agencies can file a SitRep in 

order to provide a summary of current situations, current risks and issues, and any planned activities 

over the coming period. 
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Figure 2. Example of the State Incident Board  

Although WebFusion for WA is still in its infancy, the solution has had complete buy-in from the agencies 

involved as well as the SEMC. The fact that it will now provide the state’s emergency management departments 

with an opportunity to accurately share and build on intelligence within a common operating picture inspires 

confidence in its users and stakeholders.  

From here, the next step for the agencies is to develop a mechanism for connecting their existing customised 

WebEOC boards to the WebFusion hub, enabling them to automatically send information from their own 

platforms through to the State Incidents and State Activities logs. Due to the highly configurable nature of 

WebEOC and WebFusion, and the unique and complex needs of WA’s incident management agencies, this is 

just the beginning of what may possibly become one of the most exceptional and impressively adapted crisis 

information management systems the world has seen so far. 
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ABSTRACT 

Disasters, when they strike hard, may cause the disruption of many vital services. ‘Telecommunications’ is being 

considered one of the vital lifeline services as many disaster relief operations rely on it. Effective communication 

is dependent on a telecommunication network infrastructure that is working properly. Unfortunately, the 

infrastructure may be damaged during a disaster causing no-coverage and/or congested network traffic in the 

disaster-affected areas. In this paper we propose a conceptual framework for building a resilient communication 

system that not only considers the communications infrastructure but also other driving factors which are 

necessary for its success. The proposed framework is based on five key pillars, namely: robustness, redundancy, 

adaptability, agility, and readiness to build capability for developing a resilient communication system. The 

findings reported in this paper provide some insights into resilient communications that may help network 

researchers/engineers to contribute further towards developing a robust and resilient communication system 

capable of coping with disasters. 

 

Keywords 

Resilient communications, Telecommunications, Reconstruction, Resourcing, Resilience maturity 

INTRODUCTION 

Emergency situations caused by natural and/or man-made disasters cannot be predicted 100%, and those which 

may be predicted cannot be avoided fully. During the last few decades, natural disaster events are becoming very 

common; just in 2017 a total 318 natural disasters affecting 122 countries have been recorded (CRED, 2018). 

These statistics raise a great concern that the efforts we are doing to deal with these events should be escalated in 

the right directions i.e., identify ways to develop more resilient communication systems. 

Information and Communication Technology (ICT) can play a vital role in addressing many of the areas of 

emergency response and recovery. Many research institutes and organizations have developed a number of 

protocols and ICT-based systems addressing varying disaster management needs (Suh and Won, 2018; Ray and 

Turuk, 2017; Wu, 2014). Almost all of these systems require a network infrastructure to work on. This is one of 

the reasons that the communication network is considered a very critical infrastructure worldwide for not only 

aiding in the proper management of disaster events but also for the day-to-day activities.  

The effect of a disaster event on the telecommunications infrastructure varies depending on the severity of the 

disaster and/or emergency event. The effect can be as minimal as no harm to infrastructure but significant network 

traffic, including messages and/or calls to and from the disaster-affected area, may be produced after an emergency 

event. On the other hand, the effect can be so severe that the network infrastructure is damaged with system failure 

across the disaster affected areas. This research is focused on building a resilient communication system with the 

capability to deal with disaster events and their aftermath in a more effective way. In this paper we propose a 
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conceptual framework for communication infrastructure which has the ability to absorb the effects of a disaster 

event and maintains its functionality. The details of the proposed framework are discussed next. 

 

RESILICOMM: A CONCEPTUAL FRAMEWORK FOR RESILIENT COMMUNICATION 

Communications services have proven to be significant for emergency and disaster response and recovery 

(Marchetti, 2011; Ran, 2011; Kongsiriwattana, 2017). To this end, we focus on the provision of 

telecommunications services that can be used in post-disaster situations. The idea is to accelerate the response and 

recovery services and to minimize the adverse effects of the disaster by providing adequate communication means 

for organizations/agencies involved in disaster response and recovery.  

Figure 1 illustrates the proposed conceptual framework that can be used to build a resilient communication system 

in the country. The framework identifies the key factors affecting the adaptive reconstruction of communications 

infrastructure when disrupted by disasters; and then resource these factors to build capability towards a resilient 

communication system.  

 

 

Figure 1. The Proposed Conceptual Framework for Resilient Communications 

FACTORS DRIVING THE RESILIENT COMMUNICATIONS 

In this research we identified four key factors driving resilient communications. These factors are people, 

organizations/entities involved in disaster response and recovery activities, national civil defense/emergency 

management, and communications infrastructure. The following sub-sections highlight the role of each of these 

driving factors. 

People 

People are the foremost important factor towards the success of any resilient system. It is very crucial to make 

people aware of the emergency plans and/or the choices they have in such situations. Many surveys (Tsou et al., 

2017; Koçak et al., 2015; Sonneborn et al. 2018; Kim and Hastak, 2018) show that most of the time people are 

not even aware of any emergency plan and/or services available. Unawareness might sometimes leads to resistance 
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which may cause difficulties and/or delays in response and recovery operations. Another important fact worth-

mentioning is that often people are aware of the emergency plans and/or services but they have no idea how to 

access those services.  

Considering people as foundation for our proposed conceptual framework, we suggest to identify means to reach 

out people, to make them aware of the emergency plans/services and to train them on how to use or access these 

services when needed. 

Related Organisations 

We identify the organizations and/or entities involved in emergency response and recovery operations as the 

second driving factor. These are the organizations which will have direct interaction with the people and/or 

disaster’s victims, guiding them and helping them through that event. These organizations are important as these 

will be working as the interface between any emergency plans and the disaster victims. 

Nation-wide Emergency Management 

The third driving factor is the national emergency management/civil defence plan. This plan may help the country 

to define rules/legislations for Government agencies to combat such unforeseen events/disasters. The idea is to 

make disaster plans/procedures available to the relevant organizations/institutions for the creation and updating 

of action plans and the organization of periodic information sessions. 

Communication Infrastructure 

Communication infrastructure is one of the main factors in building a resilient communication system while the 

other three factors described earlier play their role to make the communication infrastructure more resistant to 

disaster events. However, we aim to build resilience towards maturity which is a novel concept included in the 

conceptual framework (Figure 1). One can observe that the communication infrastructure is based on the five 

pillars, including robustness, redundancy, adaptability, agility, and readiness to build capabilities of a resilient 

communications infrastructure. The maturity measure of the communication system will reflect the competency 

of the network infrastructure for handling any unforeseen interruptions such as disasters. A number of studies 

have been conducted for calculating a maturity score (Chaudhary and Chopra, 2017; Persse, 2006). We are aiming 

to use the Capability Maturity Model Integration (CMMI) (Team, 2014) approach as a basis for measuring 

maturity in our proposed framework. As our work is still in the early stages, the details of this process along with 

the related measurements are not included in this paper. 

To make the communication infrastructure resilient we propose to use the concept of never-die-networks along 

with cognitive radio capabilities. The core idea is to get the best out of what has survived the disaster event. Figure 

2 illustrates the difference between a communication infrastructure in operation, and a post-disaster 

communication scenario by focusing on the key concept of our proposed resilient communication. Figure 2(a) 

shows a high-level view of a working communication infrastructure scenario. Figure 2(b) shows a post-disaster 

network scenario where some of the communication links are collapsed as a result of disasters. However, victims 

in the affected areas would be able to communicate with their loved ones using a device-to-device communication 

approach and to extend the communication range by reaching the surviving base stations. 

 

  

(a) A communication network scenario (normal 

operation) 

(b) A post-disaster communication network 

scenario 
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Figure 2. A Typical Operating and a Post-disaster Communication Infrastructure 

 

The proposed communication infrastructure logically divides the communications system into three components: 

access, distribution, and core. These components are discussed next.  

Access Network: The access network provides an interface to end-users with the overall communication network. 

This component is dependent on the working of the cell-phone towers and/or base station towers located in various 

places. These towers get the data from the cell phones and other mobile devices and communicate it further. When 

a disaster strikes such as earthquake, tsunami, floods etc. there is a high probability for these base station towers 

to get damaged hence, they will be unable to provide wireless coverage in that area (as shown in Figure 2(b)). 

However, the mobile phones (of disaster victims) will be functioning but because of lack of infrastructure (i.e., 

no functioning cell tower), they will not be able to communicate.  

We propose that these mobile phones will be using a cognitive radio approach to identify an emergency situation 

automatically. Once a disaster situation is identified the mobile handsets will shift to an emergency mode and try 

to locate any surviving base station nearby using multi-hop communications. This link will then be used for relying 

emergency messages and other related information. 

Distribution Network: The distribution network is another important component of our proposed framework. 

The main idea is to provide a mechanism, path or way to communicate data/information from the disaster affected 

area to the core network. Due to the disaster, some components of the distribution network may also be affected. 

Therefore, a multi-hop approach will be used to identify nearby working hotspots, access points, and other 

communication network links to establish a path for emergency communications. 

Core Network: It is the job of the core network to link the disaster area with the rest of the world. The core 

network will be accessing the Internet via satellite or other available communication channels such as fiber. Once 

the communication link is completed then the data/information from the disaster-affected area can be accessed by 

organizations involved in disaster relief operations. 

In using our proposed framework one can maintain a communication link to connect disaster affected areas to the 

rest of the world. The idea is to automatically establish new communication paths when existing links are 

destroyed during a disaster event. This new communication link will provide uninterrupted communication so that 

we can share disaster related vital information (e.g. disaster locations, number of victims) with the rest of the 

world. This information dissemination may help to accelerate disaster response operations through directed search 

of victims quickly, and consequently significant human lives can be saved. 

DESIGN CHALLENGES AND IMPLEMENTATION ASPECTS OF RESILICOMM 

Although many network researchers have worked in the field of resilient communications, the practical system 

implementation has not been fully solved yet. In fact, there are many research challenges that need to be overcome 

before the actual implementation of the system.  

However, for the implementation of the proposed RESILICOMM framework, the following research questions 

need to be solved/answered. 

What can be done to detect the disaster incidents instantly and automatically? How smart phones and other 

internet-enabled handheld devices can be used for disaster response and recovery? How victim’s mobile phones 

can form ad-hoc networks for emergency communications in the absence of network infrastructures? 

In addition to technical challenges, we need to ensure that the driving factors such as people, organizations and 

national civil defence/emergency management can work together within the scope of our proposed framework to 

make it available to people. 

By integrating key functionalities of cognitive radio, network coding, and Internet of Things, one can build a 

RESILICOMM framework (software). 

CONCLUSION 

In this paper a conceptual framework for a resilient communication system is proposed. This framework is based 

on five pillars (robustness, redundancy, resourcefulness/adaptability, agility and readiness) and four driving 

factors (people, organizations, national civil defence/emergency management, and telecommunications 

infrastructure) which are essential elements to build a robust resilient communication system moving it to 
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maturity.  

Moreover, we have also highlighted the technologies, such as cognitive radio and never die networks, to be used 

in building capability for a resilient communication infrastructure. This infrastructure helps to establish a 

communication link between disaster-affected areas and the rest of the world automatically. This can be used to 

communicate vital information about disaster victims and their locations. This information may then be utilized 

by organizations involved in disaster response activities to have more directed and effective rescue operations. As 

a result timely help can be provided to victims which will help in saving precious lives.  
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ABSTRACT 

Smart Service Queensland (SSQ) is the ‘front door’ to the Queensland State Government in Australia, providing 

services and information for citizens and businesses. Services are delivered through online channels, call centres 

and face-to-face service centres. Rostering to adequately staff the call centres during business as usual demand is 

well supported using existing workforce planning tools and content management systems alongside real-time 

telephonic monitoring. However, during times of large scale emergency events, such as floods and tropical 

cyclones, effective workforce planning heavily relies upon experienced SSQ personnel constantly monitoring and 

updating call centre staffing levels leading up to and during the disaster event to ensure customer demands are 

met. Achieving the right balance of call centre servicing without over provisioning is a challenging task. 

We present a prototype analytics tool that supports the SSQ Forecast Analyst responsible for workforce planning 

during disaster events and provide initial results of modelling caller behavior during two recent tropical cyclones. 

The tool provides a single point of reference to a wide collection of relevant datasets, including population 

demographics and details of the natural and built environment, data feeds describing the emergency event under 

investigation, relevant social media posts and call centre operations metrics. The tool is an early proof of concept 

demonstrator highlighting the utility of data integration, web mapping, real-time event monitoring, and predictive 

modelling. 

Keywords 

Situation Awareness, Data Integration, Disaster Management, Crisis Coordination. 

INTRODUCTION 

Smart Service Queensland (SSQ) is the primary contact for customers to access government services in the 

Australian state of Queensland. SSQ provides access to government information and services 24 hours a day, 7 

days a week via a single phone number: 13 QGOV (13 74 68). Calls are answered by experienced Customer 

Service Advisors (CSAs) who can either deliver government transactions on the phone, forward the enquiry 

through to the relevant state government department, or direct customers to the appropriate online resources. 

SSQ provides a single point of entry to government services so that customers don’t need to know which 

department or agency to contact. Governments are increasingly seeking efficiencies by providing services via 

online resources in preference to call centres or face to face contact centres. Further efficiencies are obtained by 

centralizing the citizen/government interface allowing government departments to focus on their core business. 

Managing the SSQ call centre involves workforce planning to prepare the roster for CSA staff to answer calls. 

SSQ have government-imposed targets to ensure customer calls are answered within a reasonable time frame and 

to meet customer satisfaction objectives. During business as usual operations, rostering is well understood to meet 

these targets and in 2016/17 SSQ achieved good customer satisfaction results [DISITI 2018]. However, during 

times of large scale emergency events, effective workforce planning becomes more difficult. SSQ want to 

understand customer behaviour in times of disaster events and to incorporate this insight into the workforce 

planning process. 
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Communities across Queensland are thought to respond to disaster events differently. For example, rural and 

regional areas with a history of experiencing flooding or cyclone events are expected to be more self-reliant 

compared to urban areas that have not experienced such events. Demographic and socio-economic factors could 

also influence the resilience of different communities in times of disasters. A joint project was established with 

SSQ to explore these issues with the main objectives being to: 

1. model SSQ customer call behavior during large scale disaster events; and 

2. incorporate the customer modelling into the workforce planning forecasting process. 

The rest of the paper is organized as follows. First we introduce background information about SSQ, the workforce 

planning process, two case studies of recent cyclone events and the SSQ call data. Then the prototype tool we 

have developed is presented along with a description of the data analysis undertaken. Preliminary results of this 

work are then presented. The paper concludes with a summary of our findings and plans for future work. 

BACKGROUND 

Smart Service Queensland during Disasters 

In Australia, the states and territories manage emergencies with the police taking command during the response 

phase where safety and shelter is the main concern. Other front line response agencies are also involved such as 

Fire and Rescue, Ambulance, and the State Emergency Services. When the scale of the emergency event is beyond 

the capacity of the state or territory to respond adequately, they will request help from the Federal Government 

who provide financial and other assistance, such as sending in the army. 

In the state of Queensland, SSQ are responsible for taking calls related to state emergencies and community 

response services. While the community can, and do, contact the front line response agencies directly as needed, 

most requests for assistance or information do not require direct contact with first responders. For example, as a 

cyclone or flood event approaches a region, people in the community contact the government to find out where 

they can collect sand bags to prevent or reduce flood water damage. They also want to determine the latest 

information about the event, such as where the event has been, where it is expected to go, how severe it is and 

what damage is expected. Post event enquiries are made about government financial assistance, the location of 

recovery centres, the status of infrastructure damage and repairs, information about road closures, and so on. 

Workforce Planning 

One of the tasks of the SSQ Forecast Analyst is to prepare the call centre rosters to allocate CSAs to manage 

customer enquiries. During times of business as usual, this process is well established and supported using existing 

workforce planning tools and content management systems in conjunction with real-time telephonic monitoring 

of calls. The Forecast Analyst has extensive experience of SSQ operations and understands the normal business 

activities as well as expected seasonal variations in caller demand. For example, during the flu season there is an 

expected increase in health related calls. 

Modelling is done months in advance to predict caller demand, measured as the number of expected calls per 15 

minute interval for the queues managed by SSQ. These queues correspond to the categories of customer enquires 

such as health, public housing, education, transport and motor vehicles, employment, and so on. For our 

investigation the queues of interest are the state emergency services (SES) and disaster recovery (DR). 

One of the SSQ targets is to respond to 80% of calls within 20 seconds. Public demand can rise and fall during 

disaster events due to numerous factors such as the type and intensity of the event, the time of day, formal public 

announcements, media coverage, geographic proximity of the event, patterns in social media and 

telecommunications traffic, preparedness of partner agencies such as Emergency Services and local governments. 

Information on these factors is often unavailable or received inconsistently. Even when information is timely, it 

is difficult to determine confidently how or if it will influence demand. Despite this complexity, SSQ Workforce 

Planners successfully manage demand using capacity over supply and if required, suspension of non-core services. 

This however, may be accompanied by increased costs, reduced non-emergency related government services 

available to the public and risk of staff fatigue. Appropriate resourcing to meet customer service demands while 

not over-servicing is the aim of workforce planning. 

Case Studies 

The motivation for the project was partly based on the challenges of understanding the public demand for 

government services via SSQ during two tropical cyclone events: Marcia and Debbie. 
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Tropical Cyclone (TC) Marcia formed as a category 1 cyclone on 15 February 2015 and went on to become a 

category 5 event on 20 February which eventually reduced to a tropical low the next day. During this time strong 

winds, heavy rainfall, flooding and storm tides caused extensive damage across the coastal regions of central 

Queensland. The Federal Government provided $AU13.77 million in assistance to affected communities and the 

Insurance Council of Australia estimated the insurance costs to be $AU404 million [ADRKH]. 

TC Debbie formed on 25 March 2017 and progressed to a category 4 cyclone as it made landfall near Airlie Beach 

on 28 March having previously devastated resorts on the Whitsunday Islands. It then tracked inland reducing in 

strength and on 29 March it was no longer considered a cyclone. However it continued inland as a tropical low 

bringing strong winds and flooding across southern Queensland and northern New South Wales resulting in over 

ten fatalities. The impacts included damage to more than 2300 residential properties of which almost 1000 were 

declared uninhabitable. Recovery grants exceeded $AU25 million and damage estimates to infrastructure and 

industry exceed $AU1 billion [ADRKH]. 

These large scale disaster events are anticipated by Bureau of Meteorology (BOM) weather warnings which are 

closely monitored by the SSQ Forecast Analyst to gain an insight into where and when the cyclone is expected to 

make landfall and at what intensity. This information is used along with call centre data from previous cyclone 

events to model expected public demand for workforce planning. This modelling is regularly revised in 

conjunction with weather updates from the BOM and feedback from real-time call centre metrics. 

SSQ Data 

SSQ provided extensive call data from the SES and DR queues during the period Dec 2012 – Dec 2017. Figure 1 

shows the number of distinct calls per day with the three large spikes corresponding to Tropical Cyclones Oswald, 

Marcia and Debbie. The other smaller spikes relate to large storm or flooding events. Unfortunately TC Oswald 

could not be included in our analysis due to known data inconsistencies within SSQ. 

 

Figure 1: SSQ encounters per day. 

This call data includes details of the CSA who took the call, the queue the call came on, how long the call was on 

hold, abandoned calls (hang ups), call duration and a breakdown of the reasons for the call, termed interactions. 

Approximately 20% of calls identify the postcode of the caller. This data reflects the SSQ IT systems which 

include Interactive Voice Response to direct calls to the right queue, a forms based Content Management System 

(CMS) capturing the caller interactions and real-time call centre phone monitoring. 

Related Work 

This work is motivated to develop a greater understanding of how different community groups respond in times 

of disasters. Our focus is to use such insights to model demands for government services while others have 

explored the same issues for different purposes, for example to reduce disaster risk and loss of life and property 

[Sendai 2015], increase community resilience [Majchrzak et al. 2018], to inform government policy [Parsons and 

Morley 2017] and to allocate limited resources more effectively. Our other focus is to explore how to effectively 

combine various datasets into a single point of view, or common operating picture, also known as decision support 

systems or system of systems for emergency managemet. [EM-COP, Majchrzak et al. 2018]. 
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THE TASK 

Preliminary Work 

The initial phase of the project consisted of a number of face-to-face meetings with SSQ to conduct user 

requirements gathering and needs analysis, in order to understand the business processes of SSQ during disaster 

events and to refine the project goals. A data gap analysis was also undertaken, where complementary datasets 

were identified that could be useful for modelling caller behaviour. This data includes weather warnings [Power 

et al. 2013], BOM Cyclone tracks [BOM], Australian Bureau of Statistics (ABS) demographics and socio-

economic data [ABS 2018], building data [NEXIS 2017] and relevant social media content [Power et al. 2014]. 

Web Portal 

The SSQ analytics tool is a map based web application developed by CSIRO Data61 for use by SSQ which 

integrates information from the numerous data sources noted above using ABS statistical regions [ASGS]. The 

tool is available at http://ssq.csiro.au/ and requires access credentials which are available by contacting the authors. 

The Cyclone interface, shown in Figure 2, provides a cyclone event replay facility where cyclone warnings and 

call data can be examined in detail. The top left panel contains an interactive timeline of events which can be 

navigated left or right to more forward or backward in time. It can also be zoomed in/out, which is useful when 

there are numerous short events within a small time frame. The top Cyclone timeline events are the map-based 

forecasts that are periodically produced by the BOM when there is an active cyclone. The map on the right 

automatically displays the “current” forecast map depending on the visible time period within the timeline. Text 

based cyclone warning information is shown in the Warnings row of the timeline. These are selectable so that the 

full warning text is displayed. SSQ call data is displayed in the Calls section where each horizontal bar represents 

an individual answered call. Where possible the call is assigned to one of seven Queensland regions, colour coded 

to the small map legend on the bottom left. Individual calls can be selected to show more details, including a city 

if available and the type of call, one of preparing, responding, recovery and other. The type of the call is determined 

using a rule-based classifier which examines the sequence of CMS pages visited by the CSA during the call. This 

sequence provides insight into the reason for the call. For example, in Figure 2, the caller is requesting SES 

assistance, a “responding” call type, and they are enquiring about sandbags. 

 

Figure 2: SSQ Analytics tool for TC Marcia. 

Below the call data is a Tweets section where each dot represents a Queensland based tweet that contains a cyclone 
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related keyword. Red dots represent tweets that originate within the current cyclone warning and/or watch areas. 

Each tweet may be selected to view the message, including any associated pictures or videos. 

An overview of call volumes over the five day period is displayed below the main timeline showing the number 

of calls for each 15 minute time window, which can be used to quickly navigate the main timeline. The vertical 

grey bar highlights the currently visible time period. 

The cyclone forecast map on the top right shows the cyclone track (historical locations, current position and 

forecast path) along with warning/watch areas shown in orange and forecast high wind areas shown in red. Each 

area on the map may be selected to view more information about the warning, watch or wind area, along with 

summary information about the population within that area. Demographic data such as the number of people and 

dwellings, the age distribution and socio-economic status of the potentially affected population is displayed. 

Building data is also available, including the number of residential, commercial and industrial buildings and the 

number of those that were built before 1980 when the Australian building codes were strengthened. 

METHODOLOGY 

Data Analysis 

The BOM cyclone data for Debbie and Marcia was combined with the SSQ call data and the other datasets into 

two large CSV files and processed using the R statistical programming environment [R]. The SSQ SES and DR 

queue data for the period between 10 days before and 60 days after the cyclone event was combined with the 

cyclone track information showing the event’s location and expected path. Various impact regions can be selected, 

for example the current cyclone watch area; the current warning area, and so on. Data is also available on the areas 

currently experiencing damaging or destructive winds, and those expected to experience them within 24 or 48 

hours. The corresponding ABS demographics and socio-economic data and details of the built environment for 

each of these various cyclone impact regions were then calculated, producing a large dataset that was explored in 

various ways to identify correlations. The two datasets, one for each cyclone event, consisted of approximately 

7000 rows and were about 4 MB in size. 

As the cyclone track makes landfall and higher population densities are exposed to destructive winds, there is a 

corresponding increase in calls to SSQ. However, it is difficult to confidently locate these calls due to the lack of 

supporting caller location data. 

The first plot in Figure 3 shows the number of calls per 15 minutes to SSQ during Cyclone Debbie. Note that the 

axis tick marks represent midnight on the morning of the labelled day. The grey shaded areas show weekends and 

public holidays; the number of calls was generally much lower on these days (even though CSAs were still 

available), particularly across the Easter long weekend of Friday 14 April to Monday 18 April, though a spike of 

call activity did occur on Sunday 2 April. The red line shows the daily trend. 

The overall pattern of recovery calls is of a peak followed by approximately exponential decay. Lower numbers 

of calls are received on weekends and public holidays, while the following workday – usually a Monday – shows 

a slight increase in calls. 

There is a clear pattern of variation within each day: disaster recovery calls fall to zero overnight and peak the 

following morning, remaining high for most of the day. Very similar variation of call intensity within days was 

seen on all days, even though the actual number of calls on each day varies widely. 

The lower plot in Figure 3 shows the number of calls per 15 minutes, as a percentage of the daily average for 

cyclones Debbie and Marcia, referred to as the daily seasonality. Most calls occur between 9 am – 6 pm, but calls 

continue into the evening. There is a gradual decline from 10 am – 5 pm. The patterns are very similar across both 

cyclone events, especially for disaster recovery calls (black and green lines). More disaster response calls (the 

SES queue) were made after 6 pm, especially during Cyclone Debbie. 

For each call category, the daily seasonality for each 15 minute period is calculated as the ratio of calls to the daily 

average, averaged across all days: 

seasonality =
∑ (weighting

calls
daily average

)days

∑ weightingdays

 

Setting the weighting equal to one gives a simple average across each day, but better results are found by weighting 

according to the daily average number of calls, so that call patterns on busier days carry more weight in the 

calculation. The seasonality for each 15 minute period is thus simply 
∑ (calls)days

∑ daily averagedays
. 
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Figure 3: TC Debbie calls with trend line (top) and seasonality (bottom). 

Modelling 

The long decline in calls during April and May in Error! Reference source not found. consists almost entirely 

of disaster recovery calls. An exponential decay model is suggested, allowing for the daily seasonality as shown 

in Figure 3 and defined above, as well as variation caused by weekends and public holidays. The model is thus 

calls = 𝑆 × trend 

where 𝑆 is daily seasonality and the trend is the red line plotted in Figure 3, modelled as 

trend = 𝑐𝑊𝑀𝑒𝑘𝑇 

Here 𝑊 and 𝑀 represent the ‘weekend’ and ‘Monday’ effects noted above, 𝑇 is time, and 𝑐 and 𝑘 are regression 

constants. 

Taking logs, the model can be fit by ordinary least squares regression. This was done in R. 
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RESULTS 

Predictions 

Figure 1 shows the model for Cyclone Debbie. Predictions were much too low over the first two days, perhaps in 

part due to their falling on a weekend; it is hard to judge when the peak is truly reached. However, for the rest of 

the period an exponential decay model fits well; model errors have a standard deviation of 6.5 calls per 15 minutes 

(or 9.2 calls, including the errors on the first two days). All modelled effects are statistically significant (p values 

< 0.001). 

The model shows a decline in the number of calls from day to day of 7.6 %. Weekends and public holidays are 

modelled to reduce by a further 77.6 % from the trend, whereas calls on the following workday increase by 5.6 %. 

 

Figure 4: TC Debbie disaster recovery calls with predictions. 

Observations 

There are two large categories of calls: response (the SES queue) and recovery (DR). They follow different 

patterns and were analysed separately; DR calls peak later and take far longer to subside. The majority of calls 

are from unknown regions, which makes analysis by region of call currently impractical. 

Disaster response calls peaked a day after the damaging winds had subsided in the case of Cyclone Marcia, and 

two days later in the case of Cyclone Debbie. Disaster recovery calls commence later. This makes direct 

correlation between the cyclone path over time and numbers of calls challenging; winds have subsided before 

calls commence. While there is a lot of data across time for the two cyclones, allowing interesting analysis of call 

behaviour over time, there are only two cyclones, which is too small a sample to allow reliable quantitative 

prediction of the peak call intensity and the rate of decline over time across different cyclones. 

Direct correlations could be calculated in the case of Cyclone Marcia, where more calls were received during the 

period of damaging winds. As might be expected, disaster response calls are affected predominately by actual 

damaging winds, rather than forecasts of them. 

CONCLUSIONS AND FUTURE WORK 

The prototype SSQ analytics tool supports the work practices of the Forecast Analyst to help monitor emergency 

events as they unfold, allowing intelligence to be gathered faster to support the process of workforce planning in 

exceptional circumstances. The initial development was focused on features supporting the map interface. The 

simple task of combining information from various data sources, saving it in a database for later use, and providing 

a single map based web site interface is a productivity improvement for the purposes of quickly accessing relevant 

information for decision making. 

The model is based on the daily seasonality of the call centre data. When applied to the trend line we can accurately 

predict the number of calls per 15 minute interval. This model can be used to estimate the number of expected 
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calls for the remainder of the event, once the initial call peak has occurred. The remaining task is to determine 

beforehand what this peak will be. We are currently exploring Twitter data for this purpose. 

There are a number of areas of future work that we are exploring. The current tool uses historical data and has 

focused on previous large scale cyclone events. While incorporating publicly accessible real-time data feeds, such 

as weather warnings and cyclone tracks from the BOM, is straightforward, obtaining the real-time call centre 

metrics from a proprietary software management system is not. While this is technically feasible, as demonstrated 

by the provision of call centre data from SSQ, the technical details are yet to be realized. We are also investigating 

large scale storm and flooding events to see if similar correlations exist for this data. 

We need more data to develop a robust model. Rather than wait for these events to occur over time, we would 

like to develop a self-updating modelling system. As new cyclone events occur, the existing model is updated 

using the call centre metrics. Such a system would require oversight by a knowledgeable forecast analyst to ensure 

the model improves over time. Similarly, the prototype system could be extended to be a scenario planning tool 

to investigate situations that could occur in the future, informed by data from previous cyclone events. For 

example, it could predict the expected call volumes for an event similar in size to TC Debbie, but instead making 

landfall in Cairns or Brisbane. 
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ABSTRACT 

Taiwan is located in the collision zones between the Eurasian Plate and the Philippine Sea Plate. This has 

resulted in frequent earthquakes in Taiwan. In addition, the torrential and heavy rains in summer and autumn 

caused by typhoons or monsoons also resulted in large-scale disasters that endanger citizens’ lives and property.  

As the country is confronted by unfavorable environment and climate conditions, how disaster alerts and 

information are accurately and timely released has become an important topic for facilitating the evacuation of 

citizens and dispatch of disaster relief personnel. Although the frequent nature disasters are happened in Taiwan, 

the community is still under the situation of lack of efficient and fast Public Warning System (PWS). In view of 

the advantage of mobile-based technologies reported by the European Telecommunication Standards Institute 

(ETSI) in 2005, the development of effective and efficient warning system is committed and promised by 

government. This service combined the mobile communications technology to enable our government to, with 

the Cell Broadcast Service (CBS), instantly send alerts to all 4G and 3G (WCDMA) mobile users within the 

coverage of designated base stations and without being affected by the network congestion through broadcasting 

channels. The service has been finalized in May 2016. After sending the first alert of Earthquake Early Warning 

on May 12th, 2016, the benefit and advantage for timely notify citizens to evacuate and reduce casualties from 

the CBS system has been evaluated and proved, and then this CBS system has been authorized by government 

for published.  

Keywords 

Public warning system, cell broadcast service, natural disaster, alerts 

INTRODUCTION 

Due to climate change in recent decades, global warming has affected the climate system and resulted in 

temperature anomalies. Additionally, as Taiwan is located in the convergent boundary between the Eurasian 

Plate and Philippine Sea Plate in the Circum-Pacific Seismic Zone, the country suffers from natural disaster 

frequently [Yu et al., 2003]. Threatened by natural disaster, the key investigation including manpower and 

resources from Taiwanese Government is devoted to disaster prevention, relief and response. As we often race 

against the clock while conducting disaster prevention and relief missions, the country must develop a tool that 

can massively releases alerts to specific targets or in specific regions on time and without mistakes for the 

benefit of developing a long-term plan.  

By the meaning of being an effective public warning message, the message shall be quickly and seamlessly 

broadcasted to assist all citizen escape from the attack of natural disasters such as tsunami, flood and typhoon, 

and to minimize possible damages. It also provides government agencies and infrastructure operators more time 
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to build a safety network and to conduct disaster prevention and relief missions.  

The Tōhoku earthquake occurred on March 11, 2011, was an example of good applications, where instant 

warning messages were released by the Japanese Government’s Public Warning System, showing an efficacy of 

helping people respond to disasters and reducing casualty rate. The U.S. Federal Emergency Management 

Agency (FEMA) started to broadcast Wireless Emergency Alerts (WEAs) to mobile devices for notifying 

people who is under imminent hazards situations in 2011. Communication technique for public warning 

messages delivered over mobile devices also been investigated and addressed by Bean et al., 2015, especially 

focus on the difference between academe and public application and understanding (Bean et al., 2015). 

The emergency messaging service based on the mobile-based technologies had been reported by the European 

Telecommunication Standards Institute (ETSI) in 2005. According to the report from GSMA [GSMA, 2013], 

Cell Broadcast Service (CBS) is the one of two main the most suitable technologies for delivering a mobile-

driven PWS. There are three characteristics of CBS, Message Display, Message Delivery, Message Security, 

that make CBS is more appropriate as a PWS comparing with Short Message Service (SMS). CBS is with the 

capability for sending massive messages to specific targets in specific locations within specific timeframe 

quickly, timely, accurately and safely. 

For so long, the waring messages always announced by government via the TV, radio station and internet 

website with the individual disadvantage. Following the popularization of mobile devices and the wide converge 

of mobile communication network, the government and telecom industry have cooperated to develop public 

warning system that enables users to receive cell broadcast messages with mobile devices. The reliable cell 

broadcasting technique has been proofed with advantages during emergencies happened as it operates on a 

separate frequency network from the frequencies used for phone calls (Mahan et al., 2009; Wong et al., 2017). 

This technology also has been implemented (similar) in Lithuania, Israel, Japan, and Chili (Gutteling et al. 2014; 

Gutteling et al. 2017). 

DESIGN OF THE CBS-BASED PUBLIC WARNING SYSTEM IN TAIWAN 

Taiwanese government intend to develop the system, which can send massive emergency broadcast messages 

every minute and is not affected by network congestion, enables 4G and 3G (WCDMA) mobile users in specific 

areas to instantly receive alerts released by central regulating authorities for disaster prevention and protection.  

For example, instant torrential rain alert, instant earthquake alert, earthquake report, road closure alert, alert of 

reservoir flood discharge, debris-flow alert, epidemic alert, air defense alert and so on. It is critical and helpful 

for people to respond to disasters timely. 

Based on the advantages of CBS and the applied models from Europe, U.S. and Japan, Taiwanese PWS is 

designed based on CBS to coordinates with disaster alert and message transmission platforms of the central 

regulating authorities for disaster prevention and protection. The emergency messages sent to local users’ 

mobile communication devices enable them to respond to emergencies timely and result in a reduction of 

casualty.  

Considering the dense distribution of mobile infrastructure and frequent typhoons and earthquakes in Taiwan, 

National Communications Commission (hereinafter shortened as NCC) promulgated “Regulations for 

Administration of Mobile Broadband Businesses” and “Technical Specifications for Mobile Broadband 

Subscriber Station, PLMN10” in 2013 for the needs of the country’s long-term goals of disaster prevention and 

relief plans. According to these regulations, telecom industry are requested to build cell broadcast centers 

(CBC), provide public warning messages and list 4G LTE mobile phones on the compulsory examination list. 

At the present stage, messages announced by our system are divided into “presidential (presidential) alert” and 

“alert notification” as follows: 

⚫ National Alert (or “Presidential Alert”): is released when there is a potential and immediate danger. For 

example, earthquake alert, air defense alert and some other emergency messages. This kind of 

message is received by citizens’ mobile phones compulsorily and has unique alert alarm. 

⚫ Alert Notification: messages of this kind are relatively less emergent despite their connection to 

citizens’ lives. No alert alarm goes with these messages and people can decide to receive them or not 

by adjusting their mobile phone setting. 

The public warning system is formed by “government’s public warning messages”, “message collection and 

gathering”, “messaging channel” and “applications” (as shown in Figure 1). 
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Figure 1.  The PWS Framework 

Upon the receipt of warning messages, central and local agencies of Taiwanese government (Alert Originators) 

will send the messages to Cell Broadcast Entity (CBE), where all messages have their format unified by the 

National Science and Technology Center for Disaster Reduction (NCDR) (Alert Aggregator/Gateway) before 

being sent to Cell Broadcast Centers (CBC) established by mobile network operator (CMSP Gateway). Then the 

messages will be sent to 4G or 3G (WCDMA) mobile phones of mobile communication operators’ users (Users 

/ Terminals).  

 THEORY AND IMPLEMENTATION OF CELL BROADCAST SERVICE 

Taiwan public warning messages are mainly transmitted through CBS. The theory of cell broadcast is that every 

mobile communication base station contains one to several cells and is the smallest unit of cell broadcast. A 

broadcast region may have one or several cells, or have the entire public land mobile network (PLMN). Similar 

to television broadcast, cell broadcast sends messages to all receivers in specific regions.  

CBS is the standard of global system for mobile communications (GSM) defined by European 

Telecommunications Standards Institute (ETSI). With applications mainly formed by base stations and mobile 

phones, it is originated from the GSM system (2G) and then extended to UMTS (3G) and LTD (4G) systems. At 

the current stage, the system 2G had been disable by Taiwanese government few years ago. The percentage of 

mobile phone user between used system 3G and 4D are around 35.6%, and 64.4% respectively in 2016.  

CBS is different from SMS-PP (Short Message Service – Point to Point), which sends messages only to one or 

few receivers through the core network of mobile communications and is easily blocked by network congestion. 

Figure 2 shows the framework of CBS. 

Cell broadcast messages can only be sent from the base station to users’ terminal devices as cell broadcast 

provides unidirectional transmission. The processes are: the cell broadcast entity (CBE) edits the message 

content and transmits the message code and content, including the transmission details, time, frequency, range 

and other parameters, to the cell broadcast center (CBC) through network. CBC then unifies geological 

information of all regions and transforms them into cell information that covers the transmission range before 

sending them to the network management platform. The platform than transmits these messages to the 

responding base station, base transceiver station or eNodeB through equipment like IP router and MME. Next, 

the base station transmits the message code and content through cell broadcast, enabling terminals (users’ 

devices) within the radio coverage to receive the message. 
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Figure 2. Framework of the CBS network 

According to above principles, cell broadcast has adopted base station broadcast method to send out emergency 

messages through independent channels. This is the reason that specific messages can be simultaneously sent to 

ten thousands to millions of mobile communication devices in specific regions within few seconds and without 

being annoyed by network congestion. Below are the features of cell broadcast:   

⚫ Unidirectional broadcast, where messages can only be transmitted from the base station to users. No 

interaction with the user is required;  

⚫ Being able to quickly and massively transmit messages to millions of users every second; 

⚫ Possible to set the broadcast cycle including the time of starting / ending the broadcast and the 

broadcast frequency; 

⚫ A wide coverage with high regional adjustability. Different messages can be transmitted to different 

regions according to the level of disaster impact; 

⚫ Fast transmission through independent channels and without being affected by network congestion. 

⚫ High reliability. The messages are transmitted only by certified and authorized units, providing high 

reliability of the information source; 

⚫ A high penetration rate of the terminal device (mobiles), where the devices can be carried by people 

around.  

As CBS identified different channels through message codes, message code is considered as the channel code. 

National Science and Technology Center for Disaster Reduction has listed message codes adopted by CBS and 

responding warning messages as below table (Table 1), which is made by the National Science and Technology 

Center for Disaster Reduction, has listed message codes for CBS provided by our country and the responding 

warning messages. 

Table 1.  CBS message codes and responding alert messages 

Cell Broadcast Service 

Message Forwarding Unit 

Notification  Message Code / 

Channel Coding  

Central Weather Bureau Torrential rain alert Alert Message(911) 

Earthquake early warning  National Alert (4370) 

Tsunami alert Alert Message(911) 

Directorate General of Highways Road closure alert Alert Message(911) 

Water Resources Agency Reservoir discharge alert Alert Message(911) 

Soil and Water Conservation 

Bureau 

Debris-flow alert Alert Message(911) 

Directorate-General of Personnel 

Administration 

Suspension of offices and classes Alert Message(911) 

Centers for Disease Control Epidemic disease(s) Alert Message(911) 

International epidemic alert Alert Message(911) 

Civil Defense Headquarters Air defense alert National Alert (4370)、

Alert Message(911) 

 

Among them, Channel 4370 (National Alert /Presidential Alert) is for disaster prevention and protection related 
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cell broadcast messages and cannot be switched off. Warning messages sent by Channel 911 (Alert Message) 

can be switched on or off depending on the user. 

Besides, our country’s CBS followed NCC’s Technical Specifications for Mobile Broadband Base Station to 

add unique alarm to warning messages (the sound is different from that of ordinary SMS). This alert alarm is 

featured with specific frequency and intervals, and cannot be set or adjusted by users. Those who have adopted 

mixed audio frequency shall have the sounds created by fundamental frequencies (853Hz and 960Hz); those 

who have adopted monosyllabic audio frequency shall have the sounds created by 960Hz. Specific intervals: the 

alert alarm rings two times every time with an interval of 0.5 second. For each time, it rings 2 seconds once and 

1 second twice with an interval of 0.5 second. The pattern repeats twice to create the alert alarm. 

STATE OF APPLICATION DELIVERY 

The system was authorized by government and published officially in May, 2016. On 22-June-2018, the heavy 

rain fall event was predicted and warned by Central Weather Bureau, Taiwan. The alerts were sent successfully 

and efficiently in time by the system. The amount of people who received the warning message in 0.41sec when 

disasters happened can reach millions people. The alert from the system shown on the cell phone and scene 

photos of this event are presented as figure 3. 

 

  

 

Figure 3 Torrential rain alert and Scene photos (Oingshan Elementary and Junior High School) on 6/22, 2018 

CONCLUSION 

Not only the introduction of the mobile communications technology and CBS based public warning system are 

represented by this investigation, but also the great ability, excellent outcomes and milestone for integrating 

regulating authorities from up to down streams has been demonstrated by the Taiwanese government. Apart 

from a perfect integration of government agencies, all citizens are encouraged to possess CBS compatible 

mobile communication devices and be familiar with this service in order to be alerted to disasters or emergency 

issues.  

The appropriate promotion of the system will be conducted for the capability extended to nationwide as the 

achievement of nest phase. The guidance for dealing with the response to the situation under disasters happened 

will also be announced for all citizens. The system will then be able to protect our homeland and nation while 

perfecting our country’s public warning services. 

101



Chang et al. CBS for Emergency Alerts 
 

Work in Progress Insight Paper - Monitoring and Alerting Systems supporting Business as Usual and Emergency Warnings 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

REFERENCES 

Bean, H., Sutton, J., Liu, B. F., Madden, S. M., Wood, M., and Mileti, D., (2015) The Study of Mobile Public 

Warning Messages: A Research Review and Agenda, Review of Communication 15, 1, 60–80.  

GSMA, (2013) Mobile Network Public Warning Systems and the Rise of Cell-Broadcast , Global System for 

Mobile Communications Association (GSMA), London, UK. 

Gutteling, J. M., Kerstholt, J., Terpstra, T., and As, N. van, (2014) Bereik en effecten van NL-Alert. Enschede: 

University Twente. Research Project Commissioned by Wetenschappelijk Onderzoeks- En, Documentatie 

Centrum of the Dutch Ministery of Justice and Safety (Report in Dutch).  

Guttelinga, J.M., Terpstrab, T., and Kerstholta, J. H. (2017) Citizens’ adaptive or avoiding behavioral response 

to an emergency message on their mobile phone, Journal of risk research, 

DOI:10.1080/13669877.2017.1351477. 

Li, Wei-Lun*, Liu Chia-Hung, Ho Yeh-Chin, Ho Hsin-Ching, Chou Chia-Lin, Liao Tsung-Ming, Huang Chih-

Yen and Chang Hui-Chia. (2011) A Discussion on the Emergency Message Delivery Technology, Journal of 

Advanced Technology and Management. 2 (1). 

Liu, Yu-Lin, Chang Kui-Hua, Chen Chien-An and Wu Yuan-Ting. (2007)An Feasibility Assessment on 

Chunghwa Telecom’s 3G Cell Broadcast Service, TL Technical Journal. 6( 37) 

Mahan, A. K., Melody, W. H., Samarajiva, R., and Waidyanatha, N., (2009). Two complementary mobile 

technologies for disaster warning. Info®, 11(2), 58-65.  

NCC, “Public Warning Services Zone”, National Communications Commission, 

http://www.ncc.gov.tw/chinese/gradation.aspx?site_content_sn=3725&is_history=0 (Browsing Date: August 

21, 2016) 

NCC NewS, “Instant Alert Platform – An Instant Information for Your Life and Safety: An Overview of the 

Public Warning System (PWS) for 4G Mobile Phones”, Telecom Technology Center. June, No. 2, Volume 8 

(June, 2015) 

NCC News,  “Prompt, Safe and Accurate – A Seamless Broadcasting Scheme that Saves Lives: An Introduction 

of the 4G Public Warning System (PWS)”, Telecom Technology Center. May, No. 2, Volume 8 (May, 2015) 

Wong, D.J., Jones, E., Rubin, G.J., (2018) Mobile text alerts are an effective way of communicating emergency 

information to adolescents: Results from focus groups with 12- to 18-year-olds, Journal of Contingencies and 

Crisis Management, 26, 183-192, DOI: 10.1111/1468-5973.12185.  

Yu, S.B ., Hsu, Y.J., Kuo, L.C., Chen, H.Y., and Liu, C.C.  (2003) GPS measurement of postseismic 

deformation following the 1999 Chi-Chi, Taiwan, earthquake, Journal of Geophysical Research, 108, 2520, 

DOI:10.1029/2003JB002396. 

 

102



Gordon et.al. Emergency Mobile Alert system and Public Information 

Management 
 

Work in Progress Insight Paper – Monitoring and Alerting Systems supporting Business as Usual and Emergency Warnings 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

 

Insight into the Emergency Mobile 
Alert system and Public Information 

Management in New Zealand 

Teresa Gordon 

Taranaki Civil Defence Emergency 

Management 

teresa.gordon@cdemtaranaki.govt.nz 

Hamish Keith 

Ministry of Civil Defence & Emergency 

Management 

Hamish.Keith@dpmc.govt.nz 

  

Todd Velvin 

Taranaki Civil Defence Emergency 

Management 

todd.velvin@cdemtaranaki.govt.nz 

 

  

  

  

 

ABSTRACT 

New Plymouth city’s water supply infrastructure suffered major damage as Ex-Tropical Cyclone Gita passed over 

New Zealand on 20 February 2018.  By 19:50 a State of Local Emergency had been declared due to the disruption 

of the drinking water supply in New Plymouth and power supply across the region. 

This report (written by members of the Taranaki Incident Management Team and a Senior Advisor from the 

Ministry of Civil Defence Emergency Management) focuses on the feedback received by the Taranaki Civil 

Defence Emergency Management (CDEM) Group’s Public Information Management team following activation 

of the Emergency Mobile Alert (EMA) system on the evening of Wednesday 21 February 2018, to warn people 

in New Plymouth District that tap water must be boiled.  The report gives a practitioner’s insight into making the 

decision to send one of New Zealand’s first EMAs and the subsequent handset issues experienced by members of 

the public with this new system, including various misunderstandings about how the EMA system works. 

Keywords 

Emergency Mobile Alert, cell broadcast messaging, practitioner’s insights, public information management, 

Taranaki, New Zealand. 

INTRODUCTION 

The New Zealand Government wanted to reduce the potential impacts of fast-moving threats such as tsunami, 

wildfire and hazardous substance incidents through the implementation of an effective warning system that could 

alert ‘at-risk’ communities quickly and reliably. The government tasked the Ministry of Civil Defence & 

Emergency Management (MCDEM) to lead a project, to establish a system the can be used by multiple agencies.  

The Emergency Mobile Alert system uses cell-broadcast technology to send alerts about serious threats to mobile 

phones over a defined area. Cell broadcast works on a ‘push’ basis, which means there is no requirement on the 

public to subscribe to receive the alerts. Furthermore, in New Zealand, the public cannot opt-out of receiving 

alerts. EMA complements and does not replace other channels used for public alerting.  

The project commenced in November 2016 and had a target completion date of 24 December 2017. The project 

successfully launched New Zealand’s Emergency Mobile Alert capability in November 2017 with the first 

nationwide test of the system. This was supported with a broad public advertising campaign and a subsequent 
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Colmar Brunton survey, which estimated that approximately 34% of the population received the test message. 

This percentage will grow as new handsets come into the market and older handsets are retired. The average 

turnover of mobile phones is two years. 

The project achieved the following benefits for the emergency management sector:  

1. Where possible provides appropriate lead-time to allow the public to take action (i.e. time to effect 

warnings and faster public response time). 

2. Greater potential to reduce risk to life and property (i.e. higher penetration of warnings in targeted 

areas). 

3. Safer and more appropriate use of emergency resources (i.e. reduced time spent on alerting and 

warning and reduced 111 call loading). 

4. Ability to target effective information to at risk communities (i.e. limit disruption and recovery time). 

User agencies are responsible for ensuring that these benefits are realised on an ongoing basis, with MCDEM 

providing oversight and maintaining its role as system custodian. Since the system went live in November 2017, 

it has been used four times to warn communities at risk (as at 1 June 2018). 

Globally, the use of cell broadcasting is not necessarily new as it was used in Hong Kong for SARS in 2003 but 

it is becoming increasingly more popular. Some other countries that have implemented this technology include 

the Netherlands (2012), Lithuania (2012), Japan (2007), Israel (2014), Chile (2011), USA (2012), Taiwan (2016), 

South Korea (2012), Sri-Lanka (2009) and Canada (2018). 

Method 

This paper provides an insight into the decision making around using a new piece of technology available to 

emergency management practitioners in New Zealand.  Information presented in this paper was gathered using 

the social science method of participant observation.  The authors of this paper from the Taranaki Civil Defence 

Emergency group were both members of the Incident Management Team, one the Intelligence Manager, and the 

other the Response Manager.  The contributing author from the Ministry of Civil Defence Emergency 

Management was heavily involved in the implementation of the EMA system and supported the Taranaki 

CDEM team throughout this first large-scale use of the technology. 

At the time of this emergency occurring no forethought was given to writing a scientific paper about the 

emergency.  Therefore, the tracking of communications statistics only occurred post-event.  A comprehensive 

debriefing paper written by the PIM team manager, along with other debriefing meetings assisted the authors 

with compiling this paper and developing the conclusions. 

The emergency 

Ex-Cyclone Gita tracked through New Zealand on Tuesday 20 February 2018 with associated high winds and 

storm surge experienced in Taranaki. The high winds caused widespread damage to much of the Taranaki Region 

from approximately 16:00 to midnight. Lifeline utilities including roads, power, telecommunications and water 

supplies within the region were impacted. A State of Emergency was declared for Taranaki Region on Tuesday 

20 February at 19:50. 

New Plymouth city’s water supply was interrupted by a windblown tree, which fell and severed a section of trunk 

main water supply pipeline (carried on a pipe bridge) between the water treatment plant and service reservoirs in 

the late afternoon.  About 10,200 households were in the affected zone where complete water loss was experienced 

in the pipelines for varying periods of up to five days until the pipe repair was complete. 

By 13:00 on Wednesday 21 February New Plymouth District Council, in conjunction with the Medical Officer of 

Health for Taranaki, had identified the need for a boil water notice for the entire New Plymouth City water supply 

area (about 26,000 properties).  This was due to water quality issues caused by low reservoir levels, potential 

ground water contamination during the initial pipe break and the possibility that raw water was about to be 

introduced to the reticulation system overnight. The boil water notice needed to remain in place for at least one 

week after pipe repairs were complete and the water reticulation system replenished.  This was due to the 

requirement for three consecutive days of clear results before the notice could be lifted (the testing process for e. 

coli takes several days for each sample). 
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Methods of warning the public about the risk 

All available methods of contacting such a large population were utilised by the New Plymouth District Council 

including phone calling, door knocking, website, social media, radio, newspapers, letter drop, and television news.  

70 volunteers were deployed to undertake the letter drop but only 30-40% of the 26,000 properties had been 

reached by Wednesday evening – 24 hours after the potential contamination had begun1.   

Vulnerable residents such as elderly people who no longer subscribe to the local newspaper and are not online 

proved difficult to reach in a timely fashion.  Taranaki has just one major network radio station with local 

presenters from 6am-10am on weekdays2.  All other radio and television stations receivable in Taranaki are 

nationally broadcast and the boil water notice wasn’t being read out as news at every bulletin.  The council 

purchased advertising time on these radio stations to ensure local broadcasting of the message.  This still left gaps 

in the population, as many young people tend not to listen to broadcast media such as radio and television – 

choosing instead to consume YouTube and Spotify style entertainment sources.   

There were also a significant number of tourists expected to start arriving in the region for an event beginning on 

the Thursday morning. 

A decision to use the Emergency Mobile Alert (EMA) system for the Boil Water Notice 

The Taranaki Civil Defence Group Controller was very aware of the Havelock North (located in the Hawke’s Bay 

region of New Zealand) outbreak of gastroenteritis in August 2016 due to water supply contamination.  Some 

5,500 of the town's 14,000 residents became ill with campylobacteriosis. About 45 people were subsequently 

hospitalised in relation to the outbreak. It is possible that the outbreak contributed to three deaths (Government 

Inquiry into Havelock North Drinking Water, 2017).   

The duty group controller, the duty Emergency Management Advisor (trained and authorised to use EMA), and a 

New Plymouth District Council staff held a meeting at 19:00 on Wednesday 21 February to discuss whether 

sufficient effort had been made to warn the public about the need to boil water.  The team agreed that further 

effort could be put into ensuring that everyone in the affected water supply area was aware of the boil water notice, 

particularly people arriving in the region for large-scale tourism events due to start the next day.  This lead to 

discussions about the use of EMA as a warning tool.  Knowing the potential for water supply contamination to 

cause a major outbreak meant that the Controller considered that the risk to life met the threshold for use of the 

EMA system. 

A telephone call between the Taranaki CDEM duty group controller and staff at MCDEM clarified that the EMA 

system could be used for the purposes of a boil water notice given that the incident at the time met the thresholds 

defined within the Emergency Mobile Alert: Protocols for User Agencies that were developed in collaboration 

with and agreed to by all user agencies. The protocols state that the EMA system is used to issue high-priority 

alerts only as defined by three criteria: 1. Certainty, 2. Severity, 3. Urgency. As the drinking water contamination 

event was ‘likely to occur’, posed a ‘severe threat’ (illness and possible deaths) to the region and required action 

(boil water/do not drink water) to be taken immediately by the public; the decision to issue an EMA was supported.  

The message was written using short messaging best practice guidance developed by GNS Science and templates 

prepared by the Ministry of Health that were preloaded onto the system. The extent over which drinking water 

was supplied to residents defined the area that the message was sent. Taranaki CDEM staff however knew from 

their training that many people located just outside the water supply area would also receive the message. The 

duration of the broadcast was initially set to 6 days, which was the duration for which people would have to boil 

their water. Due to unexpected handset behaviour and feedback from the public, this was later shortened to four 

days. 

                                                           
1 Source: situation reports during the event. 
2 There are three other local community radio stations with small listener bases. 
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Actual message: 

Taranaki Civil Defence advise that all users in the New Plymouth area are advised to boil all water for drinking 

until further notice. Boil all water for: drinking, making up formula, juices and ice, washing fruits and vegetables, 

other cooking needs, and brushing teeth. All water (including filtered) needs to be continuously boiled for at least 

1 minute. ’Instant’ boil water systems do not boil water sufficiently. It is OK to use jugs with an automatic cut-off 

switch as long as they are full. Do not hold the switch down to increase boiling time.  We encourage you to check 

your neighbours are aware of this information. For further details visit the New Plymouth District Council 

Website www.newplymouthnz.com and www.health.govt.nz/boilwater. 

Feedback from the public 

Taranaki Civil Defence Emergency Management broadcast the alert at 20:39 on Wednesday 21 February 2018 to 

all geographical areas within a broad polygon covered by the boil water notice (see Map 1).  

The use of an EMA for a relatively large geographical area including over 57,500 usual residents meant that there 

was going to be a high level of public interest in the alert technology.  As it is a one-way broadcast system, there 

is no way of accurately determining how many handsets actually received the alert but based on the survey results 

from the national test we know it could have been anywhere up to 15,000 handsets. We do know that the system 

performed as expected with all telecommunication companies reporting 100% success rates on delivery to cell 

sites within the selected area.  

The Taranaki CDEM Emergency Coordination Centre staff were soon contacted by various means (phone, social 

media, and email) by hundreds of people who didn’t receive the alert and thought they should have or received 

the alert and didn’t want it. It also emerged that some people were receiving repeated alerts on their handsets. At 

the time, the guidance provided by MCDEM was that repeated alerts were a result of a setting on the handset, 

where the user could select a setting for them to receive reminders of the alert. However, the PIM team, in 

exploring this further, found that this was not the sole reason. Factors causing handset variability brought to the 

attention of the PIM team included the following, however we now know after subsequent investigations that the 

last three points were not entirely accurate (see below). 

- Phone make and model, 

- Phone settings and its software updates, 

- The owner’s ability to manage phone settings, 

- Travelling out of, then returning, to the alert area, triggering a new alert each time, 

- Patchy cellphone coverage (many towers were on battery power following widespread power cuts), 

with the alert repeated at the end of every ‘dropout’, 
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- Related to patchy coverage, delivery/reception of data switching between 3G and 4G, triggering a new 

alert with each change. 

The complexity of issues being experienced by the public and the variety of handsets made it difficult to deliver 

succinct messaging to maintain public confidence in the EMA system during the event.  As a result of repeated 

alerts many people were asking how they could turn off the alerts. Another side issue causing confusion was that 

for some people, the alerts were headed ‘Presidential Alert’. We understand that this is caused by handsets that 

have been parallel imported. Parallel imported handsets may also have different technical builds and other 

irregularities not aligned with New Zealand standards.  

At the peak of public queries about the EMA system, two people were working almost exclusively on answering 

queries received via social media, phone and email.  It is estimated that the overall workload of the PIM team 

doubled compared to an emergency of a similar size where no EMA was used. The majority of the queries related 

to issues arising with handsets (the key theme was repeated alerts) rather than confusion about the actual 

emergency but this was somewhat dictated by the nature of the emergency and low levels of perceived threat. 

Over 350 comments and queries were made on the Taranaki CDEM Facebook page, including 47 direct messages 

with questions that required a detailed response.  The number of phone calls and emails in relation to this issue 

were not tracked during business hours but were reported as being constant and time consuming.  The after-hours 

duty officer dealt with seven phone calls that took approximately two hours to complete.  The public had high 

expectations for the Taranaki CDEM team to have detailed knowledge of the EMA technology and all the different 

types of handsets.  Some examples of social media feedback received by the PIM team, and the responses, are 

still publicly available on www.facebook.com/TaranakiCivilDefence.   

Investigation into Handset Variability post Cyclone Gita 

This was the third but largest use of the EMA system in a live emergency context in New Zealand3 and the 

learnings from this event were significant. The main learnings included: 

1. Additional PIM resource was required to manage public enquiries caused by the extended reach of the 

tool as well as the handset variability issues that people experienced,  

2. The lack of succinct information that could be provided to the public on handset issues due to the wide 

variety of handsets on the market, and 

3. The previously unidentified issue of repeating alerts on handsets where the alerts reminder setting was 

turned off.  

Public feedback to the nationwide test in November 2017 identified some of this unexpected behavior in handsets 

so in December 2017 the project was extended until 31 May 2018, to allow time to conduct more handset testing. 

Unfortunately the results of this testing were not available by the time the EMA was used in Taranaki but the 

public feedback that the Taranaki Public Information team collected was considered as part of the investigation. 

The investigation focused on two main aspects:  

1. Why EMA capable handsets with the correct version of software did not receive the alert.  

2. Why alerts appeared repeatedly on some handsets even with the alert reminder feature turned off. 

Findings from the testing revealed that there is a limitation on 3G networks where some handsets will not receive 

messages longer than 90 characters. This means that even with the correct model of handset and the right software 

installed, some phones will still not receive messages longer than 90 characters. To mitigate this issue mobile 

operators have recommended that agencies reduce some messaging down to 90 characters to extend the reach. 

This would be dependent on the seriousness of the event and the information in the alert. MCDEM are working 

on developing processes to work around the issue. 

Some older and parallel import handsets have latent cell broadcast capability that causes the handset to repeat 

EMA messages. The recommendation from mobile operators to resolve the repeating alerts issue is to avoid 

sending messages over prolonged periods. Unfortunately, there is nothing that can be done to correct these 

handsets and it is just a matter of time to phase out the old technology. These are just two more considerations 

when deciding to use the EMA system until the handset technology overcomes these issues. 

                                                           
3 It had been used three days previously, also in New Plymouth, for a large ammonia leak whereby people in the 

suburb of Bell Block were warned to stay indoors with windows and doors closed for a couple of hours. The day 

before it was used in the Buller District to alert the public of severe weather and to find a safe place. 
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The Ministry of Civil Defence & Emergency Management has worked closely with user agencies and mobile 

operators to share the learnings from the use of the system in Taranaki (as well as from the nationwide test and 

other recent uses of the system), This Ministry, in collaboration with user agencies, has updated public information 

resources, created new 90 Character predefined messages, updated existing short messages, made enhancements 

to the system, facilitated exercises and developed decision-making guidelines. Another nationwide test is likely 

towards end of 2018, where agencies will be able to assess some of these variability issues further. 

CONCLUSION 

The Taranaki CDEM Group and MCDEM, upon reflection, have concluded that the EMA system was a valuable 

way to reach a large number of people in a short space of time for a boil water notice style of emergency. While 

the EMA system worked as expected, one of the ongoing challenges is the variability of handsets. The interaction 

between private sector mobile manufacturers and MCDEM about the diverse technical specifications and 

functionalities available on handsets will continue. MCDEM have issued a technical standard with regard to the 

setup of handsets however getting consistency across global phone manufacturers when New Zealand is such a 

small country is an ongoing challenge.  

Given the rapidly changing nature of the technology and its variable performance on different handsets, it should 

only be considered as one of many sources of warning to the public. The drop-off in numbers of people consuming 

broadcast media such as radio and live TV means that developing better ways to communicate in a timely manner 

about emergencies is critical. A heavy emphasis should still be given to educating the public about taking heed of 

natural warning signs for natural hazard emergencies. 
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ABSTRACT 

Most countries are now establishing multi-stakeholder, multi-institutional networks and partnerships to respond 

to flood disasters. The paucity of research directed towards knowledge transfer in networks keeps some 

important research questions unanswered. These include (1) how the knowledge of a certain disaster 

management stakeholder (or a group) is transferred to other stakeholders during the disaster response, and (2) 

what are the barriers and enablers of knowledge transfer in multi-stakeholder environments. This article 

analyses knowledge transfer practices employed by a selected local government agency and a community group 

in Sri Lanka and reflects on the practices with the help of Hedlund’s Knowledge Management Model (1994). 

The grounded theory analysis was used in this study to present the enablers and barriers of knowledge transfer 

in this context and the findings have a great potential to be used in future research towards developing 

knowledge management models specific to disaster response.  

Keywords 

Disaster, Knowledge Transfer, networks, Knowledge Management models 

 

INTRODUCTION 

Flooding has sustained a continuous rise in the global context accounting for 47% of weather-related disasters 

during 1995 and 2015 (CRED & UNISDR, 2015) and has become increasingly frequent in Asian countries. 

Hence, building flood resilient communities in South Asian contexts have been considered as an important 

research agenda since United Nations has adopted the Sendai Framework for Disaster Risk Reduction 2015-

2030 (SFDRR). Adopting these international policies encouraged countries to reshape their DRR paradigms by 

establishing multi-stakeholder, multi-institutional networks and partnerships to respond to disasters and build 

community resilience (UNISDR, 2015). However, publications still raise unresolved, alarming issues related to 

information and knowledge management in multi-stakeholder establishments (Abeling, 2015; Spiekermann et 

al., 2015; Toinpre et al, 2018). Von Lubitz and the group (2008) argued that conventional knowledge 

management systems turn out to be inefficient during critical events as the knowledge transformations in current 

systems are unable to satisfy the actual knowledge needs of an ongoing disaster. As they further articulated, the 

newly created and stored knowledge often happened to go missing during knowledge transformations and 

become inaccessible when such knowledge is actually needed during disaster response.  Information and 

Knowledge Management for Disaster Risk Reduction (IKM4DRR) Framework (UNISDR, 2013) recognizes 

following knowledge management issues disconcerting the Disaster Risk Reduction(DRR) efforts of 

communities and agencies especially in  resource-deprived environments: knowledge has scattered among 

various agencies, knowledge has not gathered systematically, limited analysis to understand the knowledge, 

disaster knowledge has not systematically used for policy and decision-making, absence of agreed-upon 

standards and shared definitions, less integration between regional, national and community knowledge systems, 

fewer resources to translate information to useful formats etc.  

The complex path and place dependent nature of disaster-related knowledge presents challenges to understand 

transformation cycles unique to disasters, and interaction between tacit and explicit knowledge during disasters. 

Similar research in the past, elaborate on the key success factors and barriers of disaster knowledge transfer 
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(Dorasamy et al, 2013; Eriksson, 2009; King, 2005; Marincioni, 2007; Murphy & Jennex, 2006). However, 

knowledge transfer and knowledge integration in resource-deprived environments have not yet been fully 

addressed in literature and keep some important research questions unanswered in south Asian countries. These 

include (1) how the knowledge of a certain disaster management stakeholder (or a group) is transferred to other 

stakeholders during the disaster response, and (2) what are the barriers and enablers of knowledge transfer in 

multi-stakeholder environments.  

The aims of the paper are twofold: first, to provide insight into how these different types of stakeholders 

involved in knowledge transfer and what kinds of knowledge transformations are required for the flood 

response; second, to understand how practices of these stakeholders develop barriers or enablers for knowledge 

transfer during flood response. The scope of this research is limited to two case studies in a single geographical 

area (Ratnapura division of Sri Lanka) and the analysis is conducted only on riverine floods. To achieve 

aforementioned objectives, Hedlund’s Knowledge Management Model (the knowledge management in N-form 

corporations) (Hedlund, 1994) is applied. The Hedlund’s Knowledge Management Model (HKMM) is chosen 

for this evaluation, as it is best suited to describe the case study of interest. This well-accepted model discusses 

knowledge transfer practices between different stakeholder levels that are organized in hierarchic, which is 

mostly led by tacit knowledge sharing. As this model entails the combination of knowledge rather than its 

division, it helps to understand the current disaster management practices embedded with the multi-stakeholder, 

multi-institutional networks and partnerships to respond to disasters (UNISDR, 2015). This research concerns 

two levels of knowledge transfer, First; knowledge transfer between individuals within a group, second; 

knowledge transfer between individuals and other groups (or organizational units). This article inquires the tacit 

and explicit knowledge dissemination of between individuals and different stakeholder groups and uses HKMM 

to recognize how useful knowledge could be acquired during disaster response. The remainder of the article is 

organized as follows: first, the article introduces theoretical background of knowledge transfer and the 

knowledge management models; second, the study background and the study context; third, the methodological 

approach section discusses the research design and the data collection methods; fourth, the data analysis section 

explains processes used to analyse the data and lists the emerged codes; fifth, the findings and discussions 

section presents the results of the study along with the elaborations; finally, the article concludes with a 

summary of the findings, including future research avenues and recommendations. 

THEORETICAL BACKGROUND 

“We can know more than we can tell,” wrote Michael Polanyi (1966, p.4) one of the most cited authors in the 

knowledge philosophy. Nonaka (1994) defined knowledge as a personal belief, which emphasizes the 

importance of justification. Nonoka aligned the definition of knowledge with knowledge creation, which is 

“created and organized by the flow of information, anchored on the commitment and beliefs of its holder” 

(p.15). There are various definitions for knowledge transfer in the body of literature. Rogers (1995) defined 

knowledge transfer as an attempt by an entity to duplicate a specific type of knowledge from another entity. 

Szulanski (1996) defined knowledge transfer to be either the identical or partial replication of knowledge from 

one place to another involving both a provider and a receiver. Another definition presented by Kumar and 

Ganesh (2009) indicated that knowledge transfer is a “process of exchange of explicit or tacit knowledge 

between two agents, during which one agent receives and uses the knowledge provided by another” (p.163). All 

definitions commonly agreed to the notion of two agents in the transfer process in which knowledge owner 

transfers and another agent receives. After reviewing definitions of knowledge transfer in literature, this 

research defines knowledge transfer as the process in which knowledge providing agent communicates explicit 

and tacit knowledge to the recipient agent so that the recipient absorbs knowledge partially or fully and apply 

learned knowledge in a suitable context. 

Polanyi (1966) recognized that knowledge transfers occur mainly between the two dimensions of explicit 

knowledge and tacit knowledge. Explicit knowledge is transmittable in formal, systematic language (ibid) and 

exists at the epistemological dimension where explication is possible using written or coded formats (Nonaka, 

1994). Tacit knowledge has a “personal quality, which makes it hard to formalize and communicate” (Nonaka, 

1994, p.16) and it is intensely entrenched in "action, commitment, and involvement in a specific context". Tacit 

knowledge exists at the ontological dimension (Nonaka, 1994) and it is a comprehensive cognizance of the 

human mind and body (Polanyi, 1966). Tacit knowledge is 'knowing how' which is linked to experience 

(Connell et at., 2003). The body of literature recognizes five knowledge management models on knowledge 

transfer among different organization levels:  The Knowledge Category Model developed (Boisot, 1987), The 

SECI model (Nonaka & Takeuchi, 1995), Hedlund and Nonaka’s Knowledge Management Model (Hedlund & 

Nonaka, 1993), Boisot's I-Space Model - Influential social learning model (Boisot, 1995), and Hedlund’s 

Knowledge Management Model - The N-Form Organization (Hedlund, 1994).  

The Knowledge Category Model developed by Boisot in 1987 reflected that knowledge is as either codified or 
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uncodified and as diffused or undiffused, within an organization (Boisot, 1987). The theory of organizational 

knowledge creation indicated that new knowledge is created through continuous cycles of Socializations (tacit 

to tacit), Externalizations (tacit to explicit), Combinations (explicit to explicit), and Internalizations (explicit to 

tacit) in the face of interaction between tacit and explicit means (Nonaka & Takeuchi 1995). The theory of 

organizational knowledge creation is based on the concept that individuals initially create knowledge and then 

created knowledge is embedded in organizational knowledge through continuous cycles of SECI. Nonaka and 

Takeuchi (1995) suggested two dimensions of organizational knowledge creation: epistemological and 

ontological dimensions. Epistemological dimension involves with two types of knowledge: tacit and explicit 

knowledge. The ontological dimension starts from the individual and ranges to team, group, organization and so 

forth. "A spiral emerges when the interaction between tacit and explicit knowledge is elevated dynamically from 

a lower ontological level to higher levels" (Nonaka & Takeuchi 1995). The basis of the spiral is developed 

through four modes (socialization, externalization, combination, and internalization) of knowledge conversion 

in which how the knowledge is converted from a knowledge type to another. Boisot proposed the Influential 

social learning model in 1995. Boisot (1995) brought forward the notion of I-space (information space), where 

knowledge emerges in a three-dimensional cyclical flow as a product of learning. Boisot's I-Space Model 

follows the same lines as Nonaka and Takeuchi (1995) but added a new dimension “Abstraction” which 

explains that knowledge can become generalized to different situations. The new dimension which ranges 

between abstraction and concreteness enabled to study knowledge transfer extensively (Haggie & Kingston, 

2003).  

Though Nonaka and Takeuchi's SECI model is one of the most cited category models exist in knowledge 

literature, several authors argued that knowledge transfer could be much complicated and complex than what is 

suggested in Nonaka’s model in modern-day non-Japanese organizations (Haslinda & Sarinah, 2009; McAdam 

& McCreedy, 1999). Hence Hedlund and Nonaka collaborated to enhance the SECI model to describe four 

levels carriers or agents of knowledge in organizations. Hedlund and Nonaka’s Knowledge Management Model 

suggests that knowledge should be categorized into four carrier levels including individual, group, 

organizational and inter-organizational domain. Hedlund and Nonaka’s Knowledge Management Model set up 

four main categories of knowledge transfer: Articulation and internalization; Extension and appropriation; 

Assimilation and dissemination; and Expansion.  Articulation makes tacit knowledge articulated to explicit 

knowledge at all four organization levels of the model. Articulation is an essential facilitator of knowledge 

transfer, expansion and creates the atmosphere and potential for knowledge to be improved while transfer. 

Articulation is very important for the growth of an organization because “without such articulation, it is difficult 

to involve new employees and to divide up and specialize work” (Hedlund, 1994, p.76). Internalization refers to 

transforming articulated knowledge to tacit knowledge i.e. experiencing articulated knowledge unintentionally 

such that articulated knowledge embeds to organizational practices. This interaction, termed as reflection, is 

held to be a primary source of knowledge creation (Hedlund, 1994). “Extension is transfer of knowledge 

(possibly resulting in its transformation) from lower to higher agency levels in the model, in articulated or tacit 

form” (Hedlund, 1994, p.77). During knowledge extension, the internalized knowledge is observed, imitated, 

emulated, or spread.  Extension is considered as successful establishment of anticipated corporate culture.  

Appropriation can be understood as the transfer of knowledge from higher organizational levels to lower levels 

through suitable channels, which is the opposite of extension. "Dialogue is the interaction of extension and 

appropriation" (Hedlund 1994). Dialogue embraces conversation at any agency level in terms of articulation or 

tacit knowledge. After knowledge extension and appropriation done at a satisfactory level, assimilation and 

dissemination processes will start. Assimilation refers to obtaining knowledge from outside the organization and 

dissemination refers to passing organizational knowledge to the external environment. Their interaction is 

termed dialogue whose, "…quantity and quality are hypothesized to be important determinants of the type and 

effectiveness of knowledge management" in an organization" (Hedlund, 1994). The last stage describes 

expansion where knowledge practices change through knowledge itself to establish new products or processes. 

Expansion requires frequent interactions in terms of change in substantial increments or continual improvement 

based on organizational knowledge culture. As McAdam and McCreedy (1999) describe, this model assumes 

four different agents or carriers of knowledge in the process of knowledge creation, which segregated and 

identified. Hedlund and Nonaka described the ontological axis of an organization in four levels namely 

individual, team, the organization, and the inter-organizational domain. Hedlund and Nonaka’s Knowledge 

Management Model (1993) views an organization as an M-form (multi-divisional) structure. The M-form 

structure is based on the logic of hierarchical organization where the organization is divided into permanent 

structures that are managed and knowledge is transferred in the vertical top-bottom hierarchy (Hedlund, 1994).  
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Figure 1.  A model of knowledge categories and transformation processes: Types of transfer and transformation 

Source: (Hedlund & Nonaka, 1993) 

The N-Form Corporations model of Hedlund (1994) closely follow the knowledge categories and transformation 

processes of Hedlund and Nonaka (1993), but in contrast, suggested that effective knowledge management is 

required to depart from the logic of hierarchical organization and the M-form structure. Alternatively, Hedlund 

(1994) proposed the N-form structure (networked form) as more appropriate for effective knowledge 

management. It entails “combination of knowledge rather than its division, which is the basic principle in the M-

form” (p.73). Hedlund (1994) suggest that N-form stands for “New” and “Novelty”. The N-form corporation is 

defined by seven themes (Hedlund, 1994): (1) combining knowledge rather than dividing, (2) temporary groups 

of people and units rather than permanent structures, (3) the importance of personnel at 'lower' levels in inter-

functional, inter-divisional, and international dialogue to handle coordination, (4) lateral communication and 

dialogue rather than vertical, (5) top management as catalyst of knowledge investment rather than monitor and 

resource allocator, (6) focusing the corporation for combining knowledge elements rather than diversifying to 

create semi-independent parts, and (7) Heterarchy as the basic structure rather than hierarchy. Even though the 

N-Form Corporations model of Hedlund (1994) is developed in the context of large business organizations, it 

shows the potential to apply in highly complex disaster situations to understand how different types of 

stakeholders involved in knowledge transfer and what kinds of knowledge transformations are required for the 

flood response in multi-stakeholder networks. Hence, this article utilizes Hedlund’s N-form Corporations model 

to evaluate the practices of stakeholders in the considered context to recognize barriers and enablers for 

knowledge transfer during flood response. The next sections of this article discuss the background of the case 

study and methodological approach.  

 

 
STUDY BACKGROUND  
 

The Indian Ocean Tsunami which struck Sri Lanka in 2004, killing over 50,000 people, led the Parliament of Sri 

Lanka to enact a Disaster Management Act (No.13) (SLDMA) in 2005. A DMC was established to implement 

the functions outlined in SLDMA to ensure the protection of community and environment from further 

disasters. The DMC lead the strategic planning process for prevention, mitigation, response, and recovery. To 

unify Disaster Risk Management (DRM) efforts, the DMC charted a comprehensive National DRM Framework 

(NDRMF) to detect and coordinate multi-stakeholder efforts across the regions of Sri Lanka. The NDRMF is a 

holistic strategy that is based on Hyogo Framework for Action 2005-2015 and Sendai Framework for Disaster 

Risk Reduction 2015 – 2030 which covers central government, local government and civil communities (DMC-

SL, 2015).  

 

Sri Lanka divides local government into two parallel structures, the provincial councils, and the civil service. 

There are 9 elected provincial councils across Sri Lanka, which are led by Chief Ministers. The civil service 

structure is divided into 25 districts; each has an appointed district secretary. Each district has several divisions, 

with each division also having a divisional secretary. The civil service structure manages the village level with 

Grama Niladari (Village Officers) and Samurdhi Niladari (Development Officers), who report to the divisional 

secretary. DRM action plans for each district are based on the NDRMF and aim to strengthen disaster resilience 

in the civil service structure. These district level DRM action plans recommend that there are disaster 

stakeholder networks in each district, known as District Disaster Management Coordinating Units (DDMCU). 
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DDMCUs operate as inter-institutional networks to link district secretariats, divisional secretariats, Grama 

Niladari, Samurdhi Niladari, DMC, armed forces, and other facilitation institutes (DMC-SL, 2005). The 

DDMCU has the exclusive responsibility of enacting the DMC’s DRM strategies. While DDMCU manages 

local disasters in local government jurisdictions, community resilience is promoted through village level 

networks that attend community-based DRM. DMC initiate the development of civil networks, known as 

Community Based Disaster Management Committees (CBDMC) in villages, which are led by Grama Niladari 

officers. CBDMCs are comprised of volunteers, village leaders, and community members. These civil networks 

are expected to lead disaster preparation, response, and relief, while DMC and DDMCU provide guidelines, 

training and necessary facilities for the establishment and maintenance of CBDMCs.  

 
 
STUDY LOCATION AND FLOOD EVENTS 
 

This study focused on DDMCU in the Ratnapura district and CBDMC in the Marapana village situated in 

Palmadulla division. As depicted in Figure 2, the Ratnapura district is located to the southwest and south of the 

Central Highlands of Sri Lanka. General rainfall records indicate an average annual rainfall of 3,800 mm. The 

lowlands of Ratnapura include two main river basins, Kalu and Walawe. ‘Kalu’ (the black river) is the second 

largest river basin in Sri Lanka, spanning 2766 km2 of the western slope of the central hills (Ampitiyawatta & 

Guo, 2009), and flows through Ratnapura and Kalutara districts. Both Kalu and Walawe river basins are known 

to be extremely vulnerable to frequent flooding, and the people of the Palmadulla, Alapatha and Kiriella 

divisions of the Ratnapura district experience floods every year. The Palmadulla division has recorded 

significantly intense flooding for many years as geologically it is situated in an ancient floodplain which is 

comprised of gem-bearing river gravels. Excessive gem mining has worsened the flood situation in this area.  

 

The Ratnapura district has the highest number of flooding incidents in the past decade, with 80 floods occurring 

between 1999 and 2011 (DMC-SL, 2012). These floods occur during the southwest monsoon (May to June) and 

the inter-monsoonal season (September to October.) Floods significantly affected Ratnapura in 1913, 1940, 

1941, 1989, 2003 and 2016. The 2003 May flood caused 122 deaths, affected 34,473 families and caused 

damage estimated at 1,140 million Sri Lankan Rupees (Rajapakse, 2007). The 2016 May flood affected 14,031 

individuals and damaged 287 homes (Relief Web, 2016). The flood situation is particularly devastating in this 

area because approximately half of the population live on a floodplain, and despite recurrent floods, residents 

are reluctant to leave their traditional dwellings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.  The study location 

Adopted from: (Statistics.gov.lk, 2013) 
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METHODOLOGICAL APPROACH AND DATA COLLECTION METHODS 
 

This study employs the process of Building Theory From Case Study Research proposed by Eisenhardt (1989) 

as the overarching methodology to study the two exploratory case study units. However, considering the 

theoretical and methodological complementary of employing Grounded Theory Methods (GTM) to analyze data 

of interpretive case studies (Andrade, 2009; Urquhart, 1999, 2013), Glaserian strand of GTM (Glaser & Strauss, 

1967) was specifically used to drive the analysis. Glaserian strand of GTM is a three-stage process (open, 

selective and theoretical coding). This research employes only the first two stages of coding to arrive at 

conclusions and the theoretical coding will be not be discussed in this paper, as this paper is not intended to 

build theory. While the case study approach of Eisenhardt (1989), helped to provide a systematic procedure to 

capture a deep understanding of the participants’ experiences, vigorous analytical procedures developed in GTM 

(Glaser & Strauss, 1967) facilitated cross-case analyses of the study themes to recognize enablers and barriers of 

knowledge transfer.  

 

Initially, as the first step towards the research process, constructs were sparsely recognized to shape the research 

design referring to extant literature. However, the aim was not to arrive at priori hypotheses or conceptual 

frameworks. Unlike a pure GTM study, cases were selected earlier in this research in a more planned approach 

before entering the field to control the extraneous variation and to define the limits for generalizing the findings. 

The Critical Case Sampling, a strategy for selecting purposeful samples that looks for particularly important 

cases (Patton, 1990) was used to select the two cases and the participants.  The Ratnapura DDMCU and 

CBDMC of Marapana village of Palmadulla were chosen purposively considering the criticality of the impacts 

from the recent flood incidents. Participant observation was employed as the primary data collection method. 

The data collection team was comprised of the lead researcher and two research assistants. This three-member 

data collection team observed the two disaster drill exercises, having secured the principle agreement from the 

DMC, and DDMCU of Ratnapura. The ethical considerations were handled under the guidance, and supervision 

of the relevant official ethics policy and procedures. It was made clear that if participants found videotaping 

uncomfortable at any stage of the data gathering, the process would be terminated. Before the data collection, 

the objectives and procedures of the study and confidentiality arrangements were explained to the organizers 

and the participants of the disaster drill exercises.  The names of the participants were kept anonymous to 

maintain the ethical requirements. The same research team was participated in both exercises as observers to 

maintain the consistency of data collection and analysis of two case studies. All observers were instructed not to 

disturb the function of the exercise and behavior of the participants. Further, they were requested to avoid 

probing questions. Steps were taken to reduce observer bias by ensuring unobtrusive observation by the 

observers throughout the Case 1 and Case 2. Participants' conversations, non-verbal communications, and other 

actions were video recorded using two hand-held digital cameras, and they collectively yielded 325 minutes of 

video footage. The observations focused to obtain a clear understanding of what users actually do, what are their 

tasks, what is the nature of their tasks, what is the sequence they follow, what obstacles they face, and how 

participants react in an emergency situation?  Hence, videos captured naturally occurring interactions between 

stakeholders when they plan response tasks during the simulation and recordings were used to reconstruct the 

details of how stakeholders interpret their own and the others’ behaviors according to (Mondada, 2006). Dialogs 

captured in these recordings were transcribed verbatim and translated from Sinhala (national language of Sri 

Lanka) to English by the lead researcher to maintain the integrity of data. Similarly, non-verbal interactions, 

human expression were documented to understand the social activity. While translating expressions and 

concepts into English, checking and clarifying points with the participants managed linguistic and cultural 

knowledge specific shortcomings.  

 

A tabletop simulation exercise that was conducted in January 2016, at the district secretariat office of the city of 

Ratnapura was used to gather data for the Case 1. Eighty-five district level DDMCU members designated for 

flood response and relief activities in Ratnapura district participated. The DDMCU of Ratnapura district was 

established in early 2000 and serves as the primary government representative for DRM. The tabletop exercise 

used an extended flood scenario and hypothesized pre-assigned incident command system duties over three 

hours. Participants arranged themselves into four steering committees: operations, planning, logistics and 

finance/admin. Participants were aged between 35 and 55 years, and most were Sri Lankan Sinhalese. All 

participants held executive positions in the civil service structure. All participants had secondary or tertiary 

education. Sixty-four percent were men. 

 

The Case 2 was based on a village flood map development exercise executed by the CBDMC of Marapana 

village of Palmadulla, situated in a high flood zone. The map development exercise was conducted in July 2016 

in the Marapana village temple with 32 community leaders appointed by the DDMCU of Ratnapura. The case 

participants were aged between 35 and 70 years and were all Sinhala Buddhists. About 60% of the participants 
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were literate and attained junior school education. Eighty percent were women.  

 

DATA ANALYSIS 
 

Understanding the importance of constant stimulation of conceptual ideas in grounded theory analysis process, 

the lead author of the paper independently examined the entire video footage to understand verbal and non-

verbal observations. NVivo for Mac (version 11.4.1) data management tool was used on a Mac OSX platform to 

assist the coding process by developing a hierarchy of nodes, color codes, and theoretical memos. Nvivo offered 

the flexibility with modifying nodes and textural snippets to improve conceptualization.  

The textural transcripts obtained were repeatedly read with a focus on participants’ meanings. The lead author, 

who participated in the observations conducted the entire data analysis. The constant comparison method of 

Glaserian GTM (Glaser & Strauss, 1967) was used as the analysis tool for the entire coding process. The lead 

author enhanced the trustworthiness, analytical rigor, trustworthiness, and credibility of the findings, by 

engaging a longer time with the coding process, and time-to-time meetings with other researchers to improve 

reflexivity.  

The coding process commenced with the line-by-line coding, and the process developed seventy open 

codes. Once the analysis reaches a level where no further open codes formed, the open coding stage was ceased, 

and the selective coding stage commenced. During selective coding, open codes were compared incident-to-

incident, and then incidents-to-categories, to recognize categories that naturally emerge from data.  A deep 

inquiry into these open codes raised two interesting issues. First, the participants identified several social links, 

which facilitate knowledge transfer among them. Hence, two selective codes Brokerage and Closure emerged. 

Second, participants frequently discussed the processes and procedures stakeholders use to transfer knowledge 

to their teams. Hence, a selective code Knowledge Dynamics emerged. Brokerage collectively refers to open 

codes that talks about interactions between stakeholders that belong to different groups, whereas Closure refers 

to interactions among stakeholders that belong to a single group. Different procedures and methods that various 

stakeholders followed to facilitate knowledge transfer during a flood situation collectively referred to the 

Knowledge Dynamics selective code. In this study, the Brokerage category is defined as an opportunity 

available for a certain individual or a group of individuals to access and transfer knowledge with stakeholders 

belong to other functional hierarchies. Closure is defined as an opportunity available for a group of individuals 

to access and transfer knowledge among acquaintances belong to a certain functional group through strong 

bonding relationships. Knowledge Dynamics is defined as the current and prospective Practices associated with 

accessing, absorbing and transferring knowledge to achieve disaster management objectives. Table 1 shows the 

selective codes emerged and the corresponding list of open codes used to arrive at each selective code. The 

emerged selective codes (i.e. themes) are printed in italics in future references to maintain the integrity of the 

discussion and analysis. The next section presents the findings of the case study and section is organized 

according to the three selective codes emerged from the data.  

Table 1. Selective Codes and a corresponding list of open codes 

Emerged 

Selective Codes  

    Open Codes 

Brokerage  Follow hierarchy, Top-Down Knowledge flows, Bottom-Up Knowledge flow, 

Knowledge links with other stakeholders, Middle-Top-Down Knowledge Transfer, 

Bridging knowledge links, Limited knowledge transfer from top to community, 

Structural holes, Direct involvement of other stakeholder groups, Type of knowledge 

passes across, Top-Down knowledge halts, Validated knowledge, Improved 

predictions, Compensations 

Closure Bonding knowledge links, Experience-based decision making, Familiarity, Instinctive 

sharing habit, Nature of seeking opinion from others, Personal connections, 

Confidence, Knowledge repetitions.  

Knowledge 

Dynamics 

 

Delegation of tasks, Dependence on other stakeholders, Gaps in the knowledge flow, 

Experience-based Decision Making, Familiarity in existing stakeholder network, Hints 

of articulation, Lack of articulation, Limited knowledge transfer from top to 

community, Knowledge Transfer Processes, Speed of knowledge transfer, Transition 

Points, Role delegation, Type of Knowledge that is being transferred, Legal gaps, 

Criteria changes over time, Deviation of Procedure based on flood intensity, Resilient 

practices, Seeking for verified knowledge, Impressions of difficulty 
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FINDINGS AND DISCUSSION 

The case study of interest in this study makes a close association with the Hedlund’s knowledge management 

model (HKMM). As anticipated, the concepts of the Hedlund’s knowledge management model could be easily 

compared and contrasted with the practices followed in the case study as both discuss knowledge transfer in 

network structures. The case study has produced three main finding streams in terms of the three selective codes 

emerged:  (1) Brokerage, (2) Closure and, (3) Knowledge Dynamics. In this section, practices followed by 

stakeholders of the case study will be critically evaluated to recognize barriers and enablers of knowledge 

transfer for flood response.  

 

Brokerage is the first category emerged during the data analysis. Data from this category provides evidence for 

the existence of a hierarchical functional structure, which manifested in disaster management operations for the 

Ratnapura district. DMC was found at the national level authority for disaster management, and it stands at the 

top of the hierarchy of authoritative control.  The DDMCU operated by the District Secretariat stands at the 

second level of the hierarchy, followed by Divisional Secretariats. The community stands at the bottom of the 

pyramid and regarded as the main beneficiary of this system. It was seen that the function of disaster 

management occurs through passing knowledge in two dimensions: Top-Down and Bottom – Up. Open codes 

and extracts from transcripts confirmed that these stakeholders follow these hierarchical patterns during 

knowledge brokerage. These patterns tended to appear as a property of Brokerage category, which explains the 

knowledge transfer function of stakeholders. These findings emerged from the Brokerage category can be easily 

compared with the two concepts Appropriation and Extension of the Hedlund’s knowledge management model.  

 

Appropriation (Hedlund & Nonaka, 1993) is the process of transferring knowledge from higher agency levels to 

lower agency levels. The case study shows this practice by transferring knowledge in the Top – Down 

functional hierarchy, as when the DDMCU provides warning and evacuation alerts to the divisional secretariats, 

and then the divisional secretariats pass that knowledge to the relevant village officers and then the message is 

transferred to the susceptible community. A quote from the assistant director of the planning division of 

DDMCU clarified that "messages from Divisional Secretariat to community members, usually passed through 

dedicated development officers in the divisional secretariat. As we are attached to the District Secretariat, we 

don't have direct communication with the community. But Divisional Secretary can contact Grama Niladari 

officers, Grama Niladari passes messages to the community”. Data indicated that this Functional knowledge 

that is the knowledge essential for the formal operation of disaster management activities is passed down the 

line in the exact descending order of functional hierarchy. In other words, Level 1 passes knowledge to Level 2, 

and then Level 2 passes knowledge to Level 3 given that Level 1 (DMC) is at the top of the hierarchy and level 

3 (community) is the lowest. As same as indicated in HKMM, this knowledge transfer pattern follows brokering 

knowledge in the articulated forms (ex. flood warnings and evacuation alerts through official memos, fax, email, 

and SMS) as well as tacit forms (ex. meetings, telephone communication, and verbal conversations). The 

HKMM describes that during appropriation, functional knowledge is transferred in the articulated route and the 

tacit knowledge transfer indoctrinates them to the DRM practice. The case study indicates that the flood 

response activities are significantly based on the accuracy and timeliness of functional knowledge arrived in the 

articulated route and the efficiency of transferring them to disaster responders in tacit modes. The direct 

knowledge transfer from Level 1 to Level 3 is not seen in the case study. One of the interesting findings of this 

case study is that stakeholders strictly follow this hierarchy during knowledge transfer from higher authority 

levels to the lower levels and it is been used to regulate the disaster management functions.  

 

The case study also portrays Bottom-Up knowledge flows from the community to higher authority levels, which 

is recognized as Extension in the HKMM. Extension is the transfer of knowledge from lower to higher agency 

levels in the model, in explicit or tacit form. The case study shows similar extension practices in the Bottom-Up 

functional hierarchy. In other words, Level 3 passes functional knowledge to Level 2, then Level 2 passes 

functional knowledge to Level 1 given that Level 3 is at the bottom of the hierarchy. One such knowledge 

transfer route is seen when community passes information about the number of families and people enrolled in a 

relief camp, and the required facilities and special concerns to higher authority levels. Just as indicated in 

HKMM, the case study shows that Bottom-Up knowledge transfer requires the transfer of authorized functional 

knowledge in explicit modes (ex. memos, and fax) to higher authorities for the successful implementation of 

response activities. Apart from that, the Bottom-Up knowledge transfer is usually entailed in the complex, 

practical skills employed during the flood response practices by lower authority levels and such knowledge 

mostly resides in tacit forms. This case study verifies the need for practical dialogue between appropriation and 

extension for functional disaster knowledge transfer for effective flood response. This case study supports the 

HKMM’s concepts of Appropriation and Extension for the success of knowledge transfer and indicates that the 

effectiveness of knowledge transfer greatly depends on the extent of Appropriation and Extension in the context. 

The established structural stakeholder network and the developed functional hierarchies (Top-Down and 
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Bottom-Up) can be recognized as an important enabling factor for disaster knowledge transfer in this context. 

The case study provides evidence that; current flood response mechanisms are utilizing functional knowledge 

transfers between these stakeholder levels in practice. However, the case study also demonstrates that the poorly 

connected stakeholder levels of this case study have developed significant barrier for the effectiveness of the 

functional knowledge transfer. One such loophole is found between community and DDMCU staff. As the 

community’s knowledge is mostly in the tacit forms, and the two groups are functionally apart, the current 

extension mechanisms have shown their inability to transfer community’s local and indigenous knowledge to 

higher authority levels. Similarly, the articulated functional knowledge of higher authorities does not sufficiently 

reach the lower level agencies or community due to the distance of the stakeholder levels. Hence, this case study 

recognizes the importance of developing engagement between different stakeholder levels to achieve efficient 

knowledge transfer.     

 

Even though the HKMM model recognizes knowledge types generally as tacit and articulated knowledge, this 

case study recognizes that knowledge could be also classified according to the intention of the knowledge 

transfer. For instance, this case study showcase that the Bottom-Up knowledge flows from the community to 

higher authority levels can be classified according to their intention: functional knowledge and voluntary 

knowledge. Functional knowledge is the solicited knowledge essential for the formal operation of disaster 

management activities flows in descending order of functional hierarchy. In contrast to the solicited knowledge 

transfer, the voluntary knowledge that is possessed by community members follows a flexible flow of tacit 

knowledge, which allows the knowledge transfer to deviate from the functional hierarchy.  In this study, the 

voluntary knowledge is defined as unsolicited facts, information, and skills that community members possess 

and share with other stakeholders. Although the functional knowledge is involved in an interplay between tacit 

and explicit knowledge, the case study demonstrates that the voluntary knowledge does not involve in such 

inter-play and remains mostly in tacit forms. HKMM identifies that knowledge is reflected in a context through 

the process of reflection, which is the interplay of tacit and articulated knowledge is termed reflection. In 

HKMM, Articulation refers to “tacit knowledge being made explicit, articulated” and Internalization occurs 

when “articulated knowledge becomes tacit”(Hedlund, 1994, p.76). As Nonaka and Takeuchi (1995) articulated, 

the genuine knowledge creation occurs through the interplay of tacit knowledge and explicit knowledge. As the 

voluntary knowledge does not involve articulation, that knowledge will be easily forgotten and lost during the 

knowledge transfer. Hence, the absence of methods to articulate the community’s local and indigenous 

knowledge (voluntary knowledge) is recognized as one of the prominent barriers in the considered context. 

 

The Closure category can be mapped to Articulation and Internalization concepts of HKMM, which is confined 

into a specific stakeholder group where individuals in the group are functionally homogenous. As Hedlund 

(1994) described, the interactions of reflection within a specific functional group, allows transformations 

between tacit and explicit knowledge, which promote knowledge expansion within the group. Findings of the 

case study appreciate the existence of strong bonding relationships between the close acquaintances within 

functional groups. Data suggests that these bonding relationships will be stronger if stakeholders are known to 

each other by sharing some functional experiences before and that support knowledge Internalization (i.e. 

articulated knowledge becomes tacit), during a disaster situation. It was also seen that stakeholders could 

develop more confidence when they have previous experience working together. Another important observation 

is that same knowledge seemed to circulate around the group in the iteration (in HKMM, it is recognized as 

reflection). Some respondents believed that being exposed to the same knowledge multiple times, sanctions 

deeper understanding of the situation. However, the findings of this case study also acknowledged that sharing 

the same knowledge or holding on to the same facts would not stand beneficial unless there is a way to update 

the knowledge of group members. Hence, it shall be suggested that a functional group will be able to receive 

certain benefits from closure, only if at least one of its stakeholders has the access to external knowledge sources 

(i.e. Brokerage).  The findings of the study and the HKMM are consistent with each other as, both consider that 

small groups with high bonding relationships often result in innovation and development, as this is the level at 

which much of knowledge transfer and learning take place. However, this case study additionally suggests that 

the efficiency of disaster knowledge transfer also required the presence of few brokering agents in these groups 

who have access to novel knowledge. Findings of this case study recognize that having very strong bonding 

relationships among the small stakeholder functional groups (i.e. Closure) has served as a strong enabler of 

disaster knowledge transfer. The case study also identifies that DDMCU and the communities (CBDMC) have 

only a few brokering connections, and the two groups maintain a distant relationship with each other. Hence, 

this case study indicates a barrier to develop a sufficient dialogue between higher agency levels and community. 

When natural personals bonds exist among close acquaintances, the case study showed that tacit knowledge 

transfer occurs intrinsically through personal relationships without the help of special transfer mechanisms or 

systems. This stands as an important enabler of disaster knowledge transfer resulted from bonding since 

unwritten or unspoken knowledge that is integral to stakeholders would be transferred to close associates 
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through experience, intuition, or opinion sharing. Another opportunity opened for stakeholders who have 

bonding relationships is the intrinsic provision that enables the knowledge to be verified by other close 

acquaintances. Observations indicate that stakeholder's nature of seeking opinion from peers and providing 

instantaneous feedback promotes the knowledge transfer function. It was also found that stakeholders also 

allowed themselves to gain the opportunity to be available for novel knowledge from other stakeholders who 

have the benefit of special brokering relationships with external stakeholders. Sometimes even when a 

stakeholder does not have external connections, if any other member has access to external knowledge, it seems 

that knowledge will get the opportunity to be passed on through bonding relationships. 

Knowledge Assimilation and Dissemination, referring to knowledge imports from and exports to the 

environment in HKMM is analogue to the Knowledge Dynamics category. The Knowledge Dynamics depicts the 

practices of stakeholders during flood situations to import and export knowledge to other stakeholders and 

stakeholder groups. The case study provides such shreds of evidence of stakeholders improvising the existing 

knowledge to operationalize their disaster management functions and share the function-related knowledge with 

others (i.e. Dissemination). Findings also indicated that the respondents’ Knowledge Dynamics included 

practices of accumulating knowledge from others and use such knowledge to operationalize individuals’ (or 

team’s) practices (i.e. Assimilation). Observations of this case study indicated that stakeholders demonstrated a 

high dependency on other stakeholders (or groups) for the completion of the tasks they are assigned to. Some 

stakeholders refrained to initiate the tasks that they are assigned to until they receive an outcome or knowledge 

from another stakeholder. For example, during the tabletop exercise, two members of a certain committee 

argued, “According to the plan, we should receive information about the number of camps, their locations, 

number of victims from the S&R team. They have not sent information yet. How can we carry out our without 

this information? We have to wait until we receive information. If they delay, our work also gets delayed". This 

high dependency demonstrated some serious shortcomings towards knowledge transfer, including delays in their 

operations, reduced the efficiency of response and recovery procedures. It was found that some knowledge was 

repeatedly inserted into their networks; while some other important information was fully disregarded from their 

knowledge flows. The N-Form Corporations model of Hedlund (i.e. HKMM) criticized that effective knowledge 

management is required to depart from the logic of hierarchical organization and the M-form structure. 

Alternatively, Hedlund (1994) proposed the N-form structure (networked form) as more appropriate for 

effective knowledge management, which demands “combination of knowledge rather than its division” (p.73). 

As Hedlund (1994) suggested, to establish an effective knowledge transfer the considered context is required to 

reduce division of knowledge transfer responsibilities and should aim at combining pieces of knowledge. 

Hedlund (1994) further argued that dividing the complexity into units as independent of each other does not 

produce much novelty. Hence, dividing stakeholders into separate knowledge units has resulted in a significant 

barrier towards effective disaster knowledge in this case study.  

CONCLUSIONS AND RECOMMENDATIONS 

This article aimed at two main objectives: first, to provide insight into how different types of stakeholders 

involved in disaster knowledge transfer and what kinds of knowledge transformations are required for the flood 

response; second, to understand how practices of these stakeholders develop barriers or enablers for knowledge 

transfer during flood response. To achieve these objectives, Hedlund’s Knowledge Management Model 

(abbreviated as HKMM) (Hedlund, 1994) is applied in the considered case study context. It was found that the 

current practices of disaster stakeholders of the considered context involve in knowledge management practices 

of Articulation and internalization; Extension and appropriation; Assimilation and dissemination; and 

Expansion.  This case study reflected on the current knowledge transfer practices and recognizes the enablers 

and barriers to disaster knowledge transfer.  

The case study mainly recognized three enablers of disaster knowledge transfer. First, having an established 

stakeholder network with developed functional hierarchy has enabled the structural basis for the knowledge 

transfer. Second, having strong bonding relationships among the functional groups has served as a strong 

enabler of the disaster knowledge transfer. Third, the stakeholders’ practices of relying on personal connections 

fuel the knowledge transfer capability as tacit knowledge is intrinsically transferred through the close 

associations of experience, intuition, or opinion sharing. The case study recognized three significant barriers for 

the disaster knowledge transfer. First, it was found that community and DDMCU stakeholder levels are poorly 

connected and very limited dialogue is demonstrated between the two groups. This distance has developed a 

significant barrier to allow tacit knowledge extensions between the two groups. Hence, current extension 

mechanisms have shown their inability to transfer the community's local and indigenous knowledge to higher 

authority levels. Similarly, the articulated functional knowledge of higher authorities does not sufficiently reach 

the lower level agencies or community due to the distance between the stakeholder levels. Second, the absence 

of methods to articulate local operational practices, and indigenous knowledge is recognized. Third, 

119



Ahangama et al.  Disaster Knowledge Transfer in Networks 
 

Full Research Paper – Data Issue for Situation/Disaster Awareness 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

stakeholders demonstrated a high dependency on other groups for the completion of DRM tasks. This high 

dependency demonstrated some serious shortcomings towards knowledge transfer, including delays in their 

operations, reduced the efficiency of response and recovery procedures.  

As the Case 1 & 2 have different stakeholders groups, the finding showed differences in their knowledge 

transfer practices and the use of knowledge and networks during floods. Respondents in Case 1 engaged in 

functional knowledge transfer in functional hierarchies, but respondents in Case 2 showed voluntary knowledge 

transfer within the groups they are embedded in. Case 2 showed less Brokerage but more Closure. Case 1 

showed more Brokerage but less Closure. Case 1 showed a better fit the HKMM, but the findings indicated that 

efficient Knowledge Dynamics require a balance between Brokerage and Closure. 

The findings of this article contribute to disaster knowledge management literature by providing insights into the 

practical knowledge transferring practices in networked environments. Some of the findings (say barrier 1 and 3, 

enabler 1 & 3) partly or fully verify the existing literature. Similar to the barrier 1 in the current study, Carlile, 

and Rebentisch (2003) and King (2005) suggested that the interactions between multiple stakeholders generate 

complex forms of specialized knowledge that is constantly changing, hence integrating such knowledge remains 

a challenge. Marincioni’s (2007) findings suggested that disseminating disaster knowledge is impacted by the 

professional cultures of stakeholders. Marincioni’s (2007) findings are verified in this paper as this paper 

identified that high dependent culture of stakeholders (barrier 3) lead into shortcomings of knowledge transfer. 

The work of Murphy and Jennex (2006) argued that distributed teams that can utilize knowledge efficiently, and 

this study develops a similar finding indicating that the established distributed stakeholder network enabled the 

knowledge transfer (enabler 1). Findings of Eriksson (2009) verified that stakeholders discover most of the 

response patterns from the own earlier experiences. Though it is not the same, Eriksson's finding can be partly 

validated by this study because enabler 3 of this study proves that knowledge transfer capability improves 

through experience sharing. Apart from above validations, this paper makes unique contribution to the literature 

by recognizing that having strong bonding relationships among the functional groups has served as a strong 

enabler of the disaster knowledge transfer, and the absence of methods to articulate local operational practices, 

and indigenous knowledge has is turned as one of the main barriers in disaster knowledge transfer. This paper 

also serves as a validation of the use of HKMM model in the disaster management context.   

This research is scoped to a single country, considering only flooding disasters and just focused on two cases. 

Hence, further research could be suggested in different contexts, for other kinds of disasters, and with other 

stakeholder levels such as central government to validate these findings. The data analysis in this paper is 

limited to participant observations during simulation exercises. Hence, future research is suggested to 

incorporate other data collection methods in triangulation. Another limitation of this research is, it incorporates 

only the first two stages of GTM. Hence, further research is suggested to continue theory building arrive at a 

parsimonious theory. This paper proposes the importance of establishing government efforts to develop 

stakeholder associations between DDMCU and community. Hence, the findings suggest important policy 

implications for Sri Lanka’s DRM authorities, signaling the urgent need to shift the institutional framework to 

enhance the engagement between public and district level DDMCUs through developing further brokering 

knowledge connections.  
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ABSTRACT 

In a rapidly globalizing world, disasters and the way in which they are managed are changing. Social media, in 

conjunction with other online resources, now provide a wealth of information throughout the lifecycle of 

disasters and are relied upon by individuals and emergency responders alike. The study of such data as a lens for 

analysis has proved valuable in recent years, with many contributing to targeted emergency response protocols 

and improved methods for the management strategies of future crises. This study seeks to make a similar 

contribution by reporting on the use of such data for situational awareness during the case of hurricane Irma, 

which occurred between September and August 2017. Using a mixed methods approach the paper examines 

data from social media such as Twitter, as well as other online sources such as blogs and news media, to provide 

original insight into the disaster. A conceptual framework is then applied to determine the uses and users of 

social media, and to identify how these change throughout the course of the disaster, thus demonstrating 

situational awareness over time. The paper concludes with proposed improvements for disaster management and 

emergency response for future similar disasters, specifically in the hurricane season, in addition to more 

generalized hazards which are predicted to increase in their frequency and severity due to underlying issues such 

as climate change. 

Keywords 

Situational Awareness, Hurricane Irma, Conceptual Framework, Disaster Management, Social Media.  

INTRODUCTION 

In the past decade, social media are being relied upon for a plethora of issues during natural disasters. 

Understanding such issues, as well as the potential functions, features applications and networks of social media 

themselves is therefore paramount for disaster management and emergency response in a globalizing world 

(Kaplan & Haenlein, 2010). Currently, the most common types of social media are Facebook (with roughly 1.86 

billion users active users on a monthly basis), YouTube (1 billion), WhatsApp (1 billion), Instagram (500 

million), LinkedIn (483 million), Twitter (320 million, and Google + (235 million) (Reuter, 2017). As a result, 

many governments, non-governmental organisations (NGOs), international humanitarian aid organisations, 

charities and researchers alike have taken up the analysis of social media during disasters as a vital part of their 

management (Lindsay, 2011).  

Despite this, there remain significant limitations to the effective use of social media during disasters. These are 

often complex and multi-faceted, and may depend on a range of underlying factors such as population 

demographics or platform structures (Olteanu et al., 2015). Predominantly, several issues are common across all 

types of disaster and all online networks: these remain prevalent in many disaster case studies. Firstly, the 

limitation of information reliability continues to affect crisis communications. This can occur when information 

spread online is incorrect, not sited from credible sources, or is outdated (Thomson et al., 2012). Secondly, the 
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issue of Web accessibility may still affect the outcomes of a disaster. This is a factor that is commonly 

overlooked in disaster literature that focus on the benefits of social media use, but one that remains important in 

modern case study evaluations – especially as the digital divide of populations means that certain groups are 

likely to experience more risk during crises (Greenstein & Prince, 2006).  

The use of social media as a lens for analysis has proved valuable to many studies within disaster literature, 

resulting in beneficial contributions to the field and changes in policy or best practices (Reuter & Kaufhold, 

2017). Specifically, analysis of crisis communications during case studies have proved valuable in defining and 

understanding the relationship between social media and disasters, alongside revealing and supporting 

situational awareness throughout crises (Hagen et al., 2017). This has also served to conceptualize disasters in a 

modern world, where such events are played out on a global stage (Cottle, 2014). As technology, as well as 

communities both online and offline, continue to evolve and develop, so too must our understanding of their 

relationship to disasters. This is vital to the outcome of future crises to reduce risk, lessen damages and reduce 

death tolls (Huang et al., 2010). 

 

This study questions the current role of social media during hurricane Irma, and whether it’s analysis may 

contribute better understanding of factors such as information reliability and Web accessibility. It does this 

through a case study analysis of hurricane Irma, a category 5 hurricane which affected large regions of the 

Caribbean and mainland USA between August and September, 2017. Characterised by its strength and intensity, 

the hurricane caused high levels of damage and required the coordination and communication of hundreds of 

organisations over a wide geographical area. This paper evaluates data from multiple online sources as a lens for 

analysis, which includes Twitter, blogs, news and TV media, resulting in original insight into the disaster.  

Additionally, content analysis and a conceptual framework proposed by Gray et al., (2016) that categorises the 

uses and users of social media throughout the disaster lifecycle is applied. The paper concludes with an analysis 

of the case study which identifies the benefits and limitations of  social media and online resources, as well as 

suggestions for targeted ways disaster management strategies and emergency responders may reduce risk to 

populations prone to particular hazards.  

RELATED WORK 

While the study of natural disasters is not a new field, the incorporation of new technologies, methodologies and 

analyses has resulted in higher levels of interdisciplinarity in recent years (Alexander, 2006). Reuter, Marx and 

Pipek (2012) loosely trace the beginnings of modern social media use during disasters to several key case 

studies. One of the first is that of the creation of Wiki’s for information exchange and missing peoples following 

the September 11th 2001 terrorist attacks in the USA (Palen et al., 2007). In a similar methodology, the use of 

photograph repositories for information exchange following the Indian Ocean tsunami in 2004 revealed the 

value of social media to disaster-affected communities (Liu et al., 2008). 

Specific to emergency response, social media’s functionality for knowledge management during Hurricane 

Katrina in 2005 established the value of social media for a range of networks, but also demonstrated how 

extremes in poverty and other underlying factors had the power to shape the outcomes of a disaster (Murphy & 

Jennex, 2006). The use of repositories, as well as the use of social media as a channel for public participation 

and communications, during the Southern Californian wildfires in 2007 further illustrated the value social media 

could have to the field of disaster management through inter-agency coordination and information dissemination 

(Shklovski et al., 2008). 

Although social media have value throughout the disaster lifecycle, many case studies have found that there 

remain significant barriers to their effective use (Lindsay, 2011). Predominantly, issues with the reliability and 

timeliness of information is a major concern for disaster management the world over (Bharosa et al., 2009; 

Chow & Chan, 2008). This is dependent on a number of different aspects which include few individuals citing 

credible sources when disseminating information (Mendoza et al., 2010), anonymous social media profiles 

creating untraceable information (Thomson, 2012), and a lack of standardised social media protocols for the 

coordination of emergency responders online (Bharosa, 2009). 

In addition, the issue of Web accessibility remains problematic despite disasters becoming less territorially 

bounded as a result of globalization (Blaikie et al., 2014; Cottle, 2014). This directly impacts the ease of access 

individuals may have to social media by extension, which is an observed factor in reducing risk (Blaikie, 2014). 

Communities that are more economically developed generally have a larger percentage of their population who 

have regular access to the Web, as they are able to invest more into infrastructure and services (Wentz et al., 

2014). 
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Furthermore, an individual’s gender, age, ethnicity, social influences, income, geographical location, and social 

class shape accessibility (Fothergill et al., 1999; Greenstein, 2006; Pelling, 2003). This was apparent in the 

evacuation of the wards of New Orleans during hurricane Katrina (2009), where the poorest members of the 

community faced significantly harder problems trying to get to safety as they had little access to transport 

combined with fewer people owning a device that could connect to the internet (Laska & Morrow, 2006). The 

remainder of this paper seeks to identify and address these limitations during the case of hurricane Irma using a 

mixed methods approach, combining content analysis with the application of a conceptual framework. It reports 

findings revealed about the disaster as an example of a severe hazard – the likes of which are predicted to 

increase in frequency and severity due to underlying factors such as climate change (Kappes et al., 2012). In 

light of this, this paper seeks to better understand the role that social media can play for factors such as 

information reliability and Web accessibility during hurricane Irma: aspects which many disaster case studies 

tend to overlook. Finally, the study seeks to inform the future management of disasters during upcoming 

hurricane seasons.  

THE STUDY 

Rationale for Analysis 

Hurricane Irma was a unique and devastating natural disaster. Not only did it record the strongest storm on 

record in the open Atlantic region (as well as setting other records for intensity), it was also a part of the most 

destructive hurricane season ever experienced (Battistoli et al., 2018). This makes the crisis important for 

analysis for several key reasons. Firstly, the disaster spanned a large geographical area, which few other types of 

hazard achieve. This meant that methods of crisis communication, situational awareness, inter-agency disaster 

management and emergency response occurred on a much larger international scale, as well as on smaller 

regional scales making management multi-faceted and complex (Zolnikov, 2018).  

Secondly, the severity of the disaster stands out as being one of the most destructive in recent history. This 

warrants detailed study for the management and risk reduction of future disasters: this is especially important for 

geographical regions that are prone to particular types of hazard, for example, hurricanes across storm paths or 

earthquakes along fault lines (Smith, 2013). Thirdly, the variations in population demographics as well as other 

measurements of development between regions affected by the hurricane differ extremely. This represents a 

valuable area for analysis in the identification of factors that may exacerbate or lessen vulnerability to disasters 

(Birkman, 2006): within this case study the effects of the same hazards may therefore be evaluated on different 

communities.   

Background Information 

In order to understand the extent of the disaster, we must first understand the context of the hurricane itself and 

the hurricane season of 2017. The season began in June and ended in November (although the first named storm 

formed in April), featuring 17 named storms and the highest number of major hurricanes since 2005. The 

severity of the season was caused by three consecutive category 4 and 5 hurricanes – that of Harvey, Irma and 

Maria – which resulted in the highest total damages of any season. It is the only season to record three 

hurricanes with an Accumulated Cyclone Energy (ACE) of over 40. It is theorized that the severity of the season 

was due to the absence of the El Niño climate pattern, which later shifted to a La Niña, causing stronger than 

average hurricanes in the Atlantic. Hurricane Irma formed near Cape Verde on August 30th. On September 6th, 

after increasing in intensity from a category 2 to a category 5, it made landfall in Cuba. Following fluctuations 

in intensity, it continued on a course to make landfall in Florida, and then later in Mississippi. The hurricane 

caused damages in excess of $64 billion, with a death toll of 146, and caused serious damages to Cape Verde, 

the Caribbean and Leeward Islands, the Greater Antilles, Turks and Caicos Islands, the Bahamas and Eastern 

USA. The storm path of hurricane Irma is shown in figure 1 below. 
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Fig 1. The storm path of Hurricane Irma from August 30th – September 12th. Source: The National Centre for 

Atmospheric Research (NCAR), 2017. 

 

METHOD 

Data relating to hurricane Irma was collected using online content such as Twitter data, blogs and mainstream 

media content such as news broadcasts. Combined with data such as offline news stories and meteorological 

data, this a comprehensive understanding of the event. A mixed methods approach was employed which 

combined content analysis which was manually conducted by the researchers, with the application of a 

conceptual framework for the classification of users and uses of social media over time. These were conducted 

on Twitter data, which was collected for featuring key terms explained in the following section.  

Data Collection 

Twitter data was collected using the setup provided by the University of Southampton’s Web Observatory and 

the Twitter streaming API. This produced roughly 3 million tweets. Tweets were collected for featuring the 

terms “Hurricane” and “Irma”. Tweets were then systematically selected for a 24-hour period, at 7 day intervals. 

These smaller datasets can therefore be considered as “sub-samples” of the original larger dataset. This avoids 

problems with the large size and velocity at which content is created and re-tweeted on Twitter during disasters, 

while demonstrating content change throughout the crisis and enabling insightful analysis (Hoeber et al. 2016). 

Conceptual Framework 

The conceptual framework proposed by Gray et al. (2016) is shown in table I below. The framework was 

applied to online data sets from Twitter, relevant blogs, as well as other online and offline data from research 

centers and media broadcasts. This was done systematically by the researchers, in which data content was read, 

assessed, and then assigned the relevant framework categories. The framework was created through the 

inductive coding of relevant disaster literature which produced 27 unique categories. These are used to 

understand the uses and users of social media throughout the disaster lifecycle phases, and assess how online 

content changes over time. 
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Table 1. A Conceptual Framework for Social Media Crisis Communications. 

Disaster 

Lifecycle Phase 

The Uses of Social Media in Crisis Communications 

All Stages 1. Evaluate the reliability of information. 
2. Identify and/or contain false information. 

Pre-Event 3. Provide and seek general disaster preparedness information. 

4. Provide and receive general national and regional disaster warnings  

Pre-Event - 

During 

5. Detect and warn of disasters and specific hazards locally. 
6. Identify the differences between actual and potential uses of social media.  

During  7. Send and receive requests for help or assistance. 

8. Inform others about ones condition and location.  

During – Post-

Event 

9. Provide, receive and analyze big data generated by the event. 
10. Provide, receive and encourage information sharing in multiple formats. 

11. Document what is happening during a disaster online and offline. 
12. Consume or create news coverage of the disaster.  

13. Provide and receive location based real-time warnings.  

14. Express public and/or individual emotion or empowerment; reassure others.  
15. Raise and develop awareness; donate and receive donations; list ways to help or volunteer.  

16. Seek to inform and support existing disaster management strategies. 

17. Provide and receive specific disaster response, rescue and evacuation information.   
18. Seek and assess mental, behavioral and emotional health support. 

19. Filter, categorize critically analyze information.  

20. Understanding how online and offline situations differ.  
21. Provide and receive information regarding disaster response, recovery and rebuilding; tell and hear stories from the 

disaster.  

22. Understand how ones access to the Web has had an effect on their experiences.  

Post-Event 23. Discuss socio-political causes, implications and responsibility.  
24. Re-connect community members  

25. Discuss the accessibility of the Web as an intermediary to social media.  

26. Discuss the accessibility and reliability of specific social media; discuss perceptions.  

Post-Event – 

Pre-Event 

27. Consolidate lessons learnt to develop new/improved social media applications.  

 

Content Analysis 

Content analysis was conducted on the data. This was firstly done automatically by python scripts, and then 

manually by the researchers. This used a systematic approach which indicated: (i.) the most popular terms and 

hashtags over time, (ii.) the most active accounts over time with regard to creation of information (for example, 

new weather warnings), (iii.) the most active accounts in terms of information dissemination (for example, 

retweeting), and (iv). the nature of crisis communications both between emergency responders and bodies 

managing the event, as well as between these bodies and the public, and (v.) the extent of situational awareness 

throughout the disaster. 

RESULTS 

A Preliminary Overview of Crisis Communications during Hurricane Irma 

The Atlantic Hurricane Season is managed in a variety of ways that are dependent on several factors, primarily 

that of geographical location. As the season is annual, many of the countries and communities in the storm path 

have relatively high levels of resilience, which affects how well populations may react and respond to hazards. 

Hurricane Irma was a fairly rare exception in the 2017 hurricane season as it affected more countries than most 

hurricanes on record. Content analysis of offline data showed that more than 100 different agencies created, 

discussed or disseminating information regarding hurricane Irma. These fell into four main categories: 

governmental, commercial, self-funded organisations, and media outlets. Further analysis showed that 

emergency responders sustained high levels of public engagement through a series of channels such as news 

broadcasts and a range of different social media platforms.  

Of these social media platforms Twitter was one of the most extensively utilised. Using this platform as a lens, 

the accounts of emergency responders were shown to create the highest levels of information, whereas public 

accounts were shown to have the highest levels of disseminating (through re-tweeting) such information. 

“Celebrity” accounts, for example politicians or notable figures in the community, were found to be extremely 

active throughout the disaster and represented “hubs” – nodes with the highest degrees of centrality. In contrast 

to many similar case studies, table II below reveals that the top 10 tweeters throughout hurricane Irma did not 

feature any emergency response accounts. Instead, accounts with political motivations such as 4WilliamLewis, 

and news outlets such as Infor24US tweeted the most throughout the event. This suggests that there were 

political and social undercurrents to the management and response of the disaster. 
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Table 2. The Top Ten Most Active Twitter Accounts 

  

4WilliamLewis 

20280 tweets 
Lopezgovlaw 

2877 tweets 

4BillLewis 

188891 tweets 

4RickStaly 

2066 tweets 
2JenniferLewis 

11867 tweets 

KenyaPOS 

1208 tweets 

BinaFinkKohl 

10081 tweets 
LivingOnChi 

1083 tweets 

AM1470WWNN 

9120 tweets 
Info24US 

1014 tweets 

 

Content Change Over Time 

The application of the conceptual framework shows that Tweet content, as expected, changed throughout the 

disaster lifecycle phases of hurricane Irma. In the pre-disaster phase of the hurricane (the first subsample) the 

most popular categories were early stage categories of the framework, which included providing and seeking 

preparedness information, providing and receiving general national and regional warnings, and detecting and 

warning of specific hazards. These categories remained popular throughout the second subsample (recorded one 

week after the first sample) as the hurricane was travelling across a wide geographical region. This meant that 

pre-disaster phase information remained in circulation for a long period due to the fact different communities 

were experiencing the meteorological event at different times. Emergency response and management of 

information during these periods can be multi-faceted and complex, especially as different communities require 

time-critical information at specific times.  

During subsamples three and four, the content of Tweets were shifting towards during and post-event categories. 

These mainly focused on documenting what was happening during the disaster, providing and receiving location 

based real-time warnings, and seeking to inform and support existing disaster management and emergency 

response protocols. Unusually for content during the later stages of the disaster lifecycle a large amount of pre-

disaster categories were still present in the subsamples. This can be explained by the staggered landfall that the 

hurricane made, which resulted in continued importance for categories such as the sending and receiving of 

specific and general hazard warnings. Additionally, this can be further explained by the nature of hurricanes 

themselves which commonly change in intensity and size based on meteorological conditions, thus requiring 

constant tracking and monitoring.  

In the later subsamples, a range of pre-disaster, during and post-disaster categories were noted: again, this can 

mainly be attributed to the range of communities affected at different times. Categories such as discussing the 

socio-political causes and implications, receiving and analysing big data of the event, discussing the differences 

in Web accessibility, and evaluating the reliability of information became more apparent. This may be attributed 

to the hurricane making fall in the USA, which saw the largest scale evacuations of any of the communities 

previously affected. This, combined with the fact that the country has a much higher percentage of its population 

with access to devices that can connect to the Web, meant that a majority of tweets and re-tweets originated 

from the USA. 

Information Reliability and the Launch of “Rumor Control” 

Content analysis has revealed unique aspects of the hurricane in the form of information reliability, which was a 

concern throughout the disaster. This is further evidenced by the most accessed links in the Twitter data, which 

featured a direct link to a page on FEMA’s website entitled “Hurricane Irma Rumor Control”. This is part of a 

series of new resources published by FEMA to support the Hurricane season, which has so far covered 

hurricanes Harvey, Maria and Irma. On this page there are a number of sections that present up-to-date 

information about the core issues of emergency response and management, for example about the National 

Flood Insurance Program (NFIP) and Evacuation Reimbursement, designed to act as definitive resources to 

avoid the spread of false information and rumor during disasters. 

Comparing Web Accessibility across Affected Communities 

In the unique case of hurricane Irma, figure 2 below shows that the populations who experienced the highest risk 

were in the areas of Antigua and Barbuda, St Barts, St Martin, Anguilla, US Virgin Islands, British Virgin 
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Islands, Turks and Caicos Islands and Cuba. Based on this, the framework results expected to record a higher 

percentage of geo-located tweets from these areas, but instead found the USA dominated throughout each of the 

disaster lifecycle phases. The large geographical affected by hurricanes is an extremely important factor for 

emergency response and disaster management. Especially in the Atlantic hurricane season Web accessibility has 

become a more pressing issue as the range of communities existing in the hurricane path features a spectrum in 

GDP, resources, governmental protocol and policy, infrastructure and resilience, preparedness, physical 

accessibility (i.e. offshore islands only accessible via boat), and level of risk. In this region, island communities 

that are considered lesser-developed countries (LEDCs) commonly experience the negative impacts of 

hurricanes more severely than more developed countries (MEDCs). It is the experiences of these small islands 

that make Irma a unique disaster compared to many studies analysing the effects of similar category hurricanes 

(see for example Kantha, 2013 who compared hurricanes Issac, Katrina, Ike and Sandy). 

 

Fig 2. A map of the Caribbean Islands worse-affected by Hurricane Irma. Source: National Hurricane Centre (2017). 

CONCLUSION 

This paper has demonstrated that the role of social media during hurricanes remains extensive, and important to 

the reduction of risk for communities prone to them. Similarly, it has illustrated that the use of social media, 

such as Twitter and other online content, have proved to be a valuable lens in understanding hurricane Irma 

specifically. In particular, the issues of information reliability and Web accessibility have directly affected crisis 

communications: factors which haven’t been explained in detail in other studies about Irma. The introduction of 

FEMAs “Rumor” pages further evidence the scale and importance of time-critical, clear and relevant 

information through the disaster lifecycle. This is becoming ever more important with the increasing severity 

and frequency of global hazards that are exacerbated by underlying factors such as climate change. Similarly, 

the differences in communities and countries must be taken into more detailed regard for emergency response 

and disaster management strategies that utilise online resources. LEDCs exposed to high levels of risk often 

have a smaller percentage of their population with access to devices that may connect to the Web, and by 

extension to social media and crisis communications. Especially during the 2017 Atlantic hurricane season 

where phone networks went down across several islands, the reliability of information spread via other channels 

was vital to individuals. In such cases where hazards may affect large geographical regions at staggered times, 

strategies employed by different types of emergency responders must be integrated with offline methods of 

management, as well as being targeted to specific populations. 

Towards Improving the Management of Hurricanes 

Improving disaster management in the Atlantic hurricane season can be done in a number of ways. Firstly, more 

collaborative development of tools and software is required to advance the effective sharing of information 

between agencies. Often large humanitarian aid organisations must coordinate with any number of individual 

governments that have their own unique protocols, policies and internal structures. This is also the case for 

organisations, who may also be stretched across working in many different regions. Secondly, future research 

should consider integrating social media analysis with other qualitative methods of analysis to produce a more 

in depth understanding of the case. This is especially apparent in cases where online and offline data differ from 

one another, or where some populations or regions do not have access to the same online resources. Finally, the 

study of underlying social factors may additionally contribute to understanding the inherent levels of 

preparedness, resilience, response and recovery present in the countries often affected by the Atlantic hurricane 

season. Factors alongside information reliability and Web accessibility should also be taken into account, for 

example information dearth, language barriers, and online human behaviour in social networks. This is 
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becoming increasingly important in a globalizing world where the way in which individuals use, engage with, 

and perceive disasters is evolving with the development and uptake of new technologies and services.  

Future Work 

It is important to note that content analysis and conceptual framework applications remain in their preliminary 

stages. As such, the results presented in this paper may only be considered an indication of the broader picture 

of the disaster. Future work will see a more detailed understanding and analysis of offline content and Twitter 

data. Future work will also take into account data from a range of other social media platforms, including 

YouTube and Facebook, as these (combined with Twitter) are the most popular sites accessed during disasters 

(Reuter, 2017). It is anticipated that more detailed analysis of multiple data sources will shed further light on 

crisis communications, and result in more detail-orientated and targeted suggestions for emergency response and 

disaster management for similar future cases.  
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ABSTRACT 

Decision-makers in humanitarian crises need information to guide them in making critical decisions. Finding 

information in such environments is a challenging task. Therefore, decision-makers rely on domain experts who 

possess experience and knowledge from previous humanitarian crises to provide them with the information they 

need. In this paper, we explore the ability of the existing computing technologies to augment the capabilities of 

those experts and help decision-makers to make faster and better decisions. In this paper, we train a word 

embedding model using word2vec, transform words from news archive to entities in domain ontology, annotate 

them with their equivalent concepts from upper ontologies, and reason about them using semantic similarity and 

semantic matching, to represent and retrieve knowledge, and answer questions of interest to decision-makers in 

humanitarian crises. The approach was evaluated by comparing the use of word embeddings with and without 

semantic classification for the retrieval of information about the current humanitarian crisis in Syria. 

Keywords 

Ontologies, Word Embedding, Information Retrieval, Humanitarian Crisis, Humanitarian Response. 

INTRODUCTION 

In response to emerging humanitarian crises, humanitarian organisations use their expert knowledge to make 

decisions on the challenges they encounter in their day-to-day work. This expert knowledge is accumulated 

knowledge carried-over from previous crises by domain experts who are considered the guardians of 

humanitarian knowledge. Domain experts have various job descriptions and functional titles, yet all of them are 

hired and retained for one reason: to provide information to support decision-makers. Domain experts help 

humanitarian organisations in providing answers to critical questions, supporting the decision-making process, 

and sustaining the institutional memory of those organisations (Clark et al. 2015; Widener et al. 2017). 

Domain experts collect, integrate and reason about historical humanitarian information and records using their 

knowledge and experience to inform the decision-making process in response to emerging crises. Domain 

experts must have three essential qualities to be able to answer questions and provide information for decision-

makers: analytical skills, solid knowledge, and practical experience (ACAPS 2017). However, this approach of 

using human reasoning, knowledge, and experience is time and resource intensive. 

We believe that existing computing technologies can augment the role of domain experts and help decision-

makers obtain better, more accurate, and higher quality information. This raises the question: how can we 

automate knowledge retrieval in humanitarian contexts to augment domain experts’ capabilities? To answer 

such a question, we need to explore the ability of existing technologies to help decision-makers in (a) 

transforming and representing the collected information in a machine-friendly format, and (b) developing a 

computing model to reason about that information and provide answers needed by decision-makers. Addressing 

these two issues is the motivation of this research. 
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The contribution of this paper is a technique to represent, classify, and retrieve information from historical data 

to answer a range of information-seeking questions of interest to decision makers in humanitarian crises. This 

technique transforms an archived text corpus into: 1) a vector space allowing semantic similarities between 

words to be discovered, and 2) a domain ontology where the meanings and classes of a subset of the words are 

harvested from upper ontologies and stored in a locally stored ontology. We combine these two models to find 

similarities in the vector space between query words and those from corpus documents, and to filter the results 

using semantic matching. This results in increased relevance of query results compared to the use of similarity 

in the vector space alone. 

The remainder of this paper is organised as follows: in the next section we review related work. Then explore 

the existing problems in the current situation and identify the research questions in section 3. In section 4 we 

present a real-life scenario to demonstrate the impact of humanitarian crises. Then, in section 5 we propose an 

approach to address the research problems. In section 6 we demonstrate a solution to address the problems 

identified in section 3, and then discuss the implementation and evaluation of the solution in section 7. Finally, 

in section 8, we review the work presented in this paper and discuss the future steps. 

RELATED WORK 

Using word embedding in semantic web domain has been attracting the attention of the research community in 

recent years. Word embedding has been explored in many studies, such as matching ontological concepts from 

different ontologies based on vector distances (Zhang et al. 2014), enhancing search results by adding semantics 

to similarities in word embedding (Maas and Ng 2010), embedding similarities and semantics to word image 

recognition and retrieval (Gordo et al. 2015), aligning documents to domain ontologies based on semantic 

similarity from word2vec (Albukhitan et al. 2018), and enhancing conversational dialogue systems using 

knowledge graphs and word embedding to enrich queries (Celikyilmaz et al. 2015; Chen and Rudnicky 2014). 

Word embedding is a Natural Language Processing (NLP) technique that represent words as vectors in a metric 

space. Using word co-occurrence measures to generate a word embedding can result in embeddings in which 

semantically similar words map to vectors that are close to each other (Roy et al. 2017). 

Among many word embedding techniques, the word2vec is one of the most prominent models (Albukhitan et al. 

2018; Othman et al. 2017; Pilehvar and Collier 2016; Zhang et al. 2014). Word2vec has two techniques to train 

a word vector embedding: 1) the continuous-bag-of-words (CBOW), which learns the embedding through 

maximising the ability of each word to be predicted from its set of context words using vector similarity, and 2) 

the skip-gram with negative sampling (SGNS), which works in the opposite direction of CBOW by maximising 

the ability of target words to predict context words (Mikolov et al. 2013). 

Despite being an influential model, word2vec has its limitations when it comes to relational and categorical 

similarities (Xu et al. 2014) and ordinal semantic knowledge (Liu et al. 2015). For instance, although a well-

trained word2vec model is able to find similarity between “London” and “Paris”, it often fails to find similarity 

between “London” and its relational and categorical attributes, such as “City” or “Capital”. 

Liu et al. (2015) note that word2vec has three fundamental limitations when it comes to inequality in semantic 

ordinal: synonym antonym, semantic category, and semantic hierarchy. They propose a framework to enrich 

word embedding using semantic rules to gather ordinal semantic knowledge from lexical knowledge resources 

and prevent ordinal inequality. Having similar rules in our model might improve similarities as well, given that 

similarities in our model depend on cosine distances only, where the external knowledge in our model is not 

used to improve similarities but rather used to improve relevancy of results. 

To address limitations in word2vec, Xu et al. (2014) propose a model to improve similarity in word embedding 

by adding relational and categorical knowledge to word embeddings. This model addresses the lack of 

semantics in word2vec by embedding knowledge from knowledge graphs and upper ontologies into word 

embedding and improve information retrieval by enriching entities using relational and categorical attributes. 

The findings in (Ling et al. 2017), come very close to (Xu et al. 2014) in terms of using upper ontologies to 

improve search results in word embeddings. However, the way each exploited knowledge embedding is 

different. In contrast to our work, both Ling et al. (2017) and Xu et al. (2014) focused on improving similarity 

between entities in word embeddings, while our method focuses on the relevance of results. Semantics from 

upper ontologies remain distinctive in our model and only used in classifying entities to allow extraction of 

similar concepts based on their categorical relations to concepts in upper ontologies. 

Similarly, Roy et al. (2017) propose a novel approach to enrich word embedding by inserting domain-specific 

terms as text annotation during model training. The problem with domain-specific terms is that they usually 

have lower similarity rates – due to their sparsity and scarcity in text corpora – despite their importance to the 
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domain. The proposed model enhances search results, but, again, once the model is trained, the domain 

knowledge is blended in and those terms are treated as part of the word embedding space. Therefore, it is not 

possible to locate terms and extract results based on their semantics. 

In the work of Yao et al. (2018) word embedding has been used to discover the changing semantics of words 

over time. Lack of time-awareness is one of the challenges we encountered in our work, where real-life concept 

classifications, keep changing over time and so their semantic annotation do as well. We presume that using 

dynamic word embedding for evolving semantic discovery might address this issue in our future works. 

The work of Othman et al. (2017) uses the Yahoo QA archive to train a word2vec model. The aim of their 

experiment is to find semantically similar questions and use this similarity to find related answers from QA 

database, where each question in QA database has associated answer(s) in the same database. Using such 

techniques to answer questions might not be feasible in the humanitarian domain due to lack of such large-scale 

QA databases, though it could be feasible to explore alternative applications of this method in our future work. 

Nevertheless, word embedding is one among many approaches used in humanitarian knowledge representation 

and retrieval. For instance, the work of Malizia et al. (2010) propose a different approach for knowledge 

representation using an ontology-based solution to enhance knowledge representation, sharing and 

communication that integrates information from emergency notification systems during crisis situations. 

Meanwhile, Imran et al. (2015) conducted a study to explore and review existing solutions that use information 

from social media to improve situation awareness, event detection and semantic enrichment during response to 

large-scale natural crises. Similarly, Yin et al. (2012) uses various data mining techniques to classify, cluster, 

geotag, and visualise information captured from social media during natural disasters in order to enhance 

emergency situation awareness. 

PROBLEM STATEMENT 

According to the United Nations, the world experienced 2,911 humanitarian crises since 1981, with 49 of them 

are currently ongoing (ReliefWeb 2018). This volume of crises produces a huge amount of data, which are 

neither integrated nor related to each other. Most of the information related to current and previous crises is 

widely available online in human-friendly formats i.e. tabular, graphical, and raw texts (Widener et al. 2017). 

In such environments, decision-makers must make critical decisions that impact the lives of millions of people 

in light of limited information, and under the pressure of limited time and resources. Those decision-makers 

need reliable information, which is usually provided by domain experts who: 1) have accumulated knowledge 

and experience from previous crises, and 2) are hired by humanitarian organisations to provide such information 

to support the decision-making process (ACAPS 2017). 

To support decision making in a newly emerging crisis, domain experts collect data from scattered data sources, 

and use their prior knowledge and practical experience to reason about such data and provide information and 

answers to support decision-making. Dependence on human memory and reasoning skills, in absence of 

knowledge representation and retrieval tools, might affect the decision-making process and costs humanitarian 

organisations precious time and resources during the response to crises (Widener et al. 2017). Reliance on 

human capacities to preserve and retrieve knowledge in humanitarian crises has three disadvantages: 

❖ Slow response: a reliance on ad-hoc data collection usually consumes a lot of time in searching for 

reliable sources, extracting and analysing data, and providing answers. To save this time, it might be 

better to transform such information into a format that allows machines to retrieve, reason about, and 

retrieve information in accordance with the questions asked by decision-makers. 

❖ High cost: also it is expensive to hire domain experts to reason about collected data in every crisis. The 

cost of hiring and retaining such experts is expensive in comparison to intelligent computing models, 

which can augment decision-making through reasoning about millions of records, texts, tweets, websites, 

databases, and blogs in a fraction of the time and cost of the domain experts. 

❖ Low quality: the urgent nature of such requests does not provide data collectors enough time for quality 

assurance. Domain experts are forced to find relevant data in the shortest possible time, and sacrifice 

quality in favour of speed, i.e. to choose fast and low-quality results over slow and high-quality ones. 

We presume that collecting, transforming, integrating, and reasoning about data generated from previous crises 

will generate adequate knowledge to help decision-makers in making better decisions in emerging crises, in 

light of answers derived from the knowledge that can be semantically inferred from public data sources. 

In this paper, we consider the following research question: how can we combine semantic information with free 
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text from open sources to build a model that can help decision-makers to answer critical questions in 

humanitarian crises? 

APPLICATION SCENARIO 

The ongoing humanitarian crisis in Syria has been regarded as the most violent, ruthless, and devastating crisis 

since World War II. The cost of the Syrian crisis has exceeded $226 billion US dollars, and has immense human 

impact: 27% of the housing stock are impacted, 53% of education facilities are damaged, almost half of the 

population are forcibly displaced, 4.9 million of them live in refugee camps, and more than 400,000 are 

estimated to have died (World Bank 2017). 

To reduce the impact of this tragedy, the international community spent billions of US dollars on humanitarian 

assistance, most of which went to life-saving interventions (such as food distribution, water supplies, healthcare, 

hygiene and sanitation, shelter, and nutrition) led by different agencies of the United Nations, and other 

International Organisations, to save and protect the lives of Syrian people (OCHA 2017). Such a huge amount of 

humanitarian assistance cannot be delivered to affected areas without having enough background information. 

It is likely that in the past seven years, a vast number of “small” questions have been asked on a daily basis, 

such as: In what countries do Syrian refugees seek asylum? Which organisations provide medical aid to Syrian 

people? What happened in Eastern Aleppo in 2016? Where did chemical attacks take place in Syria? And what 

does the United Nations do in Syria? Such questions have been asked by decision-makers in the United Nations, 

NGOs, media, governments, donor countries and agencies, grassroots organisations, affected populations, and 

many more entities. The answers to such questions lie somewhere in “abandoned” media reports, tweets, blogs, 

datasets, websites, and other data sources. The main problem is that we don’t currently possess a proper 

computer model to collect relevant data from those sources, integrate and model them in a machine-friendly 

format, and reason about them to produce new knowledge and provide answers to decision-makers. 

THE APPROACH 

To answer the research question, we need to explore existing technologies to collect related information from 

open data sources, integrate and align them together in a unified format, and semantically reason about them to 

retrieve information and provide answers for questions that are often asked by decision-makers in crisis 

contexts. Figure 1 shows how different technologies (such as word embedding, data transformation, semantic 

classification, and semantic matching) are utilised in this work to build a framework that can augment the role of 

domain experts in information retrieval problems: 

 

Figure 1. Our Framework 

Data Collection 

Data can be collected from different data sources of heterogeneous nature. These data sources can be found in 

structured or unstructured format. Given that most humanitarian data are produced for the consumption of 

humans rather than machines, we focus in this paper on the second format: unstructured data sources, which 

usually come as raw text from social media, news portals, blogs, and documents. To harvest content from such 

sources, we may use an application programming interface (API). In absence of dedicated APIs, then text 

mining and web scraping techniques can be applied (Atanasova et al. 2010) in order to collect and locally store 
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such data for further processing. 

Data Transformation 

For data transformation, we use natural language processing to clean and normalise collected data and transform 

them from human-readable to machine-readable format. Data transformation starts with text cleaning, where 

noise and errors are eliminated from collected data to make them ready for normalisation. Text cleaning 

involves the following steps: expressive lengthening, emoticon handling, HTML tags removal, slang handling, 

punctuation handling, and stopwords removal (Mhatre et al. 2017). In data normalisation, we tokenise and tag 

the textual contents, and transform them into unique terms. Tokenisation aims to break down the text into words 

and punctuation, while tagging is the process of classifying words into their parts-of-speech and labelling them 

accordingly (Bird et al. 2009). 

Knowledge Representation 

In our approach we represent knowledge using two techniques: vectorisation and ontologisation. 

❖ For vectorisation, we use the CBOW word2vec approach (Mikolov et al. 2013) to “encode continuous 

similarities between words as distance or angle between word vectors in a high-dimensional space” 

(Maas and Ng 2010 p. 1). We train a word embedding model in which we have all terms used in the text 

corpus transformed into vectors, where each vector represent the exact location, i.e. coordinates of each 

term in a vector space. 

❖ For ontologisation, we construct the ontology and annotate the concepts as explained below: 

• Ontology construction aims to convert transformed concepts into an ontology, which is a set of “basic 

terms and relations comprising the vocabulary of a topic area as well as the rules for combining terms 

and relations to define extensions to the vocabulary” (Neches et al. 1991 p. 40). For ontology 

construction we use the Web Ontology Language (OWL), which is “the basis for [a] machine to 

understand resources, define the concepts and relations of things, and describes knowledge with 

useful keywords and structures in a both human and machine-understandable way” (Huang and Dai 

2017 p. 6671). 

• Concept annotation aims to map the normalised terms to the most relevant concepts in upper 

ontologies and ensure the entities asserted into domain ontology are aligned to equivalent concepts in 

upper ontologies. Upper ontologies are defined as vocabularies for top-level generic concepts that 

“serve as common ground for communication across different domains” (Grabarske and Heutelbeck 

2012 p. 1128). 

Having the text corpus vectorised, ontologised and semantically annotated into upper ontologies allows concepts 

in the text corpus to benefit from similarity measurement and embedded semantics to reason about them and 

produce answers to the end-user questions, as explained in the next section. 

Knowledge Retrieval 

Knowledge retrieval is the last step in our approach that aims to extract information from data repositories in 

term of semantic relations. We use acquired knowledge from previous steps to retrieve knowledge that helps to 

answer the questions asked by decision-makers. For knowledge retrieval, we use similarity measurement and 

semantic matching to produce the required results and answers. 

For results extraction, we measure semantic similarities between concepts using cosine distance in the vector 

embedding, which helps in discovering the hidden similarities between different concepts in big datasets and 

text corpora. For results optimisation, we use semantic matching: a process of improving search results through 

determining the matching degree between a given question and possible answers (Li and Xu 2014). We use 

semantic matching in our model to classify results obtained through similarity measurement and make them 

more informative, accurate, inclusive, and relevant (Ling et al. 2017). 

THE SOLUTION 

The solution illustrated in this section aims to: answer the research question, address the above-mentioned 

scenario, and examine the validity of the approach. It has been divided into two interlinked modules: 

❖ The knowledge representation module, in which we extract terms from a text corpus, semantically 

136



Shamoug et al. Information Retrieval via a Semantically Classified Word Embedding 
 

Full Research Paper – Data Issues for Situation/Disaster Awareness 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

annotate them using upper ontologies, locally store them in a Domain Ontology (DO_ONT), embed the 

terms in a vector space using word2vec (W2V), and then merge the results into a semantically classified 

word embedding model (SC-WE). Knowledge representation entails the following processes: 

• Extracting concepts and classes (from DO_ONT) and vectors (from W2V). 

• Storing concepts (from DO_ONT) and terms (from W2V) as entities (in SC-WE). 

• Annotating classes (from DO_ONT) and aligning vectors (from W2V) to entities (in SC-WE). 

❖ The knowledge retrieval module uses classes and vectors to retrieve entities from SC-WE. In this 

module, end-users enter keywords (e.g. “provide medical assistance to affected population”) and the 

class of results they are looking for (e.g. organisation). This module performs the following processes: 

• Measuring the similarities between keywords (from user query) and entities (in SC-WE) using cosine 

distance between keywords and entities. 

• Matching the semantics of classes (from user query) with classes of similar entities (SE). 

Knowledge Representation Module 

We have transformed our data into: 1) a Domain Ontology (DO_ONT), and 2) a Word2Vec Model (W2V), 

where DO_ONT hosts the extracted terms from data sources and upper ontologies, stores them as concepts 

using OWL language, and annotates them with equivalent concepts from upper ontologies. Meanwhile, W2V 

hosts the same set of terms as vectors in a word embedding space. Figure 2 shows how information from the text 

corpus has been vectorised, ontologised and transformed into the knowledge representative format. 

 

Figure 2. Knowledge Representation Module 

Word Embedding 

Word embedding has been attracting increasing attention from researchers in both neural language processing 

and semantic web fields. Using word embedding to transform large text corpora into vector spaces has allowed 

researchers to find hidden similarities between words, phrases, sentences, and documents.  

In this paper, we used the Guardian Open Platform (GOP) API [2] to collect published materials about the 

protracted crisis in Syria. We ended up with a text corpus that contains 7,053 documents, covering the period 

from the first day of the crisis i.e. 15/03/2011 until 14/03/2018, in which seven years of news, reports, op-eds, 

materials, articles, and opinions have been collected, cleaned, collated and locally stored. 

The corpus obtained from GOP has 6,627,078 words, which have been used to train a word embedding space 

through the continuous-bag-of-words (CBOW) technique using the Gensim library (Řehůřek and Sojka 2010). 

The result was a vector space of 94,104 terms {T1, …, T94,104}. Each term has associated coordinates in a vector 

space with 200 dimensions1 {D1, …, D200}. These coordinates represent the location of the terms in the space, as 

shown in Figure 3. 

                                                           

1) It has been recommended that word embeddings should have between 100 to 300 dimensions  (Albukhitan et 

al. 2018; Celikyilmaz et al. 2015; Chen and Rudnicky 2014; Liu et al. 2015; Othman et al. 2017; Xu et al. 

2014). 
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Semantic Annotation 

The same corpus has been used to annotate terms using semantics collected from upper ontologies.  We used 

three upper ontologies (DBpedia, Freebase, and WordNet) and an ontology construction tool (OwlReady) to 

transform, classify, ontologise, and store semantic concepts extracted from the text corpus. The purpose of this 

process is to semantically represent the terms extracted from GOP and semantically annotate them with their 

equivalent concepts in upper ontologies. We stored the harvested semantics, from upper ontologies, in DO_ON. 

Semantic Classification 

In the semantic classification, we created the SC-WE model by transforming terms (from W2V) and concepts 

(from DO_ONT) into entities (in SC-WE). Next, we used vectors (from W2V) and semantics (from DO_ONT) 

to classify entities in the SC-WE model. Semantic classification adds semantics to entities in SC-WE and 

categorises them in classes, such as organisations, locations, actions, sectors, and persons, as shown in Figure 3. 

 

Figure 3. Semantically Classified Word Embedding (SC-WE) Model 

Out of 94,104 unique terms in W2V we managed to annotate 19,387 of them with entities in SC-WE using 

DO_ONT. The remainder of the terms (74,717) were either generic terms of no significant importance or 

expressions that cannot be classified under DO_ONT. 

Knowledge Retrieval Module 

Searching for similarities in the word2vec model needs a rich and accurate selection of keywords (KW), where 

the more precise the keywords are, the more accurate are the results obtained. Using only keywords to find 

similarities in SC-WE yields generic results, while users are usually looking for a specific type of results, such 

as organisations responsible for an action, locations where events happen, actions taken by certain actors, or 

persons in charge of some actions. To address this issue, the class (CL) of the result desired, must be identified. 

 

Figure 4. Knowledge Retrieval Module 

Similarity Measurement 

To measure similarity between any given set of keywords and entities in SC-WE we used cosine distance to 

measure similarities between keywords and entities, then sorted all the 94,104 entities in SC-WE, based on their 
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distance from the keywords, from most-similar (shortest cosine distance) on top of the list, to least-similar 

(longest cosine distance) at the bottom. The results are stored as “similar entities” (SE) (Figure 4). 

Semantic Matching 

In semantic matching, we use classes to filter SE and only keep those which have semantics matching with 

classes. For example, if the end-user chose “Organisation” as a class, we eliminate all entities from SE which 

are not labelled as “Organisation” and keep only those that are considered organisations in SC-WE. The results 

of the matching process are stored as “classified entities” (CE) (Figure 4, above). 

Results Retrieval 

We developed a query language for SC-WE, we call it “Semantically Classified Word Embedding Query 

Language” (ScWeQL), to express our information retrieval requests. ScWeQL queries consist of three clauses: 

Using, Find, and For. The Using clause is used to select the source of semantics and classes, i.e. the upper 

ontology (UO); the end-user can choose any upper ontology among the three upper ontologies we linked 

DO_ONT classes to. The Find clause is used to select the class of results (CL) desired by the user. In the For 

clause we inform SC-WE about the keywords (KW) we are looking for. Figure 5 shows the syntax of ScWeQL. 

 

Figure 5. Semantically Classified Word Embedding Query Language (ScWeQL) 

We implemented a query processor that performs the above-described processes (similarity measurement and 

semantic matching). This processor measures similarity, semantically match entitles, picks and delivers the top 

results from SE and CE (i.e. results with highest similarities and matching semantic attributes) to the end-user. 

ScWeQL queries are solely designed to extract results from SC-WE. 

IMPLEMENTATION AND EVALUATION 

Implementation 

To test our approach, we used ScWeQL to ask the five questions in Table 1. The keywords have been extracted 

from those questions and the class has been assigned to each one of them: 

Table 1.  Examples of Questions Asked by Decision-makers in Humanitarian Crises 

 Question  Keywords (KW)  Classes (CL) 

1 What countries do Syrian refugees 

seek asylum in? 

 Countries, Syrian, Refugees, Seek, 

Asylum 

 Location 

2 Which organisations provide medical 

aid to Syrian people? 

 Organisation, Provide, Medical 

Aid, Syrian 

 Organisation 

3 What happened in Eastern Aleppo in 

2016? 

 Happened, Eastern Aleppo, 2016  Action 

4 Where did chemical attacks take place 

in Syria? 

 Chemical, Attack, Took Place, 

Syria 

 Location 

5 What does the United Nations do in 

Syria? 

 United Nations, Doing, Syria  Action 

 

We used the keywords and classes identified in Table 1 to conduct five tasks and get results from SC-WE using 

ScWeQL. Below, for each task, we show the result entities (both similar and classified), and similarity between 

keywords and each result entity. The similarity varies between 0 and 1, where 1 means the resulting entity is 
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identical to the keywords, while 0 means no similarity at all between the resulting entity and the keywords. To 

estimate the weight of each result, we calculated the frequency of the terms in the original text corpus. 

Task 1: Asylum Seekers 

We consider the query: What countries do Syrian refugees seek asylum in? The following keywords have been 

extracted from the question: Countries, Syrian, Refugees, Seek, and Asylum; and the following class has been 

assigned to the query: Location. ScWeQL has been used to reason about entities in SC-WE twice: in the first 

part we used only keywords to find similarities using ScWeQL statement to retrieve results: 

ScWeQL >>> Using (DBpedia) Find (*) For (Countries, Syrian, Refugees, Seek, Asylum) Limit (5) 

ScWeQL returned the five most similar entities (SE): Syrians, Syrian Refugees, Asylum Seekers, Migrants, and 

Seekers. We now add the class to classify the findings using the following ScWeQL query: 

ScWeQL >>> Using (DBpedia) Find (Location) For (Countries, Syrian, Refugees, Seek, Asylum) Limit (5) 

This time, ScWeQL returned the five most similar classified entities (CE): Greece, Germany, Turkey, Europe, 

and Italy. The results of both queries in this task are in Table 2. 

Table 2.  Results of Query 1 

SE (KW) Similarity Frequency CE (KW + CL) Similarity Frequency 

Syrians 0.64 3661 Greece 0.55 815 

Syrian Refugees 0.60 1715 Germany 0.46 1403 

Asylum Seekers 0.58 493 Turkey 0.45 7358 

Migrants 0.57 940 Europe 0.45 3485 

Seekers 0.56 8 Italy 0.44 490 

 

The results of this task show that Greece, Germany, Turkey and Italy are on the top destinations for Syrian 

refugees and asylum seekers (Amnesty International 2018). 

Task 2: Medical Aid Providers 

We consider the query: Which organisations provide medical aid to Syrian people? The following keywords 

have been extracted from the question: Organisation, Provide, Medical Aid, and Syrian; and the following class 

has been assigned to the query: Organisation. ScWeQL has been used to reason about entities in SC-WE twice: 

in the first part we used only keywords to find similarities using the following ScWeQL query: 

ScWeQL >>> Using (DBpedia) Find (*) For (Organisation, Provide, Medical Aid, Syrian) Limit (5) 

ScWeQL returned the five most similar entities (SE): Providing Humanitarian, Communications Equipment, 

Humanitarian Organisations, Relief Organisations, and Child Protection. We now add the class to classify the 

findings using the following ScWeQL query: 

ScWeQL >>> Using (DBpedia) Find (Organisation) For (Organisation, Provide, Medical Aid, Syrian) Limit (5) 

This time, ScWeQL returned the five most similar classified entities (CE): SARC, UNRWA, Red Cross, Works 

Agency, and International Committee. The results of both queries in this task are in Table 3 below: 

Table 3.  Results of Query 2 

SE (KW) Similarity Frequency CE (KW + CL) Similarity Frequency 

Providing Humanitarian 0.58 44 SARC1 0.50 51 

Communications Equipment 0.56 21 UNRWA2 0.50 109 

Humanitarian Organisations 0.56 83 Red Cross 0.49 352 

Relief Organisations 0.56 16 Works Agency 0.49 25 

Child Protection 0.56 31 International Committee3 0.48 149 

 

                                                           

1) Syrian Arab Red Crescent 

2) The United Nations Relief and Works Agency for Palestine Refugees in the Near East 

3) International Committee of the Red Cross (ICRC) 
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The results of this task show that SARC, UNRWA, Red Cross, and ICRC were providing medical aid to 

affected population in Syria, which aligns with what is observed in the Syrian crisis (OCHA 2017). 

Task 3: Eastern Aleppo in 2016 

We consider the query: What happened in Eastern Aleppo in 2016? The following keywords have been 

extracted from the question: Happened, Eastern Aleppo, and 2016; and the following class has been assigned to 

the query: Action. ScWeQL has been used to reason about entities in SC-WE twice: in the first part we used 

only keywords to find similarities using the following ScWeQL query to retrieve results: 

ScWeQL >>> Using (DBpedia) Find (*) For (Happened, Eastern Aleppo, 2016) Limit (5) 

ScWeQL returned the five most similar entities (SE): This Year, Eastern Ghouta, East Aleppo, Next Year, and 

March 2011. We now add the class to classify the findings using the following ScWeQL query: 

ScWeQL >>> Using (DBpedia) Find (Action) For (Happened, Eastern Aleppo, 2016) Limit (5) 

This time, ScWeQL returned the five most similar classified entities (CE): Clashes Erupted, Heavy Fighting, 

Reconvening, Be Replicated, and Heavy Shelling. The results of both queries in this task are in Table 4 below: 

Table 4.  Results of Query 3 

SE (KW) Similarity Frequency CE (KW + CL) Similarity Frequency 

This Year 0.58 996 Clashes Erupted 0.50 12 

Eastern Ghouta 0.57 249 Heavy Fighting 0.49 86 

East Aleppo 0.57 237 Reconvening 0.49 3 

Next Year 0.57 210 Be Replicated 0.47 11 

March 2011 0.55 216 Heavy Shelling 0.46 48 

 

The results of this task show that actions in CE were happening in Eastern Aleppo in 2016 (Humud et al. 2018). 

Task 4: Chemical Attacks 

We consider the query: Where did chemical attacks take place in Syria? The following keywords have been 

extracted from the question: Chemical, Attack, Took Place, and Syria; and the following class has been assigned 

to the query: Location. ScWeQL has been used to reason about entities in SC-WE twice: in the first part we used 

only keywords to find similarities using the following ScWeQL query to retrieve results: 

ScWeQL >>> Using (DBpedia) Find (*) For (Chemical, Attack, Took Place, Syria) Limit (5) 

ScWeQL returned the five most similar entities (SE): 21 August, Chemical Attack, Gas Attack, Chlorine, and 

Civilian Areas. We now add the class to classify the findings using the following ScWeQL query: 

ScWeQL >>> Using (DBpedia) Find (Location) For (Chemical, Attack, Took Place, Syria) Limit (5) 

This time, ScWeQL returned the five most similar classified entities (CE): Ghouta, Houla, Eastern Ghouta, 

Khan Sheikhun, and Damascus Suburbs. The results of both queries in this task are in Table 4 below: 

Table 5.  Results of Query 4 

SE (KW) Similarity Frequency CE (KW + CL) Similarity Frequency 

21 August 0.65 266 Ghouta1 0.56 283 

Chemical Attack 0.64 437 Houla2 0.53 175 

Gas Attack 0.59 74 Eastern Ghouta 0.53 249 

Chlorine 0.56 143 Khan Sheikhun3 0.52 120 

Civilian Areas 0.56 127 Damascus Suburbs 0.51 103 

 

The results of this task align with known evidence that that all the locations in CE except Houla were theatres of 

chemical attacks in the past seven years (Smith and Brooke-Holland 2018). 

                                                           

1) The countryside and suburban area surrounds the city of Damascus. 

2) An area consisting of three villages in the Homs Governorate of central Syria. 

3) A town in southern Idlib Governorate of northwestern Syria. 
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Task 5: United Nations Interventions 

We consider the query: What does the United Nations do in Syria? The following keywords have been extracted 

from the question: United Nations, Doing, and Syria; and the following class has been assigned to the query: 

Action. ScWeQL has been used to reason about entities in SC-WE twice: in the first part we used only 

keywords to find similarities using the following ScWeQL query to retrieve results: 

ScWeQL >>> Using (DBpedia) Find (*) For (United Nations, Doing, Syria) Limit (5) 

ScWeQL returned the five most similar entities (SE): Inside Syria, Humanitarian, Humanitarian Aid, 

Facilitating, and European Union. We now add the class to classify the findings using the following query: 

ScWeQL >>> Using (DBpedia) Find (Action) For (United Nations, Doing, Syria) Limit (5) 

This time, ScWeQL returned the five most similar classified entities (CE): Facilitating, Securing, Coordinating, 

Establishing, and Ongoing. The results of both queries in this task are in Table 6 below: 

Table 6.  Results of Query 5 

SE (KW) Similarity Frequency CE (KW + CL) Similarity Frequency 

Inside Syria 0.42 753 Facilitating 0.38 53 

Humanitarian 0.39 1813 Securing 0.35 214 

Humanitarian Aid 0.39 496 Coordinating 0.35 97 

Facilitating 0.38 53 Establishing 0.35 209 

European Union 0.37 368 Ongoing 0.35 527 

 

Again, the results of this task align with actions, such as facilitating, securing, coordinating, establishing, and 

ongoing that are associated with the United Nations in Syria (OCHA 2017). 

Evaluation 

Our solution addresses the two motivations of this study using a semantically classified word embedding model 

to augment a domain expert’s role in humanitarian crises through collecting, transforming, reasoning about 

historical information to provide information to decision-makers. The implementation phase shows that our 

semantically classified model is not only able to retrieve similar concepts but also provides correct and relevant 

answers as well. Out of the 25 answers (classified entities), obtained in the five tasks, there were no wrong or 

irrelevant answers returned, except the second result in the fourth task “Houla”, where there was no chemical 

attack reported there in the past seven years. Those answers have been cross-checked with external sources 

(Amnesty International 2018; Humud et al. 2018; OCHA 2017; Smith and Brooke-Holland 2018) and found that 

they are highly relevant. 

The five tasks show that our results were retrieved based on their similarity to keywords and matching with 

classes, while the frequency of words is not a dominant factor in retrieving those results. Our approach in this 

study is different from other approaches, which have been reviewed in the related work section. It worth 

mentioning that we did not use any pre-trained model in our work but rather trained our model using a text 

corpus that we extracted from news archive. The methodology introduced in this paper can be applied to many 

other fields such as healthcare, education, agriculture, security, and many more. 

On the other hand, our work has room for future enhancements. The text corpus used for model training is a 

single-source, aligned to The Guardian editorial policy and perspective. We need to use other sources from 

different orientations in future to ensure results neutrality and non-alignment. We might need, also, to use 

domain-specific text corpora and domain-specific upper ontologies to make sure that the results we obtain are of 

higher relevancy to the humanitarian domain. Using the archive of The Guardian to train our model produced 

promising results, though having more specialised sources of data would significantly improve those results. 

In comparison to existing approaches, which are heavily dependent on human intervention, our work in this 

paper provides faster and cheaper decision support mechanism by eliminating the slow and expensive human 

involvement in knowledge retrieval, adapting open source computing technologies to automate knowledge 

representation, and using publicly – and freely – available text corpora to train our model. However, our 

solution has a few disadvantages such as exclusive reliance on secondary data sources, territorially limited 

geographical coverage, and broad categories used in semantic classification. 

CONCLUSION 

In this paper, we present a technique that uses word embeddings and semantic web technologies to build a 
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semantically classified word embedding model. The proposed technique used 6,627,078 words, in 7,053 

documents, extracted from the archive of The Guardian newspaper to train a word2vec model using continuous-

bag-of-words (CBOW), making a vector space of 200 dimensions and 94,104 vectors. We used semantic web 

techniques to classify terms in this model by harvesting semantics from upper ontologies and assign them to 

terms in word2vec model. The results of the previous two processes (i.e. vectorisation and ontologisation) were 

locally stored in a semantically classified word embedding (SC-WE) model. We also developed a query 

language to retrieve information and find answers to the questions of the decision-makers in humanitarian 

crises, and use cosine distance to measure similarities and semantic matching to filter the results. The results of 

implementation show that using semantic matching to classify word embedding model yields more relevant 

results to the queries of the end-users. We plan to use the findings of this study with other data formats, bigger 

data sets, more diverse data sources, more sophisticated ontologies, and better training models to improve 

humanitarian information retrieval in the future. 
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ABSTRACT 

After Christchurch, and recently in Wellington after the Kaikoura earthquake, the absence of a clear source of 

information about the state of buildings in NZ became glaringly obvious. In the immediate aftermath of the 

quakes, authorities did not know what damages to expect, and long-term policy is now being formulated without 

any clear view of the empirical extent of the problem. Moreover, without this knowledge it is difficult to 

anticipate what the available legal and regulatory tools will do. In this poster, we describe the creation of a 

building inventory database for Wellington, an endeavor supported by QuakeCoRE (one of NZ’s Centers of 

Research Excellence). This database aims to assist the generation of research on the risks, impacts, and viable 

solutions for reducing the seismic risk of existing multi-story concrete buildings in Wellington’s Central 

Business District. The database includes structural, economic and market information on virtually every 

significant building in the Wellington CDB. Its primary purpose is to inform a multi-disciplinary policy-driven 

research project whose aims are: (1) to provide best scientific knowledge about the expected seismic 

performance of concrete buildings; (2) to assess the impact of multiple building failures including the 

downstream consequences of associated cordoning; (3) to provide a path for seismic retrofitting that includes 

prioritization of retrofits; and (4) to inform the design of a regulatory structure that can facilitate the reduction of 

risks associated with earthquake vulnerable concrete buildings as described in aims (1)-(3). 
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THE PROBLEM 

Earthquakes pose a serious threat to Wellington, New Zealand’s capital city. The most recent significant 

earthquake had a magnitude of 7.8 (Mw) and occurred on November 14th, 2016 at 12:02am local time. Although 

the fault movement was centred on the South Island in Kaikoura, many kilometres away, it still caused 

significant damage to buildings across the city. In the immediate aftermath of the earthquake about 11% 

(167,000m2) of the city’s office space was closed for assessment, thereby forcing relocations of thousands of 

workers from their offices (Harris, 2016). By November 2017, 21 buildings, mostly office or commercial 

buildings, had been demolished or were scheduled for demolition, 9 were initially closed but then re-opened 

upon further inspections, and another 10 remained closed awaiting further decisions by their owners and their 

insurers (Rutherford, 2017) – see figure 1 with data updated to 2018. 

 
Source: WCC (2018). 

Figure 1. Locations of damaged buildings in Wellington following the 2016 Kaikoura earthquake 

Most of these damaged buildings were located in the central business district of the city. A large concentration 

was located around the port, on reclaimed land or land along a shoreline that was uplifted by a strong 19 th 

century earthquake (the top right of Figure 1). Other damage hot spots were in Thorndon (the area West of the 

port and its reclaimed land) and Te Aro (the oldest part of the city with its stock of the oldest unreinforced 

masonry buildings; in the bottom part of the map). Most affected buildings were moment-resisting concrete 

frame buildings between 6 and 15 floor levels constructed since the 1980s (Brundson et al., 2017). 

Statistics House, one of the office buildings located in the port area (top right in map), experienced structural 
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failure when two precast floor units collapsed. Fortunately, there were no injuries as the earthquake occurred 

when the building was empty, as was the case with most other buildings that had structural or non-structural 

failures (the earthquake occurred just after midnight). The Ministry of Business, Innovation and Employment 

(MBIE) followed this failure with a comprehensive investigation into the structural performance of Statistics 

House (MBIE, 2017). The Wellington City Council (WCC) identified buildings with characteristics similar to 

Statistics House, buildings with precast floor systems, and ordered owners of those buildings to conduct further 

investigations. Sixty-four buildings were identified for intensive investigation within the Targeted Damage 

Evaluation (TDE) programme focusing on multi-story buildings of reinforced concrete, with precast concrete 

slab floors with various levels of structural damage. As can be seen in Figure 2, the locations of these buildings 

subject to the TDE programme are not as concentrated in the port area; these multi-story buildings are spread out 

throughout the inner city, including in the all major commercial and entertainment areas. 

 
Source: Brundson et al. (2017). 

Figure 2. Targeted Damage Estimates Programme in Wellington 

This recent experience of the Kaikoura earthquake in 2016 highlighted some key structural vulnerabilities of 

mid-size reinforced concrete buildings that were not appreciated sufficiently before the event. Pre-Kaikoura, 

most of the attention of the research community and policymakers was directed at older un-reinforced masonry 

buildings which were frequently assessed as earthquake prone (this is a legal definition which implies certain 

obligations for retrofitting of these buildings within time periods as specified in the Law). Although pre-1976 

reinforced concrete buildings were acknowledged to have a potentially high inherent seismic vulnerability, some 

newer buildings also appear to have structural weaknesses that pose life safety risk and require further scrutiny 

(May, 2001). Statistics House, Customs House, as well as Defense House and the BNZ Building were all 

buildings that were built since the 1990s, but all failed, to some extent, in this event. 

The earthquake therefore further highlighted the need to understand the vulnerabilities in the existing building 
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stock in the city, and consider which buildings pose substantial risk and need to be retrofitted or improved. It is 

important to note that the need to identify the vulnerabilities of existing buildings is well known, and was 

actually identified already at least as early as more than two decades ago (EQC, 1995). Besides reducing the risk 

of structural failure, implementing any retrofitting of buildings identified as vulnerable can have other benefits, 

so should be considered not only for the legally-defined earthquake-prone buildings (Mentz and Goble, 2015).  

The collapse of one concrete building in the 22/02/2011 Christchurch earthquake, the CTV building constructed 

in 1986, accounted for about 60% of the 185 fatalities in this catastrophe. The loss of precast floors in Statistics 

House in Wellington during the Kaikoura earthquake, as discussed above, would have likely caused multiple 

deaths had the earthquake occurred during the working day.  

Beyond the life-safety risk associated with mid-size concrete frame office buildings, both the Christchurch and 

Kaikoura earthquakes damaged numerous concrete buildings resulting in wide-ranging costs imposed on 

property owners (e.g. through loss of rental income or uninsured damage), building occupiers (e.g. through 

business interruption), and insurers. In addition to all these impacts, the Kaikoura earthquake also exposed the 

paucity of information that local emergency managers, city planners, and other stakeholders have about the 

existing stock of buildings in an earthquake-prone city like Wellington. It is the paucity of this kind of 

information that the database described here aims to ameliorate. 

In Wellington, renters of office space (private firms, government and other public and non-profit entities) have 

already responded to the 2011 Christchurch earthquake by demanding spaces that are well above the 34% of the 

National Building Standards (NBS) threshold that is the legal threshold for ‘earthquake-prone’. After 2011, the 

market signaled a general consensus that 67% of NBS was an acceptable level, with many renters (including 

Central Government) inserting clauses in rental contracts demanding the premises always be above 67% of NBS 

(Filippova and Noy, 2018). Post Kaikoura, though, tenants are seeking out spaces with NBS ratings of 80% and 

above. Many new assessments that will incorporate insights learned in the past few years are likely to put some 

buildings below 67%. This will put pressure on owners to strengthen their buildings or consider redevelopment 

options. In addition, planned densification of the CBD with 50,000 new residents over the next 20 years will 

prompt conversion of many lower grade commercial buildings to apartments which will change in the risk 

profile for the city. 

At this point, neither the Wellington City Council (WCC), nor its Wellington Regional Emergency Management 

Office (WREMO), nor the central government’s Ministry of Civil Defense (Wellington is the national capital) 

know which buildings are in the city, what is their risk profile, who resides in them, and what are the 

implications for city of any of these buildings failing in an earthquake event. This paper aims to close this 

knowledge gap. 

THE DATABASE 

This paper describes the creation of a building inventory database that is created for Wellington, whose ultimate 

aim is to assist the generation of research on the risks, impacts, and viable solutions for reducing the seismic risk 

of existing multi-story concrete buildings in Wellington’s Central Business District (CBD). The database’s 

primary purpose is to inform a multi-disciplinary project whose aims are: (1) to provide best scientific 

knowledge about the expected seismic performance of concrete buildings; (2) to assess the impact of multiple 

building failures including the downstream consequences of associated cordoning; (3) to provide a path for 

seismic retrofitting that includes prioritization of retrofits to describe a dynamic path that will lead to increased 

levels of seismic resilience in the city. Examples from other countries of such prioritization of retrofits program 

include Comerio (2004), Sucuoğlu et al. (2015), and Grant et al. (2007); and (4) to inform the design of a 

regulatory structure that can facilitate the reduction of risk associated with earthquake vulnerable concrete 

buildings as described in aims (1)-(3). 

As is seen in Figure 3, the database being constructed is embedded within a GIS viewer that will allow approved 

users access to all the information directly on mapping applications or to download whatever part of the data 

inventoried in this project they require and are permitted to access. Currently, multiple stakeholders possess 

different strands of this data; with some of it typically remaining isolated to specific audiences with little means 

for cross-disciplinary sharing of resources and information.  
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Source: the authors. 

Figure 3: The Database MapViewer 

This inventory information database will contain critical spatial, structural and non-structural information about 

the buildings engineering characteristics, and occupancy related information that is building-specific. Together, 

these will therefore present a useful description of the existing building stock in the Wellington CBD and its role 

in the local economy. All data will be validated and readily updateable; in the long-term, we plan for this data to 

be managed and maintained either by one of the local universities or the city council.  

The database will be stored in a server outside of Wellington, and will be accessible from anywhere, so that it 

will remain accessible during the emergency phase of a seismic event, should one occur. Within this paper, our 

aim is to present some of the information currently known about the building stock that are within the project’s 

scope area and identify future directions for this database and its uses. 

THE INFORMATION 

The inventory information included in this database contains spatial, structural, non-structural, and occupancy 

related information for each building. Wellington City building footprints, from a dataset collected by the City 

Council, are used as the base layer to which other building characteristics are merged using spatial attributes. 

Data included in Riskscape (https://www.riskscape.org.nz), a risk assessment project software developed by 

GNS and NIWA (two New Zealand Government-owned research institutes) provides additional information 

about each building.  

Colliers International, one of the largest property management companies in New Zealand, provided us their 

vacancy survey. This survey covers commercial buildings in the Wellington CBD - its main purpose is 

establishing the amount of vacant office space available and is conducted every six months. The Colliers dataset 

includes information on the building address, name, tenant/occupant company name, and amount of space 

occupied by floor level. Colliers also assess the building’s quality for use as office space (not its structural 

integrity); this is provided using a grading system (A, B, C). The area covered by the survey is divided into five 

precincts, namely Core, Fringe, Thorndon, Harbour Quays and Te Aro. Figure 4 shows the division of the CBD 

into precincts and shows representation of buildings covered in the vacancy survey within the building footprints 

as available from the City Council.  
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Note: Panel A describes the Wellington City Council Building Footprint dataset. Panel B notes the buildings for which 

the Collier data are available. Source: the authors. 

Figure 4: Wellington Office Buildings Data 

One early problem we encountered is that most datasets do not comprehensively cover the whole building stock 

in the target area. For example, the Colliers dataset only includes information about 25% of the building stock 

identified in the Wellington City Council building footprint dataset. Colliers only aims to cover office buildings 

of a certain minimum size, so it will not include information, for example, on storage facilities, or buildings that 

have other uses (e.g. religious houses of worship). 

In order to answer questions (2)-(4), we also need to know the industry composition of building tenants, and 

their spatial distribution within the CBD. Occupancy type is not included in the Colliers dataset but was needed 

to be assigned to each tenant. For that we combined Colliers dataset with the NZSIOC dataset to create the 

occupancy dataset. This was done by assigning each tenant an industry classification code as designated by the 

NZSIOC. We based these classifications on online research using company names and addresses in order to 

identify the services they provide. We assigned a level 4 classification to the occupants to retain the high level of 

resolution this dataset provides. For example, “Travel Harbour City” is a travel agency in Wellington. Thus, it 

was assigned “MN211” according to NZSIOC. 

Multiple additional datasets are now being sourced and combined in order to fill the gaps in the building 

inventory data set. Datasets providing information that is not focused on the engineering structural specifications 

of the buildings tend to cover more buildings than the structural ones. For example, WCC’s District Valuation 

Roll holds information for each rating unit within the CBD area. This Valuation Roll offers each unit’s capital 

value, indicative period of construction and floor area. We then match these Valuation Rolls with the WCC 

footprint dataset to get the overall assessed market value of each building. Some buildings have multiple rating 

(A) (B) 
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units in them, as, for example, might be for each floor in an office building as it is occupied by different tenants - 

so this matching is not always straightforward and because of some inconsistencies in the data cannot be fully 

automated.  

Riskscape’s asset layer covers most of the buildings in the scope area containing building height and use, age 

and type of structural system. However, Riskscape’s coverage is for all of NZ and is often based on estimates of 

characteristics rather than actual on-site observations. This dataset appears to have low reliability. In contrast, 

datasets with structural characteristics offer the highest reliability but least coverage. As part of the meta-data we 

preserve for this database, we also record the source of each data point, and some assessment of its reliability. 

Such datasets are also usually created for a specific purpose. For example, records within WCC’s earthquake-

prone buildings dataset would capture almost only pre-1976 buildings.  Still, since each building would have 

been investigated by a registered engineer, the data included in this dataset is very reliable. Similarly, the 

Targeted Damage Estimate Programme dataset, created in response to the Kaikoura earthquakes, covers only a 

small subset of multi-story reinforced concrete buildings, but includes a lot of very reliable and verifiable 

information. Similarly, the New Zealand Heritage List/Rārangi Kōrero is a list of Heritage designation that is 

based on a careful assessment of a small number of buildings and their historical importance. It includes a small 

number of buildings, but provides a lot of very reliable information about them. 

Ultimately, the inventory dataset aims to provide researchers with building-related information that has high 

level of confidence/accuracy. As mentioned above, the inventory is built from multiple dataset that have varying 

degree of accuracy and coverage. To assist with this effort, a street survey is being conducted which is co-funded 

by WCC. The purpose of the survey is to validate information contained within the inventory database. The 

surveyors (engineering students) will be supplied with tablets pre-loaded with the building inventory GIS viewer 

for field data collection. Within the viewer a number of fields are editable such as number of stories, building 

condition, evidence of current retrofit, cladding, and ground and upper floor use. In addition, students will be 

taking photos of the exterior and interior (ground floor/lobby) to be added to the inventory database. 

THE USES OF THE DATABASE 

As an initiative which is part of a coordinated project focused on seismic retrofitting options for mid-size 

reinforced concrete commercial buildings, we also collect detailed structural information, from primary and 

secondary sources, about the multi-story (>4) buildings within the scope area. This information will be 

particularly important for the second objective of the project (scenario testing and consequences of building 

failure). For that, a collection of detailed drawings is being extracted from property files held by the council. So 

far, this effort has amassed drawings for 262 buildings. Consequently, a number of variables will be created from 

the drawings files (for example, buildings that have concrete columns or which of several types of flooring 

systems). Within the GIS tool being developed for the project, researchers will be able to identify vulnerable 

buildings by specific characteristics (e.g., concrete columns) and access links to other resources such as drawings 

or photos for each building that satisfied a specified set of conditions. Using these data, we aim to be able to 

estimate more accurately which buildings will be at risk of failures under various scenarios, and identification 

that is a necessary first step for prioritization proposals.  

For the prioritization part of this project, we have already identified three sets of criteria that will structure our 

prioritization project; though these three sets of criteria will only follow a full consideration of life-safety risk 

assessment (including identifying buildings which are especially important in this context – for example, 

schools). The three sets of criteria are: the economic role of the building, the cultural/social place and role of the 

building, and its functioning within the transportation network, including its potential impact on the extent of any 

cordoning decision. The data included in the database will allow us to provide quantifiable measures of these 

three sets of criteria, while weighting them will be determined by expert and stake-holders consultations (e.g., 

Phillips and Bana e Costa, 2007). This prioritization project will also aim to inform the design of regulatory 

frameworks whose goal will be to find ways to achieve the retrofitting prioritizations that we identify. 

CONCLUSIONS 

Addressing the earthquake risk posed by existing concrete buildings is complex even from a structural-
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engineering perspective, given the difficulty of identifying the truly dangerous buildings from those expected to 

be damaged without significant life-safety concerns. The legal framework requires the retrofits of buildings if 

they pose life-safety risk in a moderate earthquake (i.e., being designated earthquake-prone). Some of the 

buildings in question, however, may pose life risk only in earthquakes that are stronger than the ‘moderate’ 

threshold, but failure in these could mean life risk to dozens or maybe even hundreds of people. As such, a basic 

premise behind the construction of this dataset is that the current regulatory regime and financial incentives 

driving building owners behaviour are as yet insufficient to achieve the vision of a resilient city that is behind the 

construction of this dataset.  

Ultimately, this multi-disciplinary project aims to provide a vehicle for the dissemination and use of the best 

scientific knowledge about the expected seismic performance of concrete buildings, the economic and social 

impact of building failures including the downstream consequences associated with their failure and introduce 

new ideas regarding the prioritization of retrofits and optimized regulatory structure to address this risk. 
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ABSTRACT  

There is a growing global demand for rigorous monitoring and evaluation of resilience and the efficacy of 

resilience interventions. Yet, people striving to assess resilience face significant hurdles relating to data 

accessibility, comprehensiveness, and quality. This paper reflects on two projects that are attempting to navigate 

these hurdles, as part of the ‘Resilience Trajectories’ programme of the Resilience to Nature’s Challenges 

National Science Challenge. The first project, the New Zealand Resilience Index development, is used to 

illustrate the data-related challenges and limitations of quantitative resilience assessments. We argue that 

composite indicators are useful aids for beginning a robust discussion about resilience assessment, but high-

level indicators must be supplemented with local knowledge and contextual information to facilitate meaningful 

decision making. The second project, the Data Integration and Visualisation En Masse (DIVE) web-based data 

catalogue, presents a partial solution to some of the resilience data challenges we have observed in the creation 

of the national index. 

Keywords 

Resilience, monitoring, assessment, data quality, metadata 

INTRODUCTION 

The Sendai Framework for Disaster Risk Reduction (DRR) 2015-2030 is constructed around the premise that 

human actions have a critical part to play in both our exposure to risk from disasters and the reduction of that 

risk (UNISDR, 2018). The ultimate goal of this international strategy is to reduce disaster caused mortality, ill 

health and wellbeing effects, and economic losses. The pathways to improvement draw on all parts of society 

and require significant input of resources, time, and effort. This includes understanding and building on a 

community’s resilience. Resilience, for the purposes of this discussion, refers to a system’s ability to “absorb the 

effects of a disruptive event, minimise adverse impacts, respond effectively post-event, maintain or recover 

functionality, and adapt in a way that allows for learning and thriving, while mitigating the adverse impacts of 

future events,” (Stevenson et al., 2015, p.7).  

In a finite resource environment, governments, businesses, and households need to prioritise their resources to 

optimise their ability to enhance disaster resilience. These decisions are incredibly complex and messy and, as a 

result, there is an insistent call for rigorous monitoring and evaluation of both resilience and assessments of the 
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efficacy of resilience interventions (Bènè et al., 2017). Access to quality, reliable data is essential to support 

resource allocation, prioritisation, and other resilience policy decisions (Cutter et al., 2013). Unfortunately, even 

in the data saturated world in which we now live, quality, reliable data is not always available in a useful form 

and collecting primary data for the purposes of resilience assessment tends to be cost prohibitive. 

Measuring Resilience 

Resilience is a social construct that describes a system’s capacity in relation to a disruption (another social 

construct). Therefore, resilience can only be “measured” by observing the properties that might influence 

resilience (Martin-Breen and Andries, 2011). Characterising resilience by assessing its components and 

determinants means gathering data points across the system of interest (Prior and Hagmann, 2014).  

There are four major approaches to resilience assessment: scorecards (e.g., UNISDR city disaster resilience 

scorecard, UNISDR, 2014), indices (e.g., Cutter, 2016), models (e.g., NIST, 2015; Rose and Liao, 2005), and 

toolkits (e.g., the Earthquakes and Megacities Initiative, Khazai et al., 2015 and the Rockefeller City Resilience 

Framework, TRF, 2014). Scorecards are used to assess performance against pre-defined criteria associated with 

resilience (Sharifi 2016). They often consist of a number of questions or assessment criteria, usually with a set 

of scaled answers from which to select. The result can be a single ‘score’ or a collection of scores within a 

number of target areas. Drawing heavily on primary data collection means that scorecard data is relatively 

current. Scorecards tend to be simple to administer and useful in areas that do not have regular or reliable data 

collection. With scorecards there is a trade-off between comprehensiveness, cost, and respondent burden 

(Stevenson et al., 2015). One of the most widely used community resilience scorecards is the UNISDR Disaster 

Resilience Scorecard for Cities, in various stages of implementation in over 200 cities globally (UNISDR, 

2017). The first level focuses on key Sendai Framework targets and indicators and requires stakeholders to 

participate in a one to two-day multi-stakeholder workshop to score 47 individual indicators. The second level 

takes one to four months of multi-stakeholder engagement to work through resilience assessments of 117 

indicator criteria (UNISDR, 2017). Such a system provides a thorough assessment but can be costly to 

implement and difficult to get stakeholders to engage in on a regularly overtime in order to establish a 

measurement of trends. 

 

Indices are another common tool for assessing resilience. An indicator is a quantifiable variable that represents a 

characteristic of a system or phenomena. Indicators are combined to construct an index or composite indicator to 

capture the multidimensional nature of a system, while distilling it into a single metric (Tate, 2011). Unlike 

scorecards, indices more often draw on secondary data, and can be designed to facilitate standardised 

comparisons across space and time. Data often needs to be aggregated from a number of sources, with different 

periodicity, spatial extent, and quality. If not carefully managed, this can lead to compounding uncertainties, 

which can undermine the validity of the results (Barnett et al., 2008). Additionally, unlike computational 

models, indices have no in-built forecasting ability (Stevenson et al., 2015). Composite indicators are discussed 

in more depth in the following section. 

 

Computational models will often draw on indicators of system function (e.g., infrastructure systems 

functionality, economic productivity) and simulate the speed, efficacy, and efficiency of the system’s recovery 

following a hypothetical disruption. For example, Miles and Chang (2011) used a series of input-output 

functions to assess the various probable impacts of a hazard event. Stochastic models were used to simulate the 

recovery dynamics, showing a sequence of possible events where the probability of each event depends on the 

state attained in the previous simulation (i.e., Markov chains). Fragility curves were used to calculate the 

potential damage and related injury or death resulting from building or lifeline damage. In a case study based on 

the 1994 Northridge Earthquake ResilUS modelled several household and business-level factors. The authors 

found that a lack of quality empirical data meant that some elements of the model were poorly calibrated (Miles 

and Chang, 2011). Models such as these are computationally expensive and take a high degree of expertise to 

design, implement, and interpret. They can be very useful for understanding limited case studies for which rich 

datasets are available but become less useful when trying to apply to larger areas or for having general 

discussions with resilience practitioners about strategy development.  

 
Finally, toolkits can include any of the above resilience assessment methods but also provide guidance on how 

to conduct assessments. Additionally, they often provide guidance on how to transition from assessment into the 

design and implementation of resilience enhancement interventions. They may also include advice on how to 

monitor and evaluate those interventions once they are implemented (Sharifi, 2016). The Communities 

Advancing Resilience Toolkit (CART) integrated system, for example, includes community-based surveys, key 

informant interviews, the collection of secondary data, community workshops, aggregation and evaluation of 
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infrastructure and ecological maps, and other capacity and vulnerability assessments (Pfefferbaum, Pfefferbaum, 

and Van Horn, 2011). Again, like scorecards these systems can provide high-quality up to date assessments for a 

community. They are very difficult and costly to implement over a large spatial scale or over time. For thorough 

critical reviews of community resilience assessment tools and approaches see Sharifi (2016), Cutter (2016), 

Beccari (2016), and Winderl (2014). 

Composite Indicators 

Resilience assessments that produce a standardised output (e.g., a quantitative ‘resilience score’ or similar) 

allow observers to establish a common baseline and language to facilitate mutual learning and exchange across 

places, institutions, and people. A tool that is widely applied for developing basic comparable measures of 

complex phenomena is the composite indicator (Becker et al., 2017). Composite indicators are formed by 

compiling a set of indicators that capture different aspects of a multi-dimensional concept (e.g., resilience) into a 

single index. Composite indicators are valued for their ability to simplify the measurement of concepts that are 

difficult to grasp (Nardo et al., 2005). They are additionally valued for their ability to facilitate communication 

with the public and focus the attention or “catch the eye” of decision makers (Booysen, 2002, p. 115; Becker et 

al., 2017; Saltelli, 2007). 

Composite indicators are relatively simple to construct. It can, however, be difficult to provide the quantity and 

quality of data needed for statistically meaningful and representative analyses (Saltelli, 2007). Despite the 

proliferation of information technologies and the massive production of big data in almost every activity of our 

lives, those trying to construct resilience assessment frameworks reliably face issues with data availability, 

consistency, reliability, quality, compatibility, and sampling coverage (OECD, 2003; Brooks and Adger, 2003; 

Seville and Wilson, 2006). There is also a constant negotiation between quality and practicality. An index is 

only as good as the data that composes it and yet, the indicators that are ultimately included in an index are 

usually chosen because the data is relatively easy to access and manipulate (Barnett et al., 2008; King, 2001; 

Niemeijer, 2002). 

Barnett et al. (2008) argue that using composite indicators to model complex and uncertain social-ecological 

resilience for large-scale systems (like countries) means that indicators are aggregated to a point where they are 

only able to provide a diluted understanding of the construct. That is, the quality of the data that the index is 

inevitably based on due to data constraints results in top-down measures of assessment only being able to 

present a generic view of resilience. As a result, composite indicators have limited applicability as decision 

making tools (Barnett et al., 2008). 

In addition, Sharifi (2016) notes that although many resilience tools deem community participation and 

consideration to be vital, only 36% of his reviewed measures of resilience used stakeholder participation in their 

construction. This lack of community data, and the focus on top-down resilience measures using secondary, 

quantitative data, may result in a disconnect between the measure and the values of the community being 

measured (Gaillard and Mercer, 2013; Sharifi, 2016). Place-based assessments that incorporate local data and 

nuance from those who live and work in these communities are better able to produce more detailed, 

meaningful, and relevant insights to policy and decision makers (Barnett et al., 2008). Olazabal and Pascual 

(2016) also stress this point and argue that better understanding the local context and perceptions of the 

community can be garnered by extracting expert knowledge, which can then be used to usefully inform 

resilience initiatives. Making sure to include a range of representation and expertise from diverse social groups 

and backgrounds is critical for gaining a holistic understanding of a place-based community. Subjective 

measures of resilience add value to top-down measures of resilience, as people living in their own communities 

are better placed to understand their own capabilities and capacity to deal with disruption and change (Jones and 

Tanner, 2015). 

This is not to say that large-scale composite indicators are useless. Quite the contrary; they are excellent tools 

for distilling and communicating a complex concept like resilience and starting a consistent and meaningful 

conversation that informs action. They are useful tools for tracking trends over time and, when constructed 

carefully using indicators that are empirically linked to resilience outcomes, can give communities insights into 

their areas of strength and areas where they need to invest more energy. 

Resilience Measurement in New Zealand  

To be used for decision making and interpreted at smaller scales, however, composite indicators should be 

supplemented with local knowledge and contextual analysis. So, while we must accept that no resilience 

assessment will portray a complete and accurate picture of a community’s ability to absorb, respond to, recover 

from, and adapt in the face of hazards, we must also attempt to facilitate a consistent and meaningful 
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conversation across multiple scales. This means having some form of common resilience baseline, while also 

accommodating the local knowledge and nuance that make resilience resourcing decisions palatable and 

practical. The latter part of this will be enhanced by better data sharing and flexible processes for aggregating 

our collective knowledge and piecing together a fragmented, but rich, picture of resilience that is emerging from 

research and practice across New Zealand. 

The Sendai Framework for DRR, New Zealand’s Draft National Disaster Resilience Strategy, and the Director’s 

Guidelines for Civil Defence and Emergency Management Group Plans all refer to a need to systematically 

monitor progress toward both risk reduction and resilience enhancement (UNISDR, 2015; MCDEM, 2017; 

MCDEM, 2018). Each of these guidance frameworks also recommends finding ways toward alignment across 

scales. For example, the Director’s Guidelines for CDEM Group Plans notes, “Group planning draws together 

the National CDEM Strategy and supporting doctrine and gives effect to these in a local context. Monitoring 

and evaluation underpins delivery, ensuring that activities are informed by gap analysis, and that CDEM 

delivery is monitored for quality,” (MCDEM, 2018 p.4). While, the monitoring and evaluation directives in this 

document need to be designed to meet the needs of the CDEM sector and groups, they can be supplemented by 

clearly integrating with the National and International strategies with a common resilience assessment baseline 

applied consistently across the country. 

 

Paper Structure 

This paper reflects on two ongoing projects that are part of the ‘Resilience Trajectories’ programme of the 

Resilience to Nature’s Challenges National Science Challenge in New Zealand.  The first project, the creation of 

a New Zealand Resilience Index, is used to illustrate the challenges of finding data for resilience monitoring. 

The second project, the Data Integration and Visualization En Masse (DIVE) web-based data catalogue, 

presents a partial solution to some of the resilience data challenges we have observed. 

THE NEW ZEALAND RESILIENCE INDEX 

The purpose of the New Zealand Resilience Index (NZRI) is to assess the resilience of New Zealand’s place-

based communities over time. There are several resilience assessment approaches that have been applied in New 

Zealand, all of which have their merits (Kwok et al., 2018; Paton and Johnson, 2017; Pearson et al., 2013; TRF, 

2014; UNISDR, 2014). The proposed NZRI is not intended to supplant these other assessment programmes; it is 

designed to provide a simple measurement baseline across the country. To facilitate consistent comparisons 

between places and across time, the baseline indicators for the NZRI needed to be quantitative (or quantised 

qualitative data), consistently available at a standard geographic area, and collected at fairly regular time 

intervals. To make the index manageable and cost effective in the long-term, we rely exclusively on cost free 

secondary data that is published publicly. Repeatability allows researchers, decision makers, and communities to 

track progress, assess the efficacy of interventions, and to evaluate the validity of the indicators post-event. 

In this iteration of the NZRI we are focusing our data gathering and analysis at the Census Area Unit (CAU), 

which are used to define small geographic areas. CAUs are non-administrative geographic areas1, which, in 

urban areas, generally coincide with suburbs and have a population of 3,000 to 5,000 people. The geographic 

size of CAUs in rural areas is much larger with a generally lower population. CAUs were selected the preferred 

‘place’ as they are a standard area for data collection and are likely to capture a community of people and 

organisations at a local level. At this scale, we can clearly represent the intersections and interactions of human 

society with hazards in the natural environment. These areas are also small enough to identify the many 

differences between places and groups of people that shape the community’s resilience to disruptions and could 

be addressed by community-based interventions. 

There are myriad approaches to disaster resilience assessment, however, there is growing agreement about the 

properties that should be considered in the design of resilience assessment indices (Parsons et al., 2016; Tate, 

2012). Parsons et al. (2016) lay out these common elements from the focused definition of purpose, the selection 

of top-down versus bottom-up assessment, defining the assessment scale, establishing the conceptual framework 

and structural design, and indicator selection. 

For the NZRI we employed the “Kickstart 2 Measurement” (K2M) tool developed by Ivory and Stevenson 

(2017) to establish the structural basis for our resilience index. The K2M is a conceptual framework designed to 

                                                 
1 

Administrative areas are legally defined jurisdictional boundaries where areas are grouped by legal or administrative 

constituencies. In New Zealand, administrative boundaries, “represent voting districts, redistributions, zoning, socio-

economic analysis, regional planning, service distribution and local and state government boundaries,” (LINZ, 2015).  
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facilitate structured conversations and problem solving when considering resilience measurement. Such 

heuristic techniques are applied in situations where finding a truly optimal solution is impossible or impractical, 

but where a logical defensible satisfactory solution is desired. Currently, the conceptual framework is applied 

through a facilitated workshop, where users are progressed through a series of questions and measurement 

decisions to identify the underlying theory, assumptions, information requirements, and limitations of their 

resilience assessments (Ivory and Stevenson, 2017).  

There are six key areas that are systematically interrogated as part of the K2M workshop process: purpose, 

focus, scale, disruption type, phase, and data needs and requirements (see Table 1). The K2M is composed of a 

series of key questions about resilience measurement designed to clarify the assumptions, barriers, and 

opportunities of different types of measurement. As people answer the questions their answers are refined, and 

the process can be iterated in a workshop or by individual users until a desired level of clarity is achieved 

linking resilience theory to resilience measures. The K2M starts with a specification of the purpose, focus, and 

scale of the desired analysis. There are then scope refinement questions specifically relevant to research 

involving system disruptions (i.e., the disruption type and temporal phases relative to the disruption that are of 

interest to the researcher), followed by a series of questions about the data required or desired for the measure 

(Ivory and Stevenson, 2017). Such questions include: What would you like to measure? What are you happy to 

[or what can you] measure? What are you struggling to measure? 

Table 1. Results of the Kickstart 2 Measurement structured enquiry into the NZRI 

 

Implicit in these broad questions about data are numerous practical considerations that need to be discussed. 

These include data accessibility (i.e., cost and required permissions) and data quality (i.e., completeness, 

timeliness of collection, consistency, accuracy, and validity). Consideration of data needs often sharpens and 

constrains the parameters of the assessment framework. Table 1 summarises some of the outputs of the K2M 

process for the New Zealand Resilience Index (NZRI). In the authors’ case, the K2M was run as a small group 

discussion with the core research team associated with the development of the NZRI. 

The purpose outlined in Table 1 is the underlying conceptual framework for the NZRI: to assess the resilience of 

New Zealand’s place-based communities over time, with an emphasis on forming a repeatable metric that can 

serve as a consistent and comparable baseline across New Zealand. Repeatability allows places to track 

progress, assess the efficacy of interventions, and to assess the validity of the measure post-event. Comparability 

(i.e., having a measure that can be consistently applied to each unit at the sub-national level) facilitates 

communication and learning between places. As a result, we need to identify measures that are collected 

regularly and consistently for all units at the sub-national level. The specification of publicly available data is 

intended to reduce barriers to repeated measurement by having clear points of access to the data and minimal 

Purpose To assess and compare the resilience of place-based communities in New Zealand over 

time. To help decision makers and their communities identify collective strengths and 

weaknesses, and guide prioritisation of resilience building activities prior to disruptions. 

The NZRI will provide a consistent and comparable baseline that encourages 

communication and learning between different places in New Zealand. It is therefore not 

a definitive measure of place-based resilience, rather a monitoring tool and starting point 

for discussion where additional perspectives and knowledge can be added. 

Focus Place-based communities in New Zealand assessed through the lens of six community 

capital categories: social resilience, economic resilience, resilience of the built 

environment, resilience of the natural environment, cultural resilience, and governance of 

risk and resilience. 

Scale Sub-national at the community or neighbourhood level, geographically defined by Census 

Area Unit boundaries. 

Disruption Chronic and sudden onset environmental disruptions and disasters, some of which may be 

exacerbated by human actions. 

Phase Pre-disaster attributes that enhance post-disaster outcomes. The NZRI focuses on points 

of the system where resilience can be enhanced prior to a disaster event. Measures should 

indicate how resilient a community currently is, and its likely future resilience in the face 

of disruption. 

Data The NZRI will compare communities with each other over time. Data must facilitate 

repeatable comparisons for all small areas across New Zealand and data that is publicly 

available (i.e. does not have cost or permission barriers) is prioritised. 
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cost. 

The ‘focus’ element of the K2M (Table 1) notes that the NZRI is based on a six-capital framework. This 

framework aligns with the Ministry of Civil Defence and Emergency Management’s (MCDEM) Draft National 

Resilience Framework for New Zealand (Figure 1). The framework illustrates six resilience ‘capitals’ that 

contribute to the resilience of a nation. These capitals are drawn from international research and best practice 

guidance for what contributes to individual, household, community, and national resilience. Resilience is an 

emergent property of these interacting elements of the system, and resilience itself is enacted and experienced 

differently at varying societal, economic, and institutional (governance) scales and by different individuals and 

groups across them. 

 
Figure 1. National Resilience Framework (Source: MCDEM, 2018) 

 

These six capitals are not independent of one another and flows of information and outcomes across capitals are 

essential to achieve resilience outcomes in a highly connected system. For example, governance of leadership, 

policy, and strategy drive decisions and investment that directly influence elements of all five other capital 

domains. In turn, changes to other elements of the system, such as the economy, will have flow on effects for 

social and socio-economic outcomes, urban growth, and resource use (among other things). 

Indicator selection is based on theory, empirical analysis, or pragmatism (Booysen, 2002). It is also often 

informed by political or policy considerations (Booysen, 2002). For the NZRI, individual indicators have been 

developed following an extensive review of international approaches to measuring, monitoring, and evaluating 

resilience. This review led to the development of an ‘indicator bank’ containing approximately 1,000 indicators 

of resilience. The indices included in the indicator bank have a wide range of functions and approaches to 

measuring resilience and covered a range of geographic scales from single community scorecards to broad 

national level indicators. 

Content analysis of the indicator bank was performed using a simple thematic coding methodology, where some 

thematic concepts were anticipated in the dataset (e.g., social capital) and others emerged from the coding 

process (Ayres, 2008). This conceptual data reduction methodology allows us to highlight a range of common 

resilience concepts while recognising that there were many individual metrics that could be used to assess these 

concepts. These concepts were used to guide the selection of individual indicators for the NZRI. We ultimately 

drew our resilience indicator concepts from this theoretical and empirical literature-based indicator bank. Table 

2 shows a modified K2M process that has been developed for the selection of NZRI indicators to maintain 

consistency in decision making as the index grows. 
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Table 2. Modified K2M assessment process for selection of indicators in the NZRI 

Focus and phase The indicator measures resilience in terms of ‘means’ rather than ‘ends’ and so can be 

measured prior to a disruptive event. 

Scale The indicator is relevant to the scale of assessment (e.g. CAU) and remains valid across 

scales (e.g. local to national). 

Relevance The relationship between the indicator and natural hazard resilience has been verified in the 

academic/professional literature. 

Purpose The indicator can track change and variability in natural hazard resilience and can compare 

the level of resilience across space and time. 

Data The indicator measures resilience in a quantitative way, and is clear and simple in its 

content, purpose, and focus. Data is readily available at the required spatial scale and for 

the period of interest, data should be openly available from secondary sources. Data is 

consistent at the sub-national level, and measurement is reliable and representative of 

reality. 

 

Although not part of our initial selection process, we found that the outcomes of indicators selected using the 

K2M align with the criteria for indicator selection outlined by Parsons et al. (2016), including: “1. The indicator 

reflects a justifiable element of natural hazards resilience. 2. The indicator can track change and variability in 

natural hazard resilience. 3. The indicator is relevant to the scales of assessment. 4. The indicator is measurable 

and readily interpretable. 5. The measurement method for the indicator is robust. 6. The indicator is achievable” 

(Parsons et al., 2016, p.5). Items 4 - 6 are captured in the data element of the K2M. 

In practice, selecting indicators that meet all five criteria of the K2M or the six elements laid out in Parsons et al. 

(2016) is difficult. Many resilience concepts cannot yet be measured consistently at a sub-national level. The 

key challenge facing development and population of a sub-national index is data availability, as the information 

required to measure resilience for some capitals is not conveniently managed and shared in an open data 

environment. Indicators relating to the resilience of the built and natural environments, and for governance of 

risk and resilience, are particularly fragmented. In general, information is not captured for many indicators, so a 

large amount of effort is required to meet the NZRI’s data needs. 

This is not a unique challenge; multi-capital resilience indices consistently suffer from a significant gap between 

what measures are needed to reflect a holistic view of resilience and what can be currently measured using 

publicly available data. It is possible to request data from organisations and piece together novel datasets, but 

such an ad hoc approach is not sustainable for long-term monitoring and reporting of resilience indicators at the 

national and sub-national level. 

Through the thematic content analysis of the ‘indicator bank’ containing over 1,000 potential indicators of 

resilience, we categorised these into approximately 60 distinct indicator concepts of place-based community 

resilience. Of these we have prioritised 15 indicators across the six resilience capitals, for which we have 

currently populated 12 and are waiting for data to be supplied by government agencies for three final indicators. 

It is important to note that household economic capacity requires more than one measure in its calculation. This 

is a function of both the complexity of the concept, but also the relatively high availability of high-quality data. 

Data availability allows us to add more nuance to our understanding of economic resilience compared to other 

concepts like cultural resilience, which has a dearth of high-quality data. 

After reflecting on the indicator categories and consulting with stakeholders who will be applying the resilience 

indicators (regional Civil Defence Groups), we have split the institutional (governance) category into two 

indicators that capture institutional capacity to reduce and manage risk and three indicators that relate to DRR 

engagement and capacity more closely related to Civil Defence and Emergency Management (CDEM) actions.  

The selection process for the 15 indicators was undertaken with two primary considerations: first, which of the 

roughly 60 resilience concepts are we confident of accessing high-quality spatial data for, and second, ensuring 

that we have a spread of indicators across all six resilience capitals and do not over measure a specific concept 

or capital. The latter is important, as during the development of the NZRI it became apparent that social and 

economic data is readily available in New Zealand via the national Census and it would be easy to populate  

many indicators of this nature. Doing so creates the risk of the composite indicator being a measure of socio-

economic deprivation or demographic trends rather than a measure of resilience. The 15 indicators selected for 

the baseline NZRI are shown as they relate to the community capital model in Table 3. 
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Table 3: Indicators in the New Zealand Resilience Index (metrics with an * are datasets not yet attained) 

 

 
Many of the roughly 60 resilience concepts in our ‘want to have’ list of indicators, are not currently measurable 

due to a lack of data, or data that has been collected for a specific purpose, which makes it difficult to align with 

the needs of the NZRI. One example of this is quantifying the capacity of emergency shelters in local areas, and 

the availability of trained staff and volunteers with emergency response skills. While we have stated a 

preference for data that is readily available at the national level, sheltering and welfare centre data is managed 

by local Civil Defence organisations, and no central data repositories of emergency shelter locations exist. As a 

result, this requires a data request to other regional or local agencies. For the first iteration of the NZRI we have 

Capital Domain Indicator Metric(s) 

Social Socio-cultural engagement % resident population who have engaged in voluntary 

work 

Long term residency % of residents who have lived in current area for 5+ 

years 

Hospitalization rates Total hospital discharged by DHB per 1,000 population 

Economic Sector diversity Number of ANZIC codes represented in area 

Non-primary sector employment % working age resident population not employed in the 

primary sector 

Household economic capacity % working age population in fulltime employment 

% working age population with post high school 

education 

% population living in an equivalized household with 

income above income threshold* 

Built Infrastructure independency 

systemic resilience 

Infrastructure independency systemic resilience metric 

Commercial building quality % commercial buildings that meet at least 34% of new 

building standard 

Natural Land use change % change in natural land use between 1990 and 2012 

Cultural Historic site protection % registered historic sites damaged/destroyed since 

2000 

Institutional/ 

Governance 

Land use planning for hazards % completeness of hazard planning from district plans 

Hospital beds per capita Number of hospital beds per 1,000 people 

DRR 

Engagement and 

Capacity 

Emergency support center 

accessibility 

Average distance to designated Community Emergency 

Response Centre* 

Emergency support center 

capability 

Number of emergency shelters per 1,000 people* 

Access to emergency water % of households with emergency water for three days 
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opted to aggregate this information ourselves from the various regional and local groups, with the aim of 

developing a clearer process in the future of quickly updating this information for tracking. An indicator that we 

could not aggregate, though it is identified as important, is the number of trained and skilled people who can 

respond during an emergency event in a given area. Disaster response training is a niche field, for example, 

Urban Search and Rescue teams, but many people who are first aid qualified work in health and safety focused 

roles, such as sport and recreation staff (e.g. lifeguards), or work in healthcare, police, and firefighting roles 

(both fulltime and volunteer). These people are reasonably trained and skilled to aid in an emergency. However, 

they may not be included in measures of trained emergency response personnel. Developing a comprehensive 

measure for community response capacity will require the combination of many datasets, which are not 

currently available at the national level. When considering who in the community is well placed to respond and 

help others in an emergency situation, we need to consider a wide range of skillsets and organisations, and data 

about these people is very fragmented. As a result, a large amount of time can be spent seeking out, accessing, 

combining, and transforming data to meet the needs of a single indicator to include in the NZRI. 

Similarly, we have included two datasets compiled by researchers into the NZRI. These datasets have high 

quality national coverage, but are not publicly available and may not be consistently repeated going forward. 

The first dataset is based on an assessment of hazard planning quality based on information aggregated by 

researchers based at GNS Science (Saunders et al., 2015). Their database provided a comprehensive national 

review of regional and district plans conducted in 2013 and 2015. This systematic review quantitatively coded 

the elements of each plan that met high-quality hazard and coastal management standards. This has allowed us 

to derive a planning quality “score” for every territorial authority in New Zealand. The second dataset is based 

on the work of Pant et al. (2018) and provides an assessment of infrastructure resilience as a function of 

interdependent critical infrastructure network vulnerabilities. Both of these datasets provide useful, high-quality 

data for the NZRI but, if they are not updated regularly, they will need to be dropped or replaced with an 

alternate dataset, making trend analysis more difficult. 

THE DIVE PLATFORM 

In New Zealand, as is the case elsewhere, full understanding of resilience should incorporate multiple sources of 

high-quality data. This moves beyond traditional forms of data such as census data, and may include local and 

research data, individual and group narratives, and other resources that may not be published, or even available 

to those researching this complex construct. Despite the country’s mandate that data and information should be 

open, readily available, and well managed (Internal Affairs Te Tari Taiwhenua, 2011), good metadata standards 

and data sharing processes are still lacking in New Zealand. In order to enable an ongoing, “live” contextual 

understanding of community resilience, platforms capable of facilitating data sharing and collaboration, and 

vastly improving understanding of good metadata standards, are needed. New Zealand’s commitment to the 

Sendai Framework for Disaster Risk Reduction also requires “real time access to reliable data, the use of space 

and in situ information, including geographic information systems (GIS), and use information and 

communications technology innovations to enhance measurement tools and the collection, analysis and 

dissemination of data” (UNISDR, 2015). 

There is currently no unified place where researchers and stakeholders can share and find hazard related 

information (Stevenson et al., 2018). The Data Integration and Visualisation En Masse (DIVE) Platform, a 

project funded by the Resilience to Nature’s Challenges National Science Challenge and QuakeCoRE, is an 

attempt at creating a unified space for DRR and resilience data that is curated, archived, and searchable. 

Furthermore, DIVE provides data literacy resources to facilitate learning around metadata. 

The DIVE research team facilitated a consultation process using workshops, interviews, and surveys to explore 

the concepts of better data management systems. More specifically, the research team was interested what a data 

manage practices could enhance the resilience of research programmes and, ultimately, communities in New 

Zealand. This resulted in several key outcomes about the critical data needs of researchers (Stevenson et al., 

2016). Some of these included: 

• Systems for knowing about ongoing research prior to publication 

• Enhanced data searchability across institutions 

• Developing systems to facilitate safe, easy, and desirable data sharing 

• Establishing standards and guidelines for transdisciplinary management of data 

A beta prototype of DIVE was created following these workshops to provide a web-based interface for data and 

metadata entry and cataloguing. With the goal of developing consistent metadata entry and data sharing 

processes, educational content surrounding good metadata and geospatial data practices were created to increase 
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uptake of the DIVE platform. 

CKAN, an open source data platform, was used to create the DIVE interface. Users can register for an account, 

upload metadata (with an optional ability to upload data), and search for specific concepts using keywords. 

DIVE is also able to categorise both users and data to enable better collaboration and enhance searchability. The 

focus of the creation of DIVE was to deliver a minimum viable product allowing users to share resilience and 

DRR related metadata. Another focus was to allow for the sharing of unique datasets. For example, a dataset of 

Anglican heritage churches in New Zealand will be entered into DIVE. This dataset includes information 

including the location, year built, construction type, proneness to earthquake damage, notes about vulnerabilities 

and other useful and vital data. Datasets such as these are often unavailable publicly but have the potential to 

enable innovative research and enhance DRR and resilience understanding. 

DIVE users are able to share information about past and current research endeavours even if they choose not to 

share complete datasets due to privacy or copyright issues. This is achieved by uploading metadata, or data 

about data, onto the platform. DIVE contains a comprehensive data entry form, which allows users to enter high 

quality metadata and improves the ability of others to interpret and build on resilience research. The 

‘organisations’ feature allows a user to see and search all of the datasets from a particular organisation in one 

place. It additionally allows members of that organisation to categorise their data by entering their respective 

organisation during the data entry process. Users can also create their own groups and add datasets that are 

already in DIVE into one easy-to-find folder. This feature has the potential to facilitate collaboration through the 

cataloguing of datasets for a project, team, or theme. Stevenson et al. (2018) discuss the full development 

process for DIVE in detail. 

DISCUSSION  

Building the resilience of New Zealand’s people, places, and economy to ensure safety, stability, and prosperity 

in the face of natural and man-made hazards is a national, and now international, imperative following New 

Zealand’s commitment to the Sendai Framework. Understanding the country’s current state of resilience and 

achieving improvements requires transdisciplinary and cross-institutional collaboration and research. However, 

such a model currently challenges the status quo around sharing and managing data (Medyckyj-Scott et al., 

2016). Data gaps and inefficiencies often hinder the progress of disaster risk reduction (DRR) and resilience 

researchers, and effective information management is needed to ensure that meaningful progress can be made. 

This involves creating spaces to allow data to be captured, safely shared, and managed to ensure quality, 

appropriate use, and ongoing development. 

In 2011, the New Zealand government approved a set of principles, asserting that the data and information it 

holds should be open, readily available, well managed, reasonably priced, and re-usable unless there is a 

reasonable expectation of information protection (Internal Affairs Te Tari Taiwhenua, 2011). This is 

underscored by the Open Government Data Programme which champions an ‘open by default’ cross-

government data ecosystem. Policy recommendations from the Ministry of Business, Innovation, and 

Employment (MBIE) extend this ethos to publicly-funded science data, with the intention of managing and 

sharing information for better collaboration, more efficient and powerful science, and greater connectedness to 

end-users (Ministry of Research Science and Technology, 2010). 

The DIVE platform builds on these recommendations and responds to a practical need expressed by people 

working in the field of DRR and resilience in New Zealand. Having more people and organisations share their 

work and observations of resilience, will help create a community of localised, nuanced information that can 

complement and elaborate on the baseline NZRI. Ongoing work through the Warrant of Fitness, another project 

within the ‘Resilience Trajectories’ programme, is developing a framework to pair the top-down NZRI with 

localised, bottom-up data to enable communities to better understand their resilience strengths and weaknesses, 

and to monitor resilience over time. 

CONCLUSIONS 

Going forward we will continue an iterative process of consultation and development as both the NZRI and the 

DIVE Platform are ‘road tested’ by stakeholders across research and practice. At all stages we will need to 

ensure that care is taken with how resilience assessments and interventions are applied, recognising the 

possibilities and limitations of our data rich environment. There is an ongoing need to build relationships 

between organisations that collect and process data like Land Information New Zealand (LINZ), MBIE, and 

StatsNZ, and data users. Through mutual engagement the data collected can be shaped to better suit the needs of 

end users, more clearly linking what we want to know with what we want to do. Additionally, supporting data 

sharing initiatives like DIVE will facilitate the creation of a community of practice among researchers and 

162



Stevenson et al. The Data Challenges of Monitoring Resilience 
 

Full Insight Paper – Data Issues for Situation Disaster Awareness 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

research stakeholders as we strive to build a more comprehensive understanding of resilience and operationalise 

those understandings into measurable resilience outcomes for New Zealand.  
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ABSTRACT 

Successful emergency management decision-making during natural hazard events is fundamentally dependent 

upon individual and team situation awareness (SA, i.e., how selection, interpretation, and understanding of 

available information defines the problem and identifies solutions) whilst operating under high time and risk 

pressures. The development and evolution of SA, and response effectiveness during a crisis, depends upon 

information and advice from external experts. This advice is characterised by stochastic (system variability) and 

epistemic (lack of knowledge) uncertainty, constraining decision-making and blocking or delaying action. How 

this uncertainty is communicated, and managed, varies throughout the phases of emergency management. 

Through this ‘Insight’ paper, we review how people cope with uncertainty, individual and team factors that affect 

uncertainty communication, and inter-agency methods to enhance communication. We propose communicators 

move from a one-way dissemination of advice, towards two-way and participatory approaches that identify 

decision-relevant uncertainty and data information needs pre-event, identify what communication efforts should 

focus on during a crisis, and thus enhance situation awareness and data sharing.  

Keywords 

Uncertainty, decision-relevance, science advice, participatory, co-production. 

1. INTRODUCTION 

Throughout the response and recovery to a natural hazard event, it is vital that the multiple agencies 

involved in the response have effective communication processes and protocols to enhance the sharing of data 

and information, and to respond and recover effectively. We will argue that effective communication within event 

is fundamentally dependent upon successful pre-event activities that enhance individual and team understanding 

of each other’s needs, responsibilities, and roles, such that communicated data and information can meet the needs 

of decision makers in time and space (Borodzicz and van Haperen 2002, Cannon-Bowers and Bell 1997, Crego 

and Harris 2002, Endsley 1997, Martin et al. 1997, Owen et al. 2013, Paton, Smith and Violanti 2000, Pliske et 

al. 2001). However, the presence of uncertainty can mediate and limit this process, both in terms of the technical 

or scientific uncertainty inherent to the data, risk assessment, or models, and due to uncertainty about the 

communication environment. In New Zealand, a number of significant recent natural hazard events have 

highlighted the need to identify how best to communicate scientific and technical uncertainty to enhance 

stakeholder and individual decision making, before, during, and after a crisis (e.g. Becker et al. 2015, Jolly and 
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Cronin 2014, Wein et al. 2016). This includes identifying how best to communicate scientific, technical, data, and 

information uncertainty (e.g. in model representation, model and parameter choice), and how to manage the 

uncertainty in the communication environment (e.g., missing, ambiguous, contradictory information arriving in 

rapidly evolving situations). To achieve this, we first need to understand how a range of stakeholders react to, 

conceptualise, and cope with uncertainty, as well as their decision uncertainty needs... This includes information 

and decision management systems being designed to accommodate how different stakeholder groups have 

different information needs and interpret information in diverse ways while functioning in the context of a given 

event.  

In this ‘Insight’ paper, we reflect upon key issues from the recent literature on uncertainty, as a basis for 

outlining our recommendation for a move towards more participatory approaches to the identification and 

communication of data uncertainty. We first outline the nature of uncertainty (section 1.1) by briefly reviewing 

the wide range of ‘uncertainties’ that exist in a natural hazard multi-agency response, ranging from uncertainties 

in behaviours through to the many layers of uncertainty in the information. This is followed in section 2 with a 

brief review of how people cope with uncertainty via different decision-making processes (section 2), and the role 

of mental models in those processes (section 2.1), summarizing how the development of effective shared mental 

models can improve situational awareness and reduce communication uncertainties. We also highlight how an 

individual’s mental model affects their interpretation of scientific communications, and how their ‘model of 

science’ thus impacts their understanding of scientific uncertainty. We then briefly discuss the different languages 

used to describe uncertainty (section 3), and processes that can be adopted to help identify and categorise 

uncertainty as well as reduce the ‘linguistic uncertainty’ inherent to the language we use to describe our data. 

Finally, in section 4, we review additional lessons from a recent systematic literature review which focused on the 

particularly challenging issue of communicating the technical uncertainty inherent to numerical and risk 

modelling (Doyle et al. 2018). This review identified several key thematic areas in the literature that provide 

lessons for effective uncertainty communication. We reflect here on three of these themes: the role of different 

epistemologies and disciplinary cultures (section 4.1), the role of trust (section 4.2), and the role of participatory 

approaches pre-event to enhance communication (section 4.3). We focus on these due to the important role they 

play in enhancing inter-, and intra-, team situational awareness, and the role they play in improving the 

understanding of scientist’s and decision-maker’s needs, capabilities and resources, all of which contribute to 

more effective data sharing. In section 5, we conclude that such participatory approaches can help identify 

decision-relevant information, and thus contribute to the development of effective communication protocols ahead 

of events. Developing such competencies pre-event thus enhances multi-agency response communications in-

event (see Doyle and Paton 2017, Owen et al. 2013). Communicators must move from a one-way dissemination 

of advice and uncertainty, towards these two-way and participatory approaches that seek to identify the decision-

relevant information and uncertainties, and seeks to focus communication efforts upon those needs. This is 

particularly important in contexts where information needs and uses evolve over time. 

1.1 The nature of uncertainty: in actions, in information.  

The effective management of complex emergencies is an activity that transcends the capability of any 

one organization or agency. This makes inter-agency communication an important component of an effective 

response. Complicating factors in this context include a need to understand how the nature, quality and utility of 

inter-agency communication is affected by agencies having different roles. Thus information and decision needs, 

and the fact that all agencies need to manage evolving events. This is further complicated by event characteristics 

and implications which change over time in an overarching climate of uncertainty.  The latter point introduces a 

need to understand uncertainty and its implications. This itself is a challenging activity as uncertainty is not a 

homogenous construct.  

Considering uncertainty at the individual level, Kuhlthau (1993, as cited in Sonnenwald and Pierce 2000, 

p. 463) consider uncertainty to be a cognitive state that causes anxiety and stress. While this is an accurate 

description of the experience for many in everyday life, it is less applicable for emergency management 

professionals. Rather than imposing constraints on thinking and action, when experienced by trained personnel, 

anxiety and stress can actually facilitate and empower action (Flin 1996, Paton and Flin 1999, Paton and McClure 

2013) and act as a motivational force (Smithson, 2008). For crisis decision makers, recognition of the latter leads 

to a need to focus more on situational uncertainty. In this context, Lipshitz and Strauss (1997, p. 150) define 

uncertainty as “a sense of doubt that blocks or delays action”, that can be “classified according to the issue (i.e., 

what the decision maker is uncertain about) and source (i.e., what causes this uncertainty).” Sources include a) 

“incomplete information”, b) “inadequate understanding”, and c) “undifferentiated alternatives”.  Schmitt & Klein 

(1996, as cited in Klein 1998) add to this list and discuss how sources of uncertainty can emanate from 1) missing 

information; 2) unreliable information; 3) ambiguous or conflicting information; or 4) complex information. These 

uncertainties can occur on the level of the data, the level of  knowledge, and people’s level of understanding (Klein 

1998) (see review in Doyle et al. 2018).  
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Even when having motivating qualities, situational uncertainty introduces delays in action for several 

reasons, including decision makers being unable to a) judge if the situation is typical; b) prioritize relevant cues 

to inform the decision; c) form expectancies; d) develop a vision for plausible goals; and e) being uncertain 

regarding which action to take. Each of these contributes in different ways to discomfort, fear and doubt (Klein 

1998, p. 278). If these exceed the capacity (training, experience etc.) of the decision maker, decisions may not be 

made, or if made, may not be enacted in timely and effective ways (Paton and Flin 1999). However, given that 

these are inevitable consequences of working on mass emergency and disaster settings, it becomes important to 

understand how such conditions can affect performance and to use the knowledge of those disaster-setting 

characteristics to inform the development of capability. The use of simulations that develop both situational 

understanding and stress and coping capability are especially valuable in this context (Paton and Flin, 1999). It is 

also important to appreciate that inter-agency work contributes additional kinds and sources of uncertainties (that 

vary from one stakeholder to another), and thus how uncertainty needs to be managed within the inter-agency 

context.  

For example, uncertainty affects both the scientific advisors in their decisions regarding communication, 

as well as the decisions made by the emergency managers that depend upon the advice they receive from scientific 

advisors. Hence, it becomes important to appreciate the cascading properties of uncertainty as these can be 

magnified through sequential and iterative information search, evaluation and decision processes. A significant 

contribution to this derives from the fact that uncertainty in the source (and interpretation) of information varies 

between these groups. For instance, advisors deal with uncertainty in their assessments of hazard processes and 

predictions of future activity, whereas emergency managers face uncertainty in applying data with implicit 

uncertainty to complex response management settings (e.g., regarding where to deploy resources, and knowing 

that decisions change their future options as resources cannot readily be committed to other locations) (Paton and 

McClure 2013). Uncertainty related to communication and information is thus both a source of uncertainty itself 

as to what to communicate, as well as having sources of uncertainty within it, and being a cause of future 

uncertainty (as reviewed in Doyle et al. 2018). Uncertainties can also arise between advisors and managers from 

differences due to: a) discipline and training (including the degree to which processes such as cross training has 

been part of inter-agency team development), and b) how they relate to their roles and responsibilities (e.g., those 

from bureaucratic agencies tend to become more rigid in their adherence to rules and procedures when crises 

occur). These differences, and their different frames of reference, their different information management and 

processing approaches, and the application of different mental models of their situation (discussed further in 

section 2.1), all act to create further uncertainties that must be understood and managed (Paton and McClure 

2013).  

Science advice about natural hazards is often subject to many levels of uncertainty, due to the natural 

stochastic uncertainty (the variability of the system), and the epistemic uncertainty (lack of knowledge) (van 

Asselt 2000, Patt and Dessai 2005). Uncertainty has not always been given the prominence in conceptualising 

information and decision management (both within agencies/discipline and between them) it deserves. The value 

of elevating its importance has being reinforced by, for example, Becker et al. (2015) and Wein et al. (2016) 

calling for the understanding of the diverse, evolving and specific decision-making needs of scientific information 

that emerged in information users after the Christchurch earthquake sequence. This paper seeks to redress this 

imbalance. It follows from the above discussion that to assist in effective decision making under uncertainty, 

communicators should first understand “the various dimensions of uncertainty [to help] in identifying, 

articulating, and prioritising critical uncertainties, which is a crucial step to more adequate acknowledgment and 

treatment of uncertainty in decision support endeavours” (Walker et al. 2003, p. 5). To encompass these issues, 

this paper adopts the term “uncertainty communication” to describe its area of interest.  

2 COPING WITH UNCERTAINTY: DECISION MAKING, MENTAL MODELS AND INTER-AGENCY COMMUNICATION  

As discussed by Patt (2009) a particularly challenging issue for uncertainty communications is the wide 

range of uncertainty decision making models that exist, including economic, psychological and political models. 

It is beyond our scope to review all these here, but focusing on the psychological literature (see reviews in Doyle, 

McClure, Paton, et al. 2014, Doyle and Paton 2017), the theory of two “parallel processing systems” (Chaiken 

and Trope 1999, Epstein 1994, Sloman 1996, Slovic et al. 2004) describe the decision making processes that occur 

at an individual level. Type 1 is an affective process involving rapid, unconscious, action-oriented processing, 

where people interpret risk as an emotional state or feeling (e.g., fear, dread, anxiety; Doyle, McClure, Paton, et 

al. 2014, Epstein 1994, Loewenstein et al. 2001, Slovic et al. 2004, Smithson 2008). This can be “intervened by 

distinctive higher order” Type 2 processes (Evans and Stanovich 2013a), or analytical  processing systems 

(Epstein 1994), which utilise hypothetical thinking, and more deliberate computational cognitive processes by 

using rules to analyse the data and justify actions. Decisions made in a crisis can involve a complex balancing act 

between these two processes, influenced by the degree of uncertainty or threat and an individual’s roles, 

responsibilities and training (Doyle, McClure, Paton, et al. 2014, Evans and Stanovich 2013a, b, Keren 2013, 
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Keren and Schul 2009, Kruglanski and Gigerenzer 2011, Loewenstein et al. 2001, Osman 2013, Thompson 2013).  

Emergency response conditions are characterised by ill-structured problems; uncertain dynamic 

environments; shifting, ill-defined, contradictory or competing goals; action/feedback loops; time stress; high 

stakes; multiple players; and influences from organizational goals and norms (Crichton and Flin 2001, Doyle and 

Johnston 2011, Klein 2008, Zsambok 1997). These are not ‘ideal’ for Type 2 processing (Flin 1996, p. 141–142, 

Saaty 2008). Instead ‘naturalistic’ decision making processes have been identified as being able to go some way 

towards facilitating functional decision making in such dynamic settings  (Crego and Spinks 1997, Crichton and 

Flin 2002, Pascual and Henderson 1997). These include 1) recognition primed and intuition led action; 2) action 

based on procedures; 3) analytical comparison of options; and 4) creative designing of a novel course of action. 

A decision maker can move through this spectrum (ordered in terms of decreasing pressure and increasing time), 

depending on the task and specific demands that present at a particular stage in events characterized by evolving 

conditions (Doyle and Johnston 2011, Martin et al. 1997, p. 283), as well as  a responder’s strategic analytic or 

tactical coordinating response level and decision needs (Paton et al. 1998, 1999, Paton and Flin 1999).  

Because they inevitably involve inter-agency and inter-disciplinary collaboration, these processes 

depend fundamentally upon individual and team Situation Awareness (SA; Endsley 1997, Martin et al. 1997). 

Situational awareness encompasses 1) the perception of the problem elements in time and space; 2) the 

comprehension of the current situation (in relation to agency/team goals) and 3) the projection of the future status. 

The development of effective SA, and the projection of future status, is particularly important when considering 

uncertainty, as uncertainty often evolves and grows in to the future, especially in emergency management 

situations. Thus, the soliciting of advice and opinions of experts is often a vital part of these decision processes. 

This may be enhanced by the development of communication protocols and techniques to identify decision 

information needs ahead of time, with a particular focus on identifying which uncertainties will have the greatest 

impact upon those decisions (discussed further in section 4.3). 

Lipshitz & Strauss (1997, p. 160) found that decision makers “Reduce, Acknowledge or Suppress 

uncertainty depending on its nature or quality”. However, this assumes a ‘rational’ or analytical decision maker, 

and does not incorporate the uncertainties introduced by individual interpretative processes, biases and 

interactions, or the role of more implicit or experiential modes of thinking (Epstein 1994). As discussed by Eiser 

et al. (2012), there is a need to move beyond ‘rational choice’ models in natural hazards, and consider how people’s 

interpretations of risk reflect their experience, feelings and bias. This is supported by the research of Doyle et al. 

(2014) and McClure et al. (2014), who discussed how people’s interpretations of forecast likelihood statements 

were found to be not ‘rational’ as they are influenced by prior experience and knowledge of phenomena as well 

as cognitive biases. This line of inquiry makes it pertinent to consider how to capture these socio-psychological 

processes and how they inform understanding of uncertainty communication and its functional implications. One 

way of doing so is via the construct of mental models.  

2.1 Mental models  

Effective inter-agency and intra-team communication depends upon a good shared mental model, 

particularly when high levels of uncertainty about evolving events exist (Doyle et al. 2018, Paton and McClure 

2013). A mental model describes how someone understands an issue, any dependencies, and causal beliefs 

(Bostrom et al. 2008), and how they impose meaning on uncertain and unpredictable events to make decisions 

(Paton and McClure 2013). They can include a mental ‘map’ of a response operating environment (Flin 1996, 

Paton and Jackson 2002, Rogalski and Samurçay 1993), with such maps encompassing the needs, responsibilities, 

roles, dependencies and demands of other members of the response. They can also encompass an individual’s 

prioritisation of different information and weighting of hazard attributes upon their management of risk; including 

socio-political and economic criteria and demands (Paton and McClure 2013). An effective shared mental model 

reduces the uncertainty about what to communicate, as a decision maker’s needs are anticipated and understood, 

through a shared understanding of the task at hand (Lipshitz et al. 2001, Orasanu 1994, Pollock et al. 2003, Salas 

et al. 1994). What this entails is depicted in Figures 1 and 2.  

As illustrated in Figure 1(a), a wide range of mental models can exist, including those about the hazard, 

the communication network, and an individual’s or organisation’s responsibilities and needs, and so on. These 

mental models affect the interpretation of information, which can also be mediated by several other cognitive, 

social, psychological, environmental, and experiential factors (such as those illustrated in Figure 2).   In the 

absence of effective cross training or team development, the situation depicted in Figure 1 (b) prevails. People 

function in adjacent roles, but each brings their own content (from Figure 1(a)) to the role. Hence there is no 

coherence or inter-agency/disciplinary functioning. This poor shared mental model can result in uncertainties not 

just in what to communicate, but also how and who to communicate too, and often requires explicit requests for 

information in response (Crichton and Flin 2002, Klein 1997, Paton and Jackson 2002), The goal of activities 

such as cross training or team building is to create the relationships depicted in Figure 1(c), where each agency 

representative has their own role to play, but (as depicted by the overlap), they do so in a more coherent way and 
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one that creates a “whole is greater than the sum of its parts” approach to functional response. This has several 

practical implications.  A good shared mental model enhances levels of understanding, creating an environment 

for more effective data and information sharing, and improving situational awareness by increasing understanding 

of each other needs in both time and space (Endsley 1997, Martin et al. 1997). 

 

 

 
Figure 1: a) Examples of the various mental models within an individual’s over-arching or super-ordinate mental 

model during a volcanic crisis. b) A poor shared mental model between individuals. C) A good shared mental model 

(Doyle and Paton 2017). 

 

 

 
Figure 2: The factors that affect the interpretation of forecasts, and the influences on resultant decision 

making (Doyle, McClure, Paton, et al. 2014). 

 

Effective communication occurs when an individual continues to use their ‘expert’ mental models in 

complement with the over-arching or superordinate mental model. They then integrate their individual mental 

models of their role, how they relate to others within their organization, and how their organisation fits within the 

wider response (Doyle and Paton 2017, Owen et al. 2013). This illustrates how stakeholders do not need to have 

identical understanding and roles. Rather they need to have shared understanding of, for example, how their 

respective knowledge, experience and skills complement others in ways that ensure that the emergent shared 
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experience of an event increases the likelihood of their acting in coherent and complementary ways. A “team” 

whose structure reflects Figure 1(b) would function less effectively than a team whose functioning reflected a 

Figure 1(c) structure. Understanding this notion of coherence has further implications.  

  An additional level of uncertainty can arise in inter-agency communications through the mental models 

gulf (Morgan et al. 2001). This describes a gap between “what experts know and the plan they develop, versus 

what key public know and prefer” (Heath et al. 2009, p. 129), see also Doyle et al. (2014, Doyle and Paton 2017). 

However, if response teams (including advisors) have developed an effective shared mental model (via training 

and other techniques ahead of time; see section 4.3), then communication in an event can move from resource 

intensive explicit requests for information (Crichton and Flin 2002, Klein 1997), to implicit supply of advice as 

they anticipate information that others need (Kowalski-Trakofler et al. 2003, Lipshitz et al. 2001, Paton and Flin 

1999). This also allows decision makers to focus on task management and reduces uncertainty around missing or 

requested information. As reviewed in Doyle et al. (2015) the quality of these shared mental models can be 

improved through both training and effective team-based simulations (Borodzicz and van Haperen 2002, Cannon-

Bowers and Bell 1997, Crego and Spinks 1997, Paton, Smith and Violanti 2000, Pliske et al. 2001), as well as 

from the analysis of past responses. An implicit communication style dominates in effective teams (Kowalski-

Trakofler et al. 2003, Lipshitz et al. 2001, Paton and Flin 1999, Paton and Jackson 2002), and in a science advice 

situation ensures information is useful, useable and used (Aitsi-Selmi, Blanchard, et al. 2016, Rovins et al. 2014). 

Advisors must recognise the specific needs of decision makers prior to an event and establish procedures to 

provide that information within the event’s organisational structure (Doyle et al. 2015, Doyle and Paton 2017, 

Owen et al. 2013). This is particularly important in distributed decision making scenarios (Paton and Jackson 

2002, Rogalski 1999, Rogalski and Samurçay 1993). 

As reviewed in Doyle et al. (2018), when communicating information that includes uncertainty, an 

individual’s model of the world and science affects their perceptions of the scientific uncertainty because 

individuals interpret information based upon their ‘science model’ (Maxim and Mansier 2014), as illustrated in 

Figure 2. For example, Budescu et al. (2012) found that interpretations of uncertain verbal statements varied 

depending upon ideologies and beliefs in climate change, while Tak et al. (2015) concluded that in the absence of 

any textual explanation of an uncertainty range, people will apply their own internal model of the uncertainty 

distribution. People are not just influenced by the framing of a message, but also by their prior expectation of the 

message (Rabinovich and Morton 2012). This also depends on whether they assume a classical model of science 

(which considers science to be the ‘search for truth’), or a Kuhnian model of science (which considers ‘science as 

debate’) (Kuhn 1962).  In the latter, actions are less likely to be undeterred by uncertainty, and uncertainty may 

actually increase motivations (Rabinovich and Morton 2012). People with a Kuhnian model of science are 

perceived by Rabinovich & Morton (2012) to trust a message more if it includes uncertainty as it matches their 

expectations. However, a classicist would distrust an uncertainty message as they search for absolutes. It is thus 

important to assess and adapt communications depending upon audience beliefs (see section 4.1 and Doyle et al. 

2018). Similarly we can seek to understand how individuals adapt and create opportunities to function in uncertain 

and dynamic conditions, and how they rationalise their experience through different frames of reference and their 

social models, via the fields of social constructionism and symbolic interactionism (Burr 1995, Falkheimer and 

Heide 2006, Griffin 2006), where “crisis communication is understood and analyzed as a sense-making process 

(e.g. Weick, 1979) where reality is negotiated and constructed in cultural contexts and situations, rather than 

distributed from a sender to a recipient” (Falkheimer and Heide 2006, p. 180) 

3 THE LANGUAGE OF UNCERTAINTY: TYPOLOGIES AND LINGUISTIC UNCERTAINTY  

Klein (1998, p. 277) highlight that when uncertainty is discussed the language used is often muddled, 

being discussed in terms of “risks, probabilities, confidence, ambiguity, inconsistency, instability, confusions, and 

complexity”, including uncertainty about ‘future states, the nature of the situation, the consequences of action, 

and preferences’.  Doyle et al. (2018) highlight the wide range of schemes that exist in the literature to define and 

classify uncertainties (Bammer et al. 2008, Bjerga et al. 2012, Blind and Refsgaard 2007, Daipha 2012, Grubler 

et al. 2015, Handmer 2008, Janssen et al. 2005, Kloprogge et al. 2011, Kwakkel et al. 2010, van der Sluijs et al. 

2011, Smithson et al. 2008, Stirling 2010, Walker et al. 2003). For example, Walker et al. (2003, p. 8) developed 

a typology for uncertainty management in model-based decision support, which considers three overarching 

categories: First, 1) the location of the uncertainty encompassing: a) the context of the model, b) the model 

uncertainty, c) input variables uncertainty, d) parameter uncertainty, and e) accumulated model outcome 

uncertainty. Next, 2) The level of uncertainty, which considers where the uncertainty sits along a scale from 

determinism, statistical uncertainty, scenario uncertainty, recognised ignorance, indeterminacy, through to total 

ignorance. Finally, 3) the nature of the uncertainty: whether it is epistemic and due to knowledge imperfection, 

or whether it is a variability uncertainty (or ontological uncertainty) due to behavioural variability (micro), social 

variability (micro and macro) and natural randomness. 
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A key element of the relationship-development processes depicted in Figure 2 is the opportunity for 

stakeholders to familiarize themselves with sources of uncertainty from others, and to take steps to explore 

strategies to reduce it or accommodate it in their own planning and operations. For example, if communicators 

clearly identify and define all types of uncertainty in technical science (Adler and Hirsch Hadorn 2014, Aven and 

Renn 2015), they can ‘avoid misinterpretations of uncertainty characterizations’ (Adler and Hirsch Hadorn 2014, 

p. 668) and provide advice that is more rigorous, robust and ‘democratically accountable' (Stirling 2010, p. 1029). 

As reviewed in Doyle et al (2018), this is particularly important for model uncertainties as larger ‘deep’ 

uncertainties can form due to the interdependences between model assumptions and relationships (Walker et al. 

2003). However, to communicate all uncertainties present can overwhelm a message and decision, as providing 

as much advice as possible can hinder the decision process due to cognitive overload and an overuse of available 

resources (Eppler and Mengis 2004, Omodei et al. 2005, Quarantelli 1997, Schraagen and van de Ven 2011). 

Thus, it is important to classify and identify the uncertainties present, such that those most relevant and important 

to the decisions can be identified and be the focus of communication efforts, and such that stakeholders can 

accommodate this in their own planning and operations. 

Such typology and classification schemes are fundamentally dependent upon a shared understanding of 

the definitions and words to reduce linguistic uncertainty (Elith et al. 2002, Griethe and Schumann 2005, Grubler 

et al. 2015, Kloprogge et al. 2007, Leyk et al. 2005, Moss 2011, Van Steenbergen et al. 2012). Shared classification 

schemes and prioritization of uncertainties can be developed through participatory and engagement techniques 

ahead of time, discussed in section 4.3. Any standardisation of the language and methods used to represent and 

communicate uncertainty, must remember organizational, disciplinary, context, and individual differences in 

understanding that will affect the appropriate terminology to use (Briggs et al. 2012, Budescu et al. 2009, Han 

2013, Mastrandrea and Field 2010, Moss and Schneider 2000, Patt and Dessai 2005). This is discussed further in 

section 4.1. 

Beyond the appropriate classification schemes for uncertainty, and the linguistic uncertainty regarding 

the classification terms between disciplines, issues also arise regarding the perceptions of the language used to 

communicate uncertainty, such as probabilities, both at an individual and discipline level (Doyle, McClure, 

Johnston, et al. 2014, Paton and McClure 2013). For example, it has become increasingly popular to use 

probability statements in volcanic crisis communications (Doyle, McClure, Johnston, et al. 2014), which involve 

knowledge of both the dynamical phenomena and the uncertainties involved (Sparks 2003). These probabilistic 

statements, whether in numeric or linguistic formats, can be misinterpreted due to their framing (e.g., discipline 

or decision making goals etc.), directionality (increasing or decreasing, etc.) and probabilistic format (numbers or 

words, time frames used, etc.). This can bias people’s understanding, thereby affecting people’s action choices 

(Barclay et al. 2008, Budescu et al. 2009, Cronin 2008, Doyle, McClure, Johnston, et al. 2014, Doyle, McClure, 

Paton, et al. 2014, Haynes et al. 2008, Honda and Yamagishi 2006, Joslyn et al. 2009, Karelitz and Budescu 2004, 

Lipkus 2010, McGuire et al. 2009, Solana et al. 2008, Teigen and Brun 1999).  For example, Doyle et al. (2014), 

found that by simply changing a forecast statement from a “chance of an eruption in the next 10 years” to “within 

the next 10 years” significantly affected participants’ perceptions of when in that time window an event was likely 

to occur. In addition, Doyle et al. (2011a) found that scientists and non-scientists differ in translations of verbal 

likelihood phrases into numerical equivalents, supporting the development of ‘translation’ schemes that consider 

the instinctive interpretations of the target audience, a practice now adopted by NZ’s geological monitoring 

agency, GeoNet (Doyle and Potter 2015). 

4 FURTHER LESSONS FROM THE LITERATURE 

Beyond the nature, decision-making and language of uncertainty, further lessons can be drawn from the 

literature regarding how different perspectives of uncertainty affect inter-agency science communication. Through 

a recent systematic meta-synthesis literature review of 111 publications across a wide range of disciplines 

including psychology, policy, communication, law, climate change, health, geosciences, meteorology, risk 

analysis, and environmental management, Doyle et al. (2018) identified a number of themes fundamental to 

effective communication of model related uncertainty. This systematic review followed similar approaches to 

Johnson et al. (2014) which involved the 1) identification of key search terms based on questions related to 

communicating model uncertainty, 2) peer review of those search terms, 3) a SCOPUS database search using 

those terms, which returned 1,131 documents, 4) reading the abstracts of these documents and including and 

excluding them depending upon their relevance and scope, resulting in 85 documents, 5) inclusion of additional 

secondary documents of relevance found through the lead author’s existing Mendeley database, PsychInfo, and 

other articles recommended by expert colleagues. This resulted in the final 111 documents, as fully described in 

Doyle et al. (2018). Unlike a traditional systematic literature review, rather than describe the characteristics and 

distribution of the literature (as of e.g., Connolly et al. 2012), the focus was rather to identify the key themes and 

emerging lessons in the literature similar to that of a meta-synthesis (as described by Cronin et al. 2008), where 

the literature is analysed thematically in a manner similar to qualitative data (Braun and Clarke 2006).  
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Through this process, the following thematic areas were identified in the 111 documents: a) the need for 

clear typologies to identify and communicate uncertainties, b) the need for effective engagement with users to 

identify which uncertainties to focus analysis and communication resources upon, c) how to manage challenging 

uncertainties such as ensembles, confidence, bias, consensus and dissensus, d) methods for communicating 

specific uncertainties, and e) the lack of evaluation of many techniques and approaches currently in use. We herein 

focus on the epistemology, trust, and participatory approach themes, and reflect upon these lessons for uncertainty 

communication. We focus on these themes here due to the fundamentally important role they play in enhancing 

inter-, and intra-, team situational awareness and the development of a mutual understanding of scientist’s and 

decision maker’s needs, capabilities, and resources. Which are important competencies for effective multi-agency 

response (as discussed in section 2; see Doyle and Paton 2017, Owen et al. 2013). In particular, pre-event 

participatory approaches to the generation of science data and communication protocols can improve the 

effectiveness of data sharing and multi-agency team situation awareness, as it can lay the basis for implicit 

communication styles where the scientists “recognize and understand the needs of the decision makers, [and] their 

timelines and thresholds” (Doyle and Paton 2017, p. 8), while encouraging shared ownership of uncertainty (as 

discussed in section 4.3).  

4.1 Different perspectives of uncertainty: epistemologies, disciplines, and thematic contexts.  

As discussed in Section 2.1, the different ‘science mental models’ that people hold will affect their 

interpretation of and action related to uncertainty (Kuhn 1962). These different science models closely relate to 

the different epistemic cultures (the existence of diverse ways of knowing derived from unique disciplinary 

histories, interests, and goals) present in different disciplines, thematic contexts, and organisations (as reviewed 

in Doyle et al. 2018). As described by Knorr Cetina (2013) epistemic culture describes the factors that capture the 

interiorized processes of knowledge creation, such as what is ‘objective’ and a ‘true’ representation of the world. 

It describes the set of “practices, arrangements and mechanisms bound together by necessity, affinity and 

historical coincidence which, in a given area of professional expertise, make up how we know what we know” 

(ibid, p. 4). It is important to incorporate, acknowledge, and account for different epistemic cultural differences 

represented by the different disciplines and professions involved in a multi-agency uncertainty classification, 

communication, and shared management scheme (Doyle et al. 2018, Murphy et al. 2011). Thus, the different 

uncertainty-decision making tolerances can be accounted for (Demeritt et al. 2007). For example, scientists will 

often aim to reduce epistemic uncertainty, while engineers often accept uncertainty as being core to innovation, 

invention, and engineering solutions (Murphy et al. 2011). Often how this uncertainty is communicated relates to 

the different ethical standards across disciplines such as science, engineering, law, journalism, etc. (Austin et al. 

2015). 

To address how to manage and communicate uncertainty, many disciplines (e.g. in climate change, 

meteorology, and volcanology: Gill et al. 2008, IAVCEI Subcomittee for Crisis Protocols et al. 1999, Mastrandrea 

and Field 2010, Moss and Schneider 2000) have established guidelines that advocate for the clear and transparent 

communication of uncertainty, a documentation of all processes related to uncertainty, and the use of formalised 

probabilistic terms and frameworks for assessment and communication. However, these approaches often do not 

account for the differences in how scientists and non-scientists construe the information they develop and 

disseminate, and how they process information (Chaiken and Trope 1999, Epstein 1994, Sloman 1996, Slovic et 

al. 2004). See the above discussion in section 2 on affective and analytical processes. In addition, they do not 

consider how non-scientist, emergency managers are being influenced by their awareness of the social, economic, 

and political dimensions of their decision making (e.g., the implicit need to manage response decisions with 

economic or political views that are imposed upon emergency managers; see review in Paton and McClure 

(2013)). 

Experimental research has also identified how these epistemological and organizational differences 

influence both the perception and response to uncertain information (Budescu et al. 2012, Doyle, McClure, 

Johnston, et al. 2014, Doyle, McClure, Paton, et al. 2014, Maxim and Mansier 2014, Rabinovich and Morton 

2012, Tak et al. 2015).  For example, in an analysis of actions taken in response to a hypothetical probabilistic 

volcanic eruption forecast, Doyle, McClure, Paton, et al. (2014) found that scientists tended to query the scientific 

advice and express dissatisfaction about the quality and lack of information as reasons for not evacuating. They 

found that non-scientists tended to express a desire to wait for more information, while still stating their intention 

to start the process of preparing for evacuation. This illustrates how the scientists were reflecting their core 

business of data collection, while the non-scientists were reflecting their role as recipients of information and as 

passive planners about what could happen. In addition, even though information was very limited, more non-

scientists chose evacuation compared to scientists, focusing on actions they would take, and acknowledging or 

suppressing the uncertainty in order to make their decisions (Lipshitz and Strauss 1997). Meanwhile scientists 

focused more on the information and the quality of that information, choosing to reduce the uncertainty in the 

source (information) before proceeding. 
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These findings highlight that a system of shared uncertainty management between scientists and decision 

makers both during emergency planning and analysis processes, during mitigation decisions, and in response and 

recovery must acknowledge and account for different discipline and organisational language and epistemological 

differences. In particular, Grubler et al. (2015) has found that epistemic differences can fundamentally affect the 

initial problem formulation, due to linguistic uncertainty and a lack of common language. In addition, different 

systems of scientific enquiry, ranging from analytic, empirical, synthetic, or conflictual models lead to a different 

emphasis in this initial problem formulation. Thus, a shared uncertainty communication and management scheme 

should adopt a pluralistic approach which acknowledges these differences, and then provides a basis for a more 

equal partnership between social and natural science (Doyle et al. 2018, Stirling 2010). Developing such a 

pluralistic approach depends upon an effective engagement and participatory approach between scientists and 

decision makers ahead of time, discussed further in section 4.3. Before discussing the concept of participatory 

approaches further, we first discuss the role of trust, due to its fundamental role in the maintenance and 

development of the relationships required for effective engagement, particularly when operating in circumstances 

where uncertainty prevails.  

4.2 Trust  

Effective multiple agency communication in a crisis is heavily dependent upon trust (see reviews in 

Doyle and Paton 2017, McIvor and Paton 2007, Paton et al. 2008). In environments of high uncertainty the quality 

of interpersonal trust is essential for collective action (Garnett and Kouzmin 2007, Pollock et al. 2003, Siegrist 

and Cvetkovich 2000). Trust is most important under conditions of high uncertainty, and can be further challenged 

when recipients in situations of high pressure, low time, and limited resources, are totally reliant on advisors with 

whom they may rarely interact with under normal circumstances (Doyle and Paton 2017, Haynes et al. 2007). As 

reviewed by Doyle and Paton (2017), it is reassuring to know that some research has shown that the 

communication of uncertainty can enhance the credibility and trustworthiness of the information provider 

(Johnson and Slovic 1995, 1998, Miles and Frewer 2003, Smithson 1999, Wiedemann et al. 2008), making the 

provider seem more ‘honest’ (Johnson 2003). However, other research has found that communicating uncertainty 

decreases people’s trust in, and credibility of, the provider (Johnson and Slovic 1995, 1998, Miles and Frewer 

2003, Smithson 1999, Wiedemann et al. 2008), enabling people to justify inaction or their own agenda, or to 

perceive higher or lower risks than exist. This effectively extends the discussion of epistemic culture to 

stakeholders outside the scientific arena. This decline in trust can reflect a lack of understanding of how the ways 

of knowing are derived from a unique disciplinary history, interests, and goals, and how that affects the 

communication process and can result in conflict and distrust due to recipients failing to appreciate that a source 

has different priorities and interests and capabilities. Several other factors affect whether uncertainty decreases or 

increases trust, including the context, the relationship between provider and receiver, and past experiences (see 

reviews in Doyle, McClure, Paton, et al. 2014, Doyle and Paton 2017).  

Organisational cultures also influence trust. As reviewed by Doyle and Paton (2017, p. 315), scientists 

usually work in flatter more organic organizational cultures in which information flow is common, which makes 

it easier for them to share information and build trust. However, decision makers from government departments 

and emergency service agencies experience higher levels of hierarchical relationships and are predisposed towards 

maintaining their own agency-based independence (Dietz et al. 2010, Dirks and Ferrin 2001). Rivalry can thus 

emerge between organizations, preventing effective information sharing (Iannella and Henricksen 2007, Marcus 

et al. 2006, Marincioni 2007, Militello et al. 2007, Owen et al. 2013, Smircich and Smircich 2012, Waugh and 

Streib 2006). This further impacts the development of trust required for effective collaboration between these 

culturally diverse agencies (Banai and Reisel 1999, Mcknight et al. 1998, Siegrist and Cvetkovich 2000), and thus 

effective information sharing  (Kapucu 2006, Mohr and Spekman 1994).  

Agencies who only come together for the first time to collaborate in a response setting may lack trust 

(Dirks and Ferrin 2001). Functional collaboration, and shared experience designed to facilitate team building and 

shared understanding of the respective goals, needs and contributions of each stakeholder, helps to develop trust. 

Such pre-response activities, including training, planning and risk mitigation collaborations, and development of 

pre-event communication protocols and uncertainty management schemes, contribute to the development of 

shared mental models and enhanced functional relationships (see also section 4.3). In addition, if pre-event 

training is not possible, trust can be developed in-event through the concept of swift trust (Curnin et al. 2015, 

Faraj and Xiao 2006, Goodman and Goodman 1976, Hyllengren et al. 2011, Meyerson et al. 1996). As reviewed 

in Doyle and Paton (2017), swift trust develops when team members have been assigned roles that align with the 

response issues and the temporary work group’s needs (Curnin et al. 2015). It is also more likely to emerge if 

members know that there is a high likelihood of future collaboration (in incident reviews, simulations), and if they 

identify that success relates to the super-ordinate management as much as it does to how they contribute their 

personal expertise (Kramer 1999). 
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4.3 Participatory, engagement, training, and other collaboration techniques  

Throughout this review we have identified that a number of pre-event techniques for training and relationship 

building can enhance response by improving individual and team situational awareness, shared mental models of 

roles, responsibilities and needs, developing shared understanding of epistemological differences and perceptions 

of uncertainty, developing trust, and helping to build a mutual understanding of uncertainty management via 

communication protocols and the development of a common language (see reviews in Doyle and Johnston 2011, 

Paton and Jackson 2002). According to Kozlowski (1998, p. 120–122), team training should be considered as a 

sequence or series of developmental experiences that are carried out across a series of different environments, to 

build “knowledge and skills in an appropriate sequence across skill levels, content and target levels”. Adopting a 

suite of training activities increases opportunities for developing an understanding of the technical issues involved 

and the multi-agency context in which they occur (Blickensderfer et al. 1998, Borodzicz and van Haperen 2002), 

and we suggest that they also provide opportunities to develop shared understanding of the relevant uncertainties, 

in both decisions and information (Doyle et al. 2018). 

As reviewed in Doyle and Paton (2017), several training methods have been identified that can enhance 

naturalistic decision-making (e.g., Cannon-Bowers and Bell 1997), enhance decision skills (e.g., Pliske et al. 

2001), train effective teams (e.g., Salas et al. 1997), and develop effective critical incident and team-based 

simulations (e.g., Crego and Spinks 1997, Flin 1996). These include cross training, positional rotation, scenario 

planning, collaborative exercises and simulations, shared exercise writing tasks, and ‘train the trainer’ type tasks, 

in addition to workshops, seminars and specific knowledge sharing activities (Bloom and Menefee 2014, Keough 

and Shanahan 2008, Marks et al. 2002, Moats et al. 2008, Paton et al. 2015, Schaafstal et al. 2001, Volpe et al. 

1996). For all of these the goal is not just knowledge and skill development but to also address “how the disaster 

context influences performance and well-being” (Paton, Smith and Johnston 2000, p. 176).  For example, scenario 

planning and story boarding creates multiple scenarios of “different futures” that are “credible and yet uncertain” 

(Keough and Shanahan 2008), in ways that accommodate the perspectives of multiple agencies. Thus response 

scenarios are developed that more accurately reconcile the needs, goals, and expectations of diverse agencies 

(Bloom and Menefee 2014, Moats et al. 2008, Paton et al. 2015). Exercises provide opportunities to practice 

communications, contingent planning, and enhance team mental models, as well as providing opportunities for 

scientific agencies to rehearse strategies to convey and include uncertainty (Doyle et al. 2011b, Doyle, McClure, 

Johnston, et al. 2014, Doyle, McClure, Paton, et al. 2014).  

Based on the issues identified herein we consider that tools such as scenario planning can also be used as 

engagement techniques pre-event to help identify the science, information, data, and uncertainty response needs 

pre-event, and to facilitate communication of uncertainty and science for preparedness activities. For example, 

shared data uncertainty management approaches could draw on the methods for integrating stakeholder 

perspectives described by Scolobig and Lilliestam (2016). These include the multi-criteria analysis decision 

support method (which aims to identify the preferred solution), the plural rationality approaches (which seek 

compromise rather than consensus on problem formulation), or the scenario construction approaches (which aim 

to illustrate the impacts of different solutions).  

We note that Scolobig and Lilliestam (2016) state that no approach is “better” than another (p. 1), rather “they 

are suited for different problems and research aims”, and the choice of approach determines the type and depth of 

stakeholder engagement.  Further approaches to developing shared uncertainty management and advice 

communication protocols can also be identified in the participatory, co-production, knowledge exchange, and 

engagement literature (e.g., Beven and Alcock 2012, Clark et al. 2016, Linnerooth-Bayer et al. 2016, Page et al. 

2016, Reyers et al. 2015, Scolobig et al. 2015, Scolobig and Pelling 2016, Wall et al. 2017).  As reviewed in Doyle 

et al 2018, a participatory approach to developing communication protocols involves “two-way communication 

and the relationship between scientists and policy-makers” (Patt 2009, p. 231), that prioritises giving “decision-

makers enough information to know when they need to invest the time and resources to take part in a participatory 

process, and when they do not” (Patt 2009, p. 246). Adopting a participatory approach can help make science 

information more credible and legitimate (Patt and Dessai 2005), by moving away from a style where 

communications are formatted to meet a specific model of stakeholder decision making, which vary considerably 

(Patt 2009), and towards an approach where the decision makers themselves identify which science and 

uncertainties are important for their needs. Using tools such as scenario planning in this process can further help 

decision makers identify with scientists what decisions will be impacted by the uncertainties present, and through 

this identify the decision relevant information and uncertainty that communication efforts should focus upon 

(Scolobig and Lilliestam 2016). 

Participatory approaches to identifying user-science uncertainty priorities, and a shared scheme for the 

communication and management of uncertainty are also advocated for by Faulkner et al. (2007), Janssen et al. 

(2005), and Beven et al. (2015). For example, Faulkner et al. (2007) outline a process to develop a classification 

of uncertainty in flood risk management, which focuses on a ‘translational discourse’ to communicate and manage 

uncertainty which “incorporates a conversation that maximizes the facilitation of the decision-making process” 

(ibid, p. 698). Through this, they move away from the traditional ‘one-way’ communication of uncertainty, where 
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users and stakeholders have no ‘ownership’ of uncertainty. They also include ‘purposeful translations’ of the 

information to meet the decision-making needs (see also Faulkner et al. 2014). Such an approach thus prioritises 

the needs of the stakeholders in both the analysis and communication of scientific uncertainty (Fischhoff and 

Davis 2014), and thus depends upon a partnership model between scientists and users to help identify those 

decision-relevant needs.  

Such communication approaches are thus closely related to the scientific co-production of knowledge (Clark 

et al. 2016, Page et al. 2016, Reyers et al. 2015, Scolobig and Lilliestam 2016, Scolobig and Pelling 2016, Wall 

et al. 2017). As described by Page et al. (2016) co-production of knowledge is a collaborative process between 

multiple stakeholders, including researchers and decision-makers, and incorporates three phases: co-design of the 

problem framing and the research design, co-development of the knowledge and the operationalization of research 

methods, and co-dissemination of findings. Such co-production is “important to help ensure knowledge is 

credible, salient and legitimate” (p. 86). However, it is not without its challenges. As outlined by Scolobig and 

Pelling (2016), effective science-policy co-production is a “long process” (p. S22) and new science and new policy 

developed in parallel does not automatically result in effective co-production. They outline how the “insulation 

of science from the institutional context” results in problematic separation of knowledge production and its use 

(p. S22). Alternatively, a shared uncertainty management scheme could draw from established knowledge 

exchange approaches. For example, Beven and Alcock (2012) outline an approach by the UK Natural 

Environment Research Council to bring academics and practitioners together to define guidelines for the 

incorporation of risk and uncertainty in assessments.  

These various approaches to assessing decision makers needs for science generation and communication can 

be considered ‘pluralistic’ in the sense that they recognise the conditional nature of knowledge and different 

priorities and perspectives (Demeritt et al. 2007, Morgan et al. 2001, Murphy et al. 2011), and “enhances 

stakeholder deliberation by respecting legitimate differences in values and worldviews” (Linnerooth-Bayer et al. 

2016, p. S69). As stated by Sword-Daniels et al. (2018, p. 298) “community-based disaster risk management and 

other participatory approaches provide mechanisms by which to incorporate this plurality of perspectives into the 

co-production of knowledge” (see also Williams and Dunn 2003; Cronin et al. 2004; Gaillard 2006; Cadag and 

Gaillard 2014). They highlight that joint fact-finding techniques can be employed to help groups create a shared 

vision and inform collective decision-making, even in situations with high degrees of uncertainty (Karl et al. 2007, 

Schenk 2016).  

This approach to uncertain problems is closely related to that of post-normal science (Funtowicz and Ravetz 

1993, 1999, Janssen et al. 2005, Maxim and Mansier 2014, van der Sluijs et al. 2011) which acknowledges that 

‘facts are uncertain, values are in dispute, the stakes are high and decisions urgent’ (Funtowicz and Ravetz 1993, 

p. 744). As reviewed in Doyle et al. (2018), such an approach is reflective, and moves beyond just the quantitative 

tools inherent to uncertainty analysis (e.g. sensitivity analysis or Monte-Carlo type simulations) to include 

technical, methodological, epistemological and societal dimensions of uncertainty (van der Sluijs et al. 2011) and 

the value-ladenness of assumptions in a risk or model assessment (Kloprogge et al. 2011). A post-normal science 

approach recognizes that risks are interpreted and managed subjectively, proposing problem-solving frameworks 

that account for this plurality of perspectives (see also Krauss et al. 2012), and can encompass the ‘social history 

of uncertainty’ to solicit social science expertise in communications (Moss 2011, Patt 2007). 

A pluralistic participatory approach acknowledges that people are not being irrational when they respond 

differently to information and uncertainty, but rather they are influenced by different individual, social, and 

cultural values (see also Eiser et al. 2012 and above discussion on mental models). A plural approach to 

communication provides a basis for more equal partnership (Stirling 2010). It requires a high level of  transparency 

where what is communicated (in level of detail and level of quantification) depends on the needs of the decision-

maker (Loucks 2002). As discussed by Aitsi-Selmi, Murray, et al. (2016), current methods for risk assessment 

and management are often variable and non-standardised which results in a “lack of transparency of understanding 

of uncertainty” (p. 11). This hampers both the communication to decision makers and their use of scientific 

outputs. They highlight that two-way coproduction of knowledge and participatory approaches are needed to 

enhance the use and application of science. We note however, as reviewed in Doyle et al. (2018), that for 

engagement and participatory approaches to work, it is vital that a code of practice and professional guidelines 

are developed for engagement, which considers funding, leadership and ethical standards (Beven et al. 2015, 

Faulkner et al. 2007, Janssen et al. 2005) which can vary significantly between different disciplines (Austin et al. 

2015).  
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5 CONCLUSIONS 

As models become more advanced, and complexity increases, the number of uncertainties present will also 

increase (Maslin 2013). For example, as highlighted by Klein (1998, p. 279): 

- “Sometimes it is tempting to believe that we can use information technology to eliminate certain types 

of uncertainty. For example, an intelligent system could screen all messages to detect inconsistencies and 

weed these out. This dream is unrealistic. The next generation of computers will not eliminate uncertainty 

caused by inconsistencies.”  

There is thus a need to move towards approaches that do not just consider the suppression and reduction of 

uncertainty, but also acknowledge and incorporate uncertainty. This necessitates an increase in uncertainty 

tolerance (Han 2013) amongst both decision makers and advisers, and a move away from the 1949 deficit model 

of risk communication (see Daipha 2012, Markon and Lemyre 2013). 

Doyle et al. (2014) highlights that contrary to the accepted anecdotal practice of not wanting to overwhelm 

decision makers with uncertainty information, on the assumption that the uncertainties will damage the trust and 

credibility of the decision maker, decision makers are often actually very comfortable with uncertainty (Doyle, 

McClure, Paton, et al. 2014, Johnson 2003, Johnson and Slovic 1995, 1998, Miles and Frewer 2003, Smithson 

1999, Wiedemann et al. 2008). As stated by one emergency management participant in research by Hudson-Doyle 

et al. (2014) “uncertainty is endemic in crises, you just have to go with the best available information at the time”. 

This relates to the Sword-Daniels (2018) concept of “embodied uncertainty”, which considers uncertainty as both 

a conscious and subconscious lack of certainty. Such uncertainty is “differentially internalised, depending on past 

experiences, social identities, beliefs, values, institutional structures, resources available, and social norms” (p. 

296). By broadening this concept of uncertainty, Sword-Daniels advocate for a shift in thinking towards 

“accepting (rather than reducing) uncertainty” (p. 296). As discussed by Klein (1998, p. 279), “skilled decision 

makers appear to know when to wait and when to act. Most important, they accept the need to act despite 

uncertainty.” 

Through this Insight paper, we have reviewed several factors and key issues relating to uncertainty and how 

that affects communication and data or information sharing throughout natural hazard events. We reviewed in 

section 1.1 the wide range of uncertainties that exist in a response, from uncertainty in actions through to the 

layers of uncertainties in data and models. We then outlined the literature on how people cope with uncertainty, 

and how their mental models of the data, their communication network with other individuals, and their needs and 

responsibilities, impact communications under uncertain situations (section 2) as well as how such mental models 

and epistemologies affect their interpretation of information and judgment of uncertainty in science advice 

(sections 2.1 and 4.1), and the role of trust in that process (section 4.2). We discussed the languages used and how 

typologies can be used to identify and categorise uncertainty in science and data, and how it can reduce the 

linguistic uncertainty (section 3). Finally, this was followed by a discussion of the importance of participatory 

approaches (section 4.3) to enhance effective communication of science advice by providing opportunities to 

identify decision-relevant information and uncertainty needs ahead of an event, such that in-event the data and 

information shared can be targeted to meet those needs. This also helps identify which of the many uncertainties 

in the data and models communicators should focus their communication efforts upon, which is of particular 

importance in high-pressure, time-limited, response environments.  

We have highlighted the very multi-faceted nature of uncertainty, and propose uncertainty communication 

moves away from a one-way advisor led identification, analysis, and communication of uncertainties, towards 

these participatory type approaches that develop shared uncertainty management schemes. The currently accepted 

approach of a one-way ‘science-push’ communication of data, advice, and uncertainties, outlined by a number of 

organisational guidelines, may ensure advisers are honest, open and transparent. However, it may also result in 

the communication of information that is not useful, is unusable, and ultimately unused. It can result in decision 

makers needing to make time and resource intensive explicit requests for information in a crisis to address their 

decision needs (Kowalski-Trakofler et al. 2003, Lipshitz et al. 2001, Paton and Flin 1999), and can also result in 

information overload which can overwhelm the decision making process (Eppler and Mengis 2004, Omodei et al. 

2005, Quarantelli 1997, Schraagen and van de Ven 2011). 

Thus, as depicted in Figure 3, we propose that communicators, scientists, and advisers must develop coherent 

inter-agency/stakeholder relationships that include identifying the decision-relevant uncertainties, and related 

information and data ahead of a crisis event via participatory engagement with decision makers to ensure that 

communication efforts are focused upon the most relevant information required in the short time, high-pressure 

situations characteristic of natural hazards. In the absence of this activity, the scenario depicted in Figure (3a) will 

prevail. Requests for information will be ad hoc and based on agency/personnel reactions to events. Effective, 

functional inter-agency/stakeholder relationship development on the other hand, lends itself to the development 

of coherent shared models of relationships that have clarified respective information needs in ways that 

accommodate uncertainties. This affords opportunities to develop the kinds of relationships depicted in Figure 

3(b) which creates ways to proactively respond to complex events. Through this, the implicit supply of information 
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(and communication of only the decision makers’ perceived relevant uncertainties) will enhance both the situation 

awareness and decision making of the response team. Pre-event two-way communication between decision-

makers and advisers can help develop a mutual understanding as to the relevant uncertainties that need to be 

assessed and communicated for these decision needs (Blind and Refsgaard 2007). By communicating useful, 

useable, and used information (Aitsi-Selmi, Blanchard, et al. 2016, Rovins et al. 2014), we ensure that our advice 

abides by one of the core ethical principles of communication outlined by O’Neil (2002), that of “audience 

relevance” (see also Keohane et al. 2014).  In addition, such an approach helps to ensure research is ‘socially 

responsible’ (Daedlow et al. 2016) in terms of societal goals and values, where the “transparent information and 

involvement of stakeholders during the research process can mitigate uncertainties and risks and is a morally 

responsible action” (p. 4). Such a partnership approach to identifying information needs also advocates for an 

approach that considers decision makers throughout the entire science generation process, right from the initial 

problem formulation, and not the traditional dissemination of science after results are identified. Thus, if during 

the reduction and readiness phases of emergency management, advisors adopt a participatory approach with 

decision-makers to identify, categorise and prioritise the uncertainties in their data, then their communication and 

data provision capabilities will be enhanced during the higher pressure response and recovery efforts. 

Finally, we conclude this ‘insight’ review by highlighting that for all uncertainty communications used in any 

one-way or two-way process it is vital and imperative that they utilise communication tools, techniques, 

languages, and images that have been evaluated or empirically tested wherever possible (Bostrom et al. 2015, 

Briggs et al. 2012, Mastrandrea and Field 2010, Moss 2011). Unfortunately, as discussed by Doyle et al. (2018), 

this is not always the case (Benke et al. 2011, Bonneau et al. 2014, Bostrom et al. 2008, Boukhelifa and Duke 

2009, Brus and Svobodova 2012, Deitrick and Wentz 2015, Hope and Hunter 2007, Tak et al. 2015), and to do 

otherwise may result in interpretations and actions that are significantly different to the intended and desired 

communication.  

 

 

 
Figure 3: The importance of shared mental models and shared uncertainty management and 

communication schemes. a) When understanding of needs is weak, communication is dominated by 

disseminated information and requires time and resource intensive explicit requests from the decision 

makers for their needs to be met. b) When understanding of needs is good, and decision information 

needs are identified ahead of time, communication is dominated by implicit supply of tailored useful 

information and the decision makers only have to make minimal explicit requests. 
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ABSTRACT 

This paper outlines practitioner work-in-progress in Canterbury, New Zealand, to develop a regional approach 

for geographical information systems (GIS) for emergency management. This is based upon recent events in 

Canterbury including earthquakes, floods, and fire; as well as New Zealand-wide work that is being done under 

the NZ GIS4EM banner. It introduces our approach, discusses a mind map that is being used to track desired 

data sets, plans to develop applications to support response functions in emergency operations centres, and the 

goal of using the common data sets as the basis of a common operating picture for Canterbury. Risks and issues 

associated with this work are highlighted, and then the draft strategy is introduced with desired outcomes and 

principles to achieve this goal. While initial work is primarily focused on GIS, the expectation is that the 

approach will be expanded to take a broader information management perspective in future. 

Keywords 

Emergency management, geospatial information systems, information management, common operating picture, 

interoperability. 

INTRODUCTION 

The Canterbury Civil Defence Emergency Management (CDEM) Group is geographically the largest CDEM 

group in New Zealand, and second largest by population. It is bounded by the Alpine Fault in the Southern Alps 

to the west, and the Pacific Ocean to the east. The Canterbury CDEM Group Plan identifies a wide range of 

risks including earthquakes, tsunami, rainfall and flooding, fire (urban and rural), land instability, wind, snow, 

hail, tornados, electrical storms, drought, storm surge, pandemics, biological pests and diseases, transportation 

incidents, and lifeline utility failure.  

In recent years Canterbury has experienced numerous significant events, including the 2010-2016 Canterbury 

earthquake sequence (Darfield Mw7.1 earthquake of September 2010), 2016 Kaikōura earthquake (Culverden 

Mw7.8 earthquake of November 2016), February 2017 Port Hills Fire, and the July 2017 Canterbury floods. 

The CDEM Group consists of 9 local authorities that are responsible for providing services to their local 

communities; emergency services including NZ Police, Fire and Emergency NZ, and St John; and other partner 

agencies covering areas such as the local Iwi (Maori representation), health, social and rural interests. The 

CDEM Group’s interests cover the four Rs of comprehensive emergency management – risk reduction, 

readiness, response and recovery. 

Wider stakeholders in information management for emergency management include: 
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• Territorial authorities (primary responsibility for CDEM; provides response leadership (Controllers) 

and emergency operation centre personnel) 

• Response and partner agencies (other partners in response) 

• Emergency managers/Emergency Management Officers 

• Information Management and GIS personnel 

• Coordinating Executive Group (CDEM Group governance) 

• Chief Information Officer forum (for Canterbury territorial authorities) 

In November 2016, the Kaikoura earthquake occurred and GIS expertise from around the country was applied 

locally, regionally and nationally to assist response. This event covered a large geographical area, significantly 

impacting three CDEM groups (Canterbury, Marlborough, and Wellington), and generated a considerable 

amount of geospatial information. From Canterbury’s perspective, it was probably the first event where 

significant web-based mapping tools, such as ArcGIS Online (AGOL) were widely available and had matured to 

have significant capabilities. No pre-event work had been undertaken to utilise these tools, so the full benefits 

and capabilities of AGOL were not able to be utilised. There was very little opportunity for the development of 

emergency management geospatial tools between the earthquake and the fire. 

Between November 2017 and February 2018, several agencies started moving into the Justice and Emergency 

Service Precinct (Justice Precinct) in Christchurch. The Justice Precinct is an anchor project in the rebuild of the 

Christchurch central business district, designed to “build back better” justice and emergency services presence 

and co-locate key response agencies in the city and region. A significant element of the Emergency Services 

Building in the Justice Precinct is the Emergency Operations Centre (EOC) that acts physically and logically as 

a central hub for significant events. Civil Defence, Police, Fire and Emergency, and St John, all surround and 

connect to the EOC physically from their business-as-usual workspaces. 

While the importance of GIS for emergency management has been known for some time, the ability to invest 

significant development work during readiness has been sporadic and lacked co-ordination and resourcing. This 

paper provides a high-level perspective on work within Canterbury over the past couple of years to establish a 

more integrated approach to Geospatial Information Systems (GIS) for emergency management and ensuring 

that it fits within a broader national approach taken by the New Zealand GIS4EM community. Phyn (2018) 

discusses the formation and development of the NZ GIS4EM community in more detail. 

THE TECHNICAL ADVISORY GROUP REVIEW 

Following significant events in Canterbury, particularly the 2016 Kaikoura earthquake and the 2017 Port Hills 

fire, and other events elsewhere in New Zealand, there have been several reviews into response. In 2017, the 

then Minister of Civil Defence announced a Technical Advisory Group (TAG) formed to review recent 

responses to emergencies and make recommendations to the Minister. This resulted in the Technical Advisory 

Group (2017) Ministerial Review - Better Responses to Natural Disasters and Other Emergencies. This report 

contained many options and recommendations on ways to potentially improve general emergency response in 

New Zealand. This review grouped recommendations into 8 key themes - two of these are fundamental to this 

work - Intelligence; and Information and Communication. 

The key relevant recommendation identified in the Intelligence chapter recommends investing in technology 

that supports a Common Operating Picture (COP). 

Recommendation 2.0: Invest in the technology to ensure a fit-for-purpose Common Operating Picture 

2.1 Investigate technology needed for a Common Operating Picture based on international best 

practice models as a strong contender for New Zealand's common operating model. 

2.2 Expect all entities with emergency operations functions to collectively solve the challenge of cross 

agency systems to share intelligence, and situational assessment. 

Further support is provided in Recommendation 4.0 from the Information and Communication chapter. 

Recommendation 4.0: Ensure timely, consistent, and proactive use of the range of appropriate media 

channels both for communication, and for gathering intelligence. 

The TAG review provided additional guidance and direction for the initially ad-hoc work that NZ GIS4EM was 

undertaking, and provided a reason to start the process to formalise the community, particularly on the point of 

"collectively solv[ing] the challenge of cross agency systems to share intelligence, and situational assessment" 

191



Treadgold et al Canterbury approach to GIS for emergency management 
 

Work in Progress Insight Paper – Data Issues for Situation Disaster Awareness 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

as well as "ensur[ing] timely, consistent and proactive use of the range of appropriate media channels both for 

communication, and for gathering intelligence". These are two sides to the same coin, and any system 

developed for building a multi-agency common operating picture, also needs to integrate with providing and 

receiving intelligence from the public and affected communities. Volunteered information, including 

geographic, is likely to play a role in supporting intelligence gathering from impacted communities as indicated 

in recommendation 4.0, but Canterbury has not yet explored this in detail. 

CANTERBURY’S APPROACH 

Canterbury’s approach to developing greater information management capability for emergency management is 

broadly: 

1. Identify and prioritise key information driven capabilities and functions. 

2. Identify, prioritise, obtain, and determine architecture for the datasets identified in [1]. This 

includes ownership/custodianship, hosting, and data flows. 

3. Develop key special purpose applications built upon the prioritised capabilities identified in [1]. 

4. Develop COP tools such as a shared situational awareness application, that integrates information 

from the special purpose applications developed in [3]. 

5. Repeat 2-4, expanding the datasets and tools. 

The intention is that this will be an approach focused on the use of agile development methodologies. The data 

and applications developed will be subject to continuous improvement cycles. 

As a simple example, roads and street addresses were identified as a high priority dataset. Once that data is 

hosted, then it is possible to develop an application for managing road status – particularly road closures, and 

restrictions (such as hours, vehicle types). In Canterbury we are prototyping an ArcGIS Online (AGOL) 

application to mane road status. It is important that a tool is developed for maintaining event data, such as road 

closures, as these may not always be available in a business-as-usual system. Where existing solutions may 

exist, attempts should be made to leverage of existing national schemas and datasets that may be hosted by 

another agency, e.g. Land Information New Zealand’s Property Data Management Framework (PDMF) and 

Address Information Management System (AIMS). 

Prioritising applications for development are likely to focus on those that have the widest applicability to the 

hazards outlined in the Canterbury CDEM Group Plan (2018), these will result in applications specifically 

designed for high priority hazards such as tsunami or flooding. Other high priority applications will be those that 

have utility for a wide range of hazards and are generally focused on managing a specific response function such 

as road or lifelines status, build assessments, and welfare and needs assessments. 

MINDMAPPING CANTERBURY DATASETS 

One of the key elements of the work in Canterbury to date, has been the evolving development of a mind map to 

track and visualise needs and gaps. In its current form it represents our common understanding for spatial and 

attribute information to be available across all four phases of comprehensive emergency management across a 

wide variety of themes. Formative work has started on supporting metadata including aspects such as source, 

custodian, update frequency, quality, currency, and more. 

This project started in 2016, when an initial attempt was made to consult with response agencies planning to 

move into the Justice Precinct in Christchurch about their mapping and information board desires in the Justice 

Precinct EOC. The initial mind map consisted of several information products and tools to assist decision 

making in the Justice Precinct EOC. 

In June 2017, Environment Canterbury and the Canterbury CDEM Group hosted a two-day GIS4EM workshop 

in Christchurch. There were 50-60 participants from around the South Island, and some from the North Island. 

The participants were mostly GIS personnel from local authorities, but around one third were emergency 

managers or from response agencies. This mirrored two other similar workshops held in Auckland and 

Wellington. One of the facilitated sessions involved identifying what was needed from a GIS perspective to 

support emergency management. As this workshop identified more detailed needs and actual data layers, the 

decision was made to transition the mind map into a conceptual map of the types of data (themes), and the actual 

data layers ideally needed for comprehensive emergency management in Canterbury. 

Figure 1 gives an overview of the size and complexity of the mind map, after just 4-5 key iterations. It currently 
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comprises key themes including hazards, natural environment, rural environment, built environment, social and 

community services, responding agencies, and lifeline utilities. 

 

 

Figure 1 – indicative Canterbury mind map of desired datasets at 2018-06-08 

The next major update occurred in February 2018 following a planning workshop for the Canterbury Lifelines 

Group’s Risks and Resilience project. This project is undertaking a widespread vulnerability assessment of 

critical infrastructure (lifelines) in Canterbury. It is updating and expanding the Centre for Advanced 

Engineering's (1997) Risks & Realities report that was mostly focused on Christchurch's infrastructure. The 

planning workshop in February worked through the types of lifelines, the various lifelines providers, and the 

different data layers associated with each type of infrastructure.  

Fundamentally, the mind map identifies some datasets that don't yet exist, or don't exist in a consistent and 

aggregated form, so this highlights additional work that needs to be undertaken, to collect the data and prepare it 

for spatial hosting. In some cases that data does not even exist in a suitable format to be readily added to a 

spatial hosting service (such as ArcGIS Online). One example is the community response facilities across 

Canterbury. While this data exists in various forms, a common format and approach hasn't been taken across 

193



Treadgold et al Canterbury approach to GIS for emergency management 
 

Work in Progress Insight Paper – Data Issues for Situation Disaster Awareness 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

Canterbury. As a result, one of the first pieces of work undertaken was to develop a schema that could be 

applied to all the community response facilities in Canterbury. This prototype dataset is now hosted by at the 

regional level by Environment Canterbury, while enabling territorial local authorities to view and edit their own 

centres, making this a single authoritative dataset for Civil Defence Centres in Canterbury. Many elements of 

the data schema were able to be duplicated in a related dataset, that of agency response facilities - the locations 

of EOCs in Canterbury. 

The importance of the mind map is that it acts as a common frame of reference for the spatial, and in some cases 

non-spatial attribute, data as we attempt to build a common pre-event model of Canterbury that could be used in 

any of the four phases of comprehensive emergency management. 

The majority of the identified information does not belong to CDEM and has many uses outside of emergency 

management. Most of the information is best maintained and curated by business-as-usual functions, and 

significant portions of the data should be openly available to the public, businesses, and community 

organisations. In these cases, it is about generating awareness around a use case for the organisation’s data, that 

the data’s curator may not have been previously aware of. 

The long-term focus in Canterbury has strongly been on working towards having as much data as possible 

hosted by the owner/curator of the dataset - the organisation that is effectively the "single source of truth". Many 

organisations however may not have yet matured to the point where they have their data in a spatial form or can 

host their own spatial data. Making it available to other agencies or the public as appropriate could be 

challenging for several reasons including a lack of internal capability, awareness of need, and funding. 

Canterbury is working on a "bootstrap" approach whereby Canterbury Maps can be used in transitionary manner 

to host datasets until their curating organisation has the capability. 

BUILDING APPLICATIONS TO CURATE THE DATASETS 

While it is possible to utilise static datasets, many of them are dynamic in nature. The real-world objects or 

situations the data represents change or may be removed. There are two approaches that need to work together 

for process and updating data: 

1. Leverage business-as-usual – where appropriate, attempt to leverage business-as-usual (BAU) 

process, systems and tools, otherwise identify opportunities to recommend improvement to BAU. 

One example may be managing road status in existing road management systems. This then relies 

on the information being made available by a live Application Programming Interface (API) feed 

to be ingested into other systems as a read-only source. Leveraging BAU increases resilience and 

reduces the burden on CDEM. 

2. The role of CDEM – when a business-as-usual process or application does not exist or is not fit for 

the scale of use required, then CDEM needs to have in place an appropriate process and tool to 

fulfil the required function. Having an acute understanding of the regional maturity, gaps and risks 

across agencies, processes, systems and technology is critical to ensuring development under this 

approach is prioritised, cost effective, and targeted. 

Management of the data comes back to identifying which organisation is best placed to curate the data. In some 

cases, this can be challenging, and lines may blur during response. Road Control Authorities generally curate 

roading information, but during a fast-moving storm event, other agencies such as the emergency services, may 

be identifying issues with roads faster than the roading contractors. This could lead to issues with business-as-

usual tools, if they are not designed to handle streamlined reporting from the emergency services. Some 

business-as-usual tools may not support easy and rapid publishing of information to the public, and this could 

result in an inefficient but necessary parallel model where business-as-usual tools are used for what is 

effectively internal asset management, and CDEM tools are used by emergency services, CDEM, and for 

communicating to the public. This is a challenge that Canterbury CDEM has not yet fully worked through or 

come to an appropriate resolution. 

There is a risk that as GIS4EM has mostly been driven by response to actual events, that systems developed, and 

data obtained, may focus too much on response and not enough on either business-as-usual activities, or the 

other aspects of comprehensive emergency management - risk reduction, readiness and recovery. For the data 

and applications to be successfully embedded in emergency management usage, they need to be used across the 

four Rs. This is particularly the case once the logistics of where data is best owned and hosted is investigated in 

more detail. 
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ACHIEVING A COMMON OPERATING PICTURE 

It is the authors belief that a Common Operating Picture will not be achieved by a single centralised software 

application. This is partly because of the following issues: 

• Data types. There are a variety of data types, including geospatial and non-geospatial information. One 

software application that may be good for managing and displaying geospatial information, may 

not be capable or appropriate for displaying non-geospatial information. 

• Extent of data. The quantity of data that is needed to form a picture may result in information overload 

with too much information to be displayed in a single application. One solution may result in 

different COPs for different themes, for example, a COP viewer for lifeline utility status, response 

agency status, event information etc. 

• Number of organisations and their perspectives. The number of organisations that have a stake in 

emergency management, that all have their own information systems, and all have different 

information management needs and operating arrangements. 

The approach within Canterbury has been to work towards common datasets and standards-based API access, 

when taken together, to effectively be the common operating picture. Agencies can then select the datasets that 

are relevant to their organisations and incorporate those into their organisations own platform using standards-

based protocols. If they don’t have that capability, then organisations will be able to use the appropriate web 

applications designed to curate the relevant datasets. 

DEVELOPING A DRAFT STRATEGY FOR GIS FOR EMERGENCY MANAGEMENT IN CANTERBURY 

In 2017-2018, the authors became aware of several distinct projects and efforts underway to better incorporate 

mapping and GIS into EOCs in Canterbury, encouraged by reviews and awareness of NZ GIS4EM work 

elsewhere in New Zealand. These efforts, whilst productive and well-intentioned, were not part of a Canterbury-

wide and more coordinated and collaborative approach.  

To work towards a truly regional approach, A draft strategy is being developed to set out the basis for a 

collaborative and coordinated approach to solving intelligence and public information issues previously 

identified in the TAG review. The strategy here is an early draft and has not been widely socialised or received 

formal approval at time of writing. 

Risks and Issues 

Some of the initial drivers below were the catalyst for a shared approach to how GIS and emergency 

management could more closely work together in Canterbury. Unless these are properly managed or resolved, 

these present a considerable risk to the success of a collaborative approach. 

• Individual’s capacity. The work done to date has been by goodwill and fitted around other work 

commitments. This is significant as it is limiting work needed to be done. 

• Work priorities. Working on GIS for emergency management is not formally recognised in many 

roles, and managers may focus individuals work on more immediate priorities. 

• Reliance upon key individuals and organisations. A few key individuals, often with tacit support 

from their organisation, are doing the bulk of the work. There are risks associated with workload, 

and knowledge being lost when they move on. 

• The TAG review. The TAG review has publicly set expectations about improvements to be made in 

intelligence, and public communication. A failure to meet these expectations, especially in review 

of a future event, will fall on the shoulders of the leaders of the GIS personnel and emergency 

managers. There is a very clear expectation that significant improvements are required. 

• Lack of coordination and collaboration. Until collaborative project management occurs, there will be 

inconsistent and ineffective solutions developed. 

• Resistance to interoperability. Existing and future solutions may “push back” against efforts to 

increase interoperability, and standards-based API access to data. 
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Desired Outcomes and Principles 

This has helped the authors identify the following outcomes for the Canterbury: 

1. Implement a Common Operating Picture and shared situational awareness within Canterbury, 

that is integrated with our neighbours and central government, leading to improved intelligence 

and information for decision making, and communicating with the public. 

2. Build on a standards-based architecture that enables frictionless interoperability between 

organisations and systems. 

3. Develop our regional capability in information management and geospatial disciplines through 

sharing design and development knowledge. 

4. Integration with other programmes and projects within Canterbury, and nationally, such as the 

C10 programme, and efforts to standard EOC arrangements and resources (e.g. templates). 

The authors have established the following principles to steer work towards the outcomes listed above. 

• Standards-based interoperability. Solutions should be based on standards for interoperability. We 

should take a leadership role in promoting the need for new standards and leverage cross-

pollination i.e. use what is effective and emergent, on agreement and not at the detriment to other 

parties. E.g. promote development of an Emergency Data eXchange Language (EDXL) extension 

for portability of assessments between systems. 

• Application and platform agnostic. The architecture should work with a variety of software 

applications and not tied to a single tool/platform. Applications/tools need to be loosely coupled to 

enable adopting best-of-breed solutions by swapping out components. 

• Scalability and consistency. Solutions should be scalable to support use at local, regional and national 

levels and should include application appearance, the user interface, terminology, cartography, and 

operating procedures. 

• Identify the best owner and curator. Often the best information curator will be a business-as-usual 

role, rather than CDEM. CDEM may have to advocate for both CDEM and business-as-usual 

benefits. 

• Expectation management and honesty. Clear and honest communication between information 

management/GIS professionals and emergency managers is needed to set clear expectations and 

common understanding. 

• Encourage competition and innovation. Competition in application development is encouraged to 

support innovation and experimentation, but balance is needed to ensure that innovation is not 

suppressed, whilst respecting limited resourcing. 

• Systems-based approach. Problems should be clearly defined and framed, broken down into sub-

systems if possible, and clearly documented. 

• Continuous improvement and agile methods. Focus on maturity model/gap analysis – assessment of 

current capability, and prioritised steps required to get to the desired end state. Use agile 

methodologies to management small and frequent quality and capability improvements. 

• Maximise the investment and spread the benefits. Solutions should be cost-effective. Every effort 

should be made to maximise re-use – this is complemented by the systems-based approach. The 

benefits of the work should be spread far and wide. 

• Shared responsibility. Ownership, action plans and work programmes should be shared for co-

ordination and transparency. 

NEXT STEPS 

Some of the next steps towards develop a common operating picture for Canterbury are outlined below: 

1. The draft strategy needs to be communicated to the Canterbury stakeholders that have a 

governance role, strategic or operational interests, or will benefit from this approach. To date, 

work has been done by a small group, but the work and approach needs to be socialised and 

formalised to become a successful and sustainable long-term approach to information 
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management. This should include visible governance support for the approach, and well as 

resourcing commitments. 

2. An assessment of Canterbury’s current capability, our desired end state, and existing and planned 

projects to create step changes needs to be developed. This should include a survey of existing 

disparate projects and providing high-level visibility of them in a shared work programme.  

3. The strategy needs to be tightly-coupled with two closely related elements of response strategy in 

Canterbury – the C10 project that provides a common Canterbury approach to intra-regional 

support (fly-in) teams, and a project to align Canterbury EOC processes and supporting templates. 

4. Specific problems and solutions need to be identified, scoped, and documented. Solutions need to 

be documented in business plans that can be taken to governance for resourcing, and eventually 

spawn projects to undertake the work. The identification of gaps and solutions should take a 

systems-based approach. 

5. The draft strategy needs to take a wide information management approach, to incorporate non-GIS 

systems and data, such as commercial EOC applications such as D4H Incident Management and 

WebEOC, non-spatial data used for analytics, and traditional office applications such as Microsoft 

Office365. 

6. There needs to be significant engagement between CDEM Groups, MCDEM, and other national 

agencies (such as Police, Fire and Emergency) to come to agreement on what a true common 

operating picture should look like in New Zealand. This will be challenging as the makeup of 

CDEM Groups will in some cases shape their perspective of a common operating picture, and how 

information should be shared. Two competing perspectives are the application-centric COP versus 

a data-and-standards-centric COP. Canterbury currently believe that the data-and-standards 

approach to a common operating picture is preferable. The Minister of Civil Defence has indicated 

that a business case for a national COP will be investigated. 

CONCLUSION 

This work in Canterbury has been undertaken on a “best efforts” basis by a limited number of individuals and 

organisations using what available time they have in their existing jobs. Those involved have already taken 

considerable steps forward for their organisation, and collectively for Canterbury. This is already proving to be 

unsustainable in terms of the amount of work that needs to be done, especially given the criticality of the work, 

but also the rapidly expanding scope of what is involved. 

Indirectly, a large part of the mind map has reflected the indirectly stated desire to build a data-centric model of 

Canterbury. While this was initially focused on a comprehensive data atlas for emergency management 

purposes, it has become apparent that there is as much value, if not more, in creating comprehensive regional 

and national atlases for business-as-usual purposes (for democracy, governance, business, community groups, 

individuals; and their myriads uses), that also provide a significant baseline upon which to build emergency 

management atlases and applications. 

With the Alpine Fault past its average recurrence interval for a magnitude 8+ earthquake, and the impacts 

forecast to have direct physical consequences for two-thirds of New Zealand, this work cannot be left to wither 

due to a lack of resourcing. This reinforces the significance of the work that has been started, in Canterbury and 

elsewhere in New Zealand, and the importance of working collaboratively towards a common solution for all – 

for good times and bad. 
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ABSTRACT 

Interferometric synthetic aperture radar (InSAR) has been widely used for mapping terrain and monitoring 

ground deformation. For example, the advanced time series InSAR (TS-InSAR) technique has been 

increasingly used to measure mm-level urban deformation. Subsidence from underground tunnel excavation 

has been known for more than a decade in Guangzhou and Foshan in Southern China, but past studies have 

only monitored the subsidence patterns as far as 2011 using InSAR. In this study, the deformation occurring 

between 2011 and 2017 has been measured using COSMO-SkyMed (CSK) satellite imagery. We found that 

significant surface displacement rates occurred in the study area varying from −35 mm/year to 10 mm/year. 

A detailed analysis has been conducted on several subsidence hotspots along subway lines, especially the 

sinkhole collapsed in early 2018, suggesting that surface loading may be a controlling factor of the 

subsidence, especially along the road and highway. Continuous monitoring of the deforming areas is 

important in order to minimise the risk of land subsidence and prevention of disasters. Satellite InSAR is a 

powerful and cost-effective technique to strategically guide field survey and in-situ geotechnical monitoring 

which are labor-intensive and costly. With the accelerated deployment of SAR constellations in recent and 

future years, it is anticipated that high resolution SAR imagery will be collected more frequently and made 

available in a more timely manner. As a result, InSAR techniques will play a central role in disaster 

prevention. 

 

Keywords 

InSAR, Foshan, Guangzhou, CSK, subsidence. 

INTRODUCTION 

Many large deltas in the world have been experiencing land subsidence because of the rapid growth in 

population and economy (Syvitski et al., 2009; Bakr, 2015). These deltas accommodate a significant percentage 

of the human population, hence land subsidence in these deltas can lead to serious problems, for example, 

cracking the buildings and infrastructures, destructing local groundwater systems, generating tension cracks on 

land and reactivating faults. Moreover, the low-lying nature of the deltas means that the land subsidence can 

significantly amplify the risk of flood hazards and saltwater intrusion. Therefore, accurate land subsidence data 

for the major cities in these deltas are crucial to assess the risk of induced land subsidence. 

 

The Greater Pearl River Delta (GPRD) is one of the main hubs for China’s economic growth; it is also one of 

the largest urban agglomerations and fastest urbanisation region in alluvial and lacustrine deposits of the world. 

In this study, the land stability of Guangzhou and Foshan, two of the main municipalities in GPRD that are 

located next to each other, is investigated.  The studied area was cities of canals on the Pearl River flood plain, 
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where the modern cities are built over the top of the old canals. Majority of the multitrillion-dollar developments 

in the study area are less than a metre above sea level (area with white colour in Figure 1). Land subsidence in 

Guangzhou and Foshan has been known for many years, mainly caused by vulnerable geological conditions 

together with sediment loading and compaction, groundwater extraction and concentrated urban development 

(Wang et al., 2012; Zhao et al., 2009; Wang et al., 2017). For example, tens of buildings in Jinshazhou at 

Guangzhou were seriously damaged by local ground subsidence induced by the high-speed railway underground 

project, resulting in an economic loss of 30 million RMB (or Chinese yuan) (Chen et al., 2012).As another 

example, a massive sinkhole measured 30 metres wide and five to six metres deep swallowed an eight-lane road 

on 7 February 2018, where a subway station (GF Line 2) was under construction near the intersection of Jihua 

Xi road and Foshan No.1 Ring Road Bridge in the middle of Foshan, a city of seven million people. This 

incident has lead to a total of 11 deaths (hereafter referred to as the 2018 Foshan Accident). In addition, the 

development in these areas is much faster than its drainage infrastructure could catch up. Together with 

continually increasing sea level and large land subsidence, the affected population are put under a greater risk of 

environmental problems, such as flooding and saltwater intrusion. In recent years, Guangzhou has frequently 

suffered from urban flooding. For instance, on 7 May 2010 and 31 March 2014, extreme rainfall events 

inundated many streets, leading to severe transport chaos (Huang et al., 2018).  The frequent flooding and 

ground collapse events in Guangzhou have caused huge economic losses and endangered the lives of citizens 

(Lyu et al., 2016; Zhao et al., 2009; Chen et al., 2012). Analysis of the contributing factors and investigation of 

the land subsidence in Guangzhou and its neighbor, Foshan, are therefore required for the purpose of subsidence 

management and disaster prevention. 

The time-series radar interferometry (TS-InSAR) technique has been well-known for mapping land deformation 

in regional scale for many years. TS-InSAR exploits a stack of more than 20 SAR images collected over the 

same area of interest through a period of time in order to minimize errors and achieve high accuracy in the 

measurements. TS-InSAR is capable for deriving accurate deformation data with large spatial extent and high 

spatial resolution that are much more cost-effective compared to the conventional ground-based surveying 

techniques (Du et al., 2017; Ng et al., 2015; Ge et al., 2014; Perissin et al., 2012; Ng et al., 2012; Chen et al., 

2013).  

Land subsidence issues in Guangzhou between 2006 and 2011 have been well studied using TS-InSAR 

techniques. Zhao et al. (2008) utilised 10 C-band ENVISAT ASAR data acquired between 2007 and 2008 to 

measure the ground subsidence in Guangzhou, and showed that the maximum subsidence rate were -26 to -20 

mm/year. Zhao et al. (2008) suggested that the subsidence can be caused by fragile hydrogeological conditions 

and underground engineering projects. Chen et al. (2012) analysed the ENVISAT ASAR data acquired between 

2006 and 2010 and pointed out that anthropogenic activities should be primarily responsible for the local 

subsidence based on the TS-InSAR result, despite the effect of river system distribution and quaternary 

sediment, which account for about -15 to 15 mm/year. Wang et al. (2017) cross-validated the TS-InSAR results 

derived from the ENVISAT ASAR and L-band ALOS PALSAR data acquired between 2007 and 2011 and 

studied the tunnelling parameters over the metro lines in Guangzhou. Wang et al. (2017) found that the newly 

excavated tunnels (Lines Two, Three, Six and GuangFo) have local subsidence with an average rate of more 

than -8 mm/year during this period. They suggested that the maximum settlement for the GuangFo line has 

increased from -5.2mm to -23.6 mm and its ground loss ratio ranged from 1.5-8.7% between 2008 and 2011. 

These subsidence studies have provided useful information to improve subsidence management and urban 

planning in Guangzhou. However, these studies only investigated the land subsidence in the period between 

2006 and 2011. Foshan and Guangzhou have a total of 10 metro lines covering a total length of 309 km and 167 

stations as of August 2017, most of which have been significant developments in the subway system in Foshan 

and Guangzhou since 2011. Hence, it is important to understand if these subsidence incidents continue and if 

any new land subsidence event occurs after the year of 2011. This study aims to fill in this gap by investigating 

the land deformation in Guangzhou and Foshan occurred between 2011 and 2017 using the X-band COSMO-

SkyMed (CSK) SAR data. 
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Figure 1. The white area indicates the ground with elevation lower than 1 m (expected flood-prone area). 

2. METHODOLOGY 

In this study, TS-InSAR analysis is conducted in order to derive the deformation times-series data from the 

multi-temporal CSK SAR data. The X-band CSK sensors are well known for their high spatial resolution, 

comparing it to C- and L-band counterparts, such as ENVISAT ASAR and ALOS PALSAR. This advantage 

allows CSK sensors to be used for generating high resolution displacement map (Perissin et al. 2012). When 

studying the stability of the transport infrastructures like highway and subway, the size of these infrastructures 

are often relatively small in width, and hence high resolution measurements are necessary. 

 

The TS-InSAR software, GEOS-ATSA (Advance Time-Series Analysis), is used to obtain the deformation 

information for Guangzhou and Foshan (Ng et al., 2015). The single master approach is chosen (Ferretti et al., 

2001), with eighty five differential interferograms being generated with respect to the selected master image 

acquired on 9 June 2013. The differential interferograms are generated using the conventional two-pass 

differential InSAR method (Massonnet et al., 1993; Ge et al., 2009), where the topographic phase components 

are removed based on the one arc-second Shuttle Radar Topography Mission (SRTM) Digital Elevation Model 

(DEM) (Rodriguez et al., 2005). 

 

In this study, eighty-six X-band CSK HIMAGE (stripmap) data collected from 20 May 2011 to 27 January 2017 

over the study area are analysed. The X-band CSK SAR data used in this study are obtained from the e-GEOS (a 

company of the Italian Space Agency and Telespazio). The image acquired on 9 June 2013 is chosen as the 

master image to minimise perpendicular and temporal baselines during InSAR analysis. The perpendicular 

baseline and the temporal baseline of all other images are relative to the master image acquired on 9 June 2013. 

The perpendicular baseline ranged between -1069 m and 1317 m, while the time span of the datasets covered 

2079 days (approximately 5.7 years). 

3. INSAR RESULT 

 

The line of sight (LoS) displacement rate map generated from the CSK data is shown in Figure . The total 

number of measurement points obtained from the CSK dataset is 3,772,305. The density of the measurement 

points is approximately 2441 points/km2. The LoS displacement rate ranges from -32 mm/year to 9 mm/year. 

The measurement points are relatively dense (~3800 points/km2) in the centre part of the map mainly because of 

the dense urban area. Relatively sparse measurement points (~2150 points/km2) are obtained at the northern and 

southern parts of the map, because of vegetation at the non-urban area that leads to strong decorrelation. 
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Figure 2. CSK LoS displacmeent rate map (2011 – 2017) for Guangzhou and Foshan overlaid on the average intensity 

image.   

4. INTERPRETATION OF RESULTS AND DISCUSSIONS 

 

Ground subsidence caused by tunnel excavation during subway construction has been well known from 2006 to 

2011 (Wang et al., 2017; Ren et al., 2016; Zhao et al., 2009). Since the construction for most of the studied 

subway lines were already completed by 2010, it is worth understanding whether the subsidence zones 

identified from those studies still exists after 2011. In addition, during the period from 2011 to 2017, the 

construction of a number of subway lines have been completed, this includes the Guangzhou (GZ) Line 7, 

extension of the GuangFo (GF) Line 1 and GZ Line 6. A detailed analysis has been conducted to investigate the 

land stability along these lines.  

 

In order to investigate the land deformation along the subway lines, the Guangzhou and Foshan subway lines 

have been overlaid on the displacement rate map. Since most of the subway lines in Guangzhou have already 

been in operation before 2011, many of the subsidence zones identified in previous studies do not appear in the 

CSK result, especially for Guangzhou (GZ) Subway Line 1, 5, 8 and APM.  

4.1 Subsidence along GZ Line 2 (south part) 

 

For the case of subway GZ Line 2, most already known subsidence zones no longer exist, except the area near 

Nanzhou and Guangzhou South Railway stations (Figure ). According to the news reported in March 2016, 

cracks of buildings with gaps of approximately 1cm have been found near the Nanzhou station (Luo and Li, 

2016). Figure b shows that the land displacement near the reported location (highlighted by the red cross in the 

figure) is slightly over -5 mm/year. Land displacement of over -10 mm/year has been observed surrounding the 

Guangzhou South Railway station. Since the centre of the station is relatively stable, it is likely that the land 

deformation is caused by the development and construction around the station.  
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Figure 3. InSAR-measured displacement rate map between 2011 and 2017 over (a) south part of GZ Line 2; (b) 

Nanzhou station; (c) near Guangzhou South Railway station. The purple line represents the GZ Line 2 and the red 

cross in (b) represents the location of subsidence incident reported. The background images are the Sentinel-2 true 

colour images acquired on 1st November 2017. 

 

4.2 Subsidence along GZ Lines 2 (north part), 5, 6 and GF Line 1 

 

Datansha Island is a relatively flat and wide sand bank, which has been well recongised as an active ground 

subsidence area in related subsidence studies (Wang et al., 2017; Zhao et al., 2009). Because of the unstable 

geological environments, many hidden Limestone karst caves have developed on this island and consequently 

many ground collapse accidents have occurred. Both GZ Lines 5 and 6 pass through this island. GZ Line 6 

crosses the island in north-south direction underground, while GZ Line 5 crosses the island through the elevated 

bridge in east-west direction instead of using underground tunnel (Liu, 2006). The south portion of the island, 

where GZ Lines 5 and 6 intersect, is shown in Figureb. The land deformation pattern observed at Tanwei station 

in Figureb agrees well with the deformation pattern before 2011 reported in previous studies. Similar 

observation has also been found in Hesha station for GZ Line 6, with observed deformation rate of over 6 

mm/year (Figurec). The deformation found in Jinshazhou is expected to be caused by the over-extraction of 

groundwater along with construction of the Guangzhou-Wuhan railway project (Miranda, 2010). Another 

interesting observation is that large deformation with peak deformation rate over 10 mm/year has been found at 

the Jiaokou (Figureb), i.e. the last station of GZ Line 5. This deformation phenomenon has not been observed in 

previous studies, suggesting that it is a new deformation zone that occurs after 2011. Since the GZ Line 5 

between Jiaokou and Tanwei stations are connected by bridge, the deformation is likely caused by concentrated 

urban development and heavy loading induced sediment compaction (e.g. cyclic loading of trains). 
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Figure 4. InSAR-measured displacement rate map (2011 - 2017) of (a) GZ Lines 2, 5, 6 and GuangFo (GF) Line 1; (b) 

Jiaokou and Tanwei stations; (c) Tanwei and Hesha stations. The blue, green and purple lines represent GZ Lines 2 

(north part), 5, and 6, respectively. The red line represents the GF Line 1 (east part). The background images are the 

Sentinel-2 true colour images acquired on 1st November 2017. 

 

4.3 Subsidence along GF Line 1 phase 1 and phase 2 

 

A further investigation has been conducted in the area with varying displacement rate observed between 2011 

and 2017. The region of interest is located near the Leigang station along the GuangFo subway line 1 (GF Line 

1). The construction works of phase 1 of GF Line 1 began in June 2007 and ended in April 2010. Wang et al. 

(2017) found that the land subsidence between 2007 and 2011 along the GF Line 1 was concentrated in the 

section between Kuiqi Lu and Zumiao stations, and middle section between the Financial Hi-tech Zone and 

Longxi stations, where subsidence in the latter area is worse. According to the CSK result, no obvious land 

deformation has been found between Kuiqi Lu and Zumiao stations (Figure b). It is possible that the land was 

settled after 2011. Land surface stablisationhas also been found between Financial Hi-Tech Zone and Leigang 

stations (Figure c). 

 

Figure 1 shows the deformation time series of a measurement point at the settlement area (point X in Figure ). 

Rapid deformation (over -9.5 mm/yr) is observed until mid 2012, while the ground deformation becomes steady 

after mid 2012. The underground excavation work for the first stage of GF Line 1 ended in April 2010, 

suggesting that the settlement duration at this area is roughly 1.8 years. It is also interesting to see the fluctuating 

displacement, which might be due to soil expansion as a result of rainfall. However, no reduction in land 

deformation has been observed between Longxi station and Financial Hi-Tech Zone station. The land 

deformation in this region may be caused by other factors instead of tunnelling, for example, groundwater over-

extraction and soil consolidation due to dense high rise building.  

 

The construction work of GF Line 1 extension (phase 2) started in September 2012 and ended in December 

2016. No obvious subsidence pattern has been found (Figure ) along the GF Line 1 extension except between 
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the Dongping and Xincheng Dong stations (the last two stations).  The subsidence at the east of Xincheng Dong 

station has been known for long time.  The land displacement time series for the deformation zones at the west 

of Xincheng Dong station is shown in Figure . It can be seen that the deformation patterns consisted of 4 stages: 

(1) the land is stable until mid 2012; (2) rapid land deformation can be seen between late 2012 to early 2013; (3) 

the land becomes stable again until mid 2014; (4) rapid land deformation occurs again since mid 2014. The 

displacement time series seems to match with the construction period, hence the deformation observed may be 

related to the construction work.   

 

 
 
Figure 5. InSAR-measured displacement rate map between 2011 and 2017 over (a) GF Line 1 (west part); (b) section 

from Zumiao station to Kuiqi Lu station; (c) section from Financial Hi-Tech Zone station to Leigang station; (d) 

section from Longxi station to Financial Hi-Tech Zone station. The purple line represents the GF Line 1 phase 1 and 

the orange line represents the GF Line 1 phase 2 (i.e. extension of phase 1). The background images are the Sentinel-2 

true colour images acquired on 1st November 2017. 
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Figure 1. InSAR-measured displacement series in Nanhai district (point X in Figure c). 

 

 
Figure 7. InSAR-measured displacement series near Dongping and Xincheng Dong stations. 

 

4.4 Subsidence along the GZ Line 7, GZ Line 7 extension and GF Line 3 

 

GZ Line 7 is a recently operated subway line with its construction began in April 2013 and ended February 

2016. Unfortunately, the CSK acquisitions only cover a portion of the line (i.e. from Nancun Wanbo station to 

Guangzhou South Railway station). Figure shows the land deformation along the GZ Line 7. As can be seen in 

Figure, it is very difficult to justify if there is any subway-related land deformation based on the CSK result. 

Very limited measurement points can be obtained from the CSK dataset, because of the heavy development and 

construction on the ground surface along the GZ Line 7 at the same time of underground tunnel excavation. A 

typical example is the Nancun Wanbo station (Figureb). It can be observed that there are some measurement 

points with deformation up to 10 mm/yr surrounding the station, but there are no measurement points at the 

centre of the deformation zones (i.e. near the station). This issue is found for most stations along the GZ Line 7.  

 

The two subway lines, GZ Line 7 extension and GF Line 3, which pass through the Beijiao Township are under 

construction as the manuscript is prepared (construction began in mid to late 2016). Since Beijiao township are 

well known for rapid land subsidence in Foshan (Wang et al., 2014), it is important to investigate the land 

stability along the two subway lines. It can be seen in Figurea that the GZ Line 7 extension has passed through a 

number of deformation zones where some of them are deforming with a rate of over 15 mm/year. A large 

portion of GF Line 3 is located at the rapidly deforming areas (Beijiao Township). Figurec shows the zoom-in 

land displacement rate map at the intersection of GZ Line 7 extension and GF Line 3, where large deformation 
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rate of over 15 mm/year has been observed. The sections of two subway lines that follow the National Highway 

Beijing Zhuhai line (highlighted by white arrow in Figurec) are experiencing rapid deformation.  

 

 

Figure 8. InSAR-measured displacement rate map (2011 – 2017)  

(a) GZ Line 7, GZ Line 7 extension (under construction) and GF Line 3 (under construction);  

(b) Nancun Wanbo station;  

(c) two under construction subway lines.  

The orange, blue and brown line represents the GZ Line 7, GZ Line 7 extension and GF Line 3. The background 

images are the Sentinel-2 true colour images acquired on 1st November 2017. 

4.5 The 2018 Foshan Accident 

The incidence started with water leaking into the underground tunnel under-construction, which leads to the 

collapse of the ground. While the water leaking maybe caused by the broken pipe buried underground or the 

change in groundwater flow paths, they are all caused by ground subsidence. The aerial photo of the sinkhole 

(Xinhua News Agency 2018) and the displacement rate map near the sinkhole are shown in Figures 9a and 9b, 

respectively. The exact location of the sink hole is highlight by the white star in Figure 9b. It is observed that the 

subsidence along the Jihua Xi road (A–A’ in Figure 9b) is mostly over -8 mm/year, reaching up to -30 mm/year 

in some parts (Figure 9c). Subsidence phenomenon has been observed even before the start of subway 

construction work in June 2014. Based on this observation, surface loading due to heavy trucks on ground 

surface is expected to be the contributing factor for the subsidence at Jihua Xi road. According to Prassetyo and 

Gutierrez (2016), surface load in saturated ground can lead to groundwater flow into an underground tunnel. 

 

Therefore, continuous monitoring in this and other similar areas is very important to minimise the risk of ground 

collapse during or after the underground excavation work. Moreover, the affected areas are located near the 

industrial and agricultural areas, where groundwater over-extraction is expected. Hence understanding the 

influence of the spatially uneven subsidence caused by groundwater extraction at the shallow aquifer to the 

transport systems, and how to deal with the groundwater extraction near the railway/subway lines are interesting 

topics for future study. 
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(a) Aerial photo of the sinkhole 

 

(b) InSAR result near the site 
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(c) Subsidence profile (A–A’) near the sinkhole. The blue square indicates the location of the incident. The 

red crosses represent the subsidence rate along Jihua Xi road. The blue crosses represent the subsidence 

rate at the Foshan No. 1 Ring Road Bridge. 

Figure 9 The 2018 Foshan Accident and the relevant InSAR result. 

5. CONCLUSION 

This paper reports the characteristics of land deformation at Guangzhou and Foshan derived from the CSK data 

acquired between May 2011 and January 2017. A total of 86 CSK data have been analysed using the TS-InSAR 

analysis technique to explore the evolution of land displacement. The result shows that the displacement rates at 

these municipalities are between -32 mm/year to 9 mm/year with a standard deviation of 1.6 mm/year.  

Although a large spatial scale subsidence phenomenon has not been observed, a few regional scales and many 

local scale deformation zones have been identified in these municipalities. The main causes of land deformation 

as a result of human activities are groundwater over-extraction and underground tunnel construction. A number 

of possible groundwater subsidence zones have been identified mostly in the agricultural and industrial areas. 

The spatial extent of groundwater subsidence found in Guangzhou and Foshan are relatively small, which is 

because most groundwater was extracted close to the ground surface. 

For the case of underground construction induced land deformation, it is found that many of the subsidence 

zones identified in the previous studies by other scholars have become stable according to the CSK-derived 

displacement result. Although a few of the previously identified subsidence zones still exist in the CSK result, 

most of the underground excavation works in these zones have been completed before 2011 and are unlikely to 

cause further deformation. It is possible that the deformations are caused by other factors such as groundwater 

over-extraction and sediment compaction due to building weights.  

Analysis has been conducted to investigate new land deformation zones due to subway construction work after 

2011. Several new land deformation zones have been identified along the GZ Line 7, extension of the GF Line 1 

and GZ Line 6, which have not been identified in previous studies. Most of these zones are found in the Beijiao 

Township. Moreover, because of the rapid development along the recently constructed subway lines, few InSAR 

measurement points are available near the stations along these lines. The two under-construction subway lines, 

GZ Line 7 extension and GF Line 3, have been overlaid on the displacement rate map which shows that these 

lines actually passed through a number of deformation zones, where deformation rate of over 15 mm/year are 

observed.  

The tragic accident in Foshan highlights the extreme importance of using satellite InSAR as a powerful and 

cost-effective technique to strategically guide field survey and in-situ geotechnical monitoring which are labor-

intensive and costly. In order to prevent disasters during or after the underground construction work, however, 

further research is needed to inform potential ground collapse with InSAR. Ultimately, it is possible to issue 

warnings to relevant authorities based on InSAR and follow up with field survey so that remedial action can be 

undertaken. CSK is the first and only SAR satellite constellation in operation. With the accelerated deployment 

of SAR constellations in recent and future years, it is anticipated that high resolution SAR imagery will be 

collected more frequently and made available in a more timely manner. As a result, InSAR techniques will play 

a central role in disaster prevention. 

It must be pointed out that, although our study is very focused towards the specific geographic area of 

Guangzhou and Foshan, the methodology and interpretation of results would have significant impact and 

210



Ge et al.  Satellite InSAR for Disaster Preventions? 
 

Full Research Paper - Geospatial and temporal information capture, management, and analytics in support of Disaster 

Decision Making 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

 

 

potential for other geographic areas, given the global coverage of satellite SAR missions and similar urban 

challenges faced by global cities. 
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ABSTRACT 

There is a lack of comparative analyses of multiple spectral indices in Victorian temperate forests that vary in 

structure and wildfire response traits. To close this gap, we have evaluated 10 remotely sensed indices across 

eight areas affected by wildfires in 1998, 2006, 2007, and 2009, which comprise 13 forest types. The analysis 

was carried out at forest type level and as a function of the regeneration strategies (seeders, basal and epicormic 

reporters) and structure (tree height and canopy cover). Index performance was evaluated by (i) examining 

index response across four fire severity levels, (ii) the separability index, and (iii) the optimality values analysis. 

Initial results demonstrated that there hasn’t been a consistency of the best index capacity but there a 

consistently worse index among forest groups and in overall none of the thermal indices performed better than 

non-thermal for fire severity estimation within our study.   

Keywords 

Fire severity; spectral indices; obligate seeder; resprouter; temperate forests 

INTRODUCTION 

Wildfire is considered an important disturbance agent with a long history of shaping landscape patterns and 

ecosystem processes, relating to both vegetation distributions and physical structures (Bond and Keeley, 2005; 

Bowman et al., 2009). Extreme wildfires have significant biophysical and ecological impacts on ecosystems at 

both global and landscape scales (Veraverbeke et al., 2012). It has been demonstrated that increased wildfire 

occurrence is associated with climate change (Bowman et al., 2017). Extreme wildfires can affects climate cycle 

at global scale (Barbosa et al., 1999) while at landscape level, it has been identified as the most influencing 

factor which removes vegetation layer partially or completely (Veraverbeke, Gitas, Katagis, Polychronaki, 

Somers and Goossens, 2012) and affects vegetation structure and patterns (Collins et al., 2007; Fairman et al., 

2016). Eucalypts, the dominated species groups of Eucalyptus, Corymbia, Angophora occupies 75% of 

Australian forest areas which have evolved with wildfires (Sullivan et al., 2012; Tng et al., 2012). Especially in 
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the South-Eastern Australian (SEA), the total forest areas burned by wildfires in Victoria state in the period 

1952-2014 was around 8.6 million hectares with half of that area was obtained for the period 2003-2014 

(Fairman, Nitschke and Bennett, 2016). The assessment of ecological effects of wildfires provides information 

(van Wagtendonk et al., 2004) supporting the selection of suitable post-fire treatments at specific sites (Patterson 

and Yool, 1998), informs vegetation recovery monitoring and planning (Jakubauskas et al., 1990) and provide 

appropriate baselines for future landscape management (Brewer et al., 2005). Thus, assessing the impact of 

wildfire on the environment and its distribution throughout burned areas is considered a key tool for quantifying 

fires’ impact on forest ecosystems.  

Spectral indices have been extensively tested in boreal forests, temperate conifer and deciduous forests, and 

Mediterranean forests for fire severity estimation from remote sensing data which utilized both active and 

passive sensors (Tanase et al., 2015; Trigg and Flasse, 2001; Pereira et al., 1999; Veraverbeke et al., 2010; 

Harris et al., 2011; Chu and Guo, 2014; Chuvieco et al., 2002; Lee et al., 2008). Such studied were three 

principal techniques including, spectral un-mixing, simulation techniques, and spectral indices. The latter have 

been widely used as the most popular approach to provide information on fire severity due to its computational 

and conceptual simplicity (Veraverbeke, Verstraeten, Lhermitte and Goossens, 2010). A number of remotely 

sensed indices have been utilized for quantifying fire severity (Patterson and Yool, 1998; White et al., 1996; 

Chuvieco et al., 2008; Miller and Thode, 2007), often by combining information from visible, near-infrared, and 

mid-infrared portions of the electromagnetic spectrum. These bands are sensitive to variations in soil colour 

(visible and mid-infrared), soil composition (mid-infrared), and moisture and chlorophyll (near infrared), land 

and vegetation properties significantly affected by fire (Miller and Thode, 2007). Spectral indices derived from 

optical remote sensing data have been widely used for fire-severity classification in forests from local to global 

scales. variation of spectral indices with plant fire response traits or post fire regeneration remains under-

examined, and there remains scope to examine the utility of thermal bands in discriminating among fire severity 

levels in a range of ecosystems (Holden et al., 2005; Smith et al., 2007; Veraverbeke et al., 2011).  

Our hypothesis was that temperate forests in the Victorian temperate forest ecosystems, Australia, characterized 

by diverse wildfire response traits, may show different spectral responses making fire severity estimation from 

optical Landsat data difficult. Additionally, whether one spectral index can be used to quantify wildfire severity 

for whole types of forest ecosystems was a controversial debate over last decades (Veraverbeke, Verstraeten, 

Lhermitte and Goossens, 2010). Therefore, we compared the performance of ten spectral indices, to assess fire 

severity across 13 forest ecosystems varying in tree height, canopy cover, and post-fire regeneration strategies. 

We utilized Landsat 5 TM imagery due to the high spatial resolution (30 m) and the long-term archives 

available. High spatial resolution over heterogeneous forested landscapes such as those in Victorian temperate 

forest ecosystems, Australia ensures homogeneity of vegetation conditions within the relatively small pixels. 

The study addressed two research questions:   

1. Do resprouter and obligate seeder require different optical spectral indices for wildfire severity 

estimation?  

2. Which spectral index is the best for fire severity estimation in resprouter and obligate seeder forest 

ecosystems?  

MATERIALS AND METHODS 

Study area 

This study was conducted in the Victorian temperate forest ecosystems, Australia which are characterized with 

infrequent wildfires regime since early 1900s (Peel et al., 2007). The total forest area burnt in Victoria from 

2006 to 2011 accounts for 6% of Australian total burnt areas (ABARES, 2017). The climate across the study 

area is temperate with warm summer where the temperature is above 10 degrees Celsius but less than 22 degrees 

Celsius and lack of dry season (no dry summer or dry winter) (Peel, Finlayson and McMahon, 2007). The 

annual mean temperature across the Victoria state range from wound 12.6oC in the South East region to 14.7oC 

in the North and North West regions of the state (Timbal et al., 2016). According to the Intergovernmental Panel 

on Climate Change (IPCC), the climate change for the SEA was projected increasing from 0.4 to 1.2oC in the 

mean annual temperature by the 2020s and ranging from 1 to 4.6oC by the 2080s however the changes in annual 

precipitation were predicted to decrease by 1% to 41% in the same periods (Murphy and Timbal, 2008). The 

rainfall in Victoria is characterized as higher on the South of the Great Dividing Range (divides Victoria by East 

– West direction) compared to the North (Lacey and Grayson, 1998) and the SEA region has experienced a 

trend on below average to lowest rainfall on rainfall record during 1900–2006 (Murphy and Timbal, 2008). 

Regarding to bushfires, South-eastern Australia has been considered to have highest risks for wildfires during 

spring, summer and autumn (Hennessey et al., 2005). The temperate forest ecosystems in the SEA dominated by 
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three mature species of ‘resprouters’ (species survive fire and resprout); ‘obligate seeders’ (species die from 

wildfires and rely on seed to regenerate) (Fairman, Nitschke and Bennett, 2016), and ‘mixed traits’ (species 

which are able to resprout and to germinate seeds after fire) (Kasel et al., 2017). Bush fire historical data showed 

a total area of 4.3 million ha of eucalypt forests were burned by wildfires during 2003-2014 in Victoria State of 

the SEA which almost equal to the total burned forest area of the last 50 years in 1952-2002 (4.4 million ha) 

(Fairman, Nitschke and Bennett, 2016).  

Reference datasets 

Reference data included 3,826 plots with associated fire severity estimates. The reference dataset was derived by 

(i) field assessment and (ii) aerial photo interpretation of severity levels. 502 field plots (FP) were obtained from 

the Department of Environment and Primary Industries (DEPI), Victoria. The field plots were collected within 

two months after the Black Saturday fire in 2009 and contain information on four fire severity classes: unburnt, 

low, moderate, and high (Tanase, Kennedy and Aponte, 2015). The classification of fire severity levels was 

defined by the Department of Sustainability and Environment (DSE), Victoria as Unburnt: no crown scorch 

severity with less than 1% of eucalypt and non-eucalypt crowns are scorched; Low severity: light crown scorch 

with 1 - 35% of eucalypt crowns are scorched; Moderate severity: moderate crown scorch with 30-65% of 

eucalypt crowns are scorched; High severity: crown burn with 70-100% of eucalypt crowns are burnt 

(Department of Environment, 2017).  

Severity levels for the remaining plots were derived from aerial photo interpretation (API) of high resolution 

airborne optical images. Aerial photo interpretation of fire impacts is carried out by the Department of 

Environment, Land, Water & Planning (DELWP) (Department of Environment, 2017) for selected fires 

occurring after 1998 on primarily public lands and provided in a vector format. From the 23 fires with severity 

information forming the DELWP dataset, only 06 major wildfires (total burned area for each fire over 5,000 ha) 

were selected for the analysis. Further, only fires with the same severity classification as the field dataset were 

kept as for old fires a different classification scheme of severity levels was used. As a result, 3,324 API plots 

were generated as centroids of polygons pertaining to the selected fires. The 3,826 reference plots were 

intersected with the forest types (locally know as Ecological Vegetation Division -EVD) map to add information 

on forest type at plot level.  

Regarding to remote sensing data, sixteen original Landsat TM scenes were obtained from the U.S. Geological 

Survey (USGS) Earth Explorer ((USGS), 2017) for the eight fires analyzed (pre- and post-fire images). The pre-

fire and post-fire images, acquired during the wildfire season (October to April), were selected to minimize the 

effects of forest phenology and atmospheric conditions differences at the time of acquisition. The result is 

Universal Transverse Mercator (UTM) Landsat products in Geotiff format for Band 3-5 and band 7 at 30m 

spatial resolution and for Thermal band with the format at 120m spatial resolution, which was resampled at 

30m. The images were masked for clouds and shadows using the Fmask algorithm ((USGS), 2017) which has a 

proved accuracy of 96.4% (Zhu and Woodcock, 2012). The masked Landsat 5 TM images were atmospherically 

corrected using Atmospheric Correction for rugged terrain (ACTOR 3) in ERDAS IMAGINE 2014 software. 

Methods 

Forest type classification 

Using DELWP fire history dataset (Department of Environment, 2017) 13 forest types (locally known as 

Ecological vegetation divisions – EVD) of south eastern Victoria most affected by wildfires in terms of annual 

burnt area over the past three decades were selected for the analysis. These forest types account for 86.41% of 

Victorian forests and 59.95% of the wildfire burned area in Victoria in 1927-2017. The 13 forest types were 

characterized as a function of structure (e.g., canopy height and canopy cover, etc) (Specht and Australia, 1972), 

and post-fire regeneration strategy of the dominant tree species (i.e., seeders -S, resprouters -R, and mixed 

seeders and resprouters -RS). As a result, the 13 forest types were classified into six major categories: open 

forest resprouter (OF-R); closed forest resprouter (CF-R); woodland resprouter (WR); low woodland resprouter 

(LW-R); open forest mixed traits (OF-RS) and closed-forest obligate seeder (CF-S).  

Spectral indexes 

The performance of 10 widely used spectral indices including the dNDVI, dNBR, dNDWI, dNBRT, dNDVIT, 

dVI6T, dMSAVI, dBAI, dMIRBI and dCSI was analyzed. These indices are computed using a combination of 

Landsat spectral bands 3, 4, 5, 6 and 7. The indices were selected based on their sensitivities to changes in forest 

ecosystems status and their capacities for fire severity assessment as demonstrated by previous studies over 
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diverse biomes and forest types (van Wagtendonk, Root and Key, 2004; Veraverbeke, Verstraeten, Lhermitte 

and Goossens, 2010; Harris, Veraverbeke and Hook, 2011; Chu and Guo, 2014; Smith, Drake, Wooster, Hudak, 

Holden and Gibbons, 2007; Allen and Sorbel, 2008; Epting et al., 2005; De Santis and Chuvieco, 2007; Tanase 

et al., 2011; Duffy et al., 2007; Hoy et al., 2008; Soverel et al., 2010; Escuin et al., 2008; French et al., 2008; 

Hall et al., 2008). 

Spectral indices sensitivity to fire severity classes 

 

Figure 1. Conceptual framework for the evaluation of spectral indices for assessing fire severity in Victorian 

temperate forests, Australia 

Three lines of evidence were used to analyze spectral indices sensitivity to fire severity levels: (i) the analysis of 

variance (ANOVA) and pairwise comparisons, (ii) the separability index (M) and (iii) the optimality values (O). 

First, ANOVA followed up by pairwise Tukey Simultaneous tests for differences of means were carried out to 

evaluate the capacity of each temporal difference (pre- to post-fire spectral indices) in discriminating the four 

fire severity levels. Second, the separability index (Equation (1)) was used to estimate the effectiveness of 

spectral indices to discriminate between areas burned with different severity levels (Schepers et al., 2014). The 

higher the separability index M, the better the discrimination between classes. To evaluate the overall index 

sensitivity, we calculated the average value M for each index (AVG M index) as in Equation (2). 

 

(1) 

where  and  are the mean values of the considered spectral band for the analyzed classes, and  are the 

corresponding standard deviations, and n takes the values 1, 2, and 3 when analyzing separability between 

Unburnt to Low, Low to Moderate, and Moderate to High classes. 

0.1* M1 + 0.3*M2 + 0.6*M3 (2) 

where the weights (0.1, 0.3 and 0.6) were assigned considering the importance of fire severity classes for Forest 

and Fire Management in Victoria, Australia.  

Last, the optimality index was used to evaluate which index is more sensitive to post-fire reflectance changes 

according to (Roy et al., 2006), (Escuin, Navarro and Fernández, 2008), and (Veraverbeke, Verstraeten, 

Lhermitte and Goossens, 2010) (Veraverbeke et al., 2010). After fire, pixel reflectance values are displaced 

from unburned (U) to burned (B) as shown in Figure 2. O resembles the position of an optimally sensed burned 

pixel. The selected index is sensitive to the displacement |UO| and insensitive to the displacement |OB| with 

index optimality being computed as in Equation (3) (Roy, Boschetti and Trigg, 2006): 

 

(3) 

Three optimality values are computed for each index, one between each severity class: Unburnt to Low, Low to 

Moderate, and Moderate to High classes. As for the M analysis, an overall optimality value is computed for each 

index as a weighted average of the three values (Equation 4). 

AVG Optimality = 0.1*O1 + 0.3*O2 + 0.6*O3 (4) 

where O1, O2, O3 are optimality median values for low; moderate; and high severity.  

The overall performance of each index was then indicated as the sum of the three scores (one per analysis) per 

forest type. The overall performance of each index when discriminating the four fire severity levels was 

summarized by aggregating the three scores into one value for each forest type. Top indices were confirmed for 

each group of forests based on the average scores. Thus, the highest performing indices were identified for each 

forest group by averaging the scores of the forest types forming that group. 
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PRELIMINARY RESULTS 

Spectral indices sensitivity to fire severity classes 

According to the ANOVA analysis in Figure 2, the dNBR and the dNDWI outperformed all other indices in the 

OF-R. For the CF-S, the dNDVIT, dVI6T and dMSAVI showed their better capacity in classifying fire severity. 

The dBAI and the dMIRBI showed the poorest capacity in discriminating all levels of severity for both OF-R 

and CF-S.      

  

OF-R: Grassy / heathy Dry Forest CF–S: Moist Forest 

Figure 2. Boxplots of spectral indices by fire severity classes. An example for ANOVA test results from resprouter (R) 

and obligate seeder (S) forests. Letters indicate significant differences in Tukey test (p<0.05)  

Separability analysis 

The separability analysis (M values) results illustrate that the dNBR and dNBRT were the best indices in terms 

of separability which obtained highest capacity for discriminating fire severity for both the OF-R and CF-S. The 

worse index was experienced with the dMIRBI for both type of forests.  

  

OF-R: Grassy / heathy Dry Forest CF–S: Moist Forest 

Figure 3. Bar charts of M values 10 difference indices (dVI) between pre- and post-fire spectral indices derived from 

Landsat satellite images at four different classes: unburnt to low, moderate and high severity) for (R) and (S)     

Optimality analysis of spectral indices 

The results from Optimality analysis showed that the NBR and NDWI achieved highest median optimality 

values in both the OF-R and CF-S with their better capacity in term of optimality values for classifying fire 

severity at moderate and high severity classes. Results from optimality analysis of spectral indices showed that 

the poorest capacity index was obtained for the MIRBI for both forest types in Figure 4.  
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OF-R: Grassy / heathy Dry Forest CF–S: Moist Forest 

Figure 4. Bar charts for median values of 10 spectral indices’ optimality derived from Landsat satellite images at four 

different classes: unburnt to low, moderate and high severity) for the resprouter (R), obligate seeder (S).  Optimality 

values for NDVI, BAI and MSAVI are equal; Optimality values for NDWI and CSI are also equal dues to the same 

input bands for calculating these optimality values.    

DISCUSSION 

The importance of forest traits and structure classification 

This is very important to classify forest ecosystems based on their traits and structure before employing spectral 

indices derived from remotely sensed data for fire severity estimation with two broad post fire regeneration 

traits mechanisms of resprouting and seedling because different vegetation types influence differently on fire 

severity detection (Hammill and Bradstock, 2006) and metrics for fire severity estimation vary with different 

forest ecosystems (Keeley, 2009). The structural attribute (height and foliage projective cover of overstorey and 

undestorey strata) and fire response trait of each forest plant communities need to be integrated when accessing 

fire severity from remote sensing data. An obvious example for that can be seen from the OF-R ecosystems are 

characterized with mid-dense projective foliage cover (10-30%), in which the dominant trees are resprouting 

species, so after the wildfires the above ground mortality reflects the mortality of the entire vegetation 

communities. Therefore, in the immediate stage after the wildfires at high fire severity level, all the plant parts 

consumed. As a result, fire-induced reflectance increase clearer in the index with longer wavelength Landsat 

TM band 7 (2.08 to 2.35 µm) (Veraverbeke, Harris and Hook, 2011) for example the dNBR index compared to 

other indices without band 7 such as index the dNDVI.   

One size doesn’t fit all: index suitability varies with forest type 

The preliminary results from our index sensitivity analysis indicated that index capacity to separate among the 

four defined severity classes differed among forest types. This is consistent with understanding that the 

suitability of different spectral indices to map fire severity varies with the characteristics of the dominant 

vegetation (Hammill and Bradstock, 2006; Keeley, 2009).  

A combination of three methods used from this study confirmed that our results from resprouter (R) forests 

continue to support the dNBR index for fire severity classification which agreed with the results from Alaska 

studies by Murphy et al. (Murphy et al., 2008), Allen and Sorbel (Allen and Sorbel, 2008), Harris et al. (Harris, 

Veraverbeke and Hook, 2011) who supported the operational use of the NBR by the Burned Area Emergency 

Rehabilitation project in chaparral shrublands, study by Escuin Navarro et al. (Escuin, Navarro and Fernández, 

2008) which stated that the pre-/post-fire difference indices dNBR and dNDVI are the most suitable ones for 

carrying out the discrimination between pixels not burned by a fire, and Eldar Kurbanox et al. 2017 who found 

that dNBR is a robust index for classifying and measuring burn severity over a broad range of forests.  

The overall pattern in the ANOVA results obviously presents there is no single index can perform its capacity 

for discriminating all fire severity classes for all forest types within this study. Secondly, there has been a 

consistency of the poorest indices capacity among forest groups within this study. The BAI and MIRBI obtained 

for the poorest indices among all forest types for classifying all fires severity levels. In an agreement with the 

ANOVA approach, the separability analysis from this study again that there hasn’t been a consistency of the 

best indices capacity among forest types but there consistently worse indices among forest groups. The 

optimality analysis results continued to support findings from Escuin Navarro et al. (Escuin et al., 2008) and 

show the results contrast with those obtained by Roy et al. (Roy et al., 2006), who report very low NBR 
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optimality values (mean of 0.1) calculated with LANDSAT in the African savannah. This finding also supports 

results on selecting different spectral indices for fire severity assessment work differently in different forest 

types and fire response traits from ANOVA test and M analysis.  

Our results disagree with research results from Hoy et al. 2008 which founds that “the NBR and its derivatives, 

as well as the other spectroscopic indices and image transforms derived from satellite imagery, were not suitable 

for the mapping of fire severity”. The NDWI index-based approach, which has not been used before in Australia 

for fire severity estimation, also perform well along with the NBR approach for not only OF-R but also CF-S. 

Regarding to the thermal spectral indices, the current study evaluated the dNDVIT, dNBRT, dVI6T however in 

agreement with previous studies of fire-severity in coniferous forest, broadleaved forest, shrublands and olive 

groves forest (Veraverbeke, Verstraeten, Lhermitte and Goossens, 2010), chaparral ecosystems (Harris, 

Veraverbeke and Hook, 2011), temperate rain forests (Marino et al., 2016), in overall none of the thermal 

indices performed better than the non-thermal in all forest functional groups within our study. 

Two of the evaluated indices, BAI and MIRBI, were consistently poor performers across all forest types. BAI 

has been identified as one of the best indices to map burnt areas (Chuvieco, Martín and Palacios, 2002), but our 

study suggests it is not suitable for distinguishing fire-severity classes in temperate eucalypt forests. Our results 

agree with Harris et al. (Harris, Veraverbeke and Hook, 2011) who noted the similarly weak performance of 

BAI and MIRBI indices in fire severity assessments, but are in contrast to the findings of Lu He and Tong (Lu et 

al., 2016) for fire-severity assessments in grasslands.  

Research perspectives 

The information on the best performance spectral indices for fire severity estimation from optical remote 

sensing data from this study provides a great information for wildfire and forest ecology researchers who are 

interested in quantifying impacts of wildfires on not only different ecosystems in Victorian temperate forests 

Australia but also for impact assessment of wildfires on communities and researchers interested in impacts of 

wildfires on recovery process of these ecosystems. Further research studies need to pay attention on quantifying 

changes in fire severity patterns over major types of ecological vegetation divisions (EVDs) in Victorian 

temperate forests, Australia. And modelling works need to be employed to simulate driving factors influencing 

post fire regeneration and forest recovery in Victorian temperate forests, Australia.  

To our knowledge, this study presents one of the most comprehensive analyses of fire severity estimation from 

remote sensing data in Australia. For South Eastern Australian eucalypt forests, this is the only comparative 

study that evaluates the most commonly used optical spectral indices for fire severity assessment at landscape 

level. Our results confirmed that fire severity may be estimated from optical images. The initial findings of the 

current research study again support the application of Landsat TM satellite images and spectral indexing 

approaches for fire severity assessment.  

Limitation 

We are currently working on final index selection for each forest type; threshold determination and validation 

for the best indices confirmed for each forest type within this study. As a result, this short (“work in progress”) 

academic paper lacks the full details on thresholds and validation of thresholds for the best index for each forest 

type along with the discussions for these works.    

CONCLUSION 

In summary, preliminary results from three methods of evaluation showed that there is no single spectral index 

with high capacity for wild fire severity estimation in all forest types based on their traits in this study. Our 

preliminary results from ANOVA tests; M analysis and Optimality analysis confirmed that there hasn’t been a 

consistency of the best indices capacity among forest types but there a consistently worse index among forest 

groups. None of the thermal indices performed better than the non-thermal in all forest functional groups within 

our study. Our preliminary results continue supporting the application of Landsat TM satellite images and 

spectral indexing approaches for fire severity assessment.  

REFERENCES 
 

W.J. Bond, J.E. Keeley, (2005) Fire as a global ‘herbivore’: the ecology and evolution of flammable 

ecosystems, Trends in Ecology & Evolution, 20, 7, 387-394. 

219



Tran et al. Evaluation of spectral indices for assessing fire severity 
 

Work in Progress Research Paper – Geospatial and temporal information capture, management, and analytics in 

support of Disaster Decision Making 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

D.M.J.S. Bowman, J.K. Balch, P. Artaxo, W.J. Bond, J.M. Carlson, M.A. Cochrane, C.M. D’Antonio, R.S. 

DeFries, J.C. Doyle, S.P. Harrison, F.H. Johnston, J.E. Keeley, M.A. Krawchuk, C.A. Kull, J.B. Marston, 

M.A. Moritz, I.C. Prentice, C.I. Roos, A.C. Scott, T.W. Swetnam, G.R. van der Werf, S.J. Pyne, (2009) Fire 

in the Earth System, Science, 324, 5926, 481-484. 

S. Veraverbeke, I. Gitas, T. Katagis, A. Polychronaki, B. Somers, R. Goossens, (2012) Assessing post-fire 

vegetation recovery using red-near infrared vegetation indices: Accounting for background and vegetation 

variability, Isprs J Photogramm, 68, 28-39. 

D.M.J.S. Bowman, G.J. Williamson, J.T. Abatzoglou, C.A. Kolden, M.A. Cochrane, A.M.S. Smith, (2017) 

Human exposure and sensitivity to globally extreme wildfire events, Nature Ecology & Evolution, 1, 0058. 

P.M. Barbosa, D. Stroppiana, J.-M. Grégoire, J.M. Cardoso Pereira, (1999) An assessment of vegetation fire in 

Africa (1981–1991): Burned areas, burned biomass, and atmospheric emissions, Global Biogeochemical 

Cycles, 13, 4, 933-950. 

B.M. Collins, M. Kelly, J.W. van Wagtendonk, S.L. Stephens, (2007) Spatial patterns of large natural fires in 

Sierra Nevada wilderness areas, Landscape Ecology, 22, 4, 545-557. 

T.A. Fairman, C.R. Nitschke, L.T. Bennett, (2016) Too much, too soon? A review of the effects of increasing 

wildfire frequency on tree mortality and regeneration in temperate eucalypt forests, International Journal of 

Wildland Fire, 25, 8, 831-848. 

A.L. Sullivan, W.L. McCaw, M.G. Cruz, S. Matthews, P.F. Ellis, (2012) Fuel, fire weather and fire behaviour in 

Australian ecosystems, Flammable Australia: Fire Regimes, Biodiversity and Ecosystems in a Changing 

World, 51-77. 

D.Y.P. Tng, G.J. Williamson, G.J. Jordan, D.M.J.S. Bowman, (2012) Giant eucalypts - globally unique fire-

adapted rain-forest trees?, New Phytol, 196, 4, 1001-1014. 

J.W. van Wagtendonk, R.R. Root, C.H. Key, (2004) Comparison of AVIRIS and Landsat ETM+ detection 

capabilities for burn severity, Remote Sens Environ, 92, 3, 397-408. 

M.W. Patterson, S.R. Yool, (1998) Mapping fire-induced vegetation mortality using landsat thematic mapper 

data: A comparison of linear transformation techniques, Remote Sens Environ, 65, 2, 132-142. 

M.E. Jakubauskas, K.P. Lulla, P.W. Mausel, (1990) Assessment of vegetation change in a fire-altered forest 

landscape, PE&RS, Photogrammetric Engineering & Remote Sensing, 56, 3, 371-377. 

C.K. Brewer, J.C. Winne, R.L. Redmond, D.W. Opitz, M.V. Mangrich, (2005) Classifying and Mapping 

Wildfire Severity, Photogrammetric Engineering & Remote Sensing, 71, 11, 1311-1320. 

M.A. Tanase, R. Kennedy, C. Aponte, (2015) Fire severity estimation from space: a comparison of active and 

passive sensors and their synergy for different forest types, International Journal of Wildland Fire, 24, 8, 

1062-1075. 

S. Trigg, S. Flasse, (2001) An evaluation of different bi-spectral spaces for discriminating burned shrub-

savannah, International Journal of Remote Sensing, 22, 13, 2641-2647. 

J.M.C. Pereira, B.S. Pereira, P. Barbosa, D. Stroppiana, M.J.P. Vasconcelos, J.-M. Grégoire, (1999) Satellite 

monitoring of fire in the EXPRESSO study area during the 1996 dry season experiment: Active fires, burnt 

area, and atmospheric emissions, Journal of Geophysical Research: Atmospheres, 104, D23, 30701-30712. 

S. Veraverbeke, W.W. Verstraeten, S. Lhermitte, R. Goossens, (2010) Evaluating Landsat Thematic Mapper 

spectral indices for estimating burn severity of the 2007 Peloponnese wildfires in Greece, International 

Journal of Wildland Fire, 19, 5, 558-569. 

S. Harris, S. Veraverbeke, S. Hook, (2011) Evaluating Spectral Indices for Assessing Fire Severity in Chaparral 

Ecosystems (Southern California) Using MODIS/ASTER (MASTER) Airborne Simulator Data, Remote 

Sensing, 3, 11, 2403. 

T.A. Chu, X.L. Guo, (2014) Remote Sensing Techniques in Monitoring Post-Fire Effects and Patterns of Forest 

Recovery in Boreal Forest Regions: A Review, Remote Sensing, 6, 1, 470-520. 

E. Chuvieco, M.P. Martín, A. Palacios, (2002) Assessment of different spectral indices in the red-near-infrared 

spectral domain for burned land discrimination, International Journal of Remote Sensing, 23, 23, 5103-5110. 

B. Lee, S.Y. Kim, J. Chung, P.S. Park, (2008) Estimation of fire severity by use of Landsat TM images and its 

relevance to vegetation and topography in the 2000 Samcheok forest fire, J Forest Res-Jpn, 13, 4, 197-204. 

J.D. White, K.C. Ryan, C.C. Key, S.W. Running, (1996) Remote sensing of forest fire severity and vegetation 

recovery, International Journal of Wildland Fire, 6, 3, 125-136. 

E. Chuvieco, P. Englefield, A.P. Trishchenko, Y. Luo, (2008) Generation of long time series of burn area maps 

220



Tran et al. Evaluation of spectral indices for assessing fire severity 
 

Work in Progress Research Paper – Geospatial and temporal information capture, management, and analytics in 

support of Disaster Decision Making 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

of the boreal forest from NOAA-AVHRR composite data, Remote Sens Environ, 112, 5, 2381-2396. 

J.D. Miller, A.E. Thode, (2007) Quantifying burn severity in a heterogeneous landscape with a relative version 

of the delta Normalized Burn Ratio (dNBR), Remote Sens Environ, 109, 1, 66-80. 

Z.A. Holden, A.M.S. Smith, P. Morgan, M.G. Rollins, P.E. Gessler, (2005) Evaluation of novel thermally 

enhanced spectral indices for mapping fire perimeters and comparisons with fire atlas data, International 

Journal of Remote Sensing, 26, 21, 4801-4808. 

A.M.S. Smith, N.A. Drake, M.J. Wooster, A.T. Hudak, Z.A. Holden, C.J. Gibbons, (2007) Production of 

Landsat ETM+ reference imagery of burned areas within Southern African savannahs: comparison of 

methods and application to MODIS, International Journal of Remote Sensing, 28, 12, 2753-2775. 

S. Veraverbeke, S. Harris, S. Hook, (2011) Evaluating spectral indices for burned area discrimination using 

MODIS/ASTER (MASTER) airborne simulator data, Remote Sens Environ, 115, 10, 2702-2709. 

M.C. Peel, B.L. Finlayson, T.A. McMahon, (2007) Updated world map of the Köppen-Geiger climate 

classification, Hydrol. Earth Syst. Sci., 11, 5, 1633-1644. 

ABARES, Australia’s forests at a glance 2017: with data to 2015–16, in: A.B.o.A.a.R.E.a. Sciences (Ed.), 

Department of Agriculture and Water Resources: Australian Bureau of Agricultural and Resource 

Economics and Sciences, Canberra, 2017. 

B. Timbal, M. Ekström, S. Fiddes, M. Grose, D. Kirono, E.-P. Lim, C. Lucas, L. Wilson, Climate change 

science and Victoria, in: V.C.I.V. report (Ed.) Bureau research reports; BRR-014, Australia. Bureau of 

Meteorology, Bureau of Meteorology; Melbourne Victoria, Australia 2016, pp. 94 pp. 

B.F. Murphy, B. Timbal, (2008) A review of recent climate variability and climate change in southeastern 

Australia, International Journal of Climatology, 28, 7, 859-879. 

G.C. Lacey, R.B. Grayson, (1998) Relating baseflow to catchment properties in south-eastern Australia, Journal 

of Hydrology, 204, 1, 231-250. 

K. Hennessey, C. Lucas, N. Nicholls, J. Bathols, R. Suppiah, J. Ricketts, Climate change impacts on fire-

weather in south-east Australia [electronic resource] / K. Hennessy ... [et al.], CSIRO, [Canberra, A.C.T.], 

2005. 

S. Kasel, L.T. Bennett, C. Aponte, M. Fedrigo, C.R. Nitschke, (2017) Environmental heterogeneity promotes 

floristic turnover in temperate forests of south-eastern Australia more than dispersal limitation and 

disturbance, Landscape Ecology, 32, 8, 1613-1629. 

L. Department of Environment, Water & Planning (DELWP), Fire History Records of Fires primarily on Public 

Land., in, Department of Environment, Land, Water & Planning, Melbourne, Victoria, 2017. 

U.S.G.S. (USGS), Earth Explorer, in, 2017. 

Z. Zhu, C.E. Woodcock, (2012) Object-based cloud and cloud shadow detection in Landsat imagery, Remote 

Sens Environ, 118, Supplement C, 83-94. 

R.L. Specht, S. Australia, The Vegetation of South Australia, Government Printer, 1972. 

J.L. Allen, B. Sorbel, (2008) Assessing the differenced Normalized Burn Ratio's ability to map burn severity in 

the boreal forest and tundra ecosystems of Alaska's national parks, International Journal of Wildland Fire, 

17, 4, 463-475. 

J. Epting, D. Verbyla, B. Sorbel, (2005) Evaluation of remotely sensed indices for assessing burn severity in 

interior Alaska using Landsat TM and ETM+, Remote Sens Environ, 96, 3-4, 328-339. 

A. De Santis, E. Chuvieco, (2007) Burn severity estimation from remotely sensed data: Performance of 

simulation versus empirical models, Remote Sens Environ, 108, 4, 422-435. 

M. Tanase, J. de la Riva, F. Pérez-Cabello, (2011) Estimating burn severity at the regional level using optically 

based indices, Canadian Journal of Forest Research, 41, 4, 863-872. 

P.A. Duffy, J. Epting, J.M. Graham, T.S. Rupp, A.D. McGuire, (2007) Analysis of Alaskan burn severity 

patterns using remotely sensed data, International Journal of Wildland Fire, 16, 3, 277-284. 

E.E. Hoy, N.H.F. French, M.R. Turetsky, S.N. Trigg, E.S. Kasischke, (2008) Evaluating the potential of Landsat 

TM/ETM+ imagery for assessing fire severity in Alaskan black spruce forests, International Journal of 

Wildland Fire, 17, 4, 500-514. 

N.O. Soverel, D.D.B. Perrakis, N.C. Coops, (2010) Estimating burn severity from Landsat dNBR and RdNBR 

indices across western Canada, Remote Sens Environ, 114, 9, 1896-1909. 

S.i.e.u.e. Escuin, R. Navarro, P. Fernández, (2008) Fire severity assessment by using NBR (Normalized Burn 

221



Tran et al. Evaluation of spectral indices for assessing fire severity 
 

Work in Progress Research Paper – Geospatial and temporal information capture, management, and analytics in 

support of Disaster Decision Making 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

Ratio) and NDVI (Normalized Difference Vegetation Index) derived from LANDSAT TM/ETM images, 

International Journal of Remote Sensing, 29, 4, 1053-1073. 

N.H.F. French, E.S. Kasischke, R.J. Hall, K.A. Murphy, D.L. Verbyla, E.E. Hoy, J.L. Allen, (2008) Using 

Landsat data to assess fire and burn severity in the North American boreal forest region: an overview and 

summary of results, International Journal of Wildland Fire, 17, 4, 443-462. 

R.J. Hall, J.T. Freeburn, W.J. de Groot, J.M. Pritchard, T.J. Lynham, R. Landry, (2008) Remote sensing of burn 

severity: experience from western Canada boreal fires, International Journal of Wildland Fire, 17, 4, 476-

489. 

L. Schepers, B. Haest, S. Veraverbeke, T. Spanhove, J. Vanden Borre, R. Goossens, (2014) Burned Area 

Detection and Burn Severity Assessment of a Heathland Fire in Belgium Using Airborne Imaging 

Spectroscopy (APEX), Remote Sensing, 6, 3, 1803. 

D.P. Roy, L. Boschetti, S.N. Trigg, (2006) Remote sensing of fire severity: assessing the performance of the 

normalized burn ratio, IEEE Geoscience and Remote Sensing Letters, 3, 1, 112-116. 

S. Veraverbeke, W.W. Verstraeten, S. Lhermitte, R. Goossens, (2010) Illumination effects on the differenced 

Normalized Burn Ratio's optimality for assessing fire severity, International Journal of Applied Earth 

Observation and Geoinformation, 12, 1, 60-70. 

K.A. Hammill, R.A. Bradstock, (2006) Remote sensing of fire severity in the Blue Mountains: influence of 

vegetation type and inferring fire intensity, International Journal of Wildland Fire, 15, 2, 213-226. 

J.E. Keeley, (2009) Fire intensity, fire severity and burn severity: a brief review and suggested usage, 

International Journal of Wildland Fire, 18, 1, 116-126. 

G.E. Murphy, M.A. Acuna, I. Dumbrell, (2010) Tree value and log product yield determination in radiata pine 

(Pinus radiata) plantations in Australia: comparisons of terrestrial laser scanning with a forest inventory 

system and manual measurements, Can J Forest Res, 40, 11, 2223-2233. 

K.A. Murphy, J.H. Reynolds, J.M. Koltun, (2008) Evaluating the ability of the differenced Normalized Burn 

Ratio (dNBR) to predict ecologically significant burn severity in Alaskan boreal forests, International 

Journal of Wildland Fire, 17, 4, 490-499. 

S. Escuin, R. Navarro, P. Fernandez, (2008) Fire severity assessment by using NBR (Normalized Burn Ratio) 

and NDVI (Normalized Difference Vegetation Index) derived from LANDSAT TM/ETM images, 

International Journal of Remote Sensing, 29, 4, 1053-1073. 

D.R. Roy, L. Boschetti, S.N. Trigg, (2006) Remote sensing of fire severity: Assesing the performance of the 

normalized Burn ratio, Ieee Geoscience and Remote Sensing Letters, 3, 1, 112-116. 

E. Marino, M. Guillen-Climent, P. Ranz Vega, J. Tomé, Fire severity mapping in Garajonay National Park: 

comparison between spectral indices, 2016. 

B. Lu, Y. He, A. Tong, (2016) Evaluation of spectral indices for estimating burn severity in semiarid grasslands, 

International Journal of Wildland Fire, 25, 2, 147-157. 

 

222



Phyn New Zealand GIS for Emergency Management (NZGIS4EM) 
 

Work in Progress Research Paper – Geospatial and temporal information capture, management, and analytics in support of 

Disaster Decision Making 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

New Zealand GIS for Emergency 
Management (NZGIS4EM): Making GIS 

and its practitioners integral to 
emergency management 

  

Derek Phyn 

Waikato Regional Council 

derek.phyn@waikatoregion.govt.nz 

ABSTRACT 

Geographic Information Systems (GIS) have often been poorly considered, planned and implemented across 

New Zealand’s emergency management sector. GIS practitioners involved in emergency management events 

often suffer the consequences. Recent significant events have reinforced both the need for a nation-wide 

coordinated, planned and pro-active approach to implementing GIS for emergency management, and the 

advantages that GIS can offer to the emergency management sector if implemented properly. This paper offers 

insights into the “grass roots” foundation of a community called New Zealand GIS for Emergency Management 

(NZGIS4EM) to address these issues. 

In its founding year (2017/2018) the priority for an interim NZGIS4EM committee has been to establish the 

foundation of the community, this is primarily administrative projects. Several other subject targeted projects 

are also underway or planned relating to data, standards, symbology, common operating picture and 

interoperability. Key challenges for NZGIS4EM relate to a shortage of funding, logistics of physical meetings, 

current lack of governance and a lack of legal mandate in New Zealand to enforce standards for emergency 

management. 

Attention in the sector is now moving towards the implementation of a Common Operating (or Operational) 

Picture (COP). Key messages that the author believes are pertinent include: we should not be overly focused on 

the front end tools we use but more importantly the governance, collaboration, community, data standards and 

interoperability required to make the tools work; plan big, but then prioritise and implement small; ensure the 

COP is used BAU; minimal or no training should be required; ensure any system implemented is quicker for 

frontline users; ensure there is a plan B and a plan C if the internet and/or power goes out; identify and lobby 

agencies who should be the authoritative source of truth for essential data; implement phases of response for 

information requirements; consider national and/or regional hosting of platforms, and; recognize that real-time 

crowd sourced data may be the future of intelligence and plan for that. 

Keywords 

Geographic Information Systems, GIS, Emergency Management, NZGIS4EM, New Zealand, Intelligence 

INTRODUCTION 

Geographic Information Systems (GIS) have often been poorly considered, planned and implemented across 

New Zealand’s emergency management sector. While it is granted that some organizations are more advanced 

with their implementation than others, across New Zealand there is a general lack of alignment with the purpose 

and principles of New Zealand’s Coordinated Incident Management System (CIMS) (CIMS Steering Group, 

2014). Further, there is no legal mandate across New Zealand’s emergency management sector prescribing 

which tools, common data schema and interoperability standards must be implemented. This has resulted in an 

ad-hoc, inconsistent, unplanned, reactive approach to using GIS for emergency management. Recent significant 

events (e.g. Whanganui Flooding, Jun 2015; Kaikoura Earthquake, Nov 2016; Port Hills Fire, Feb 2017; 

Cyclones Debbie and Cook, Apr 2017; Otago and Canterbury Flooding, Jul 2017; Cyclones Fehi and Gita, Feb 

2018) have reinforced both the need for a nation-wide coordinated, planned and pro-active approach to 
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implementing GIS for emergency management, and the advantages that GIS can offer to the emergency 

management sector if implemented properly. 

This paper offers insights into the “grass roots” foundation of a community called New Zealand GIS for 

Emergency Management (NZGIS4EM) to address these issues. This paper will discuss who NZGIS4EM is, 

what is the vision and purpose, how the community came about, why it is needed, what the community hopes to 

achieve, what projects the community is involved in or planned, what are the key challenges facing NZGIS4EM 

and what are the key messages for New Zealand’s emergency management sector as they relate to a Common 

Operating Picture (COP). 

ABOUT NZGIS4EM 

NZGIS4EM is a community of like-minded individuals from both the geospatial and emergency management 

sectors of New Zealand. These individuals were voluntarily brought together by common experiences and 

concerns about how GIS was or, in many cases, was not, being implemented for the emergency management 

sector. Membership to the community is open to anyone and a wide variety of organization types have taken up 

the opportunity to be involved. This includes representatives from local government, central government, 

national agencies, private sector, education and research institutes and individual stakeholders. Membership to 

the community is formalized simply by signing up to an online workspace using the Slack application. As at 

June 2018 membership sits at over 300 individuals and over 13,000 messages have been sent between members 

using the Slack application since its inception in January 2017. 

VISION AND PURPOSE 

In March 2018, an interim committee ratified a proposed Terms of Reference for NZGIS4EM. This Terms of 

Reference is now awaiting the establishment of suitable governance for NZGIS4EM before final ratification. 

Under the proposed Terms of Reference (NZGIS4EM, 2018) the vision for NZGIS4EM is: 

 “GIS and its practitioners are integral to emergency management in New Zealand.” 

And the purpose is: 

“The Committee is a shared and coordinated voice for the use of Geographic Information Systems 

(GIS) in Emergency Management in New Zealand. The Committee advocates, educates, advises and 

provides support, guidance, recommendations and best practice for GIS and Emergency Management 

practitioners while ensuring alignment to the principles and purpose of the Coordinated Incident 

Management System (CIMS).” 

BACKGROUND 

NZGIS4EM was born from the efforts of Dr. Paul Doherty and his employer at the time, Eagle Technology Ltd. 

One of the things Paul was originally brought to New Zealand for in mid-2016 was to help Bay of Plenty 

Lifelines Group identify their critical and vulnerable assets using GIS. However, the trajectory of Paul’s work 

evolved as it was realized that GIS had great potential for the wider Emergency Management sector, not just 

Lifelines. Then the Kaikoura earthquake happened. Once deployed to Kaikoura, Paul was integral to organizing 

the GIS response. Many things were learnt from this major event. 

Paul recognized a significant gap in communication, collaboration and understanding between the GIS and 

Emergency Management sectors. Paul convinced Eagle Technology to host several free workshops around the 

country. These workshops aimed to bring the GIS and Emergency Management sectors together and get them 

talking. These workshops were well attended by hundreds of like-minded GIS and Emergency Management 

professionals representing local government, central government, national agencies, private sector, education 

and research institutes and individual stakeholders. All attendees had an opportunity to see what was being done 

around the world and in NZ with regards to emergency management GIS and also to get some hands on 

experience with some applicable GIS tools. Importantly, common themes started to emerge from the resultant 

conversations across New Zealand: 

• There was no consistent or aligned approach to implementing GIS for Emergency Management across 

organisations or administrative areas 

• Very few organisations had a well planned approach to implementing GIS for Emergency Management 

• There was a lack of standardized tools, data schema and symbols across the sector 
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• Interoperability was improving and looked promising but most organisations were still a long way from 

fully effective adoption of the technology and 3rd party software still has to be used in some instances 

• Standard Operating Procedures (SoP) or Geospatial Concept of Operations (GeoConOps) 

documentation for GIS in Emergency Management is lacking across most organisations 

• Few GIS teams have informal, let alone formal, agreements with their Emergency Management 

partners 

• The GIS and Emergency Management sectors do not understand each other well or know how each 

other works and why that is 

• There is a lack of collaboration between GIS teams and their Emergency Management partners, 

neighboring administrations and the wider GIS community across New Zealand 

In August 2017, a full day Special Interest Group (SIG) workshop was held to discuss what to do about these 

issues. Derek Phyn from Waikato Regional Council and Kate Waterhouse from Western Bay of Plenty 

facilitated. Over 60 stakeholders attended, again representing a wide variety of organisations, not just local 

government. Attendees were asked to score their organisation using an adaptation of an American tool known as 

the Capability and Readiness Assessment Tool (CARAT) (Figure 1). In particular attendees had to score their 

organisation against what are known as “Common areas” in GIS4EM; Governance, SoP, Staffing, Technology, 

Training and Exercises, Usage and Support for CDEM. We have since also added Data as one more common 

area. 

 

 

Figure 1.  NZGIS4EM Capability and Readiness Assessment Tool (CARAT), adapted from NAPSG, 2017 

 

While this exercise revealed valuable insights into the state of GIS4EM around New Zealand, more importantly, 
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it got the attendees thinking about what actions needed to happen to make a change. Attendees formed sector 

groups to discuss the results and find common actions they agreed needed to be taken. EMSINA (Emergency 

Management Spatial Information Network Australia) from Australia and the NAPSG Foundation (National 

Alliance for Public Safety GIS) from USA were also liaised with to see if they had encountered similar issues 

and what they had done about it.The outcome of this work was a general consensus that New Zealand needs a 

formal national level advisory group to address GIS4EM issues and that this group must remain software 

platform agnostic. An interim committee was established to initiate some high priority work streams, develop a 

work plan, establish administration and outreach, develop the Terms of Reference and seek appropriate 

governance. The proposed Terms of Reference was ratified in March 2018 and is now pending governance 

approval. The first Annual General Meeting and election of formal NZGIS4EM Committee members takes 

place in August 2018. 

WHY NZGISEM IS NEEDED 

The common themes discussed in the above section have consequences if not addressed. GIS practitioners 

involved in emergency management events are often the ones who suffer these consequences. Multiple 

databases and systems across different agencies (and sometimes within agencies), duplication, poor 

communication and understanding, inconsistent schema and symbology, lack of mandatory fields and 

validation, copies of copies, poorly trained contributors and a lack of a game plan for how to best do GIS in 

emergency management all increase the risk of bad data. The saying goes “rubbish in, rubbish out”. It often falls 

on the GIS practitioner to spend many valuable hours or days in an event trying to first make sense of data, 

“data cleaning”, before they can even deliver any intelligence using the GIS skills and tools they have been 

trained to use. All the while emergency management decision makers are impatiently waiting for all the amazing 

intelligence that GIS can supposedly deliver. By the time the data is cleaned and the intelligence is delivered, it 

is often too late. With these consequences in mind it is little surprise that GIS has hardly been at the fore of 

emergency management intelligence to date. 

Local government agencies in New Zealand have historically been numerous and heterogeneous. There is a 

strong case in New Zealand for small scale local governance to continue, however, as information and 

communication technology evolves and increasingly overcomes both physical, technological and human 

obstacles, the case for homogenous systems across local government increases. This is especially so with 

regards to emergency management as local government is responsible for emergency management in their 

respective areas and emergency events do not stop at administrative boundaries. Should an event initiate or 

escalate across several local government agencies the homogeneity of their systems will be one of the key 

factors in influencing the efficiency and effectiveness of the response and recovery. National scale events are 

plausible, expected even. Project AF8 reports that: 

“…the next severe earthquake on the Alpine Fault is likely to occur within the lifetime of most of us, or 

our children. (http://projectaf8.co.nz/about-the-alpine-fault/) 

New Zealand is surrounded by ocean where major tectonic plates meet and subject to large-scale weather 

events, such as ex-tropical cyclones. Flooding, both coastal and inland, is common and has been associated with 

at least 64 percent of emergency declarations in New Zealand since January 2002, along with many other non-

declared emergencies (https://www.civildefence.govt.nz/resources/declared-states-of-emergency/). Many of 

these events have occurred across multiple districts or regions simultaneously. Homogeneity across all local and 

national government emergency management systems must be the goal. 

Strategically, NZGIS4EM is here to push for the goal of homogenous GIS. We believe New Zealand is small 

enough, the technology now advanced enough, and the sector momentum now strong enough to start pushing 

for a national common operational picture system with GIS and its practitioners being at its core. There is a lot 

of work to do but forming the NZGIS4EM community is the start of a journey we hope to complete before the 

big one strikes. 

If, with every new multi-agency emergency event, there is evidence of increasing homogeneity across geospatial 

systems and agencies, then NZGIS4EM can assume it is making a positive difference to New Zealand’s 

emergency management sector. 

NZGIS4EM PROJECTS 

In its founding year (2017/2018) the priority for an interim NZGIS4EM committee has been to establish the 

foundation of the community, this is primarily administrative projects including: 
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Table 1.  NZGIS4EM Administrative Projects 2017-2018 

Project Status 

Establish interim committee Complete 

Ratify proposed Terms of Reference Complete 

Establish governance and ratify final Terms of Reference Ongoing 

Work Plan & Comms Plan Ongoing 

Stakeholders register Planned 

Administration: Establish Website, Logo, Social Media Ongoing 

 

Several other subject targeted projects are also underway or planned. Some are led by the Ministry for Civil 

Defence and Emergency Management (MCDEM) and NZGIS4EM members are just key stakeholders in those 

projects: 

Table 2.  NZGIS4EM Targeted Projects 2018-2019 

Project Status 

National Geospatial Framework (EEI’s and MED) 

(MCDEM led) 

Ongoing 

National GeoConOps Template (MCDEM led) Ongoing 

National Disaster Assessment Technical Standard 

(MCDEM led) 

Ongoing 

National Address Standard for Emergency Mgmt. 

(MCDEM/LINZ led) 

Ongoing 

Technical Advisory Group (TAG) Implications / 

Common Operational Picture (COP) (MCDEM led) 

Ongoing 

Emergency Management Symbology Standard 

(FENZ led) 

Ongoing 

Interoperability Planned 

AGM and Special Interest Group (SIG) August 2018 Ongoing 

Information Systems for Crisis Response and Mgmt. 

(ISCRAM) Asia Pacific Conference November 2018 

Ongoing 

 

Projects initiated by NZGIS4EM require a project lead and a workgroup. Anyone from the Community can 

volunteer to join a workgroup. Funding for projects at this stage is dependent on sponsorship or the in-kind 

funding of workgroup members’ employers. Projects led by MCDEM tend to involve one or two volunteers 

from the NZGIS4EM Community to join a wider variety of stakeholders. Funding tends to be covered by 

MCDEM for these projects. 

Some of these projects are expected to be completed in the 2018/2019 financial year while others may take 

longer to complete. This is especially due to the voluntary nature of the workgroups and challenges when 

dealing with the finer details of trying to collaborate towards homogenous systems at a national scale. 

CHALLENGES 

Funding is a core challenge for NZGIS4EM. All committee and community members are volunteers who offer 

their time with the endorsement of their employers. This means time spent on NZGIS4EM projects can be 

limited as member’s BAU activities are likely to take precedent. Hence, in its current state NZGIS4EM projects 

can be slow to progress and risk losing momentum if leadership does not remain persistent, pro-active and 

positive. Some sponsorship from both private and public sector has been forthcoming and is greatly appreciated 

but permanent funding is required for stability. 

While regular virtual meetings are held, physical meetings have proven significantly more productive and 

beneficial in these early days of the Community. Members of the Community come from all over New Zealand. 

Travel to major central centers like Wellington can be expensive and logistically prohibitive to organize. This 
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means trying to align physical meetings with other significant events where most members are likely to be in 

attendance. Currently the annual AGM is aligned with the New Zealand ESRI Users Conference and the six 

monthly Committee meeting may have to be aligned with other major events such as the Association of Local 

Government Information Management (ALGIM) Conferences. 

As yet NZGIS4EM has no mandate assigned to it from governance above. As at June 2018 options for 

Governance that are being considered include under the Hazard Risk Board of the National Security Systems 

Directorate, under the Governance of New Zealand’s Geospatial Strategy and/or under the National CDEM 

Controllers/Group Managers Forum. The outcome depends on determining which bodies have the appropriate 

mandate, are willing to govern NZGIS4EM and potentially have funding available to assist with the facilitation 

of NZGIS4EM. The formation of this Governance group is critical to the success of NZGIS4EM. We are 

looking for governance that will have legal mandate to make binding decisions on behalf of New Zealand’s GIS 

and Emergency Management sectors on matters relating to at least data standards, symbology, interoperability 

protocols and standard operating procedures. 

Lack of legal mandate is the last major strategic challenge facing NZGIS4EM. There is much legislation that 

relates to CDEM in New Zealand but in essence the CDEM Act (2002) mandates who does what but not how to 

do it. For the how there are Directors Guidelines, Best Practice Guides, Technical Standards, Information Series 

and Supporting Plans from MCDEM but at best even the Technical Standards are only: 

“…required to be taken into account when preparing any CDEM Group Plans (s53(2) of the CDEM 

Act 2002)” (https://www.civildefence.govt.nz/cdem-sector/cdem-framework/guidelines/#TSs) 

Being inconsistent with Technical Standards is unwise and needs to be well justified. However, there is nothing 

yet to mandate that CDEM Groups must abide exactly to Technical Standards. The saying goes “the devil is in 

the detail” and, when it comes to the fine detail of exactly what data to capture and how to do it, this lack of 

legal mandate makes it hard to enforce consistency and coordination across so many heterogeneous local 

government agencies. Most New Zealand agencies agree in principal to doing GIS for emergency management 

to a standard but getting widespread sector agreement of the detail in the standard is a hard task without a 

legislative framework. It is generally agreed that central government should not mandate the products that must 

be used in emergency management, however the need to enforce common minimum data standards is critical to 

ensuring effective and efficient intelligence during response and recovery. 

KEY MESSAGES 

In light of the recent Ministerial Review: Better Responses to Natural Disasters and Other Emergencies in New 

Zealand (Ministry of Civil Defence & Emergency Management, 2018) attention is now moving towards the 

implementation of a Common Operating (or Operational) Picture (COP) for New Zealand emergency 

management. A COP is a military term and can be described as; 

"... A single identical display of relevant information shared by more than one command. A common 

operational picture facilitates collaborative planning and assists all echelons to achieve situational 

awareness. Also called COP.” (US Department of Defence, 2018) 

Or where; 

"Data is integrated from multiple existing and live (field collected) sources to support all functions of a 

response using one spatial data platform." (http://www.responsegroupinc.com, 2018) 

Here are some key messages the author believes are pertinent to consider before the implementation of a COP in 

New Zealand: 

It’s not just about the tools 

The diagram presented in Figure 2 can be used to explain everything that is wrong with trying to implement 

information systems for emergency management in New Zealand. Just as our eyes are most comfortably drawn 

to the "Tools" part at the peak of this diagram so too do we, as GIS and emergency management practitioners, 

habitually seem to overemphasize the importance of the tools. We spend far more time discussing the pros and 

cons of different tools rather than working on underlying factors that are required before any tools can actually 

deliver a decision advantage against a requirement. While tools are the visible front end or “sharp end” of 

emergency management information systems, in New Zealand we are actually quite advanced in terms of the 

tools we have available to us (including those that are “out-of-the-box”), so there is no need to spend a lot of 

time on the tools. 
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Figure 2.  The weight of factors in the successful implementation of information systems for emergency management 

(Phyn, 2018) 

The reality is that it doesn’t matter how good the tools are, if we don’t have interoperability (such as standard 

live web services) then we can’t readily share real-time data between each other and our tools. And if we don’t 

have national data standards then we don’t have consistent data that we can easily share, merge and have 

understood by others. And if we don’t have subject matter expert communities then we don’t have applicable 

stakeholders working together to develop those data standards. All of this requires collaboration and, finally, if 

there is no legal mandate for the CDEM sector to capture and manage data to at least a national minimum data 

standard then, you can be assured, most of us will continue to just go off and play with our own tools by 

ourselves. Further, if we had mandate, collaboration, community, standards and interoperability in New Zealand 

then we might not even need to use the same tools but still all be able to get a common operating picture. 

Plan big, but then prioritise and implement small 

Do not try a single launch of a fully comprehensive COP that will do everything. Take small incremental steps. 

The emergency management sector will be overwhelmed if you launch a whole COP all at once that requires 

hours and hours of training. Choose just a few key small features the sector will benefit most from and launch 

those first. Let the sector get used to those parts of the COP before incrementally launching other components 

and features. 

Ensure the COP is used in BAU 

Launch something on a platform the sector is already familiar with or is easily implemented into their BAU 

activities. Anecdotal experience leads the author to believe that if users don’t use the COP tools during BAU 

then they won’t use them in a response. 

Minimal or no training should be required 

Staff turnover is too high in the sector to warrant extensive training programs. The COP should be so simple that 

a new user should be reasonably comfortable with the particular part of the COP they need to use after no more 

than one hour of training. Further don’t try and train everyone in the sector to use the whole COP. Certain 

functions should be trained to only use applicable parts of the COP. 

Is it quicker for frontline users? 

In emergency management the ability of frontline responders to capture and relay information quickly, correctly 

and respectfully without the risk of duplication or unnecessary angst being placed on those impacted by an event 
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is paramount. Speed is of the essence, especially in the public eye. It does not matter what back-end or 

subsequent data, security, analytical or decision making benefits a system offers, if the system does not allow 

the front-end users to do things quicker than they could have done otherwise then it will fail. 

Is there a Plan B and Plan C? 

An online, cloud-based solution is the logical choice for a COP given the commonality, scalability, support, up-

time and improved internet speeds. However, if the internet fails somewhere there needs to be an easily 

implemented Plan B, ideally a desktop based solution, or remote support, that continues to capture data and 

automatically updates master databases in a cloud environment once internet becomes available again. And if 

both the internet and power fails then there needs to be an easily implemented Plan C. That is plan B plus an 

alternate power source. 

Who is the source of truth? 

With the advent of web services allowing us to consume real-time data the importance of identifying who is to 

be recognised as the authoritative source of truth for each data set now has to be worked through. This is 

especially important for incident data. In New Zealand there is a legacy of inconsistent duplication in the CDEM 

sector. Applicable key agencies need to be responsible for their data in New Zealand by establishing live web 

services and hosting and maintaining that data and service and sharing it. If they don’t then there will continue 

to be gaps in the COP that will be filled by others who are not the source of truth. 

Implement phases of response for information requirements 

Paul Doherty introduced NZGIS4EM to “Phases” of response and recovery (Figure 3), adapted from the 

National Damage Assessment Data Set and Dictionary for Phase 2 Assessments (Australasian Fire and 

Emergency Service Authorities Council Limited (AFAC), 2016). This has helped GIS people understand what 

information requirements emergency management may need to focus on during different times of an event and 

plan ahead. Such an approach for a COP would be useful. 

 

Figure 3.  Phases of emergency response and recovery as they apply to information requirements (Paul Doherty, 

Adapted from AFAC (2016)). 

National and/or regional hosting 

The current CDEM framework includes the provision of regional CDEM Groups being responsible for 

coordination of emergency management across their respective regions. Recent recommendations from the 
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Ministerial Review: Better Responses to Natural Disasters and Other Emergencies in New Zealand (MCDEM, 

2018) also include: 

“…requiring the development of more formalised shared service arrangements, implemented by the 

regional or unitary council, to strengthen a Group-wide approach and accountability.” 

And; 

“…greater national consistency and standards, and a more robust system of audit and assurance to 

ensure those standards are met.” 

A logical progression from these recommendations into GIS for emergency management practice would be to 

have regional, or even national, mapping portals hosted, supported and maintained by CDEM Groups or 

national agencies. While territorial local authorities would contribute data and utilize the tools within the portal 

they would not be responsible for hosting the data or maintaining the portal. Such an approach would reduce 

duplication in effort and ensure greater consistency across regions, if not the country. 

Real-time crowd sourced data. The future of intelligence? 

Another recommendation from the Ministerial Review: Better Responses to Natural Disasters and Other 

Emergencies in New Zealand (MCDEM, 2018) is to: 

“Ensure timely, consistent, and proactive use of the range of appropriate media channels both for 

communication, and for gathering intelligence.” 

The author believes this infers that with the advent of social media the lines between the functions of public 

information management and intelligence are increasingly blurred. First responders will nearly always be those 

who are being directly impacted by an event. They are the first “boots on the ground” and, if it is safe and 

appropriate to utilize them, they can be a valuable source of the most up-to-date intelligence. The media already 

heavily invests in crowd sourcing of information and provides live updates of information to the public for 

major events, 24/7 in some cases. Does this sound like something that emergency management should be doing? 

Verification of data before use has always been a solid principle of intelligence but, especially in the early stages 

of an event, multimedia and sheer numbers of crowd sourced reports, or lack thereof, speaks volumes. 

CONCLUSION 

NZGIS4EM has come about because there was a need to improve the adoption of GIS in emergency 

management in New Zealand and central government agencies were not appropriately resourced to address this. 

We have followed in the footsteps of our compatriots in Australia and USA and created a “grass roots” 

community in the hope of bringing change. While NZGIS4EM have a vision statement, a personal vision of the 

author’s is that any GIS practitioner can be deployed to an event in New Zealand and walk in to an emergency 

operations centre being confident in what to expect and how to deliver the best of the potential that GIS can 

offer for emergency management. The key support needed to make this happen is a national community that 

positively supports each other and national leadership to facilitate change. 
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ABSTRACT 

With the Hurunui (HDC), Mackenzie (MDC) and Kaikoura (KDC) District Councils sharing their Geographic 

Information Systems (GIS) and Information Technology (IT) resources since 2017 it was decided to work on a 

GIS strategy for Emergency Management (EM) that would be applicable for all three councils as in the past 

geospatial skills and tools did not get equally utilised at all three councils during emergency and training events. 

ArcGIS Online (AGOL) was chosen as a common platform for a fully cloud based approach to the new 

Emergency Management Applications. The core modules of these applications are Story maps, Web AppBuilder, 

Survey123, Operations Dashboard, Workforce, Explorer and AppStudio. 

The development of these applications is a work-in-progress situation which is driven by the constant 

conversation and testing between the GIS team and the Emergency Management (EM) departments and work 

flows are being developed to integrate these applications into the existing functions of the Emergency 

Operations Centres (EOC). 

We believe once finalised this set of applications will add great functionality to New Zealand’s Coordinated 

Incident Management System (CIMS) used in EOCs by providing interactive and cloud based visual geospatial 

information, situational awareness, forecasting, task management and task tracking. 
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INTRODUCTION 

 

New Zealand is a country prone to many natural disasters such as cyclones, floods, tsunamis, earthquakes, 

landslides, rock falls, volcanic eruptions, snow avalanches, heavy snow and fires. Add to this all kinds of 

manmade disasters such as transport accidents, epidemics, building or structural accidents, interruptions or loss 

of lifelines and mining disasters – New Zealand has experienced them all.  

With a number of major events such as the Kaikoura Earthquakes, The Franz Joseph Floods, Cyclone Cook and 

the Port Hills Fires occurring in 2016 and 2017, it was admitted that GIS proved critical to all functions of the 

EOCs but was coordinated poorly across the country. It was recognized that GIS is rarely considered in New 

Zealand emergency management planning, documentation or protocols nor was there any formal group in New 

Zealand that addressed how GIS is best used in Emergency Management. The approach to GIS in Emergency 

Management has always been ad hoc and / or unplanned (NZGIS4EM, 2018). 

 

A Ministerial Review – Better Responses to Natural Disasters and Other Emergencies from November 2017 

states that: 

 

“New Zealand’s intelligence infrastructure and hardware has not been sufficient to deliver an accurate and 

comprehensive common operating picture during recent large scale emergencies. […] There is no current 

agreement between the core agencies on what information forms the common operating picture (e.g. lifelines 

information, where cordons are, isolated geographical areas, welfare needs) and how information from multiple 

sources can be drawn together to give a common picture.”  

 

 

Consequently in 2017 a few crucial things happened: 

 

- The NZGIS4EM (New Zealand GIS for Emergency Management) user community was formed where 

discussion is facilitated and best practices for GIS in Emergency Management in New Zealand is 

shared on platforms such as Slack and GeoNet. 

- A series of Eagle Technology facilitated NZGIS4EM workshops were held across the country to 

demonstrate how AGOL solutions could be utilised to develop practical and mostly cloud based GIS 

Applications that can be used in emergency situations.  

- NZGIS4EM special interest groups were formed which are now meeting on a regular basis to develop 

geospatial emergency response solutions that can be used at local, regional and national level. 

 

It was decided to use the Mackenzie District as a pilot region for the development of AGOL Emergency 

Management Applications for the three districts and once finalised these solutions would then be deployed to 

the Hurunui and Kaikoura Districts. Hence this paper is going to present the Mackenzie experience of 

developing AGOL Applications for Emergency Management. 

 

To add some location reference - all three districts are located 

on New Zealand’s South Island with the Mackenzie District 

being right in the centre and the Hurunui and Kaikoura 

Districts located north of Christchurch along the East Coast 

(see Figure 1). What those districts have in common is their 

large share of rugged mountainous terrain as part of the 

Southern Alps of New Zealand with relatively small but 

significant population bases (densities ranging from 0.63/km2 

(Mackenzie District) to 1.8/km2 (Kaikoura District)) and 

transport infrastructure of national significance. Chances of a 

major event such as a magnitude seven or eight earthquake 

along the Alpine Fault (a geological fault that runs almost the 

entire length of New Zealand’s South Island) is a reality with 

New Zealand being overdue for an event of such caliber. 

Figure 1.  Location Map 

Kaikoura 

Hurunui 

Mackenzie 
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PHASES OF EMERGENCY RESPONSE AND RECOVERY 

The New Zealand Ministry of Civil Defence and Emergency Management (MCDEM) states that “the New 

Zealand integrated approach to civil defence emergency management can be described by the four areas of 

activity, known as the ‘4Rs’” – Reduction, Readiness, Response and Recovery. MDCEM defines these 

activities as follows: 

Reduction: Identifying and analysing long-term risks to human life and property from hazards; taking 

steps to eliminate these risks if practicable, and, if not, reducing the magnitude of their impact and the 

likelihood of their occurring. 

Readiness: Developing operational systems and capabilities before a civil defence emergency happens; 

including self-help and response programmes for the general public, and specific programmes for 

emergency services, lifeline utilities and other agencies. 

Response: Actions taken immediately before, during or directly after a civil defence emergency to save 

lives and protect property, and to help communities recover. 

Recovery: The coordinated efforts and processes to bring about the immediate, medium-term and long-

term holistic regeneration of a community following a civil defence emergency. 

 

While the applications described in this paper are aimed to support all four areas of activity, a special focus for 

this paper is on Response and Recovery. For these areas of activity a phase approach has been introduced to 

the NZGIS4EM group by Dr. Paul Doherty, former employee of Eagle Technology. This approach has been 

adopted from a similar model described in the “National Damage Assessment Data Set and Dictionary for Phase 

2 Assessments” document published by the Australasian Fire and Emergency Services Council (AFAC) in 

2016. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Phases of Emergency Response and Recovery 

 

 

Phase I stands for “Wide Area Assessment” which is carried out within 24 to 48 hours of impact and mainly 

evolves around crowdsourcing. 

Phase II stands for “Rapid Damage Assessment” and is conducted within 2 to 3 days of impact by NZUSAR 

(New Zealand Urban Search and Rescue), NZFS (NZ Fire Service), NZRT (NZ Response Teams) and other 

response teams. Whether Phase II comes into action will probably depend on the size of the event and the 

degree of risk to lives and structures. Smaller events might lead straight into Phase III. 

Phase III of the Emergency Response activities embraces more detailed assessments for Welfare, Buildings, 

Lifelines and Transport and takes place within 3 to 7 days of impact. 

Phase IV stands for Incident Recovery and can be seen as the period starting right at the time of the emergency 

event and can continue on for several years after the event. It is believed that a successful deployment of Phases 

I to III can lead to a quicker and smoother transition into Phase IV.   
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AGOL SOLUTIONS AND CAPABILITIES 

 

The Civil Defence GIS applications developed for the pilot region incorporate the following AGOL modules: 

 

- Web AppBuilder 

- Survey123 

- Operations Dashboard 

- Workforce 

- Explorer 

- AppStudio 

 

 

All applications are contained in a tabbed AGOL storymap called MDC Incident Briefing – Map Series: 

 

 

 
 

Figure 3.  MDC Incident Briefing – Map Series 

 

 

Besides standard tools like Legend, Layer List, Bookmarks, Basemap Switcher and Print function, most 

applications are equipped with Reporting, Situational Awareness and Features Near Me tools and hold links to 

other applications such as Survey123 Surveys, Survey123 Analyse Tabs, Operation Dashboards, Workforce 

projects and User Manuals that are part of a specific operations workflow (e.g. Welfare, Buildings, Lifelines, 

Transportation). 

The applications have been developed to support operations and decision making in the EOC. The following 

section will describe the functionality of some of the key applications of the tabbed MDC Incident Briefing – 

Map Series at the time this paper was written. 

Incident Overview 

This section provides an overview of the current emergency situation with a number of pre-defined incident 

related GIS layers in the background that will need to be turned on / edited to fit the incident at the time. These 

include base data such as freezing levels, potential flooding layers, fault hazard areas, fault lines, active layers 

such as MetService CAP Alerts, Active Hurricanes, Recent Earthquakes and current fires as well as incident 

data such as Civil Defence Incident Points, Evacuation Zones, Hazard Lines / Areas and Snow Zones. This 

application might be most useful when compiling situation and status reports for incident briefings. 

236



Kaeppler  Multi-Tenanted Approach to AGOL Applications for 

Emergency Management 
 

Work in Progress Insight Paper – Geospatial and temporal information capture, management, and analytics in support of 

Disaster Decision Making 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

Fire 

This section holds Canterbury wide datasets all around fire constraints, resources and values requiring protecting 

and is based on a project called “Strategic Tactical Fire Management Planning (STFMP) – Multi-Agency 

Approach” by Rural Fire. The project was initiated in 2006 and the data in this map is as recent as 2013 

The objective of the project was to identify, analyse, evaluate and treat fire risk and hazard. 

At this point it is not quite clear whether the project is being continued. 

Phase I – Wide Area Damage Assessment 

Wide Area Damage Assessment is the initial assessment to be carried out within the first 24 to 48 hours of an 

event and mainly evolves around crowdsourcing. 

Damage reports can be submitted via a public survey123 survey set up to gather incident damage information. 

This survey can be used both in form of a public phone app and as an online web survey and will provide a first 

snapshot of the severity of an event and damage caused by it. The AGOL modules used for Phase I include 

Survey123, AppStudio, Web AppBuilder and Operations Dashboard. The gathered incident damage information 

instantly feeds into council’s mapping and intelligence systems. 

Phase II – Rapid Damage Assessment 

For Phase II a nationally agreed upon Survey123 assessment form for rapid damage assessments has been 

developed. The assessment is usually being carried out by NZUSAR (New Zealand Urban Search and Rescue), 

NZFS (New Zealand Fire Service) and NZRT (New Zealand Response Teams). 

Two pathways to conduct these assessments have been identified: 

1) A Survey123 and Workforce integrated approach 

2) A Survey123 and Explorer integrated approach 

Workforce is an AGOL module that allows to create task assignments based on map locations. It works in two 

ways: a) Dispatchers would use a desktop version of this module to create and assign tasks while b) 

Fieldworkers will use a mobile application to respond to and carry out tasks assigned to them. Fieldworker’s 

locations, progress status and work load can be tracked and monitored by the dispatcher which will help the 

dispatcher with managing their field staff. 

Explorer is a mobile map viewing solution that can be used online and offline. 

Both approaches achieve an automated adoption of location information such as address and geopoint by 

survey123 when integrated with workforce or explorer. 

The outcome of the survey can be examined using the incorporated Situational Awareness tool (highlights the 

number of damaged features within a selected area) and Reporting tool (a printable report containing relevant 

information on the damaged features including a location map). These tools have been included in most 

applications of the Map Series. 

Phase III - Transport 

The transportation app looks at transportation related data such as road closures and restrictions  (Local and 

NZTA), bridges, culverts, cattle stops and side drains. A Survey123 form in conjunction with a Workforce 

project is being used to conduct Road Inspections to confirm Phase I damage reports.  

Phase III – Welfare 

This application has been set up for welfare managers to gain an insight into the welfare needs of people within 

the incident area. The application centers around a Welfare Needs Assessment (Survey123) which is conducted 

to better understand the needs of the community and includes focused questions on water, food, shelter, 

financial and psycho-social needs. The questions are based on the most recent EMIS (Emergency Management 

Information System) Forms.  

Workforce has been set up for task assignments and is being used in 2 stages. During Stage 1 a systematic 

welfare needs assessment within identified impact areas is carried out while during Stage 2 identified needs are 

specifically being addressed. 
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The outcomes of these welfare assessments can be examined using Situational Awareness and Reporting tools 

described earlier in this document. The “Welfare Needs Near Me” tool highlights identified needs at a selected 

site or address.  

An Operations Dashboard provides Welfare outcomes at a glance. 

Phase III – Building 

This section is set up for the emergency manager and managers for building inspections to track the progress on 

post-disaster building inspections.  

The application shows outcomes of three nationally agreed on Survey123 assessment forms used for 

Earthquake, Flooding and Geotechnical Rapid Assessments. These forms are based on the MBIE Standard and 

are very important to recovery. Some of the core outcomes of these assessments are Building Placards, Safety 

Cordons and Barricades.  

An integrated approach using Workforce and Survey123 has been chosen to carry out Building Inspections.  

An Operations Dashboard has been set up for most relevant outcomes of these surveys to be seen at a glance.  

The Analyse tab of Survey123 can be used for more detailed outcomes. 

The Phase III - Building application also holds the Situational Awareness and Reporting tools described earlier 

in this document and a “RBA (Rapid Building Assessment) Outcomes Near Me” tool can be used to list core 

assessment outcomes at identified addresses without having to cross check against the map layer list and legend. 

Phase III – Lifelines 

This application informs Asset Managers about the status of all Lifelines (Power, Water, and Telecom) during 

and after an event. The Status Data is constantly being updated by MDC. Filters have been applied to all layers 

so only features that carry a status other than "intact" will display in this map. 

The usual Situational Awareness and Reporting tools have been added for a quick overview of damaged 

lifelines assets within a selected area. 

Public Map 

This application provides the public with incident related information such as road closures or restrictions, the 

location of emergency assistance facilities / distribution points and information board locations.  

Incident Data Editor 

This application holds all editable Incident Data and is the go-to platform and only location where incident data 

can be edited while in all other applications of the map series data can only be viewed. Pop-ups for the editable 

layers have been configured in a way so only the most relevant attributes are visible and the editing process can 

be completed quickly and efficiently. Any edits made using the Incident Data Editor will immediately reflect in 

the other applications described above and can be queried using the described tools. 

 

The following two pages show an overview of key AGOL Solutions and Capabilities currently developed for 

the Mackenzie District Council.  
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DATA 

The core of all AGOL applications are Base and Incident Data which were identified and created / obtained 

before and alongside the development process of all applications described above. The data incorporated in the 

applications at the time this paper was written is listed in the table below and is a work in progress. As part of 

the deployment of described applications to the Hurunui and Kaikoura District Councils, base and incident data 

will be further extended based on local and regional requirements. 
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WORKFLOWS 

This section of the report looks at selected workflows based on the emergency response applications described 

above. These workflows were still under review at the time this document was written. 

Transportation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Building Assessments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Confirmed 

Reports 

Confirmed Reports 

Confirm and detail out 

submitted damage reports 

Confirmed and 

unconfirmed 

Results Incident Data Editor  

Road Restrictions / 

Road Closures edited by 

EOC staff 

Analysis and Reporting Tools  

Road Closures / Road 

Restrictions  

Identification of areas 

suggesting Further 

Inspections and Analysis 

Prioritisation of 

Repairs 

Confirmation / 

Designation of 

Transport Routes 

Media Releases on 

current Road Status 

Road Inspections using 

Workforce and Survey123 

carried out by qualified 

staff 

Phase I – Wide 

Area Assessment    

Phone App used by 

staff and the public 

Phase II – Rapid 

Damage Assessment    

Trusted feedback on 

Road Damage / Flooding 
Confirmed 

Reports 

The RBA Outcome might 

suggest a Welfare Needs 

Assessment to be carried 

out at identified addresses. 

 

Building Inhabitable 

  

Rapid Building Assessments 

using Workforce and Survey123 

carried out by Building Control 

Officers 
Welfare Needs 

Assessment Real time Trends 

Assessment to 

identify how to best 

utilise Building 

Control Resources 

Outcomes of Phase I and II Assessments 

as well as Building Category and Critical 

Infrastructure Status might suggest 

Rapid Building Assessments (RBA) 

No running Water  

Building Uninhabitable 

  

No Sewage 

  

EOC predefined Priority Checklist  

Analysis and Reporting  

Situational Awareness and 

Reporting Tools as well as 

Operations Dashboard and 

Survey123 Analysis Tab to 

support analysis of performed 

Building Assessments  
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Welfare Needs Assessments 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS  

The development of the described applications is a work-in-progress situation which is driven by the constant 

conversation and testing between the GIS team, the Emergency Management (EM) officers and external parties 

involved. Figure 4 shows how described applications could add value to all functions of the existing Emergency 

Operations Centre (EOC). 

The standards applied to these applications are limited and mainly based on the learnings from the 2017 

NZGIS4EM workshop and subsequent documentation authored by Paul Doherty. Regional and national 

standards on symbology, base and incident data, processes, workflows and general technical standards were 

being worked on by members of the NZGIS4EM group as well as external agencies at the time this paper was 

written and will be implemented once publically available. 

The Author is aware that the applications described in the earlier sections of this document rely on network 

connectivity and offline capabilities need to be worked on alongside and aligned with the development of 

described online applications. Other identified constraints to the use of described applications is the required 

availability of computer hardware and mobile devices as well as the need to upskill EOC staff to gain familiarity 

and efficiency using described applications. It is believed though that the benefits of using described 

applications in emergency response activities will outweigh their limitations.  

WORKFORCE Task Assignments created by EOC staff and allocated 

to internal welfare staff or relevant external agencies. Tasks carried out 

by internal staff or relevant agencies using WORKFORCE Mobile App   

Determine 

Requirements 

to re-visit 

previously 

assessed sites 

Analysis and Reporting  

Situational Awareness and Reporting 

Tools as well as Operations Dashboard 

and Survey123 Analysis Tab to support 

analysis of Welfare Needs Assessments  

Outcomes of Phase I, II and 

III Assessments as well as 

input from other providers 

might suggest Welfare Needs 

Assessments (WNA) 

Systematic Welfare 

Needs Assessments 

using Workforce and 

Survey123 conducted 

by Welfare Staff on a 

street by street basis. 

Displaced People 

having their Welfare 

Needs assessed at 

Civil Defence Centres 

by Welfare staff using 

Survey123. 

Completed / 

Closed Tasks 

 

Generate Needs 

Specific Reports 

to be sent on to 

internal staff or 

relevant external 

agencies as part of 

a Workforce Task 

Assignment 

Information on 

Missing and 

Displaced 

People held by 

NZ Police to be 

checked against 

WNA database 

by  
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These benefits include: 

- The use of mobile technology for data collection and gathering, 

- The instant access and visibility of gathered and collected data, 

- The ability to share data, 

- The ability to create Situational Awareness, 

- The understanding that there is only one source of truth, 

- The belief that by using described applications, emergency response activities can be carried out more 

efficiently and accurately which will promote an easier transition into emergency recovery mode. 

 

The anticipated tasks for the future with regards to achieving a multi-tenanted approach to AGOL Applications 

for Emergency Management on a local level for the Mackenzie, Hurunui and Kaikoura District Councils will 

include: 

- A complete deployment and expansion of all described applications to the Hurunui and Kaikoura 

Districts 

- A focus on offline workflows (aligned with the development of online solutions) 

- The adoption of regional and national standards as they emerge 

- The constant incorporation of technology improvements and changes 

- The inclusion of drone capabilities for imagery capture (Drone2Map) 

 

  

Figure 4.  AGOL applications supporting functions of the EOC (CIMS structure) 

 

With regards to described online and offline applications, we believe once finalised and deployed to all three 

districts these applications will add great functionality to the Coordinated Incident Management System (CIMS) 

used by all three authorities by providing interactive and cloud based visual geospatial information, situational 

awareness, reporting, forecasting, task management and task tracking. 
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ABSTRACT 

This document will discuss the current methodologies used by New Zealand DART and USAR teams to collect 

manage, analyse and report on information gathered during the initial and subsequent phases of deployments to a 

sudden onset disaster (SOD). This will include some of the operational experiences that have formed the current 

methodology and the outcomes of disaster events with new methodologies applied.  

It will further identify and discuss the current systems and processes in place and how they have come about, and 

then identify a range of opportunities and issues that exist within the Geospatial Intelligence environment to be 

more effective, both in systems and the development of partnerships to enhance the usability and intuitive nature 

of these systems and methods.   

Finally, the discussion will look to identify a future state for responders to SOD’s and the ability and outcomes of 

proposed and imagined future systems, leveraging off the current Esri packages to provide a starting platform and 

a desired end state. 

KEYWORDS 

GEOINT, ESRI, DART, USAR, Intelligence, Information management, HADR,  

INTRODUCTION 

Search and Rescue is a spatially inherent process and therefore geospatial tools play an integral role in decision 

making and outcomes for survivors. Fire and Emergency New Zealand (Fire and Emergency NZ) is the legislated 

provider of Urban Search and Rescue (USAR) capability in New Zealand. In addition, it is also legislatively 

responsible for a broad range of Rescue functions as part of the Fire and Emergency New Zealand Act of 2017, 

(Fire and Emergency New Zealand, 2017) including adverse weather response, water rescue, rope rescue and a 

range of other technical rescue event types. 

Fire and Emergency NZ’s USAR team is a United Nations, International Search And Rescue Advisory Group 

(INSARAG) certified “Heavy USAR team” with an identifier of NZL1. The USAR team is a multi-agency team 

made up predominately of Fire and Emergency NZ personnel, with other agencies supplying specialist staff such 

as doctors, medics engineers and search dogs. 

The USAR team is also multi mission capable and operates both domestically and internationally (Pacific focus) 

as a Disaster Assistance and Response Team (DART), supporting the New Zealand Governments response to its 

Pacific neighbours as well as domestic, regional and national response to the increasing adverse weather and 

natural disasters that New Zealand is affected by. 

One of the key roles that the team has been tasked with in recent years, both in the INSARAG and DART roles is 

the field collection of information pertaining to the impact on affected communities. This has become an effective 

tasking across all phases (I-IV) of assessment (Australasian Fire Authorities Council, 2016) from wide area to 

recovery, information gathered by USAR personnel has increased the effectiveness of immediate taskings, 

detailed phase 3 work, through to recovery and building back better. 
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This paper will discuss some of the challenges and victories Fire and Emergency NZ have experienced, focusing 

on the GEOINT (Geo-spatial information management), integrated Esri based systems, such as Survey 123 (Field 

based data collector), Operations Dashboard (Information display), Workforce (Tasking software), Drone2map 

(UAV/RPAS mapping software) Insights (Data analysis) and others including Navigator and Explorer, the 

organisation is developing to enhance the mantra of “Coordination Saves Lives”, with the ability to add that 

“efficient and effective coordination saves more lives”. 

THE GEOSPATIAL INTELLIGENCE CONTINUUM 

Assessment roles, both in the INSARAG and DART space are primarily around the Phase I (Wide area), Phase II 

(Triage) and Phase III (Worksite or Detailed) assessment levels, with the focus on Phase I & II primarily. 

The continuum is broken down into the following, based on the INSARAG model: 

ARRIVAL RECON OPERATIONS DEMOB

VICTIM INFO

LOGISTICS
 

Fig 1. INSARAG Methodology 

Each of the elements has a specific set of requirements around Information management, Recon and Operations 

will be briefly discussed below: 

Recon: 

While the content may differ between a USAR (INSARAG) based event and a DART response the methodology 

is the same: 

• Capture and transmit operational information back to a command point (CP). 

• Display information in near real time 

• Enable decision makers 

• Enhance taskings and assignments 

• Manage resourcing 

• Have effective reporting. 

The process follows a reasonably orchestrated model, in that phase 1 or wide area assessment look to have a high-

level view of the event, pushing back information around areas of damage, sectorisation and any priorities that 

have been established. Fire and Emergency NZ use geospatial tools based on the ArcGIS Platform (i.e. 

Drone2Map, Field Apps for ArcGIS). The phase II or triage is about determining operational priorities and is 

focused on identifying worksites, along with the likelihood for success or focus of phase III assets. Information 

gathered in this phase are primarily collected by infield systems such as Survey123 for ArcGIS and KoBo 

Collector. This information however is required to be prioritised and filtered to enable effective deployment of 

response and other assets. To achieve this, the utilisation of geospatial tools such as Operations Dashboard and 

Insights for ArcGIS to provide analytics and graphical representation of data to decision makers. 

In the INSARAG environment a standard set of data is utilised that is deployed via a range of forms, either on 

paper or across a range of collectors including Survey123. The ability to use a range of collectors’ is made possible 

using a standard data set or dictionary. 

DART operations also use a standard Data Dictionary based on the AFAC National Damage Assessment (NDA) 

(Australiasian Fire Authorities Council, 2016) model, which provides both data dictionary and methodology 

around the collection of bespoke data during domestic and Pacific based operations. 

Operations: 

In both the INSARAG and DART response, Phase III is a work phase, whether it is at a worksite for a USAR 
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team or repairing infrastructure and light engineering work for DART operations, this phase is about resourcing, 

status or availability and outcomes (rescues, building repaired etc). A different set of information for a different 

purpose. Often the recon and operations phase will overlap, requiring the ability to manage the information across 

a range of functions. 

Operations or Phase III work in the USAR world revolves around tasked teams feeding back specific information 

about progress and specifying resourcing needs, availability and estimated completion times. In-field geospatial 

tools such as Workforce for ArcGIS and Navigator for ArcGIS are utilised to task teams and inform the Command 

Point (CP).  This information allows forward planning and resource allocation, along with the management of 

resources and team availability. 

DART operations will often have phase II information containing trigger points for other functions, such as 

welfare, building inspectors, medical, structural support and the like, or will again prioritise work required to be 

completed by teams to establish and render Humanitarian Assistance and Disaster Response (HADR) functions. 

Examples include, Edgecumbe flooding triggers that prioritised building inspector work based on phase II RDA 

on buildings in the flood zone. Likewise, the TC Gita deployment was based around defining phase III priorities 

and triggers for the Tongan Government for school repairs and other public buildings. The World Bank has also 

expressed interest around being able to include financial triggers and data capture to inform decisions, increase 

responsiveness and impact on affected communities.  

At this time, primary systems include the use of Survey123, both as a field collector and web-based CP input. 

Analysis is currently via dashboards based around the operations dashboard early investigations with Insights and 

Tableau. 

ANALYSIS 

The key objective of any deployment of responder assets is to obtain useful intelligence to inform decision makers. 

Therefore, the speed, accuracy and relevance of the intelligence coming back is also critical, especially in the 

initial stages of disaster.  

The ability to display information for analysis to field commanders regardless of discipline, in an informative and 

intuitive manner leads to effective decision making and a better effect on the outcomes both strategically and at a 

victim and community level. 

The mantra for USAR Coordination functions within INSARAG, is that “Coordination Saves Lives” (UN Office 

for the Coordination of Humanitarian Affairs (OCHA), 2012) this is equally applicable across all 1st responders 

and the ability for systems to ensure that coordination and the subsequent tasking’s are well informed, accurate 

and efficient will enhance the axiom considerably.  

The field intelligence needs to be formatted and displayed in a way that is fit for purpose and shareable across a 

range of consumers and formats as required. It is in this area that challenges start to appear around current systems 

as they are pushed to the limits of the current technology or system/software design. 

The demand on deployed elements for information and reporting from a wide range of agencies is a significant 

pressure point on command and coordination elements. Intelligence outputs must include reporting functions that 

reduce this burden as well ensuring that the wider political, strategic and organisation components of any SOD, 

have their needs met with accurate and informed intelligence packages tailored to meet their specific needs 

COLLABORATION/SHARING 

Disasters are never isolated to one agency or organisation, with even day to day responses to events as part of an 

emergency service, the engagement and interaction with other agencies is considerable.  

The ability to share and have common methodologies and data sets is also a key to success, as intelligence 

collected during the early phases of a SOD will provide significant information to the recovery phase and inform 

subsequent actions or reactions post any event. 

Much of the effectiveness of information gathering and analysis is determined during collaborative workshopping 

prior to any event and in the defining of what the end state and outcomes will be from as many actors as possible. 

This was a lesson was learnt the hard way during the 7.8 magnitude Kaikoura earthquake in 2016, where this was 

not in place and significant work was required in the field to get a passable result. However, a good example of 

this is the work done through the Australasian Fire Authorities Council (AFAC), where a Data Dictionary and 

methodology was established for all agencies in Australia and New Zealand to ensure a common minimum data 

set for use in SOD events. 
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Fire and Emergency NZ have utilised this for both onshore (Kaikoura, Edgecumbe, Ngongotaha, National Park) 

and off shore (Vanuatu, Fiji and Tonga) quite effectively, including developing touch points and cooperation with 

other agencies such as MCDEM and Police. 

GEOINT systems must be able to share and collaborate and this means interagency collaboration to develop 

effective systems and or data sets before events take place and can be used by agencies for their own needs but 

are also able to be used by recovery agencies to reduce the potential for impact in any future events.  

CURRENT STATE AND OPERATIONS: 

Fire and Emergency NZ operates data collection across a wide scope of activities and this scope is forever 

increasing, with the increased mandate contained with the new Fire and Emergency NZ Act 2017. 

Data collection for operations is collected via a range of processes, paper and standalone electronic media, RPAS 

or Drones, High Definition cameras on a range of airframes, field data collectors, and the use of social or crowd 

sourced media to inform decision makers. 

From an ArcGIS Platform perspective Fire and Emergency NZ’s enterprise mapping platform is Esri based, Fire 

and Emergency NZ utilises Drone2Map, Survey 123, Insights, Operations Dashboard, Workforce and most other 

applications available in some form or another.  

One of the key factors in generating successful outcomes from using Geospatial tools for major events, is ensuring 

that Fire and Emergency NZ  can utilise the systems and applications in day to day business as usual as well. Fire 

and Emergency NZ has a significant number of opportunities to develop this capability as it builds towards a 

mobility-based work force. 

The organisation has considerable Information and Communications Technology (ICT) capability to capture and 

process the data via cloud-based systems and mobility, as well as hardware and intranet solutions. 

Fiee and Emergency NZ has deployed these systems in a number of events, with each iteration providing 

improvements and new challenges. 

Two examples that will be discussed in the following passages are the flood response to Edgecumbe and the 

USAR/DART response to TC Gita in the Kingdom of Tonga. 

EDGECUMBE (APRIL 2017) 

Event: On April 6th, 2017, a stop bank breached its banks on the Rangitikei River, a state of emergency was 

declared as water flowed into the town Edgecumbe due to heavy rains following and preceding TC Cook and 

Debbie. 

Requirements: Urban Search and Rescue Commanders deployed as part of Fire and Emergencies regional 

response and as part of multiagency planning functions are tasked to provide intelligence back to the local Civil 

Defence Emergency Operations Centre (EOC). The tasking meant providing RPAS (Drone) operations, that 

include video and orthomoasic imagery and Rapid Damage Assessment (RDA) (Triage/Phase II) and possibly 

supporting Phase III (detailed structural stability) assessments. 

Actions: Previous operations, including the magnitude 7.8 earthquake in Kaikoura had resulted in the application 

of the NDA model into a Survey 123 based form that was used to collect RDA information. This information 

included phase III trigger points for welfare and building inspections. 

The use of Remotely Piloted Aerial Systems (RPAS) resulted in the production of High Definition (HD) video 

and orthomosaic layers for mapping the current flood levels in the town. This information was processed by 

Drone2map and a cloud-based provider (DroneDeploy), which were inserted into the mapping and subsequent 

dashboarding for both Fire and Emergency’s Command Point (CP), Regional Coordination Centre (RCC) and the 

Civil Defence EOC, providing enhanced and up to date situational awareness for operations and planning. 

For recovery functions the information provided the ability to give residents a one stop place for all information 

and activities taken against their address point and also informed planners for the rebuild of the areas and depth 

of inundation and the like. 

Outcomes: Learning from this event included: 

Value of interagency interoperability using Esri based systems ArcGIS online (AGOL). 

Collaborative work between Council, Fire and Emergency, Eagle Technology and the NZ GIS for Emergency 

Management (NZGIS4EM) Community provided a good example of what’s possible 
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Dashboarding requires significant skills and knowhow to set up and is very time consuming 

Using a Survey123 form prepared in advance saved a lot of time and was easy to deploy 

Prepopulation or selectable text is key rather than free text entries 

In field data collection worked well, even when staff had limited training 

Reporting is a key component of any event 

Tasking functions would benefit from an application such as Workforce for ArcGIS 

Drone footage proved invaluable for Situation Awareness and informed decision making and was easily shared 

with other agencies 

The size of drone captured raw imagery needs to be considered; large datasets take longer to process and proved 

difficult to manage  

Drone imagery can be processed in the field or using cloud technology.  Cloud benefits from scalability however 

transporting large datasets to backend servers was an issue 

Drone2Map (Esri) was used to process drone imagery both in-field and on scalable cloud servers with great 

success.   

The web-based drone mapping platform DroneDeploy was also used to great success with easy pre-set outputs.  

DroneDeploy uploads and processes images one at a time which assisted with the data transfer overhead. 

The ability to present information in a combined state via the Esri Operations dashboard (below) provided the 

EOC with a good situational awareness and also gained political confidence 

 

Edgecumbe Dashboard showing RDA over Drone Orthomoasic 

 

  

TONGA (TC GITA (FEBRUARY 2018) 

Event: Tropical Cyclone Gita impacted the Kingdom of Tonga as a Category 5 cyclone on the evening of the 12th 

of February 2018. Significant damage occurred to all parts of the Kingdom including many public buildings, 

churches, shelters, schools and medical facilities. 

Requirements: As part of the New Zealand All of Government (AoG) response an initial assessment team (IAT) 

was dispatched to Tonga, this team included two Fire and Emergency NZ USAR Commanders, along with MFAT, 

NZDF and MoH (NZMAT)1 staff.  

As a result of this team’s work, a request was received from the Tongan Government for an RDA program to 

conduct phase II assessment of an estimated 200+ damaged buildings, including Churches, Shelters and Schools. 

                                                           
1 Ministry of Foreign Affairs and Trade, New Zealand Defence Force, Ministry of Health 

(New Zealand Medical Assistance Team) 
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This was subsequently extended and resulted in assessments of medical centres and an increased building count 

of some 348 buildings. 

Actions: As a result of the Tongan Governments request MFAT approved the deployment of an NZ USAR DART 

element specifically tasked and equipped for the RDA role. The team also include four Australian Fire and Rescue 

New South Wales (FRNSW) USAR personnel that were integrated into the New Zealand DART team (NZL) to 

provide both the NZ and Australian Governments a united response and HADR capability into Tonga. 

The team also include and GEOINT intelligence officer as part of the DART Command Support Cell (CSC), who 

was briefed and tasked with developing a range of dashboarding, analysis and reporting tools and outputs for 

delivery to the Tongan National Emergency Management Office (NEMO) once the team had completed its work. 

The time frame predicted was to have the mission completed and the team demobilised within 8 days. 

The methodology and process included the use of the NDA based damage assessments utilising Survey 123, 

Operations Dashboarding, with tasking for RPAS (Drone) operations utilising Workforce for ArcGIS and in-field 

situation awareness being provide via Explorer for ArcGIS. The final briefing was developed and presented in a 

Story Map and Map Tours.  

The team was divided into squads, with allocated geographic sectors or function (RPAS) and deployed into the 

environment. This even included an away mission to E’ua, which is the other main island in the group. 

DART elements were fortunate that overall the 3/4G system was operational most of the time, which allowed the 

information to be transmitted back to the Command Point and the New Zealand High Commission almost 

instantaneously, but in some cases the tablets held the data until a reliable connection was available or they 

returned to the CP and the USAR teams own local Wi-Fi capability picked up the data and transferred it to ArcGIS 

Online.  

RPAS operations provided 20 sec aerial clips of damaged buildings which were later inserted into the story boards 

to provide clarity and perspective to the RDA data that was provided in the briefing material. 

The mission was conducted over a 6-day period with the teams completing the field operations on the 5th day, 

having surveyed some 348 buildings and conducting 30 + UAV flights. Considerable work was undertaken by the 

CSC and the UAV pilots to develop the full intelligence package that included PDF reports for each building, 

video clips for Red and Yellow damage classifications, GIS data packages, and the storyboard presentation. 

The intelligence package was provided to the head of NEMO and other Government departments and NGO’s 

including the World Bank, who expressed significant interest in engaging with the team around developing the 

phase II RDA to capture some of their criteria as part of current USAR and DART processes. 

The purpose of the mission was to provide the Tongan Government a phase II/triage assessment package that 

would allow them to prioritise phase III or detailed follow up work and to provide them with confidence that they 

had enough operating shelters and places of safety should another cyclone arrive. 

Outcomes: Learnings included 

Enhance the home-based support 

Dashboards need to be prepared during peacetime to assist with easier deployment planning and preparedness 

Ready to go options for collection, analysis and tasking 

Don’t expect to apply New Zealand options in other countries.  

Integrating crowd sourced images is a good option 

Many agencies don’t actually know what they want or what’s available via GEOINT 

Integrated storyboard based briefing packages are an excellent way to present information to an operational 

audience 

Use web service or social media for unrestricted information sharing 

Must be able to easily produce high quality paper-based reporting as well as electronic.   

Briefing boards and dashboard must be easier to configure and produce 

The ability to manage data to present collated information needs to be addressed 

Challenges (technical)  
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• The growing dependency on cloud technology and services increases the need for reliable in-field 

comms 

• Capability needs to be baselined but no two Events are the same. This makes it difficult to be 100% 

prepared and IT systems need to be agile and flexible    

• Response teams have a wide range of skills.  GEOINT needs to be a recognised function and staffed 

and supported appropriately 

• Expectations for disconnected deployments and paper workflows need to be part of the GEOINT 

workflows 

 

TC Gita Combined Dashboard (Showing Totals) 

 

FUTURE STATE 

From a Fire and Emergency NZ, position, the potential for mobile information systems to impact positively on 

operations is immense. The organisation has only really considered the high profile major event applications, yet 

these systems have immense value in day to day operations, from providing effective in field data collection 

processing for general business work, such as conducting Home Fire Safety Visits in communities, through to 

examples like the recent Ngongotaha flooding, where information was collected and displayed for local councils 

and Civil Defence in relation to damage and evacuation.  

Within the USAR/DART scope, the ability to coordinate data through different systems and applications and 

being able to setup a system that is easy to replicate and deploy for international and domestic operations is a 

focus. Additionally, the development of reporting and briefing functions that again are easy to set up, able to be 

templated and deployed are areas are advantageous as Fire and Emergency NZ  seeks to embed and be leaders in 

the Emergency Management Intelligence field.  

The ability to capture and process information into intelligence will be a core focus of the organisation 

operationally as it develops capability with the RPAS and other sensors, it will need to develop the capacity and 

capability to ensure that the end products are able to deliver on the expectations and investment in technology. 

From a process position, Fire and Emergency NZ will look to have an end to end solution that includes the ability 

to have platform independent collections systems, providing data streams that can be analysed and fed into a range 

of products, including tasking, reporting and resourcing. These systems will provide a wide range of situational 

awareness across the early stages of response through to downstream recovery. Provide decision makers in all 

phases effective intelligence to make effective decisions that provide positive outcomes to the victims of any 

disaster. 

Importantly the ability to form relationships and partnerships with agencies of providers of GEOINT services is 

key to ensuring Fire and Emergency NZ can provide a future focused intelligence capability that will cover the 

broad scope of operations Fire and Emergency NZ is legislated for. To ensure that the contributions to 

communities both domestic and international is at the highest level and to further ensure the Fire and Emergency 
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NZ is representing both the organisation and New Zealand in a manner that enhances its ability to have a positive 

effect on the communities it serves. 

CONCLUSION  

The opportunities that exist in the GEOINT/Information management environment to produce effective 

intelligence is considerable. The ability to collect information from a range of sensors, (Drones, ground based 

collectors, existing information, crowd sourcing and the like) and to collate and display this information in targeted 

intelligence products will increase the effectiveness of response efforts. While there is significant potential in the 

current systems being used, there are some factors where the systems are not configured or designed to provide 

easy to use and replicable systems, without significant specialist input and effort. 

A stretch goal perhaps would be to look to develop these attributes to achieve the above, with the current Esri 

based applications and programs proving an excellent platform to develop. 

Operational experiences inform, that these products in play come very close to what is needed, it is in the detail 

that Fire and Emergency NZ seeks the final links and function to join up the missing pieces that take the current 

systems from marginal to outstanding. Devil is always in the detail. 

In a world where disaster is becoming almost the norm, Fire and Emergency NZ is still in an evolving space in 

regard to the utilisation of different sensors (UAV, Field data apps, crowd sourcing) and the capture, management 

and development of intelligence products that can influence the outcomes of sudden onset disasters whatever their 

magnitude. 

The Esri products provide an excellent platform on which to continue to build this capability and together with 

the GEOINT and a range of First responders all working in the same space, experience from with NZUSAR 

indicates that it is possible to advance the boundaries and develop these products to a point where they are intuitive 

and meet the broad range of requirements that currently exist, as Fire and Emergency NZ continue to respond to 

a wide range of disaster events, across a range of theatres. 
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ABSTRACT 

Is your organisation ready to cope with underground infrastructure condition assessment data collected after an 

earthquake? 

Drawing on lessons from the 2010-2011 Canterbury and 2016 Kaikōura earthquakes, we provide guidance on 

how to make small differences in how your organisation currently collects and stores the necessary condition 

data to prepare for emergencies, especially for small- and medium-size councils without sophisticated asset 

management systems. Key questions to address include: Are you receiving condition assessment data in 

electronic format? Are your contractors providing XY coordinates when repairs are undertaken, or when 

providing photographs as part of visual assessment? Do you have an asset management system able to prioritise 

critically damaged underground infrastructure? Do you have easy access to your current network condition for 

insurance purposes? Simple business-as-usual improvements will provide enhanced preparedness and resilience 

capability in the event of an earthquake. In addition, we provide a framework for future data collection 

processes. 

Keywords 

Condition Assessment, Emergency Management, Data Collection, GIS, Earthquake 

INTRODUCTION 

Timely and accurate condition assessment data for underground infrastructure play a key role in preparing for, 

responding to and recovering from the impacts of natural hazard-caused disasters. After earthquakes, large 

datasets can be produced during asset condition assessments, requiring processes and systems to best manage 

these data to inform sound decision making in the response and recovery phases. This paper summarises 

challenges faced in data management for underground infrastructure condition assessment, focusing on waste 

water systems but of relevance to potable water supply and storm water, through two significant earthquake 

events - the 2010-2011 Canterbury and 2016 Kaikōura earthquakes. Based on these experiences, we provide 

recommendations for changing business as usual (BAU) processes for improved disaster response and recovery, 

with the overall aim of increased infrastructure and wider societal resilience. The advent of new geospatial 

approaches in post-disaster reconnaissance and infrastructure lifeline assessment provides opportunities to 

streamline conventional data collection. Here we provide a framework for future data collection processes 

applicable during BAU, to make post-disaster assessments more efficient and able to be better integrated into 

response and recovery. Finally, we provide an overview of future data management challenges. 
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A TALE OF TWO EVENTS - THE 2010-2011 CANTERBURY AND 2016 KAIKŌURA EARTHQUAKES 

The 2010-2011 Canterbury Earthquake Sequence (CES) commenced on 4th September 2010 with the moment 

magnitude (Mw) 7.1 Darfield Earthquake, which generated seismically-induced soil liquefaction in areas across 

urban Christchurch, with localised damage to the built environment. This was followed by the Mw 6.2 

Christchurch Earthquake on 22nd February 2011. The proximity of the causative faults and resultant high levels 

of ground shaking caused widespread and severe liquefaction-induced ground deformation (Hughes et al., 2015; 

Quigley et al., 2016), which strongly controlled the locations and severity of damage to infrastructure lifelines 

including underground services; older brittle pipes performed worse than more modern ductile materials 

(Cubrinovski et al., 2011, 2014a, 2014b, 2015; O’Rourke et al., 2014; Bouziou and O’Rourke, 2017). Further 

major earthquakes occurred in June and December 2011, with Christchurch city experiencing thousands of 

aftershocks throughout subsequent years. In response to the unprecedented scale of the CES with respect to 

urban recovery, the Stronger Christchurch Infrastructure Rebuild Team (SCIRT) alliance between asset owners 

and major contractors was formed in early 2011 for assessment and rebuild of the three waters and roads 

(Cantillon et al., n.d.; Cusack, n.d.; Moore, n.d.). Crucial to this was development of integrated geospatial data 

and asset assessment systems (Heiler et al., 2012), ultimately leading to an advanced data analysis system that 

was handed over to the Christchurch City Council (CCC) to inform evidence-based investment decisions. 

The Mw 7.8 Kaikōura Earthquake occurred on 14th November 2016 and impacted the Marlborough and 

Wellington regions: Marlborough in particular experienced severe shaking, ground surface fault rupture, some 

liquefaction and widespread land sliding; Wellington experienced severe shaking, occurrences of liquefaction 

and slope failures (Wotherspoon et al., 2017). Shaking and localised liquefaction were the main causes of 

damage to potable and waste water systems in Wellington and Blenheim; in Kaikōura township itself, its potable 

and waste water systems were severely damaged resulting in total loss of services, due to electricity outages and 

physical damage to the infrastructure (Hughes et al., 2017). Within a week, a range of support personnel from 

Christchurch and across New Zealand arrived in Kaikōura to assist with underground infrastructure assessments. 

This programme involved adapting CCC waste water CCTV assessment processes, inherited from SCIRT, to 

suit Kaikōura’s specific context (Figure 1). 

The 2010-2011 CES impacts on Christchurch and the 2016 event’s impacts on Kaikōura provide valuable 

lessons for waste water system assessment and data management. These population centres represent extreme 

end members on a spectrum of population size (Christchurch’s population in 2010 was ~370,000; Kaikoura’s in 

2016 was ~3,500) and therefore ratings base and resources. Although these population centres differed in size, 

infrastructure network complexity (e.g. Christchurch and Kaikōura have ~1655 km and ~30 km of gravity waste 

water pipes, respectively), and spatial and temporal scales in response and recovery, both required their pre-

disaster asset assessment and data management approaches to be significantly altered. Below we summarise 

major challenges and issues encountered with a focus on waste water systems, and we present recommendations 

that will help buried infrastructure managers in city and district councils prepare for and respond to disaster 

impacts, regardless of the size and complexity of their systems. 

KEY RETICULATION CONDITION ASSESSMENT DATASETS 

Geographic Information System Data 

Within Geographic Information System (GIS) databases, missing unique identifiers (ID) in the existing 

reticulation network made it difficult to assign condition assessment results to individual assets. There were 

instances where the waste water pipe ID was missing, or a pipe ID covered more than one manhole to manhole 

length. Because Closed Circuit Television (CCTV) assessment crews are instructed to undertake inspections 

from (manhole to manhole), if a CCTV inspection finds a node in a given pipe the inspection must end at that 

point. Geospatially, before these inspection data can be linked to the pipe ID the original pipe feature must be 

split in two, a time-consuming and inefficient process. Another issue is that often GIS data lack key attributes to 

verify the correct asset is being inspected and to identify discrepancies between the GIS data and condition 

assessment results; key attributes for asset verification include pipe operational status, length, material, and 

diameter. 

It is recommended that the following be done to improve network datasets:  

• Assign a Unique Asset Identifier (ID) to all main components of the reticulation network; 

• Apply consistent naming conventions within the three waters networks – this facilitates standardisation 

processes; 

• Ensure to populate in GIS the key attributes to identify the asset to be inspected in the field; 
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• Be able to generate map sheets in pdf format suitable for printing hard copies for various uses including 

field activities. Maps must show street addresses, manholes and pipe IDs; 

• Ensure network and assessment data are able to be visualised and updated via online geospatial platforms 

(e.g. ArcGIS Online) for BAU and emergency response purposes. 

Visual Condition Assessment - Manholes 

In the disruption of emergency situations and with the urgency of service restoration, multiple teams go into the 

field to undertake visual condition assessment of network components, in particular manholes. Inspection teams 

return to the Emergency Operations Centre (EOC) with information in varying and inconsistent formats 

including photographs on memory sticks and paper forms. Inconsistent data collection processes make it 

difficult for the EOC Intelligence and Planning team to collate and store the information in a manner that 

facilitates decision-making and resource prioritisation. 

It is recommended that the following be done to improve manhole visual condition assessment:  

• Create a manhole inspection layer in ArgGIS Online, where visual condition assessments from the BAU 

programme are stored. BAU field data collection should be done using the electronic form applications 

Survey123 or Collector on mobile devices; field data will automatically update the centralised GIS datasets. 

This process will be utilised in an emergency response; 

• Information captured in the forms should be clear and simple to allow consistency between assessors; this is 

enabled in Survey123 and Collector by specifying drop-downs and check lists. Examples of information to 

include are: 

o Manhole ID 

o Date of Inspection 

o Manhole Top Lid – Vertical Displacement (Up/Level/Down) 

o Riser - Alignment Skewed – Yes/No 

o Structure Cracking – Yes/No 

o Base Cracking Yes – Yes/No 

o Joints and Seals Intact – Yes/No  

o Infiltration – Yes/No; 

• If paper forms are to be used, data should be transferred into an electronic template, such as a Microsoft 

Excel spreadsheet or Access database, and uploaded into GIS; 

• It is important that any photographs taken with mobile devices are georeferenced i.e. the Global Positioning 

System (GPS) function is turned on. Alternatively, GPS-enable digital cameras should be used. 

Closed Circuit Television Data 

In Christchurch before the CES, contractors provided CCTV data in pdf documents extracted from the CCTV 

software, or electronic scanned documents of handwritten log sheets. These data were entered manually into the 

CCC asset management system (AMS). As a result of assessment and data management processes developed at 

SCIRT, Christchurch currently has a robust CCTV process, as do other major New Zealand cities (Figure 1a). 

However, other smaller councils still process these by importing the data manually into a database or storing it 

in physical folders. For those Councils managing relatively small networks this process may be manageable for 

BAU, but is likely to be insufficient to digest the volume of assessment data required after an earthquake. 

It is recommended that the following be done to improve CCTV assessment processes in preparation for an 

earthquake: 

• CCTV inspection header information, video reference, pipe defects code and severity must be compiled and 

provided by the CCTV contractor in electronic format. Contractors should be able to export the data from 

the CCTV software; 

• These data can be uploaded easily to an AMS such as InfoNet or as a GIS feature layer within, for example, 

ESRI’s ArcGIS Desktop or ArcGIS Online or the ESRI application CCTV Processor (this requires 

modification for New Zealand standards). Mapping CCTV results allows organisations to visualise their 

network status, and utilise data efficiently to prioritise the works programme based on condition assessment 

results; 
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• Consideration should be given to developing a BAU electronic data flow of quality-assured field 

inspections into an online platform, as proposed above for manhole inspections and for wider emergency 

response. 

 

 

Figure 1 CCTV data process for Christchurch City developed after the 2010-2011 CES (a), and modified 

process for Kaikōura (b). 

  

Data Storage 

External resources may be necessary to review, analyse, upload and download data, potentially from other 

locations in New Zealand or across Australasia. After the Kaikōura earthquake a CCTV crew from Christchurch 

was continuously filming in Kaikōura, and a dedicated team of experienced reviewers based in Christchurch 

was coding the pipe observations. Support from external consultants may be needed during the emergency 

response and recovery. The need for a Cloud-based solution to share data was identified in the Kaikōura EOC as 

essential for post-event data management. 

The following data storage approaches are recommended: 

• A Cloud-based storage solution is where organisations should be moving to; 

• For small organisations with budget restrictions, Dropbox offers an enterprise account for a reasonable cost;  

• A link to the cloud location can be populated on ArcGIS online; this enables wide access to all the data, 

anywhere on any device. 

Repair Records 

After a disaster when the main objective is to return networks back to service recording of emergency repairs is 

usually problematic. It is common for contractors to not record basic attributes such as location coordinates, 

repair date, repair length, damage cause, repair type, material, manufacturer, and details of the contractor 

themselves. If this information is not collected at the time of the repair it is difficult, if not impossible, to 

identify post-repair network damage locations. From an operational perspective, if the repair has been 

undertaken after CCTV inspection the lack of records may cause repairs to be scheduled that have been already 

undertaken; from an asset management perspective, these data are crucial for updating pipe condition and 

estimating remaining useful asset lifetime. From a research perspective these data are essential for establishing 

relationships between seismic and ground deformation parameters and network performance, and assessing 

network resilience in future earthquakes. 
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The following are recommended to improve repair documentation: 

• Information captured in electronic forms should clear and simple to allow consistency between assessors; 

this is enabled in Survey123 and Collector by specifying drop-downs and check lists.  

• This approach should be introduced during BAU to ensure maintenance contractors have appropriate tools 

and training, and to ensure integration of data in the organisation’s AMS; 

• Create a ‘Repairs’ GIS layer with which you can identify if repairs were undertaken after CCTV inspection, 

and therefore evaluate if another inspection is required before further action. This will also be valuable for 

BAU. 

Access to current Infrastructure Asset Condition for Insurance Purposes 

Post-disaster, organisations need to prove to their insurers the asset condition before the event, and be able to 

demonstrate that damage is due to the earthquake and not to normal deterioration. The ability to retrieve, analyse 

and present this information depends on how condition assessments have been stored and processed. Use of 

hard-copy files (possibly inaccessible after a major disaster), scanned documents, and incomplete GIS asset 

attribute data can cause difficult and time-consuming information collation efforts. Linking documentation to 

individual assets in the absence of IDs can be problematic, and poor quality of pre-event data may make pre- 

and post-event comparisons difficult or impossible. Another consideration is to prioritise proactive CCTV 

condition assessments before an earthquake occurs; obtaining assessments reactively post-event may show an 

overly pessimistic picture of what is assumed to be pre-event network condition. 

The following are recommended for insurance purposes: 

• If budgets allow, digitise hardcopy and scanned spatial records, and subject them to rigorous Quality 

Assurance scrutiny. This will allow organisations to respond efficiently to questions of: what and how much 

is damaged, and how much will reinstatement cost?; 

• Insurance companies do not expect organisations to have their total network assessed pre-event. However, 

organisations should be able to present a sample sufficient to extrapolate data across the network to justify 

differences between earthquake damage and deterioration. When selecting pipe candidates for the CCTV 

condition programme, ensure that different materials from different installation periods and different 

ground conditions are assessed.  

TOWARDS BETTER INTEGRATION OF POST-DISASTER ASSET ASSESSMENT WITH GEOSPATIAL PLATFORMS 

Above we addressed key issues and recommendations for underground infrastructure assessments and data 

management in preparation for and subsequent to earthquakes. We have alluded to the use of online geospatial 

platforms for data storage and sharing, and the use of mobile data capture technologies. Seamless asset 

assessment data from the field would streamline decision making both in BAU and during post-disaster 

assessment – BAU implementation should be prioritised to ensure post-disaster data capture is based on 

approaches and technologies that organisations’ staff and contractors are familiar with. 

The recent establishment of New Zealand Geographic Information Systems for Emergency Management 

(NZGIS4EM) provides a platform for ensuring post-disaster spatial reconnaissance data, including infrastructure 

lifeless assessments, are reliably captured and quickly disseminated to decision-makers in local and regional 

Civil Defence and Emergency Management groups, and to Central Government agencies. In New Zealand there 

is a strong push to use widely available technology (ESRI’s ArcGIS Online platform), used by most local 

governments, to enable this. It should be emphasised that if managers of underground infrastructure organise 

their data consistently across territories, these data can be efficiently disseminated and mapped regardless of the 

organisation’s particular asset management software. There are currently ongoing initiatives to develop spatial 

data capture approaches, metadata standards (Land Information New Zealand, n.d.) and national infrastructure 

databases, which will facilitate and be facilitated by the approaches outlined in this paper. 
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ASSET MANAGEMENT IN THE ERA OF ACCELERATING URBANISATION AND BIG DATA 

Kurzweil (2003) observed: 

“We’re entering an age of acceleration. The models underlying society at every level, which are largely 

based on a linear model of change, are going to have to be redefined. Because of the explosive power of 

exponential growth, the 21st century will be equivalent to 20,000 years of progress at today’s rate of 

progress; organisations have to be able to redefine themselves at a faster and faster pace.” 

Many aspects of our civilisation are now undergoing superexponential growth, with accelerating changes in 

population, urbanisation and technology; new cycles of innovation have in the past supported such growth, and 

will be essential for future sustainable human development (West, 2017). Our current information age is awash 

with data which, although posing challenges for analysis and deriving meaning, presents opportunities for 

improved management of infrastructure systems: initiatives such as the Christchurch Smart Cities programme 

are taking advantage of these innovations. The increasing availability and lowering costs of sensor technologies 

mean that smart infrastructure systems will become a reality across New Zealand in the near future. 

As the lessons in this paper show, we are still in a transition phase from asset management based on traditional 

paper forms and manual processes to the age of big data and smart infrastructure systems. The impacts of 

disasters such as earthquakes highlight the need to prioritise this transition to comprehensive data capture and 

analytics. Many of these technological developments can be based on existing software platforms already in use, 

with low- or no-cost options available for organisations with limited budgets. Our communities are expecting 

infrastructure managers to provide live information and smart decision making based on advanced asset 

management.  

CASE OF STUDY - WHAT IS CCC DOING TO ACCELERATE  THE TRANSITION TO THE ERA OF THE BIG DATA? 

Asset Assessment Intervention Framework. The methodology to prioritise asset repair must be developed 

before an emergency occurs, and should be integrated into BAU. An approach currently being developed by 

CCC is the “AAIF 3 Waters Reticulation” Project; AAIF stands for Asset Assessment Intervention Framework. 

This project is looking to move the Three Waters (3W; potable, waste and storm water) Asset management team 

away from its use of Microsoft Excel spreadsheets to a more structured and formalised platform specifically 

designed for asset identification, prioritisation and intervention of the 3W asset renewal programme, while 

enhancing the exchange of data between the asset systems. This project will drive and manage the delivery of 

key changes for introducing the AAIF. 

The project is going to establish a multi-criteria assessment, as well as the weighting and scoring of assets 

within the 3W pipe reticulation portfolio, in line with New Zealand Metadata Standard Volume 2 – Asset 

Management and Performance. The first five assessment criteria to be developed are condition, criticality, 

vulnerability, risk and repairs, operations and maintenance. Considering their importance in prioritising repairs 

in an emergency, the condition and criticality schemas are describe in more detail below. 

AAIF Condition schema. Current pipe grading using weightings and thresholds proposed in the New Zealand 

Pipe Inspection Manual (currently under revision; New Zealand Water and Wastes Association, 2006) do not 

reflect actual pipe condition with respect to likelihood of failure when assessed by experienced engineers. 

The approach that AAIF is following to calculate pipe condition grade aligns with the Pipeline Assessment and 

Certification Program (PACP) rating system, which was developed by the National Association of Sewer 

Service Companies (NASSCO). Each structural defect code is assigned a grade of 1 to 5, with 1 being the least 

severe and 5 being the most severe defect category. Overall pipe condition is equal to the highest defect score 

over the pipe length. 

The CCC has also introduced the concept of PCAP Quick Rating. This method expresses the number of 

occurrences for defects of the two highest condition grade levels. The quick grading system uses four numerical 

characters: 

1. The first number is the highest severity grade occurring along the entire pipe length. 

2. The second number is the total number of times that the highest severity grade was noted in all of the 

defects along the pipe length.  This character may be one or more digits. 

3. The third number is the next highest severity grade occurring along the pipe length. 

4. The fourth number is the total number of the second highest severity grade occurrences, which is 

formatted the same way as the second character.  This character may be one or more digits. 

For example, a code of 3_2_2_4 would mean that the pipe’s worst severity grade for any defect was 3 (moderate 
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defect) and that there were two defects identified with a severity of grade 3, and four grade 2 defects were 

identified in the pipe segment. This code also shows that no grade 4 or 5 defects were found. The quick grading 

system allows the pipe defects to be summarised in an efficient manner. This type of coding system provides a 

quick summary that helps in our efforts to prioritise information and understand the overall condition and, 

importantly, the application of this schema is possible because CCC has the CCTV data in electronic format. 

AAIF Criticality Schema. The New Zealand Metadata Standards define criticality as “the significance of the 

removal of any individual component or asset to the ability of a network or facility to deliver the service it was 

designed to perform”. The criticality schema consider the following elements in determining a criticality grade: 

1. Facility importance rating: The importance of facilities based on the role they play in enabling the 

community to function, including lifeline facilities. 

2. Residential population rating: the number of people affected by the removal of the asset. 

The highest grade from the above two elements is used as the ‘Criticality Rating’. Data from both Condition and 

Criticality schemas are populated through Microsoft SQL Server and FME (Feature Manipulation Engine) into 

the CCC Spatial self-service portal. 

Applying spatial data platforms for urban development and disaster preparedness. In 2018 CCC entirely 

transformed its approach to using spatial data in its work, and upgraded its spatial environment to enable staff to 

create and share their own spatial applications and data. The data portal that has been developed provides maps 

and tools that staff can tailor to their own needs, and staff can innovate and test ideas, with instant access to the 

full range of available data. 

Transforming Christchurch into a city people love living in requires a modern, mobile and resilient platform that 

allows council to successfully deliver outcomes for our communities. This also align with the “Understanding” 

goal of the Greater Christchurch resilience implementation plan – Embed Risk literacy in Asset management. 

This project includes a spatial view of all assets, and information on infrastructure condition and criticality to 

improve the quality in asset management programming through improved risk literacy. This can be expanded to 

other Councils or businesses in Greater Christchurch. 

The final goal will be to embed data currently available in the CCC GIS portal into the Forward Work Viewer 

(FWV), which displays forward works programme details on a geospatial platform. These work programmes are 

published by various agencies including CCC, the New Zealand Transport Agency (NZTA), utility contactors 

and private developers. The data can be accessed by anyone who has a role in coordinating works activity within 

the city. The tool identifies clashes and opportunities between work programmes, allows for improved 

coordination and protection of completed works. For CCC, the FWV is now a business-critical tool to 

coordinate physical works projects within the city, and CCC operational teams (Asset Protection and 

Christchurch Transport Operations Centre) have mandated the use of the FWV tool as a prerequisite for 

obtaining works access permits and traffic management plan approval.  

The FWV platform is a new approach to collaborative infrastructure planning and delivery across a city. The 

platform is a uniquely Christchurch story – conceived during the CES recovery phase to aid coordination across 

agencies and programmes, and is unprecedented in a national and international context. It has been adopted by 

others including Auckland Transport, NZTA and for the rebuild of State Highway 1 and the alternate state 

highway route following the 2016 Kaikōura earthquake. The FWV’s continued use and wider adoption will 

support more efficient planning for urban development, coordination of diverse and complex activities, and the 

identification of new opportunities. Crucially, its use in BAU operations will enable its continued, seamless 

application in responding to emergencies and disaster events to support effective response and recovery.  

CONCLUSIONS 

Improvements in underground infrastructure data collection should be implemented and tested during BAU, 

before disasters strike. Reasons to move in this direction include: 

• Improved efficiency in current BAU processes – moving from paper forms and maps to electronic 

situation reports, with all relevant detail captured live in the field; 

• Geospatial condition assessments enable improved decision-making, and facilitate coordination of 

multiple infrastructure repair activities occurring in the same locations at the same times; such 

applications were implemented in the Forward Works Viewer in Christchurch post-CES;  

• Comprehensive and detailed data collected in response are key for disaster recovery, and will help 

engineers make better decisions about repair strategies; 
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• Provision of detailed system performance data is crucial for post-event research – this will enable 

detailed analysis of system strengths and vulnerabilities, and testing of resilience modelling relevant to 

infrastructure systems across New Zealand and elsewhere.  

• Geospatial innovations in asset assessment frameworks that address condition and criticality, and 

improvements in spatial data dissemination, will improve BAU operations in urban development, and 

improve post-disaster response and recovery.  
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ABSTRACT 

Wellington sits across an active seismic fault line and depends on remote sources for its water supply. With widespread 

damage expected after a large earthquake, it may be months before a minimal water supply is restored to residents, and even 

longer before it reaches the tap. 

 

This paper presents a recent study undertaken to identify network vulnerabilities and take water supply resilience to the next 

level. The study presented a possible timeline for repairs to the bulk network and restoration of supply to each suburb’s 

reservoir. This highlighted the most critical areas where an alternative supply or storage was needed. 

 

The study also considered how to get the water to the customers after the reticulation network had been damaged. The strategy 

considered by Wellington Water was to develop a seismically-resilient skeleton network connecting reservoirs and key 

distribution points. A notable innovation was the use of algorithms to determine optimal locations for public tap stands and 

identify the most cost-effective critical pipe network where strengthening upgrades needed to be focused. 

 

The aspects of the project concerning its significance for the region, the overall resilience strategy and the pipeline resilience 

engineering were presented at the Institute of Public Works Engineering Australasia (IPWEA) and Water NZ conferences in 

2017. While this paper touches on these subjects, its main focus is on the use of geospatial information for earthquake 

preparedness and resilience planning. 

 
KEYWORDS  

Water supply, seismic resilience, network recovery, geo-spatial optimization, shortest spanning tree.  

 
 

INTRODUCTION  

Wellington’s water supply system is particularly vulnerable to a large earthquake, with significant damage expected to occur 

both on the bulk network and the distribution network. If it takes too long to restore essential services, many professional and 

public organisations may leave and potentially not return. This would cripple the region’s economy and put pressure on other 

parts of the country. 

Wellington Water has launched several initiatives to increase the resilience of the capital city. This paper presents the work 

done by the project team on two aspects of the overall resilience project. 

First, the project team estimated the possible consequence of earthquake damage on the bulk network to frame the supply 

aspect of the regional resilience strategy. The second part of the work consisted of identifying critical distribution pipes that 

are essential to provide service to key customers and serve as a backbone to recovery. 

PIPELINES AND FAULT LINES 

Wellington Water manages the treatment and distribution of water in Hutt, Porirua, Upper Hutt and Wellington cities, with a 

total population of approximately 400,000. The three main sources are all located along, or east of, the Wellington Fault in 

263



Cedric Papion                                                                                                         Water supply network resilience in the Wellington Region 

 

Work in Progress Insight Paper – Geospatial and temporal information capture, management, and analytics in support of Disaster 

Decision Making 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

 

Hutt and Upper Hutt cities. The majority of the demand is located on the west side in Wellington and Porirua cities, with the 

Wellington CBD and regional hospital being the largest demand centres in the region. A bulk water network conveys potable 

water from the sources to over 100 storage tanks across the region. The bulk network is approximately 50km long between 

the furthest source and Wellington CBD and essentially comprises cement-lined steel pipes. The network can be simplistically 

described as two parallel pipelines: one starting in the North, one the East and both connecting in Wellington Central. There 

is only limited redundancy and interconnection between these pipelines. This bulk network inevitably crosses the Wellington 

fault line several times, as well as areas prone to liquefaction or lateral spread. Because Wellington Central is an important 

demand centre and is also located near the end of the network, it represents a critical point for the water supply system.   

For the purpose of this study, the scenario adopted is a Wellington Fault earthquake resulting in 4-5 metre horizontal 

displacement and 1 metre vertical displacement. This was considered to be the worst natural disaster scenario that could hit 

the capital. 

 

Figure 1.  Bulk Water Network and Key Seismic Risks 

BULK SUPPLY VULNERABILITY 

The first main stage of the project consisted of estimating the time to restore the supply to the storage reservoirs. A series of 

workshops was organised with Wellington Water Operations staff and local pipeline contractors to: 

• Identify likely damage sites. 

• Estimate repair time. 

• Identify risks and opportunities to the restoration timeline. 

The damage to the bulk water network caused by a Wellington Fault earthquake was assumed to comprise: 

• Ruptures of the pipeline at the fault crossings. 

• Damage to the pipeline in the form of joints pull-out, pipe buckling or shearing resulting from ground movement.  

• Damage to the pipeline in the form of joint failure or pipe shearing at locations where the pipe is anchored to a 

concrete structure such as a valve chamber or a pump station.  

 

A total of 78 possible damage sites were identified. Some sites, such as fault crossings, were clearly localised. Others were 

only broadly identified: when a pipe is laid in a large liquefaction-prone area, a number of possible damage sites were proposed 

from previous work, with no indication of possible location (GNS, 2009). 
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Each damage site was discussed to determine the staff, time, plants and parts required for repair. 

This led to the development of a possible restoration timeline aimed at minimising the population and critical users with no 

bulk water supply. Because of the linear nature of the Wellington regional network, there is not a lot of flexibility in the repair 

sequence. Known vulnerable locations may be assessed and repaired rapidly, but the long pipelines laid in the hills will 

inevitably take a long time to be brought back in service. It will be necessary to proceed by iterations to drain, repair, recharge, 

test the pipe and search for the next leak downstream. 

The initial time estimate was that it would take 60 to 80 days to restore bulk water supply to the reservoirs in Wellington 

Central, and up to 100 days for some peripheral areas. This contrasts sharply with a reservoir’s storage time of approximately 

14 days, assuming survival levels of consumption and almost no reticulated supply. 

This exercise also identified shortages of staff and contractors trained to repair large bulk water pipes as well as plant, fuel 

and, ironically, water for concrete support structures of certain sections of pipe. 

BULK SUPPLY RESILIENCE 

At the time of the study, Wellington Water was already planning several upgrades that would strengthen pipelines or facilitate 

network operation and isolation after the event. These upgrades were believed to reduce the restoration time to Wellington 

Central to 45 days. This is regarded as an optimistic estimate based on flawless organisation and easy access to manpower, 

sites and machinery.  

Wellington Water is now considering a more ambitious, more resilient strategy of moving away from a linear system towards 

a circular system. The idea is that each of the four cities should have two points of supply and the ability to support the 

neighbouring networks. This proposed system would be expected to perform better after a seismic event and require less 

repairs before being operational again. 

DISTRIBUTION POINTS 

The second part of the work focused on distributing the water from storage reservoirs to the users. It is expected that, following 

a large earthquake, the auto-shut valves installed on the reservoir outlets will close, preventing the water from disappearing 

through the damaged distribution network. At this stage, people will have to rely on their personal reserves and limited 

community resources. Critical distribution pipes will be gradually opened and checked for leakage. These will constitute a 

skeleton network connecting reservoirs with critical users and public distribution points. Critical users are 395 in total and 

include elderly care facilities, civil defence centres, schools, lifeline and emergencies organisations, as well as medical 

facilities. Public distribution points will consist of tap-stands where people will be able to fill their own vessels, and possibly 

water bladders as emergency storage. As repair work progresses on the distribution network, all critical pipes will be brought 

back in service, followed by the remaining reticulation, gradually restoring supply to all customer connections. 

Distribution points were positioned so that 90% of the residential properties are no further than 1,000m walking distance from 

a distribution point if the road is flat, 500m if the road is steep. Certain locations such as schools are obvious candidates for 

the establishment of a public distribution point. They generally have good car and pedestrian access, they have outside flat 

space, they are publicly owned and viewed as a community asset. Many schools also have their own water storage.  

Other locations had to be identified, preferably located in areas where public can queue safely away from traffic and possible 

slope failures, and where cars and trucks can drive in and out practically. In many suburbs such locations simply do not exist, 

and compromises were made either on accessibility (properties are further than the target Level of Service) or on practicality 

(the distribution point site is narrow or difficult for cars to manoeuvre). 

Each distribution point will require equipment and staff to set up and maintain. It was therefore important to minimise the 

number of distribution points while meeting the distance criteria. To quickly check the proportion of properties meeting the 

criteria, the project team developed a plugin to be used in the QGIS environment.  

The plugin tool is based on a connected network of roads and walkways obtained from Open Street Map. This was imported 

as a graph object with nodes and edges (i.e. links). An elevation was estimated for all nodes based on 1m elevation contour 
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data obtained from LINZ. Between each node a virtual longitudinal profile was made to classify the proportion of the edge 

that fell into low-medium and high steepness categories. A penalty score was applied to each edge by multiplying its length 

by a steepness factor depending on its category. To identify the shortest steepness-weighted route between a given property 

and any distribution point, we used a travel distance optimizing algorithm based on Djiskstra’s shortest paths algorithm. The 

coding was done with a combination of Python and the pgRouting libraries in a PostgreSQL database. This allowed us to 

interface directly with QGIS. The PostgreSQL database was hosted on Amazon Web Services, which allowed multiple users 

to work in parallel on the same data sets. QGIS was selected because it does not require buying licenses, which would have 

been impractical in the short time frame of the project. 

 

The plugin analyses the road/walkway network and finds the shortest steepness-adjusted route between each property and all 

distribution points. It highlights and counts properties that meet the criteria. The operator could see quickly which areas were 

under- or over-serviced and adjust the location of the proposed distribution points accordingly. A total of 383 public 

distribution points were identified this way. 

Some of these will comprise a single tap-stand, but others will be large-scale distribution centres, with over 100 people 

simultaneously present during day time. To maintain the waiting time below 30 minutes, calculations suggest that over 700 

tap-stands will be required throughout the region. 

 

Figure 2. Clusters of Residential Properties by Closest Distribution Point Following the Road. 

CONNECTING THE DOTS 

The next challenge consisted of selecting certain pipes within the distribution network to connect all the critical users and 

distribution points to reservoirs; out of the many routes possible through a reticulated multi-looped network, which is the best 

one? The pipes selected in this process were called “critical pipes” in the context of this study, although this terminology has 

been historically used for other purposes. 

There were several, sometimes conflicting, principles guiding the selection of the critical pipes. The most important one was 

that they should have the best chance of remaining functional following a large earthquake. As an initial filter, pipes were 

categorised as either resilient or non-resilient, essentially based on material and ground hazards captured in GIS. Pipe failure 

Proposed public 

distribution point 
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modes are numerous and complex, and ground conditions are never known with precision, especially when assessing possible 

seismic damage. The categorisation is therefore far from perfect, but can serve to guide the selection of high value pipes in 

the existing network.  

Larger pipes were preferred to smaller pipes as they have more capacity, they are more resilient to earthquakes and they tend 

to be already treated as “critical”. 

Pipe age was also considered; if the choice was between two non-resilient pipes, the one closer to replacement age should be 

preferred, and upgraded. 

The process to select the critical pipes was two-fold. A first selection was undertaken by a custom-made geo-spatial program. 

The second step consisted of engineers reviewing and correcting the network generated by the computer. 

A second plugin was developed within the QGIS environment to determine the best route to connect reservoirs with critical 

users and distribution points. However, the goal of the program was not only to reduce the distance of the critical network, 

but to reduce the distance with penalty/reward allocated based on resilience, diameter and age. This second tool shares a lot 

of similarities with the first one. It is based on the connected pipe network rather than a road/walkway network. The same 

libraries were used to calculate a series of minimum spanning trees following the shortest penalty-adjusted pipe routes between 

the sources (generally reservoirs) and the end points (public distribution points, critical users or secondary reservoirs).  

The process integrated all the principles and rules to provide a theoretically ideal, high-value, low-cost critical network. As a 

result, the critical pipe routes generally avoid liquefaction-prone areas and often include large diameter PE or ductile iron 

pipelines. 

Because it was not linked to hydraulic models, the computer-generated network had no notion of hydraulics or ground 

elevation and did not hesitate crossing zone boundaries or going up hills where it should not. Our team of engineers reviewed 

each selected network to ensure that it was hydraulically sensible. Where this was not the case, the plugin allowed the operator 

to apply local penalties/rewards to guide the algorithm in the next iteration into going through certain gateways or avoiding 

certain areas. In this way, engineering judgement was applied to the program outcome in a documented, repeatable way. 

We also trialled a fully-automated process combining both steps: distribution points would be generated, and a critical network 

would be identified; then an optimizer would change the distribution point locations and review the critical network. The 

optimization algorithm was developed in the Julia language. The outcome was a series of distribution points meeting the 

coverage criterion and requiring a critical network with an optimal score. Unfortunately, the program lacked the common 

sense understanding of what constitutes a suitable place for a large number of people to travel to and congregate safely. The 

fully-automated process was not used for the project output. 

The outcome of the two-step process was further reviewed with Wellington Water operators to ensure that it was operationally 

straightforward and easy to isolate from the rest of the distribution. Beyond the minimal network required to connect all the 

dots, pipes were categorised as critical because they allow water transfer between a zone with a relative excess of storage to 

a zone with a relative shortfall. Finally, certain pipes were selected because they can provide redundancy in supply at a low 

cost. 
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Figure 3. Critical Pipe Network 

Approximately 350km of pipe was categorised as critical, including 220km considered non-resilient and likely to require an 

upgrade.  

The general assumption is that the critical pipes, by their nature or through future strengthening, would sustain the effect of 

an earthquake better than the rest of the distribution. It is therefore important to be able to isolate them from the rest of the 

supposedly non-resilient network.  

Approximately 5,000 valves would need to be closed throughout the region to achieve this, including 1,200 proposed valves.  

BUILDING RESILIENCE 

Since two-thirds of the pipes constituting the critical network are considered non-resilient, the question naturally emerged of 

how to build a seismically resilient pipe. 

In the context of this study, “seismically resilient pipeline” refers to a section of pipe that can be reasonably expected to remain 

in operation, without significant deformation or leakage, following a significant earthquake. 

As the location, magnitude and effects of earthquakes are inherently unpredictable, it is not possible to propose prescriptive 

instructions to design and build a pipeline that would be guaranteed to survive a given seismic event. It is, however, possible 

to design and build pipelines according to best practice for seismic resilience. It is recognised that “best practice” will vary 

depending on local ground conditions and the importance of the pipe. For example, pipe bedding requirements are higher in 

liquefiable ground than in rocky soil. Similarly, a strategic arterial pipe may warrant more geotechnical investigations than a 

small reticulation pipe. 

Conference proceedings, industry information and journal articles were reviewed to recommend improvements to the current 

Regional Standard for Water Services and Regional Specification for Water Services. The review focused on the structural 

resilience of the pipeline rather than the configuration of the network. 

Water reservoir 

 

Proposed public 

distribution point 

 

Critical customer 
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Overall, the existing guidance documents were found to be satisfactory and reflected industry’s best practice. The major 

recommended changes to the existing documents were clarification around the use of materials and more robust quality 

assurance processes. This latter point is very important: the best rules are worth nothing if they are not followed throughout 

the entire supply chain.  

THE “CRITICAL” IN CRITICAL PIPES 

The principle behind the critical network is that it should form a relatively reliable backbone for the supply of water to key 

demand points. It should sustain a seismic event without disastrous damage, or be easily repairable. It should be easy to isolate 

from the rest of the distribution, test and connect to critical users and distribution points. 

The first outcome of these requirements was that 220km of critical non-resilient pipes are likely to require upgrading. These 

pipes were flagged in Wellington Water’s asset management system, and their critical non-resilient nature may make them 

early candidates for renewal, along with other criteria normally used by Wellington Water. 

The second outcome was that critical pipes should be free of customer connections. If the pipe moves laterally following an 

earthquake, most customer connections will shear or pull-out, resulting in leaks. This will require the installation of rider 

mains on both sides of the street where this is not already the case for all 350km of critical pipe, along with new isolation 

valves.   

Hydrant connections and isolation valves will need to be engineered and managed so that the critical network can be operated 

when needed. 

Finally, it was recognised that, in some areas, no amount of engineering can guarantee pipe survival. This is particularly the 

case in liquefaction prone-areas. To cater for these, Wellington Water plans to have a stock of flexible lay-flat hose pipes to 

be used above ground, to connect hydrants or tap-stands if and where needed. 

SAFETY FIRST 

This project was an opportunity to improve the way health and safety is approached in planning studies. Following the 

principle that it is never too early to consider safety, a preliminary risk register was prepared for: 

• The construction of seismically resilient pipelines for the critical networks. 

• The isolation and operation of the critical networks. 

• The operation of public distribution points. 

This exercise consisted of documenting possible hazards that can be identified at the high level of the study: the main sources 

of information being aerial pictures, Street View imagery and asset data. Besides general pipe construction hazards, sites that 

would involve working near asbestos pipes or on steep and narrow streets were identified and recorded. 

These were compiled in a preliminary risk register that should be passed on to the next stage of design or implementation. 

THE SCALE OF OUR WORKS 

A significant amount of work is involved in strengthening the network, extending rider mains, installing valves, procuring 

repair and emergency equipment and improving the organisational preparedness, just for the operation of the critical 

distribution networks. 

The study included a cost estimate for the pipeline component of the critical networks, excluding ancillaries and bulk network 

activities. 

This was an opportunity to improve the way cost estimates are formulated for large projects for Wellington Water. 

Uncertainties, risks and opportunities were documented and captured in a Monte Carlo analysis. This provided a statistical 

distribution of possible out-turn costs to the project and a 95th percentile estimate. This identified the main risks and 
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opportunities that had a greater potential to influence the total out-turn cost of the project. These were found to be the 

procurement model and the design requirements specific to seismic resilience.  

Advanced procurement models can drive efficiencies through reducing tendering costs, creating centres of excellence and 

innovative methods.  

 

Figure 4. Critical Pipe Network for the Wellington Region 

THE BROADER CONTEXT 

Wellington Water is discussing with local Councils to agree on a shared goal to work towards a situation where water supply 

to households and businesses would be restored from about 30 days (rather than over 70 days). 

With a shared goal established, the focus can shift to how to achieve that goal, and how quickly. To clarify and support the 

investments required, Wellington Water is using Treasury’s Better Business Case approach. The outcome of these 

deliberations has been reflected in each of the local authorities’ Long Term Plans, which were submitted for public 

consultation mid-2017.  

The region’s overall resilience also depends on other critical infrastructure, including roading, electricity and 

telecommunications. Wellington Water is working with these other providers of critical infrastructure to ensure that individual 

plans for improving the respective networks’ resilience are strategically integrated and will maximise efficiencies. Through 

such an integrated approach, regional stakeholders may speak as a unified single voice with central government about its 

contribution to building regional resilience to mitigate risks to GDP from loss of productivity following a major earthquake. 

Diameter (mm) 
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CONCLUSION 

The Wellington region’s preparedness in the event of a large earthquake will determine how it sustains the event, how it 

recovers and how much emergency support will be needed from the rest of the country.  Restoring essential services rapidly 

is a key step towards minimising the impact of such an event. Wellington Water is building a business case to support an 

investment and action plan to that effect. In the process, innovative and best-in-class practices are being implemented, 

improving the quality of the local water industry as a whole. 
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ABSTRACT 

To date, the management of waste-streams generated by disasters in New Zealand has been ad hoc, with 

planning largely taking place post rather than pre event. A valid reason for this is that the severity and 

consequences of such events varies widely, dictating the type and quantity of waste produced.  

To help mitigate problems caused by unplanned waste, a web GIS tool is being developed for use in a pre-event 

planning exercise and for developing quick early estimates of waste during an event. The tool models the 

amount of waste generated by different types of disasters, quantifying the amount of waste for different waste-

streams. The user can then find the nearest suitable waste disposal location, accounting for barriers. 

This tool could be of great value for local government. It is flexible, so that can quickly and simply be extended 

to other regions and the intention is for regional councils to host the tool within their own GIS environment.  

Keywords 

GIS, waste, disaster, planning, web-app 

INTRODUCTION 

The current emergency response planning framework in New Zealand does not include any specific procedures 

or tools that apply to the management of waste generated in a disaster. In the historical context disaster waste 

has been managed as a logistical exercise. However the 2011 Christchurch earthquakes, the Rena grounding 

and, recently, the Kaikōura/North Canterbury earthquake have together contributed to a strong perception that 

the status quo of ad hoc response is completely inadequate and that a formalised waste management system to 

deal with the wastes arising from the full spectrum of potential disasters is overdue for development in New 

Zealand.  

 

Thus a national template that has sufficient flexibility to allow unique regional components to be taken account 

of is considered to be the optimum strategic goal in the development of a disaster waste management plan for 

New Zealand. This paper outlines a valuable, supporting component of the Waste Management Template, an 

interactive web-based GIS tool. This can be used to quantify various waste-streams for different property types 

and also includes a routing function whereby the user can define a waste source/collection point and find the 

nearest waste disposal site, taking into account barriers such as closed roads, slips or floods. The tool is intended 

to be flexible and scalable, so that it can be extended to other regions and model a range of disaster scenarios.  

 

Fundamental functionality includes the ability to be web-supported, making use of cloud computing technology; 

the use of drop-downs to ensure consistent reporting; the inclusion of district plan and infrastructure data as GIS 

overlays; and an intuitive, interactive user interface. This functionality has been developed and tested during a 

number of workshops which included participants from a number of regional councils, comprising the “Project 

Owner”. These workshops have provided an opportunity to integrate knowledge gained from prior disasters, 

such as the 2017 and 2004 Whakatane District floods. These case studies have highlighted the need for a 

dynamic tool, as events of a similar type in the same region have required very different responses to waste 
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management. The pilot group has also proved invaluable in mitigating the effects of environmental determinism, 

often inherent in GIS, by considering community level social factors.  

BACKGROUND 

As identified by Brown et al. (2011), increased urbanisation and dependence on complex infrastructure 

networks increases a community’s vulnerability to a disaster. This also increases the likely amount of waste 

produced. These large waste volumes can in fact overwhelm existing solid waste management facilities and 

personnel and can also affect both the response and the long term recovery of a disaster-affected area. For 

example, in the immediate aftermath of an earthquake, debris can block roads, which in turn impedes rescuers 

and emergency services reaching survivors. In some cases, such as where hazardous materials such as asbestos, 

chemicals, radioactive materials and infectious wastes are present, a public and environmental health risk is 

posed. In the longer term, poor management of debris can result in a slow and costly recovery because, inter 

alia, rebuilding and repairs cannot be carried out before the waste is removed. The ongoing presence of 

uncleared wastes,derelict buildings and the like is also a public indicator of the speed and relative completeness 

of recovery which can itself have possibly unrecognised psychosocial impacts. It is necessary therefore to 

ensure safe and expedient removal of debris for a variety of reasons. If managed effectively, debris can become 

a valuable resource in the recovery and rebuilding process and can have a positive effect on social and economic 

recovery.  

 

It is abundantly clear that a strong need exists to develop an effective disaster waste management response, with 

as many of the fundamental requirements to optimise this response being in place prior to any event.  

Establishing such a waste management system in a pre-disaster context is however a complex challenge with a 

need to balance stakeholder desires, community needs, environmental factors, political will and funding.  

Adding the impacts of a disaster to the equation adds another level of complexity by introducing the impacts of 

time pressures and a shocked community.  

 

However these problems and complexities are clearly amenable to a structured planning approach that  

utilises as wide a range as possible of information resources, databases and spatial planning tools such as GIS 

mapping, and with these resources supported by a cloud-based computing environment, to derive a detailed and 

integrated set of procedures and methodologies to effectively manage generated wastes and minimise 

environmental and public health issues, as applicable and practicable, to reuse wastes as valuable resources to 

aid economic and social recovery.  

 

This then is the background to the initiative taken by the three regional councils comprising the Project Owner 

for this project. A national template that has sufficient flexibility to allow unique regional components to be 

taken account of is considered to be the optimum strategic goal in the development of a disaster waste 

management plan for New Zealand. 

 

Outside of New Zealand, disaster waste decision tools have been developed to help mitigate the effects of 

disaster debris. An example is the US Environmental Protection Agency’s (EPA) Decision Support Tool 

(Thorneloe et al., 2007). This provides planning advice for natural disaster scenarios, drawing on historic case 

studies. Included is a database of disposal facilities. This is a form based web tool but lacks a GIS component. 

 

Previously in the GIS space, there have been few tools developed for waste preparedness planning, particularly 

in a New Zealand context. In the United States, the Federal Emergency Management Agency (FEMA) has 

created a GIS hazard loss estimate tool called HAZUS –MH (multi-hazard). This is a desktop based tool and 

ArcMap extension that identifies locations at high-risk from earthquake, hurricane, flood and tsunami hazards. 

The flood information tool is able to take user defined elevation and flood datasets and calculate flood depth to 

use in the HAZUS modelling system. HAZUS is able to model potential loss to exposed areas in regard to 

structural and economic impact. FEMA is also developing a web portal where users can upload and share hazard 

datasets. However, currently HAZUS-MH is a desktop application requiring an ArcGIS installation and the 

Spatial Analysis extension to run the flood modelling. The benefit of the Disaster Waste Management Planning 

(DWMP) tool is that the intention is to create a flexible web-GIS tool that exploits the spatial analysis 

capabilities of ArcGIS, but serves them up via a browser interface to they can be used in any location with 

connectivity. The following section describes the method by which the tool has been created and explains how it 

supports the DWMP word template.  
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METHOD 

The purpose of the GIS tool is to support sections D and E of the DWMP Word template. These sections 

involve quantifying waste volumes for various waste streams and planning waste disposal via accessible routes 

leading to appropriate refuse or recycling facilities. This work is based on experience gained by Rawtec, who 

undertook a similar planning exercise in South Australia, although without the inclusion of GIS. The work also 

takes into consideration input from Regional and District Council staff from Canterbury, Waikato and Bay of 

Plenty, who between them have a wealth of experience dealing with events such as the Kaikoura earthquake, 

Whakatane floods of 2004 and 2017 and the Rena disaster. A number of workshops were run with the Pilot 

Group, providing valuable information on the quantity and types of waste streams previously generated, and 

alerting the authors to the fact that similar events within the same region can require a very different response. 

This means any tool developed needs to be dynamic and allow a high degree of user input, while still providing 

guidance. The Pilot Group also provided insight into community concerns, aiding development of a tool that is 

not environmentally deterministic.  

The first stage of tool development involved data procurement. It was necessary in building the tool to obtain, 

via Memoranda of Understanding (MOUs), the agreement of relevant agencies to make their spatial data 

available for interrogation by the tool. Bay of Plenty Region was chosen as the pilot study area, in particular 

Whakatane District. This was chosen due to the availability of historic flood datasets and the experience of 

Council and CDEM staff. The scope of this work stated that only pre-existing hazard datasets were to be used, 

so the modelling of hazard datasets was outside the scope of project. Bay of Plenty Regional Council (BOPRC) 

GIS team provided a wealth of spatial datasets relating to hazard extents, infrastructure and limitations to waste 

disposal location, such as Significant Natural Areas and cultural heritage sites. These were provided as either 

file geodatabase or web services, delivered via ESRI map package. A map package is an efficient way to share 

desktop ArcGIS map documents whereby data is packaged into a geodatabase or preserved as a layer 

referencing a URL, so long as the recipient has an ArcGIS license. Table 1 lists the hazard datasets initially 

considered. 

Consultation with relevant natural hazard specialists was sought to ensure valid datasets were used for pre-

planning pilot exercises. For pre-planning it is important that datasets represent the severity and occurrence for 

such an event as expected within a particular region. One method for normalizing damage caused by events of 

varying frequency and severity is to calculate the Annual Average Damage. This is the amount of damage per 

year that would occur over a long period of time. It is calculated by plotting damage against event probability, 

firstly using known data, then from extrapolated values with the resulting areas summed. For the Whakatane 

Region pilot study, we were limited to historic flood extents, but the above approach could be considered for 

other planning exercises. 

Following data procurement, a GIS tool was built using ArcMap desktop software as a proof-of-concept before 

creating a web tool. The tool is designed to perform the following functions: allow the user to view 

environmental and hazard overlays, such as landslip-prone areas, protected environmental areas, HAIL sites, 

bridges etc.; calculate waste for different property types based on different disaster events, for the pilot tool 

these include earthquake, flood and volcanic event; allow the user to find the nearest waste disposal facility to a 

specified point accounting for road barriers such as landslides, washed-out bridges or the extent of the disaster 

event. Figure 1 shows the ArcMap interface with waste calculation tool open. 

Data preparation for the waste calculation tool involved assigning District Plan zones to LINZ property address 

points. These were used as an input to a Python geoprocessing tool which intersected them with the user defined 

disaster extent, applied a user defined waste factor per property zone per debris type and quantified the results. 

The results are displayed as an excel table. Debris types include building content waste, building construction 

material waste, event debris waste. This method uses the “unit” approach as recommended by Brown et al. 

(2011). The total waste is calculated as the sum of the number of houses in each category multiplied by the 

quantity of waste. With this formula estimates can be built up based on how much waste is expected from a 

single type of property and the level of damage sustained. For example, for residential areas, the affected 

properties could be categorised with respect to the level of damage (say, full demolition, partial repair and minor 

repairs). Each level could then be divided further based on the type of construction of the property, its age and 

size. Finer grained ratings data would be required from TA’s in regard to building construction material if this 

level of analysis were to be performed.  
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Table 1.  Hazard Datasets  

Type Dataset Name TA 

Flood Risk Overland Flow Path TCC 

Flood Risk Overland Flow Path Extent TCC 

Flood Risk Properties Raised Above Min RL TCC 

Flood Risk Flood Hazard Plan Area (City Plan) TCC 

Flood Risk Flood Hazard (Extreme Rainfall – 100 

Year Event) 

TCC  

Flood Risk Harbour Inundation (City Plan) 5k-10 TCC 

Flood Risk Depth and Velocity 100yr Event TCC 

Flood Risk Floodable Area WBDC 

Flood Risk Coastal Inundation Area WBDC 

Flood Risk Waihi Beach Floodable Area WBDC 

Flood Risk Wairoa Floodable Area WBDC 

Flood Risk Inundation Risk Zone (DP) WDC 

Flood Risk Overland Flow Paths (DP) WDC 

Flood Risk Proposed Coastal Inundation Areas WBOPDC 

Flood Risk Inundation Risk Zones WDC 

Floods Slips Historic Flood Slips 2004 BOPRC 

Flood Risk Historic Floods 2004 BOPRC 

Flood Risk Edgecumbe Flood Extent 2017 BOPRC 

Tsunami Max Tsunami Flood Depth 9m Wave TCC 

Tsunami Tsunami Evacuation Zones BOPRC 

Tsunami Maketu/Pukehina Tsunami WBDC 

Tsunami Tsunami Extent 2500ARI BOPRC 

Tsunami Tsunami Inundation 3m Wave BOPRC 

Landslide Relic Slip 10k – 10 TCC 

Landslide Stability WBOP 

Landslide GNS Landslide Catalogue BOPRC 

Liquefaction Liquefaction Types WBDC 

Liquefaction GNS Liquefaction BOPRC 

Erosion Coastal Erosion Risk Zone TCC 

Erosion Coastal Erosion Area WBDC 

Erosion Erosion Risk Zones WDC 

Erosion Proposed Coastal Erosion Lines WDC 
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Figure 1. Desktop display interfacing showing waste calculation tool window. 

 

The routing tool tasked with finding the nearest waste disposal site utilized ESRI’s Arc Online utility services. 

These can be configured to use with the desktop Network Analyst toolsets, in this case the “Find Nearest 

Facilities” tool. Testing compared the route output of the ESRI road network to a custom network created from 

the LINZ road centerlines. Assessing the two outputs demonstrated that the ESRI routing service performed 

better, likely due to the time spent modelling traffic rules and drive times for different vehicle types. It was 

therefore decided that this should be used rather than spending time building a custom road network. Use of the 

ESRI routing service requires an Arc Online account and can be accessed via an ArcGIS desktop or web 

application. The tool allows the user to define a start point for the waste disposal journey, either by placing a 

point on the map or selecting an existing point, define any barriers and choose a waste disposal point layer, from 

which the closest landfill or recycling facility will be located based on the shortest, uninhibited road route. 

Driving directions can optionally be outputted to file and the route can be saved as a layer.  

The web GIS application is hosted within the organisation’s Portal environment. This is the web component of 

the enterprise GIS architecture. Datasets are published to the Portal environment for use in a web map. The web 

map is then used as the base for a web GIS application where “out of the box” and custom tools can be added, 

creating an intuitive GIS viewer where geoprocessing models can be run by users with little to no previous GIS 

experience. This has been created using ESRI’s Web App Builder and includes both the custom waste 

calculation and waste location tools. The waste calculation is published from a python toolbox and has the same 

functionality as the desktop tool. The user is able to define a disaster type, waste factors and layer to use as the 

disaster extent with the results saved to spreadsheet. Figure 2 shows the results of the route finding tool using 

the flood extent as a barrier layer. In this scenario, the Whakatane floods have cut the western part of 

Edgecumbe off from Whakatane, making Kawerau the closest landfill facility. 

Additional functionality within the web app includes the ability for the user to add their own spatial data from 

sources such as kmz, gps files, shapefiles or web layers; the ability to export data; and editing data if the ability 

to create new waste disposal locations is required. Similar to the desktop application, the user can also turn on 

and off other layers such as environmental overlays.  

A further use of the web GIS could be the collection of information via a mobile device. For this purpose, a 

demo form was created for collecting preparedness actions information. This information can be associated with 

a person and location and displayed in the web viewer.  
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Figure 2. Nearest waste facility tool being used within the web GIS application. 

 

In regard to hosting, it is intended that the web tool will be packaged up and deployed to the Regional Council. 

The tool script can be downloaded and re-configured for use within the Council’s Portal web GIS environment 

by someone with GIS developer experience. The desktop tool can be shared as a map and geoprocessing 

package.  

DISCUSSION 

When planning an organisation’s GIS architecture, there are a number of business decisions that must be 

considered. Questions relating to the functionality required; IT budget; audience/end users; current IT and GIS 

infrastructure; size of the organisation; and staff capability will all contribute to the final decision regarding 

which GIS platform to implement. For the DWMP project, time, budget and capability dictated that an ESRI 

web-app builder solution was best suited. Hosting this in an ArcGIS Portal environment proved favourable as 

this allowed the inclusion of a custom geoprocessing tool. Such custom functionality is not available, or planned 

for, via Arc GIS Online (AGOL), as confirmed by conversations with Paul Ross, Senior Product Manager for 

AGOL at ESRI. The fact that each of the regional councils directing this project already utilise ArcGIS Server 

and Portal also helped make thisdecision. In fact, rather than stand up such a web application from scratch, the 

waste calculator and waste-station finding widget could be added to an existing council disaster viewer, without 

having to re-build the entire application.  

An obvious limitation to the above approach is the cost involved with implementing an ESRI enterprise GIS. 

Although such architecture is already in place for many New Zealand regional councils, for smaller district 

councils, smaller Pacific nations and non-profit aid organisations, the cost of the system may make it 

unobtainable. For this reason, many organisations with limited funding have chosen to deploy open source GIS 

tools for disaster preparedness planning. An example is the Pacific Catastrophe Risk Assessment (PCRAFI) GIS 

web tools. These comprise a number of layers and web maps served up from GeoServer via GeoNode, an open 

source hub for organising and sharing spatial datasets and maps, such as an average annual loss map for the 

Solomon Islands (http://pcrafi.spc.int/layers/geonode:sb_ward_aal). Such maps allow the user to query and 

download data, but lack the ability to perform spatial analysis, such as that provided by the waste calculator tool. 
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Developing such functionality within an open source environment would require greater GIS web developer 

experience and time than that availbale for the DWMP project and could provide an opportunity for computer 

science/GIS post-graduate research.  

Here it is worth mentioning the wide adoption of the Open Geospatial Consortium (OGC) standards by local 

governmnet, predominantly Web Map Services (WMS) and Web Feature Services (WFS). These may be 

consumed within both open source and commercial GIS desktop and web applications, so potential exists for an 

output created within an ESRI environment to be published as a WMS or WFS layer and added to an open 

source viewer. Juhasz et al (2016) used WFS in conjunction with Geoserver and web processing services to 

create a web GIS application relying on Volunteered Geographic Information (external users) to map inland 

water hazards within the Carpathian Basin. This tool allowed external users to edit GIS layers and model results, 

similar to the DWMP tool functionality that allows users to add or edit waste station points or create new 

disaster extents, illustrating that geoprocessing web tool creation is a developing field within open source GIS.  

External to system architecture, room for improvement exists for the mapping and quantification of hazardous 

substances. This could include flags for buildings of a certain construction type or age to help identify asbestos; 

factoring in chemicals used for agriculture/horticulture by identifying rural properties (which have been 

classified by the tool) or stored in garden sheds; and sewage contamination based on flood extent. Waste 

stations could also be classified and filtered by waste type, so that hazardous materials are disposed of at an 

appropriate facility. To help calibrate waste factors used per property, disaster waste data from around the world 

could be analysed. This again could be a worthwhile project for post-graduate research.  

CONCLUSION 

As disasters, property and infrastructure all have a spatial component, a GIS tool is an integral part of disaster 

preparedness planning. From simply assessing whether a site may be a suitable location for a landfill by viewing 

overlays, to performing calculations based on spatial extent, the GIS tool adds value to the DWMP template. It 

has been developed in a way that it can be used both on and offline and scalable in that the ability to define 

layers and variables means it can be extended to other regions. Still in the early stages of development, it could 

be refined further to produce more realistic results. Examples include using building envelopes so that 

volumetric calculations can be used; using parcel areas to quantify disaster debris; including building material in 

the construction debris calculation; considering hazardous material; and making further use of community 

opinion regarding waste disposal location via crowd-sourcing.  
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ABSTRACT  

Disaster management processes and systems are critically dependent on spatial systems to connect locations, 

people and activities. Many new developments like mobile telephony, applications and social networking 

platforms, however, have underpinned the development of spatial systems ‘inter-connectedness with 

exclusiveness’1 due in part, to their commercial and proprietary nature. This paper highlights major themes from 

the Spatial Futures Forum 2017 to support development of spatial systems ‘inter-connectedness with 

inclusiveness’2. This is especially important as effective disaster management situational awareness and 

community resilience requires: connection and integration of the ‘islands’ of spatial information; a real-time 

‘data on demand’ approach which is also reliant on effective connection of these ‘islands’; and curation of an 

individual’s ‘virtual identity’ from ethical, legal, property ownership and risk perspectives.    

Keywords 

Spatial information systems, disaster management, situational awareness, community resilience 

INTRODUCTION 

Disaster management processes and systems are critically dependent on spatial systems i.e. the ability to 

monitor the “digital connection between location, people and activities”3 to develop accurate situational 

awareness and optimal outcomes. We are also now living in a time where basic mobile telephony, applications 

and social networking platforms have profoundly changed the decision making of, and relationships that 

individuals have with government, commercial and social organisations and each other. These new technologies 

also create a barrier to development of effective spatial systems solutions, due in part to their commercial focus 

and proprietary nature. To this end, the University of Sydney, Interoperability in Extreme Events Research 

Group (IEERG)4 and the UNSW, Geoscience and Earth Observing Systems Group (GEOS), invited leading 

academics and professionals to present their views on these issues at a Spatial Futures Forum5, held in Sydney 

during September 2017.  

This is a time of growing personal dependence on technological inter-connectedness. Smartphones and 

embedded computing devices in homes, cars and offices; information, software, networking and communication 

providers such as Google, Facebook and Twitter; and product and service providers such Amazon and Uber, all 

contribute to how each of us defines our ‘virtual selves’ and how we relate to each other in an increasingly 

informed virtual world. Our smartphones are becoming our window to the world, not only providing us with a 

huge and diverse amount of information, but also enabling us to know where we are at any given time in relation 

to the people and things around us i.e. spatially.  

Amongst these existing and emerging technologies ‘spatial systems’ are often a significant ‘silent’ partner in our 

progress towards the connection of locations, people and activities. “This information can graphically illustrate 

                                                 
1 Locations, people or activities that connect to a proprietary or commercial network of systems 
2 Locations, people or activities that connect to an open network of systems 

3 CRC for Spatial Information http://www.crcsi.com.au/about/what-is-spatial-information/ - last accessed 05/09/2018 

4 Interoperability for Extreme Events Research Group http://sydney.edu.au/business/research/ieerg - last accessed 05/09/2018 

5 Spatial Futures Forum 2017 (event agenda and registration page) - http://sydney.edu.au/business/events/2017/research/2017/spatial-

futures-forum-2017 - last accessed 05/09/2018 
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what is happening (where, how and why) to show the insight and impact of the past, the present and the (likely) 

future.”6 Such developments in personal information technology platforms have profoundly changed the way we 

use and view information. They have also directly contributed to consumer, institutional and economic 

transformation in the form of the sharing economy, and our view of the products and services that we buy, the 

organisations in which we work and how we estimate our value to the societies in which we live.  

We no longer only seek information - we are information which has great value to commercial interests like 

Google, Facebook, Twitter, Amazon and Uber.  

Our digital footprint embodies a ‘virtual self’ in which commerce and government can profile and share 

information about us, and increasingly and more accurately, know and share our whereabouts, potentially in 

real-time. It is predicted that by 2019 more than five billion people will have mobile phones, with roughly 50% 

of them being smart phones7. Potentially, this will have an enormous influence on the ability of government 

agencies, private organisations, communities, and individuals to work together to achieve the best outcomes and 

solutions for the social cohesion and inclusiveness that we all seek. Social cohesion and inclusiveness is an 

important foundation for community resilience during crises and disasters (COAG, 2011, Magis, 2010). Current 

and future developments in spatial information systems that seek to overcome issues caused by commercial and 

proprietary spatial system interests, therefore, should be of high level interest to disaster managers.  

In disaster management research there have been calls for a conceptual framework for a spatially integrated 

policy infrastructure for flood risk (Ran and Nedovic-Budic, 2016) and geospatial data management framework 

for humanitarian response (Cowan, 2011). There are also illustrative examples of systems that have integrated 

risk analysis, evacuation strategy dissemination to communities, and “real-time detection of environmental risk 

and evacuation support” for tsunamis (Ai et al., 2015) as well as the development of a conceptual architecture to 

handle information generated in emergency situations (Nascimento et al., 2016). Models that mine geo-located 

social media data during floods and typhoons have also been developed (Porto de Albuquerque et al., 2014, Xu 

et al., 2016) as well approaches to volunteered geographic information (VGI) systems where citizens are able to 

produce spatial information to be used in emergency management systems via their personal mobile devices 

(Hedley, 2012, Senaratne, 2017). We have also seen development of an information ontology to aid emergency 

management data integration (Galton & Warboys, 2011) as well as the use of geovisual analytics approaches for 

display of situational awareness information (Tomaszewski et al., 2007).  

While all of these efforts make a vital contribution to research and spatial systems outcomes for disaster 

managers, we have yet to focus on an ‘open’ integrated approach for future spatial systems development to 

produce ‘inter-connectedness with inclusiveness’ as it relates to community resilience and disaster management. 

SPATIAL FUTURES FORUM  

A great proportion of the advances in information and technologies for personal use, commerce, academic 

research and government systems, have been made possible through recent developments in the Spatial 

Sciences, be it digital communications, mobile systems, visualisation, field robotics, remote sensing or mobile 

and satellite technologies. The demand for knowledge about how we can develop and use spatial systems, is set 

to grow exponentially with requirements for expertise in big data analytics, autonomous vehicles, logistics, 

designing the urban environment, emergency services, and many new and ‘in development’ technologies, which 

rely upon ubiquitous location information services. 

The aim of this forum was to bring together researchers and practitioners to share ideas and new knowledge on 

the current state of spatial systems development with various leaders from different fields in government, 

business and academia, and also develop an understanding of where these systems are heading in the future. 

The Forum was a one day event with five invited presentations from key spatial experts and senior policy 

makers, as well as a concluding panel with all presenters. Presentations covered the following topics: 

• Spatial drivers and opportunities;  

• From GIS to ubiquitous location intelligence: how technology waves are amplifying the use, users and 

benefits of location information; 

• Digital planning tools for envisioning city futures; 

• 3D models and the digital built environment; and 

                                                 
6 CRC for Spatial Information http://www.crcsi.com.au/about/what-is-spatial-information/ - last accessed 05/09/2018 

7 statista The Statistics Portal https://www.statista.com/ - last accessed 05/09/2018 
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• Future trends in the spatial arena.    

IDENTIFYING KEY MESSAGES FOR DISASTER MANAGERS  

Each presenter had roughly 30 minutes to discuss their ideas from their respective area of expertise. The 

audience was then invited to ask questions and further develop ideas with each presenter for 15 minutes. A panel 

was convened with all 5 speakers in the afternoon session to further discuss matters of importance to the forum 

participants.  

A research team from the IEERG, comprising of 2 senior researchers, 1 post doc and a PhD student was 

allocated to take detailed notes during the Forum. The research team then met a few days later to discuss and 

synthesise their notes and highlight areas of critical importance that emerged from the Forum. These notes were 

then consolidated and ‘key messages’ regarding the future development of spatial systems were distilled from 

this analysis. Three key areas emerged that included development of: 

• Coherent and cohesive spatial systems to connect the ‘islands’ of spatial information generated by, and 

stored in current systems; 

• A real-time ‘data on demand’ spatial systems development approach which overcomes location 

addressing, system and data integration problems and which sets a direction for a skills and training 

focus to meet anticipated skills shortfalls; and 

• ‘Virtual identities’ for individuals that address ethical, legal, property ownership and risk issues as well 

as the integration of virtual and real worlds.    

This paper contextualises these key messages for disaster managers by providing some examples for 

consideration, as the future of spatial systems will underpin the systems and technologies that are critical for 

developing community resilience and situational awareness in preparation for, response to and recovery from a 

crisis or disaster event.  

Development of Coherent and Cohesive Spatial Systems 

Spatial information systems have largely been developed as discrete and unconnected system ‘islands’. 

Typically they require an expert in spatial science to compile and analyse data that is generated, before it can be 

presented for use by the decision-maker(s).    

Although this situation has lately been disrupted by the likes of Google Maps, there are still limits to the 

effective use of spatial information in real-time in an interconnected and inclusive way, to deal with emerging 

current and future crises and disaster scenarios, where time and timing are of the essence. 

 

Figure 1. Field Data Collection (Real-Time) NSW Fire & Rescue Remote Pilot Aerial System 

 

Important aspects of crisis and disaster management such as field operations and their interactions with 

community and NGO activities, could be more effectively integrated and improved by a more coherent and 

cohesive approach to spatial information system development and use — for instance, the potential for a drone 

to deliver real time video or thermal imaging information to a central crisis centre or to fire fighting units in the 

field, while integrating this information with data on the real-time location and status of individuals who live 

and work in the area of a flood or fire. 
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But future information systems — say, 5G mobile and precision GPS — must be able to continuously and 

accurately provide data as to the drone’s location in relation to other people and things (to avoid colliding with 

an aircraft, another drone, building, person, car etc.) as well as to marry the imaging to the location and status 

information of individuals in the vicinity of the emergency incident. 

This will not be an easy operation until the data the drone is seeking, can be accessed from other non-compatible 

or unconnected spatial information systems at real-time speeds. These unconnected and often proprietary or 

commercial system ‘islands’ form a significant barrier to advancement of a coherent and cohesive spatial 

systems architecture for disaster managers.  

Data on Demand 

Discussion at the Spatial Futures Forum canvassed a wide variety of technologies and scenarios focussing on the 

needs of communities over the coming years, and the solutions to those needs. 

One such need is consistency in location addressing standards and location data collection. Addressing this 

requirement will be essential to improve the effective delivery of public and private products and services, such 

as the dispatch of ambulances and police, faster delivery of resources to disaster sites, and better coordination 

and provision of transport and evacuation services. These will all rely on accurate and complete addressing data, 

including the present position of a caller. Interesting work is currently underway in this area with what3words8 

who have developed an application to convert GPS co-ordinates into a three word addressing system, thus 

providing an effective human interface to a complex addressing problem. For delivery to an address we need 

only a three-word code to pinpoint a location. This approach is particularly useful for remote communities and 

for individuals who do not have what most of us think is a standard address, such as a: 1) house number; 2) 

street; 3) suburb; 4) state; and 5) country name.   

Another focus of discussion was the strategic alignment of spatial data management strategies with business IT 

initiatives across government and the private sector and an eventual end to spatial digital ‘islands’. Increasingly, 

‘interconnectedness with inclusiveness’ will come to rely on our ability to bring spatial data together — 

accurately, quickly and comprehensively — from disparate sources. For instance, the ability to effectively plan 

our cities and ‘future proof’ them from disaster, will rely on integration of accurate data supplied by state 

governments, councils, housing developers, geographers and local communities to provide complete 3D 

interactive models of current and future developments, in order to improve land use, reduce development costs 

and ensure that the risk and impact of possible disaster is considered and minimised. 

There is also a need to develop spatial information systems using a data ‘on demand’ model. How might this 

approach affect our current thinking on real-time spatial system integration? Can disparate systems be better 

utilised to supply spatial data in new configurations as required, for advances in autonomous systems? For 

example, in a fire disaster situation could autonomous fire-fighting vehicles and drones be effectively deployed 

minimising human exposure to fire hazards? Recovery services could also be offered to individuals using 

immediate online identification services, giving them instant access to money and the location of emergency 

housing. Personal digital communications could also be leveraged by government agencies to supply up-to-date 

information based on location in order to reassure, warn or influence actions and decision-making during the 

time of the disaster. 

The skills required for jobs in the future, is also of prime concern. If successful and effective spatial data 

modelling and analysis, system development and integration techniques and systems use, are contingent on 

advanced science, technology, engineering and maths (STEM) knowledge in the future, how should we be 

educating students now?  For instance, is geospatial data analytics an important and critical future skill for our 

crisis systems developers and disaster managers? How do we work with organisations across the education 

sector to ensure that programs are being developed to address spatial knowledge and skills development? 

Disparate and unconnected spatial system ‘islands’ are, therefore, also inhibiting our ability to develop a real-

time ‘data on demand’ approach to the use of spatial information. Ensuring that we educate future crisis system 

architects and disaster managers to develop skills and approaches to integrated spatial data analytics and system 

design is a step towards navigating these islands.  

Living in a Virtual World 

There are ethical considerations that impact a ‘virtual individual’ who ‘inhabits’ the 3-D spatial environment. As 

                                                 
8 WHAT3WORDS https://what3words.com/about/ - last accessed 05/09/2018 
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we develop technical solutions to better integrate spatial information and systems, how should we effectively 

integrate the ‘virtual self’ into these systems, which itself is comprised of islands of information? For example, 

what changes in law are required to deal with traffic in an era of autonomous vehicles? What legal exposure 

might a fire service have if they send an autonomous vehicle to fight a fire and the result is less than optimal?  

What are the ethical issues surrounding the definition and rights of a virtual individual who the government may 

wish to monitor in times of crisis and disaster? Do we need to develop different legal frameworks to give 

recognition and legitimacy to the ‘virtual self’? What constitutes the rights, trusts, relationships, contracts and 

communications between virtual individuals and between virtual and physical representations of individuals? 

How do all of these issues relate and equate to the notions of community and community resilience when a 

‘community’ may be comprised of ‘virtual’ and physical individuals who are geographically scattered across the 

globe and therefore subject to different legal jurisdictions?  

And there are risks associated with spatial information systems integration. As access to spatial information 

becomes more readily available — for instance, as spatial information models and the sensors supplying the data 

become more integrated to assist in the development of community resilience and situational awareness  — 

what sort of risks does this pose to our infrastructure e.g. terrorism and cybercrime? Cohesive spatial data 

models and shareable locational information are essential for the safe and effective operation of digital 

technologies, but this situation may in turn present vulnerabilities i.e. an ‘all our eggs in one basket’ scenario, 

that will need to be closely monitored and managed. 

There’s also the issue of defining the demarcation or integration of real and virtual worlds. As more integrated 

spatial information underpins the development of augmented reality systems that combine real and virtual 

experiences (such as remote operation of autonomous resources through virtual reality interfaces), how can we 

meaningfully navigate and relate the virtual and physical worlds and facilitate relationships of individuals, 

groups and organisations within them?  

The functional capabilities of smartphones — combined with the Internet of Things and the range and reach of 

large information platform providers such as Google — will mean that system users have an unprecedented 

ability to network, communicate and share information to achieve interconnectedness with inclusiveness. For 

instance, the NSW Rural Fire Service has developed the ‘Fires Near Me’9 application to supply spatial data to 

inform the public of imminent danger from bushfire. This application has changed public expectations — 

providing a better understanding of imminent fire danger.  How will community expectations of government 

and emergency services change as spatial systems become more integrated into our everyday life? What are the 

implications for emergency services agencies? How can they plan for the future and anticipate the changing 

attitudes of the general public towards their role during an emergency? 

CONCLUSION 

Emergency managers are heavy users of ‘spatial’ data and information e.g. computer aided despatch; GIS; aerial 

and satellite imagery, photo and multi-spectral; GPS; mapping and modelling systems – however there is no 

integrated strategy for developing ‘best of breed’ spatial technologies for disaster and emergency management 

applications in Australia.    

Developments in emergency management are mostly prioritised towards improving response and recovery 

during recurring emergency events, without giving much attention to less probable events, which may have 

lower likelihood of occurring but if they do, have higher significant consequences. For example, an earthquake 

in an Australian capital city, or a cyclone near a heavily populated area in New Zealand would have devastating 

consequences, as these are unexpected events.    

Development of the capability to consider and model extreme event impacts of less likely and less common 

incidents is mostly excluded from existing academic and commercial research. Similarly emerging technologies, 

like drones, autonomous land and water vehicles, digital communications, the ‘internet of things’, real-time 

traffic information etc. are not seen as a domain specific or as having a unifying common spatial theme for 

either emergency management professionals or academic researchers.  

As well as this, the development of spatial systems that could integrate data and facilitate sharing of information 

between agencies with community’s needs in mind, need to be made a higher priority by government, and have 

appropriate funding support. 

The regulated virtual world of the future, has important implications for human rights and obligations and also 

for disaster and emergency managers, as people become more at ease communicating in the virtual world with 

                                                 
9 https://www.rfs.nsw.gov.au/fire-information/fires-near-me  
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their ever improving smart technologies, and while information on individuals will become generally more 

available in digital form.  

Successfully connecting and integrating ‘islands’ of spatial information, developing a real-time spatial ‘data on 

demand’ approach and careful curation of an individual’s ‘virtual identity’ as it relates to an integrated spatial 

systems future, are all critical areas requiring further investigation and research commitment to develop 

effective integrated and cohesive spatial systems for disaster management.  
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ABSTRACT 

Contemporary information and wayfinding design often disregard the changing personal circumstances and 

mental state of the user. This paper explores concepts and methodologies in user interface (UI) and user 

experience (UX) design to increase comprehension and retention through the inclusion of human centered 

design principles and a focus on the participants’ individual context, mental state and abilities. The paper 

focuses on human factors and comprehension in fast changing situations imposing a sudden high cognitive load 

on to the affected. In a highly stressed condition, visual perception and situation awareness may be restricted 

due to the impact of sensory symptoms (panic, tunnel vision or limited motor skills), thus calling for a linear 

course of action to enable the user to concentrate at the task at hand. 

Keywords 

Human-Computer Interaction (HCI), user interface (UI), calm technology, perception, emergency response. 

INTRODUCTION 

Mark Weiser and John Seely Brown (1997) coined the term “calm technology” in 1996 and predicted the age of 

ubiquitous computing. Weiser and Brown announced the development of Human-computer Interaction (HCI) in 

three major waves: First the era of mainframe computing where one terminal was shared by multiple of people. 

The second wave is known as the era of personal computing – one computer is used by one person. The third 

wave is the one we are experiencing right now. Multiple computers in various forms are capable of assisting a 

single person without demanding conscious input. 

The awareness of this third era we are currently experiencing builds the premise of “calm technology” which 

Weiser and Brown (1995) described as “that which informs but doesn’t demand our focus or attention.” Calm 

technology offers many possibilities on exploration for HCI and a number of research projects have been 

focusing on human computer interaction for natural user interfaces (NUI). In its function a NUI relies on a 

user’s intuition as opposed to the learned and recollected interaction of a graphical user interface (GUI). With 

the rise of ubiquitous computing and the increasing use of smartphone and other touchscreen technology, we 

have seen an increase in the application of NUIs for navigating our devices. However, there is no clear line 

separating what can be considered a classic GUI and a more intuitive NUI. Although NUI on smartphone 

devices offer more directed and immediate physical interaction, they still rely on principles and rules established 

by GUI. Missing the GUI affordances in visual communication, the NUI of touchscreen enabled devices are 

compelling the user to explore and experience since the entire screen will be perceived as interactive. How the 

interaction is translated into visuals and how these are perceived relies on a wide range of factors and design 

principles. Semiotics, colour, contrast, layout, typography, interaction design and navigation need to be skilfully 

aligned to ensure an effective user experience (UX). In addition, human factors need to be considered when 

designing an effective and contextual UI. Although we have metrics to measure almost everything, what does 

happen when the user is tired, occupied or busy in any other way may change the intended outcome of a task. 

Since having arrived in the era of ubiquitous computing, many products seem to be enhanced by an in-built 
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computer device without considering the possibilities. Although smart technology is accumulating all sorts of 

personal data, it tends to rather react than proposing an adaptive solution. Context aware UIs can utilise the 

various sensors of our devices to aid the user in a wide range of circumstances, emergencies being one of them.  

In 2006 Nilsen & Bjelland (2006) describe a wide range of physical changes the human body experiences in an 

emergency situation. The release of epinephrine and cortisol affects the human response and led them to suggest 

the need for guidelines for design in a context of stressful situations.  

This paper suggest a development of UIs that can anticipate and adapt to the specific needs of a user with 

limited situational awareness considering ergonomics, semiotics and cognitive feedback loops. 

 

RELATED WORK 

Meng et al (2016) conceived a touch-less interface for an operating theatre. The premise on this project was to 

come up with an alternative input device to replace the prevalent use of mouse and keyboard. Meng notes that 

one of the most important rules in an operation theatre is the maintenance of a sterile environment. They 

prototyped a solution tracking the user’s fingers with a wearable RGB-D sensor strapped to the person’s 

forehead. It enabled the user to navigate a pointer on a screen and allowed for basic interactions with simple, 

unobtrusive gestures. In this system, traditional input devices like mouse and keyboard have become obsolete 

and converted into a NUI. However, since tasks in operating theatres are quite complex, this system will need to 

offer more variations of gestures to accommodate focused and specific interactions. The NUI will stop being 

natural when gestures need to be learned. Meng’s project shows a good concept where context, user need and 

motion sensors can reduce cognitive load (the amount of cognitive tasks that can be processed at any given 

time). 

As example for calm technology, the electric car company Tesla introduced a camera assisted autopilot system 

in their cars in 2014. A combination of 8 cameras and 12 ultrasonic sensors are gathering data while the car is in 

motion. Without driver input the car is capable of avoiding obstacles, matching traffic speed and steering 

autonomously. While this technology is capable of enhancing the driver’s ability to pilot the vehicle, it is 

important to evaluate this system for its safety features due to possible conflicts between complacency of the 

driver and reliability of the system.  

To combat these issues, the autopilot software is equipped with a collision warning and emergency breaking 

system. The dialogue of camera and radar system in combination with the car’s software collects and evaluates 

traffic conditions not only as they occur, but are also capable of predicting the path of vehicles in front of the 

car. With this technology the collision warning system is capable of alerting the driver to an imminent accident 

seconds before it occurs. If the driver fails to react in time, the emergency braking system will engage and slow 

the car down. Tesla’s research into autonomous driving, its collision warning system, emergency braking 

combined with ABS brakes are all samples of calm technology. It resides in the periphery of the user and 

engages only when needed, thus enabling the user to drive in conditions that may require coping with a higher 

cognitive load than without these systems. 

Interface design also can benefit from the inclusion of calm technology. In 2016 a team of Microsoft’s research 

centre (Hinckley et al, 2016) introduced pre-touch sensing for mobile devices. Their project is exploring the 

possibilities of touch on a mobile prototype hardware sensing the hand grip on the edges of the device as well as 

anticipating the finger as input device before making contact with the screen. The anticipatory sensing of an 

interaction is demonstrated with a mobile video interface and an internet browser. In this application, a video 

fills the entire screen without showing any interfering or obscuring UI elements. As soon as the device senses an 

approaching finger, navigation elements fade in providing quick comprehension of its functionality and inviting 

interaction. Another demonstration of the hardware’s anticipating sensors shows a calm browser. As before, the 

hardware is capable of sensing the finger before any interaction occurs and the visuals on the screen show a 

normal mobile web browser. As soon as a finger hovers over the text, hyperlinks and navigation elements are 

subtly fading in and encouraging interaction. Currently, mobile devices are incapable in emulating the “hover” 

state of resting over GUI elements people are used to from desktop computers. This development does introduce 

additional gestures for mobile devices, thus increasing the combinations and possibilities of interaction. It also 

demonstrates that sensors on mobile devices encourage new approaches in the development of NUIs allowing 

for different hierarchies of information display and the inclusion of a calm interface capable of anticipating and 

adapting to the users’ needs.  

In the time of ubiquitous computing, user expect more enabling functions that are fit for purpose and less 

demanding. The designers’ task today is to focus on the context, where and how the interface engages affective 

human-computer interactions. The visual design is only a part of a holistic approach that can be supported by the 

inclusion of an unobtrusive, calm design. 

287



Kremer  Calm technology and anticipatory interfaces for emergency response 

 
 

Full Insight Paper – Human centred design for collaborative systems supporting 4Rs 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

RESEARCH METHODOLOGIES 

To be effective, interface design needs to be contextual – although today’s era of ubiquitous computing offer a 

range of audio-visual, kinetic and tactile interactions we still experience interfaces that rely on our former 

understanding of HCI. Traditional input devices like mouse and keyboard on stationary computer for navigating 

a GUI are gradually being replaced by NUIs. The designer of a traditional GUI as seen on a website or computer 

program only needs to consider a limited number of settings in how the work will be experienced and – in most 

cases – cater for a person behind a screen using mouse and keyboard as sole input aid. Mobile devices and their 

included sensors allow for an infinite number of possible situations in which the user can utilise the device. UI 

designers now need not only consider how their work will be perceived on a smaller screen and only with 

fingers or speech recognition software as input device, but include awareness of the physical location, time and 

task to solve. Additionally, advanced application design utilise combinations of built in data gathering 

technologies like gyroscope, accelerometer, compass, global positioning system (GPS), microphone and camera 

or communicating data via speaker, screen, vibration alerts or bluetooth. 

Mobile applications show their full potential when they are designed with consideration to the technical 

possibilities and the context of its use. A street map mobile application is superior to a static web app since it 

can utilise the exact location of the mobile phone and show a directed and personal method of wayfinding. Most 

of these functions are expected by the user and take place in the foreground of the interface, meaning they are in 

direct view of the user and unambiguous in their function. 

In 1995 Buxton describes an approach of HCI with a simple matrix (Fig.1). In human-human interaction, 

conscious tasks and intentional activities are considered to take place in the foreground (like conversations, 

phone calls, etc) while the background is a place were actions occur that can be considered “behind” the 

foreground or in the periphery. An example would be a person being aware of someone in the next office typing 

and conclude that this person is busy. The same model in a human-computer interaction context shows the 

traditional GUI as being in the foreground while tasks that appear to take place without a conscious effort of an 

interacting person are considered to reside in the background. An example is smart house technology where 

light goes on automatically when someone is entering the room as opposed to the person manually flicking the 

switch. 

   
Fig.1 

Buxton’s model of technology-mediated communication and interaction based on the communication 

object (human or computer) and the ground (foreground or background), with examples of each class 

and some distinguishing characteristics. 

 

These technologies are neither new nor uncommon, however one may argue that their more useful features are 

not only “smart” but “wise”, meaning rather than simply reacting to programmed task, they are capable of 

gathering and utilise data about a situation, adapt the behaviour and even anticipate a user’s next move. 

In 1991 Weiser explained the underlying concept of calm technology with these words: “The most profound 

technologies are those that disappear. They weave themselves into the everyday life until they are 

undistinguishable from it.” Weiser (1994) also goes on about his findings and claims that the computer as it is in 

use today still is the centre of attention rather than to behave like other tools that do not demand focus in order 
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to work as intended. Many designers are still concentrating their efforts in making the interaction the major part 

of the user experience in which the user has to follow a predetermined set of rules rather than their own 

intuition. However, since we are getting used to be constantly surrounded by technology, designers seem to 

catch up and proposing solutions aiding a user with the least interference possible. However, the pendulum can 

swing both ways and design trends propagating the use of a radically reduced UI (labelled “No-UI”) quickly 

fizzled out when designers became aware that the aesthetics of a polished, image heavy experience interfered 

with the minimum of a required guidance and affordance.  

Weiser (1993) worked closely with John Seely Brown to refine their ideas and form them into guidelines for 

interaction designers. They considered the era of ubiquitous computing to be the beginning of when calm 

technology can be explored to its full potential. A prevailing aspect of Weiser & Brown’s concept of calm 

technology is its existence in the periphery of a person. It does not only include the field of vision, but is 

considered everything in the person’s noticeable area of conscious and subconscious awareness, in the same 

way Buxton explained the foreground - background relationship in human to human and human to computer 

interaction. The term calm technology is occasionally misunderstood and it needs to be mentioned that the 

concept of “calm” does not relate to a person experiencing it as a state of mind, but rather the technology being 

in an engaged but “idle” state. Another relevant characteristic inherent to calm technology is trust. Established 

(and at the same time unobtrusive) safety features in computational devices designed for transport, sports or 

healthcare can impose trust on a subconscious level. 

Calm technology and design seems to be more prevalent in industrial design practice and often are a less 

common decision in the planning and design of software applications. However, as previous samples have 

shown, calm technology in interface design does not only offer a unique and enriching experience, but has the 

potential to become the prevalent modus operandi in interface design.  

In order to utilise the possibilities of calm technology in interface design, the content needs to be separated into 

the capabilities of the foreground while subsidiary features reside in the background. Both are sympathetic to 

each other and require to work symbiotically to be effective. Including this, features and foreground – 

background relationship of calm technology can greatly enhance the experience without overburdening the user. 

Interaction design making use of calm technology does need to be inclusive and offer the user an initial learning 

phase to explore what hidden (calm) features can be expected and to what time. Additionally, the user needs to 

be given a choice to opt-out and use the software without its prosthetic feature. The design needs to work in a 

dedicated initial state and the prime function of the calm technology is support of the foreground task and only 

to appear when the need arises. 

A conscious design decision in the development is the event or task that precipitate the appearance of the 

intended function. These are contextual and can range from external as in transmissions sent by official channels 

over to individual where the device is monitoring the user’s behaviour on a repetitive task. In case of multiple 

connected devices, the combined collected data can immediately be analysed as the sum of the network and 

translated into useful information aiding in navigation or pinpointing areas of interest.   

Stress response in humans: 

In 2006 Nielsen and Bjeland describe the human response in a high stress situation and suggest the need for 

design guidelines. In a stress situation or any emergency situation that triggers a fight or flight response the 

brain releases epinephrine and cortisol. The former releases energy for your muscles which comes into effect 

immediately, while cortisol takes about 15 minutes to cut out functions that are not immediately needed for 

survival. Other physical reactions to stress include: Increased heart rate and blood pressure, diluted pupils, 

sweating and breathing becomes shorter. Another response noted by Nilsen and Bjelland is cognitive tunnelling 

– a condition where the stressed person can only focus exclusively on one task occurring with reduced fine 

motor skills and a narrowed field of vision. 

When designing technology for events that impose limited situational awareness in a subject, it is important to 

avoid stressing an already agitated person and examine the opportunities offered by technology and semiotics to 

reduce stress. Bertin (1983) propagates clarity to be a key component for ensuring legibility of visual 

communication and suggest the variety and selectivity of variables to be predictable and founded on a clear 

message. He devises rules for graphic density as well as retinal variables which can be grouped according to 

their relative effectiveness (MacEachren, 1995). These variables include orientation, colour, size, texture and 

shape. Some retinal properties are more effective in disseminating information. Position, for example is the most 

effective for some type of visual data then other, while grayscale is effective only in a comparative context. 

Graphic density also does affect the rate of comprehension speed of a message. The denser the grouping of 

visual variables, the less the recipient can distinguish between them and read the information. (Bertin, 1983). He 

also suggest the inclusion of “retinal legibility” – the use of contrast in order to separate between useful primary 
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information and secondary background noise. His concept of predictable information is a direct result of his 

observations that in many cases background noise has become more visible or even competing with the more 

important, actual information. Especially in a stress situation, retinal legibility can offer valuable opportunities 

for fast comprehension when combining variables. It is paramount that a user under stress does not get 

overburdened with more information but rather enabled to separate between variables and select them by 

intuition. Bertin states: “When two variables are each associated with a different component, the combination is 

no longer redundant, it is ‘meaningful’”.  

Colin Ware’s (2004) finding on preattentive attributes for information visualisation offers a deeper 

understanding how these variables can be minimised and utilised to engender an intuitive decision within a split 

second. Ware suggests the consideration and possible combination of colour, form, movement and spatial 

positioning of visual elements. Movement in particular lets a navigational element stand out and encourages 

interaction. The way this movement is perceived by the user can trigger various emotional responses, for 

example, a very quick transition from one screen view to another suggest a level of urgency, while a subtle and 

unnoticeably slow transition can evoke the polar opposite.  

Concepts and opportunities for UI design in stress situations. 

In an emergency situation or any other circumstances that impose a high cognitive load, a user must neither be 

overwhelmed with new information nor be reminded about their situation. Calm technology enabled interfaces 

in their natural state can be elaborate, detailed and even customised to personal preference in their appearance 

and function. After some practice, user learn how to read, navigate and comprehend an interface and its use can 

become second nature (like using a computer keyboard). In general, a proficient user will have performance 

expectations that are continously met and without fault. The visual language of the interface is well understood 

and consistent spatial position of its elements requires low cognitive effort for navigation. 

When the user’s situation changes from low to high cognitive load – for example in an emergency – the 

technology may need to change its information density and variables, while maintaining the same visual 

rhetoric. Design elements may change some of their attributes but need to be consistent in semiotic values and 

intent. New elements and icons may appear but need to be unambiguous in their visual communication and 

consistent in appearance of coinciding interface elements. Additionally, the number and density of elements in 

this ‘reactive’ interface state need to be lowered and very precise in their conceived function (affordance). 

Preattentive attributes like colour contrast, typography and to a certain extent movement in scale of important 

visual elements can influence decisions in a very effective manner, however it is advisable to keep spatial 

positioning and form consistent with the foreground state. Audio signals like alarms are counterproductive if 

they produce a continous sound, but can be effective as a subtle reminder that something is about to change. 

Examples mentioned in the first chapter could benefit from the inclusion of calm technology in the UI. Meng’s 

interaction design for the operating theater focus on reducing the physical efforts of HCI, but do not include 

human factors. Visual perception of the interface, its effectiveness in a real patient-surgeon scenario and how 

the system performs when surgeon or patient encounter an unexpected situation offers an opportunity for further 

exploration. Interfaces for medical applications have low interactions paired with high information content, 

meaning the performing surgeon needs to observe multiple information streams simultaneously while having 

little control of manipulating the presented data. If one of these information streams require more attention (i.e. 

patient health data) it could increase in size and take up more of the screen real estate reflecting the level of 

urgency. This transitions in scale need to be subtle and manageable and could also include variable speeds of its 

transformation for an additional level of information. Albeit having a high information content the inclusion of 

movement, form and spatial positioning in an animated and fluid UI can promote a quiet and subtle way of 

communication without stressing an already preoccupied operator. 

Previously mentioned Microsoft’s calm browser for mobile devices shows a promising start for exploring the 

technology further by utilising built-in sensors of mobile devices to aid a person in distress. If a device 

recognises multiple failed attempts to perform an interaction it could increase the touch target size of the area. 

Data gathered by gyroscope and accelerometer could “stabilise” a selected or entire screen area in a similar 

fashion a picture stabilising gimbal is capable of levelling a camera, thus enabling a moving person to use an 

interface simultaneously and uninterrupted. 

How the experience unravels is subject to the nature of the emergency and can be separated into two models. 

The premise of the gradual model (Fig.2) shows a stress situation with slow progress. The user is aware of the 

situation and has a reasonable timeframe to react. The interface of this model can utilise gradual transitions to 

reduce its information density depending on the current need. 
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Fig.2 

demonstrating the continuum of experience in a calm technology enabled interface relying on a gradual 

reduction and plain visual language. 

 

The rapid model (Fig, 3) shows an unforeseen stress situation, as in an emergency. The user has no time to 

prepare and requires a quick and targeted response. The information density immediately needs to be reduced to 

its essentials in number and detail. There are two more pathways for further progress after the initial shock. 

Rapid a adapts the information density according to the user’s cognitive capabilities, for example after a 

successful evacuation. Rapid b keeps the information density to its essentials unless prompted otherwise. 

 

Fig.3  

shows the same model relying on a very concise and directed visual language with an opportunity to 

increase information density if the situation demands it.  

 

Case study – floodscape 

Emergency management research has shown that education and awareness campaigns are more successful tools 

for enabling communities in crises than the building of shelters and central hubs for emergency evacuation. The 

mobile app Floodscape aims to show a concept of merging adaptive and anticipatory UI while considering the 

limited cognitive abilities and visual perception of a user in a stress situation. The purpose of this app is building 

resilience and awareness about tsunami risk in a community, but doubles as a notification and emergency 

wayfinding system if an actual event should occur. The application is split into two sections: The initial, 

educational section shows the user what does happen in a large scale tsunami disaster in their community. The 

UI consists of an elaborate and engaging visual language inviting the user to simulate and experiment with 

various outcomes of a possible flooding event in their communities. Existing faultlines and plate tectonics of the 

local area are shown on an interactive 3D map and the user can – choosing from various scenarios – trigger 

virtual tsunami simulations on their screen. A close up view of the flooded area lets the user explore the 

outcome in greater detail and offer a starting point for conversations and the planning of possible nearby 

evacuation routes. The experience design of this educational section is intentionally elaborate, inviting and 

detailed in order to encourage on-going engagement and discovery. This section of the app advises what group 

of people the users are most likely want to get in contact with, how they can prepare and where to seek further 
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information. This state of the app is described as “dormant”.  

 

Fig.4 

shows the app floodscape with their equivalent functions in both states of their function, ‘dormant’ and 

‘active’. Simulations become warnings, risk maps are changing to response maps. The navigation is 

reduced to most important elements allowing quick access to current location, escape routes, times and 

notification functions. 
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The “active” second – calm – section of the app focuses on the timely evacuation and transmission of crucial 

information needed in an actual event. In case of a verified tsunami warning (and as a response to data 

dissemination from official channels), the former detailed UI of the first stage makes way for a plain and 

unambiguous interface catering for a person with limited situational awareness, reduced motor skills and 

restricted visual perception. Backgrounds have been kept neutral to enhance contrast when needed and colour is 

only used to shift attention. Background and coloured elements are consistent in their function and denotation 

throughout the warning stage. Former APIs showing risk maps in the education stage of the app are now 

converted to response maps and suggested escape routes indicate only the absolute necessary information. In 

these maps, primary colours are only used for high information content. There are two separate kinds of maps 

available, a converted risk map focusing on emergency infrastructure and an anticipative, personalised and 

responsive tracking system displaying the current position and suggesting evacuation routes. This system is 

especially useful for users not familiar to the location. A countdown displaying the estimate time of arrival of 

the first wave increases in contrast and size according to the level of urgency. In the development of this section, 

readability and accessibility of the typography was important. A modular messaging system allows the user to 

pick a variation from a range of concise sentence modules. These will be compiled into a comprehensible 

message indicating the level of urgency the user may require help on and can then be sent to predetermined 

groups like neighbours, family or emergency services.  

Overall, the user navigation has been designed so that all interactive elements resemble their function and 

encourage exploration. The calm stage can be activated anytime and a simulation function lets the user 

investigate the visuals communication of this stage. Learning and memorising the emergency functions will help 

in a real tsunami scenario. An audible alarm is only used once for the initial warning and not further repeated to 

avoid further stressing the affected person. 

CONCLUSION 

Calm technology is a design philosophy and industrial design practice enhancing the usability of a product 

without imposing its function on the user experience. Visual perception and other human responses may 

undergo dramatic changes in a situation of stress and this paper aims to encourage UI designers to include a 

second, subdued layer of functionality in their products. The goal is to allow information to move in and out of 

the periphery of the user’s experience and assist in focusing at the task at hand. In the area of UI design, calm 

technology shows great potential in supporting the user’s needs and ability to focus on what they need, when 

they need it. Considering and incorporating the concepts of calm technology as a second layer into every day 

applications can not only aid in the perception of the displayed information but also offer an advantage in timely 

decision making. 
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ABSTRACT 

The contemporary world is characterized by several large-scale hazards to human societies and the 

environments we live in, including the impacts of climate change. This paper outlines theories concerning 

cognitive psychology and complexity dynamics that help explain the challenges of responding to these hazards 

and the complex systems which create them. These theories are illustrated with a baseball metaphor, to highlight 

the need for decision-making strategies which do not rely on comprehensive information where comprehensive 

information is not available. The importance of tools which can support more efficient uses of limited 

information is also outlined, as is the way that these tools help combine the computational resources and 

acquired experience of several minds. Existing research has been used to investigate many of the concepts 

outlined. However, further research is required to coalesce cognitive theories with complexity theories and the 

analysis of group-level interactions, towards improving important disaster management decisions.  

Keywords 

decision-making, complexity, macrocognition, computational media, ecological rationality 

INTRODUCTION 

We live in an epoch which, according to Fiksel (2006) and Patterson, Miller, Roth, and Woods (2010), is 

characterized by increasingly complex and interdependent human systems. This is an epoch which is often 

referred to as the Anthropocene: a world marked by many challenges resulting from our unsustainable 

interactions with surrounding ecosystems. We are to blame to a large extent, for complex ecological degradation 

that has resulted in the extinction of 52 percent of the world’s species between 1970 and 2014 (World Wildlife 

Foundation, 2014). In the meantime, unprecedented and compounding challenges posed by human contributions 

to climate change only appear to be accelerating (Intergovernmental Panel on Climate Change, 2014). Urgent 

mitigation and adaptation decisions are required, to address these dynamics in many parts of the planet.  

Ours is also a world marked by ongoing natural hazard impacts that remain relatively un-mitigated. As outlined 

by Donner and Rodríguez (2008), with particular reference to the Indian Ocean Tsunami of 2004 and Hurricane 

Katrina in 2005, these impacts are often worsened by expanding human populations that tend to migrate towards 

large cities and coastal areas. As at 2013 and 2014, financial losses from natural hazard events (140,000 million 

USD inflation adjusted; 110,000 million USD) were roughly equivalent to inflation adjusted losses suffered 

over the previous 30 years (Munich RE, 2014). As outlined by Huggins, Hill, Peace and Johnston (2015), these 

kinds of contemporary challenges mark the need for a dramatic shift in understanding decisions concerning 

complex phenomena, and a shift in the way such decisions are evaluated and improved.  

The current paper makes a case for using a concept of decision-making efficiency drawn from cognitive 

psychology, to evaluate and improve decisions concerning complex scenarios. It defines the particular 

complexity of certain scenarios resulting from interactions between human (e.g. urban planning) and non-human 
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(e.g. tsunami causing seismicity) systems. The paper then discusses the need to evaluate and improve decisions 

concerning these scenarios, that occur over relatively long timeframes and have even longer-term implications; 

before outlining a novel approach to understanding how decision-making in complex scenarios. A theoretical 

framework is then outlined, for assessing tools that are located externally to the physical brain1 but which can 

form an essential element of these decisions.   

The Cognitive Challenges of Complex Scenarios 

Interactions within social and social-ecological systems in which the phenomena outlined above are embedded 

create problem scenarios which are very often ill-defined. Instability and unpredictability mean that there is very 

rarely enough information to take an elaborate, relatively comprehensive approach to making decisions in these 

scenarios (Patton, 2011). Furthermore, the breadth of relevant information available often demands the expertise 

of multiple experts and various other stakeholders before a useful decision can be made. This means that 

networks of decision makers are being called upon to make relatively time-pressured decisions that will 

nonetheless have medium and long-term implications. A coherent and cohesive theoretical framework is 

required, for evaluating and improving the way important decisions are being made in these challengingly 

complex, modern day scenarios.  

For the purposes of the current paper, complexity is defined in terms of aggregate complexity: Where 

interactions between two or more system components create phenomena that is emergent and hard-to-predict. 

Aggregate complexity can be illustrated in terms of physics, using the example of a double pendulum. Using the 

example shown in Figure 1, a single pendulum follows a path that is relatively easy to predict in relation to its 

initial movement. However, it is much more difficult to predict the path of a second pendulum secured to the 

weight of the second. This is because the path of the second pendulum results from a standard pendulum 

trajectory combined with the path of the first pendulum. This creates a complex situation, even without 

considering feedback effects from the second (lower) pendulum on the first (upper) pendulum. According to 

Christini, Collins and Linsay (1996), the path of the second pendulum is therefore characterized by what they 

called “high-dimensional chaos” (p. 4824). This high dimensional chaos is what makes the path of the second 

extremely difficult to predict in any reliable fashion - hence the question mark appearing to the bottom right of 

Figure 1.  

 

 

Figure 1. Second Pendulum Creating Aggregate Complexity 

                                                           
1The anatomical brain, located within the human skull. 
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The apparently chaotic implications of aggregate complexity range much wider than the physics class-room. 

Relevant scenarios include, but are not limited to, eventualities such as the environmental degradation and 

disaster events outlined above. These are definitively complex scenarios because they result from interactions 

between two or more system components, such as human industrialization and melting sea ice, or interactions 

between flora degradation and animal populations. According to Manson (2001), such interactions between two 

or more of system components can lead to other characteristics of a complex system, including:  

- changes effected by structures within the system (Allen & Hoekstra, 1992); 

- fluid interactions with the surrounding environment (Rugman, 2012);   

- learning and memory within the system (Wilson, 1988); 

- hard to predict, emergent outcomes (Lansing & Kremer, 1993; Patton, 2011); and 

- constant change and evolution (Allen, 1997, Andrade Jr., Wainer & Moreira, 1995; Correig, Urquizu & 

Vila, 1997; Sanders, 1996). 

 

The current paper makes a case for using a concept of decision-making efficiency2 drawn from cognitive 

psychology, to evaluate and improve decisions concerning scenarios resulting from aggregate complexity. These 

are scenarios affected by high levels of change which can be hard-to-predict or constant, and which therefore 

constrains information gathering and algorithmic decision-making3 approaches alike. This understanding of 

limitations on decision-making efficiency has typically been applied to rapid decisions being made by relatively 

isolated individuals4. The current paper argues that, in order to address challenges highlighted by theories of 

aggregate complexity, understandings of decision-making constraints need to be extended much further than the 

mind of any individual making decisions in apparent isolation.  

According to Holmes, Trueblood and Heathcote (2016), research into how relatively isolated individuals deal 

with new information and use it to make a more or less effective decision help us understand important 

everyday processes such as safely moving between lanes on a freeway. For example, research by Kiani, Hanks 

and Shadlin (2008) has shown how longer sequences of changing information can lead to a primacy effect, 

where decision-makers remember earlier information. This effect meant that participants in Kiani et al. (2008) 

did not remember information received after receiving a certain amount of new information. Both of these 

research precedents were complemented by Tsetsos, Gao, McClelland and Usher (2012) who also identified a 

recency effect, where decision makers focused on the most recent information but only when they were given 

more time to make each decision. This recency effect only occurred when participants were allowed to take up 

to one second, instead of 300 milliseconds to make decisions. 

The research by Tsetsos et al. (2012) exemplifies how pre-existing decision-making research has tended to focus 

on decisions made within extremely brief timeframes. Holmes et al. (2016) noted this limitation in their own 

research into decision-making under changeable conditions, because delayed responses pushed the key 

phenomena of interest (decision accuracy) outside their two second data collection timeframe5. While a lot of 

prior decision-making research appears to have focused on response time as a key measure, there is a need to 

evaluate and improve decisions occurring over a much longer response time. These are decisions which can 

often have very long-term consequences, such as decisions concerning urban planning and ecosystem 

conservation in the face of climate change and other aspects of environmental disruption. 

 

ECOLOGICAL RATIONALITY 

Todd and Gigerenzer (2003) used the concept of ecological rationality to describe the adaptive fit between 

short-cut decision-making strategies and the demands of real-world, ill-defined domains. In the absence of 

sufficient information to take an effective, more elaborate or even algorithmic approach, these domains often 

require a more abbreviated decision-making strategy or decision-making shortcut (Todd & Gigerenzer, 2003). 

Ideally, these decision-making shortcuts will form an achievable and effective response to the challenges posed 

                                                           
2 The effectiveness and relative speed of decision making. 

3 Approaches to decision-making prompted by a highly detailed, step-by-step flow chart. 

4 For example, sitting alone under tightly controlled laboratory conditions. 

5 The limited timeframe within which research participant needed to respond. 
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by the extreme form of bounded rationality6 experienced in complex scenarios.  

However, with reference to the ecological nature of ecological rationality, this only applies to certain decision-

making shortcuts in certain situations. Decision-making shortcuts do not always make a good fit with a 

surrounding decision-making context, or ecology. As outlined in seminal papers by Kahneman and Tversky 

(1972), Tversky and Kahneman (1973) and a large body of subsequent research including Todd and Gigerenzer 

(2012), abbreviated decision-making processes are often highly flawed and can lead to unfavorable outcomes. 

Examples include how restricting cognitive processes to recent information exposure disrupts assessment of 

current, climate-related risks (see Nicholls, 1999). Neglecting the standard occurrence, or base rate frequency, of 

common life-threatening hazards (see Goodie & Fantino, 1996) forms another challenge for ecological 

rationality, concerning particularly effective decision-making short-cuts in particular situations.  

Decision-making short-cuts used in a range of decision-making scenarios are commonly referred to as 

heuristics. This term is generally used to describe short-cut cognitive processes which are relatively fast and 

frugal (Gigerenzer, Todd and the ABC Research Group, 1999). Cognitive heuristics are fast because they 

demand few cognitive resources and can therefore be executed rapidly. They are frugal because they require 

relatively little information to produce a response. Gigerenzer et al. (1999) provided the example of a decision 

tree used to guide rapid decisions about heart attack patients arriving to an emergency ward. This decision tree 

was fast because it only required answers to a brief series of three questions. It was frugal because the three 

questions could be answered using a limited range of readily available information (blood pressure, age, and 

heart beat). 

The term heuristic has also been used to describe decision-making short-cuts constituting ecological rationality. 

A heuristic process which is ecologically rational focuses on information which directly facilitates what a person 

wants to achieve, rather than relying on a more detailed representation of the decision-making situation (Todd & 

Gigerenzer, 2003). The heart attack decision tree epitomizes this efficient application of usefully selective 

heuristics to a particularly demanding decision context. Rather than attempting to provide a full diagnosis and 

longer-term prognosis, doctors used this decision tree to determine more immediately life-threatening 

characteristics.  

Several, apparently common heuristics had been identified by the time Todd and Gigerenzer (2003) authored the 

concept of ecological rationality. These heuristics included the availability heuristic (Kahneman & Tversky, 

1972), where decisions are restricted by the information that is most easily recalled by a decision maker. This 

was the heuristic observed by Nicholls (1999), affecting climate-related decisions. However, and despite the 

range of contexts where the availability heuristic and many others come into play, the concepts of heuristics and 

ecological rationality have traditionally been used to describe decision-making by individuals in marginally 

complex domains such as a baseball player deciding how to run and catch a high ball, alongside financial 

investment and mate selection (Todd & Gigerenzer, 2012).  

Catching a high ball in baseball can be thought of as a marginally complex scenario. However, with reference to 

the basis of aggregate complexity outlined above, the player’s decision still needs to consider interactions 

between their own running speed and various aspects of the ball’s trajectory, such as velocity and wind speed. 

These interactions can pose many challenges for baseball players. Baseball games would be of little interest to 

players and the public alike if catching a baseball was as simple as running at any speed, in any direction and 

simply raising a catching mitt. The interactions involved in catching a baseball nonetheless run between two 

well-rehearsed, fairly constrained, and therefore relatively predictable, system components such as running 

speed, ground conditions and ball trajectory. Although baseball games can keep many sports fans on the edges 

of their seats, there are very few genuine surprises involved –especially when decision outcomes are neatly 

divided between catching, or failing to catch, a baseball. 

ECOLOGICAL RATIONALITY AND COMPLEXITY 

As outlined in the introduction to this paper, scenarios marked by aggregate complexity are the epitome of an 

ill-defined problem scenario within a framework of ecological rationality. According to the concomitant theory 

of complex adaptive systems by Patton (2011), complex scenarios are characterized by fluid instability and 

emergence which is often unpredictable. As in the overarching theory of aggregate complexity, these 

characteristics of fluidity and emergence appear to result from interactions between two or more sub-systems 

constituting a complex system of interest. The terms fluidity and emergence can evoke images of changes in a 

body of water, such as the river reportedly used by Heraclitus (see Graham, 2015) to illustrate the general 

                                                           
6 Where decision making is limited by information available, ability to process that information and other 

constraints (Simon, 1972).  
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principle of flux. However, the use of water as a metaphor does not mean that these terms are instantly 

transparent. 

As a technical term, fluidity refers to an overall state of instability which can make system characteristics very 

hard to define (Patton, 2011). This can result in epistemological challenges concerning knowledge of a system 

state, for example the movement from one season of a climate to another. Fluidity can also result in ontological 

challenges, arising from changes in the over-arching structures of a system. For example, climate change may 

result in radical shifts in the overall patterns of rainfall and temperature which we refer to as seasons. 

Emergence refers to relatively unpredictable phenomena which can result from the complex adaptive system as 

a whole (Patton, 2011). Using a climate-related example, an increase in algal blooms has resulted from the 

interaction of several system components, such as changes in ocean currents, ocean acidity, and rainfall. 

According to Hallegraeff (2010), the resulting emergence of harmful algal blooms has become a highly 

unpredictable outcome of contemporary climate change. 

These phenomena have important implications for decision-making within complex adaptive systems. 

According to Patton (2011), fluidity and emergence within a complex system mean that complex scenarios can 

only be understood in terms of incomplete and uncertain information. This means that, if we accept that 

complex adaptive systems are fluid, without any stable point of static equilibrium, then we must be highly 

skeptical of any apparently comprehensive set of information regarding such a system. That set of system 

information is very likely to be incomplete and even more likely to be out of date. 

Given a lack of reliable and comprehensive information, we are unlikely to find a viable non-heuristic strategy 

for making decisions concerning complex adaptive systems and characterized by aggregate complexity. As a 

result, most viable decision-making strategies concerning complex scenarios are inevitably heuristic. Under 

these conditions, heuristic strategies are necessarily, relatively fast and frugal, compared to more detailed 

analyses of much more exhaustive information sets. More heuristic approaches, such as rudimentary but 

nonetheless effective analyses of fluctuating financial trends (see Camerer & Johnson, 1991), can allow 

decision-makers to function effectively. This occurs despite working with substantially incomplete data, under 

ever-present constraints on time and other resources. The following section expands on this notion, concerning 

the tools and other interactions used to make such decisions, in contexts affected by fluidity and emergence. 

ECOLOGICAL RATIONALITY WITHIN THE EXTENDED MIND 

For the purposes of research into these heuristic decision-making processes, it can be useful to conceptualize 

mental processes involving input to, processing within, and output from, the human brain. However, the 

decision-making heuristics outlined above are unlikely to operate solely within the mind of any individual. Fast 

and frugal human thought has been encoded, recorded and clarified both within and beyond the brain, at least 

since humans made rudimentary sketches on the walls of caves and other surfaces. These sketches were used to 

record the characteristics of animals being hunted, rather than relying on brain-based memory or rudimentary 

story-telling alone. Clark and Chalmers (1998) incorporated the consideration of these types of media into an 

extended approach to cognition, encompassing cognitive processes that include, but are by no means limited to, 

the brain alone.  

Seals used by the ancient Sumerians circa 8000 BC (see Schmandt-Besserat, 1992) form a more elaborate 

example of extended cognition. These objects were created and then iterated outside of the human brain, to help 

calculate the value of animals and food being traded. Relevant, contemporary examples of extended cognition 

include the process of deciding whether to apply for a costly real estate mortgage. Even if we do not consider 

interactions between the potential mortgagee, banking consultants and real estate agents, the resulting decision 

will depend on at least one calculation extending largely outside of the brain. To help consider the interacting 

effects of compound interest, moving interest rates, fee structures, and other costs, banks often provide an online 

mortgage calculator to help clients decide whether they can afford to repay a particular amount of debt.  

Even prior to the widespread influence of internet-based decision support tools, these types of processes have 

been performed using calculator devices, pen and paper, or other components external to the physical brain. 

Extending cogitation to incorporate these components requires processes extending beyond the physical brain, 

including perception and action. As outlined below, these aspects of extended rather than brain-based cognition 

are a focus for research into the use of external cognitive tools in scenarios marked by fluidity and emergence. 

Macrocognitive Precedents 

The extended mind approach has been reflected in innovative approaches to cognitive analysis. This includes 
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research into distributed cognition7 (Hutchins, 1995, 2000) which has been taken up within the over-arching 

field of macrocognition (Cooke & Gorman, 2010). According to Schraagen, Klein and Hoffman (2008), 

macrocognitive research analyses how human cognition adapts to meet the challenges posed by complex 

systems and scenarios therein. In other words, macrocognition addresses the way that human thought processes 

change in response to non-linear interactions between two or more system components and to the implications 

of those interactions (Cooke, Gorman, Myers & Duren, 2013). As outlined by Patton (2011), scenarios marked 

by these kinds of scenarios are particularly challenging when one of the system components is distinctly social, 

such as a human settlement or some other kid of social grouping.  

As briefly outlined in the previous section, the demands posed by complex scenarios often exceed the 

capabilities of an individual decision maker. A wider range of expertise and computational capacities can be 

required. This means that, as outlined by Kozlowski and Chao (2012), macrocognition typically addresses 

decision-making made by and within groups, rather than by relatively isolated individuals, within complex 

scenarios. Examples include decisions made by the crew of an ocean-going vessel (Hutchins, 1995; Cooke & 

Gorman, 2010), or by a team of emergency managers working to organize water storage and mitigation 

activities in a geographic region prone to earthquakes, storms and tsunamis (Huggins, Hill, Peace & Johnston, 

2015). Both of these examples illustrate how macrocognitive dynamics nearly always involve a division of 

labor, between many minds. According to Kozlowski and Chao (2012), this division of labor occurs through the 

pooling, configuration, acquisition and variability of existing knowledge, alongside the intra-team and between-

team emergence of new knowledge. For example, an emergency management team often share the expertise of 

members trained in diverse fields such as rescue, engineering or communications. Team members may also 

generate new knowledge and expertise as a result of working with each other to develop practical disaster risk 

management solutions. 

The value of shared expertise highlights how, although macrocognition encompasses individual decision-

making processes, decisions made by a group, or groups, become paramount. The distributed cognition 

approach to macrocognition highlights how groups collaborating in such complex scenarios use a range of tools 

to generate their shared decisions. The term node is typically used to describe discrete human actors at the center 

of collaborative activities. For the purposes of distributed cognition, external cognitive tools become essential 

nodes between networks of problem solving individuals. Hutchins (1995) provided the example of charts, 

instrument panels and other tools which help the crew of an ocean-going vessel to safely navigate from one port 

to another. Hutchins (1995) referred to each of these tools as a computational medium and this term has since 

been used as part of macrocognitive analyses, to describe the vital role played by information displays and 

similar cognitive extensions, in arriving at effective decisions in complex scenarios.  

Contemporary examples of a distributed cognition approach include analyses summarized by Cooke and 

Gorman (2010), of communications within and between collaborating groups. Other examples include research 

by Huggins, Peace, Hill, Johnston and Cuevas (2015b), and Huggins, Hill, Peace and Johnston (2015), into 

decisions made among emergency managers and their diverse collaborators. These examples, together with the 

original examples provided by Hutchins (1995), show how computational media support a division of labor that 

enhances decision-making effectiveness beyond the limited capabilities of an individual, micro-level of brain-

based cognition. The use of computer networks for meta-computing instead of individual computers (Foster & 

Kesselmann, 1997) illustrates how combining capacities enhances computational power in a largely synthetic8 

manner. This kind of division of labor operates between human and non-human components of extended 

cognition by:  

- off-loading information, to reduce the load on working memory (Tversky, 2011); 

- decomposing large tasks into subtasks (Hutchins, 1995) 

- acting as a mechanism for transforming information through computation and calculation (Hutchins, 

1995); 

- re-presenting or rearranging information so that it is better understood and more natural to use 

(Norman, 1994);  

- providing more effective approaches to interacting with the information sources (Kirsh, 2013), and; 

- facilitating the flow of information and decisions between collaborators (Cooke & Gorman, 2010; 

Kozlowski & Chao, 2012). 

                                                           
7 Where decision-making and other thought is distributed between different people, devices and media. 

8 In this context, non-human. 
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As outlined in Huggins, Peace and Hill et al. (2015), the latter characteristic of computational media appears to 

be supported by focusing on active intentions. Rather than trying to provide a faithful description of all 

surrounding phenomena of interest, computational media may be a more effective element of decisions when 

they focus on the phenomena which users aim to influence. Huggins, Peace and Hill et al. (2015), like Taket and 

White (1996), suggest that taking this pragmatic approach may help mitigate potential friction between 

collaborators with very different knowledge and expertise. In support of theory from Sherif, Harvey, White, 

Hood, and Sherif (1961) concerning the value of superordinate goals9 for mitigating inter-group conflict, 

pragmatic computational media appear to focus on objectives that collaborators hold in common. This avoids 

directing users’ attention to points of fact which are likely to cause friction between collaborators.  

As outlined by Kirsh (2013), the effectiveness of abbreviated approaches may be largely due to what is being 

modelled. Kirsh (2013) provides the example of a mechanic’s sketch. The sketch is not an accurate and 

definitive description of the machinery the mechanic aims to repair. However, this highly practical approach to 

sketching certain system dynamics aligns with surrounding into the effectiveness of modelling approaches to 

learning complex tasks. The mechanic’s sketch, together with the value of non-sequential practice (Kirsh, 2012), 

illustrate the potentials for using relatively rough-grained models as computational media. It seems that 

conceptual models incorporating a certain level of abbreviation may lower the cognitive demands10 faced by 

users while improving their cognitive outcomes (Kirsh, 2013).  

THE HEURISTIC ROLE OF COMPUTATIONAL MEDIA 

There is an important question to be asked, considering the concept of ecological rationality within the domain 

of macrocognition: What is the role played by computational media, as part of effective heuristic approaches to 

high levels of aggregate complexity? In partial answer to this question, computational media used in highly 

complex decision-making scenarios appear to share certain fast and frugal characteristics of heuristic processes 

they are incorporated within. For example, consider the information displays and other tools used to make a 

timely decision to avoid a collision between a large ship and a largely submerged iceberg. These tools may be 

restricted to a highly selective set of information which can be rapidly displayed and incorporated into the time-

pressured decisions required to avoid the iceberg.  

However, frugal information and rapid incorporation are not sufficient to ensure that computational media are 

used as part of effective decision processes in complex scenarios. Computational media do not need to mimic 

human heuristics in order to become part of extended heuristic processes. Ideally, computational tools 

accommodate rather than replace humans’ heuristic capabilities (Norman, 1994), to support decisions which are 

usefully integrated as part of lived experience (Clark, 1998; Hutchins, 1995; Kirsh, 2013; Norman, 2008). This 

is where ecological rationality becomes particularly important, by drawing attention to the comparative 

usefulness, rather than just the characteristics and functions, of particular computational media.  

The concept of ecological rationality helps to highlight that heuristic decisions made using certain 

computational media can be more useful than a more elaborate, relatively comprehensive approach to the same 

decision in the same context. There have been many elaborate approaches to decision-making under complex 

conditions which have made this kind of comparison, to assess the comparative ecological rationality of a more 

heuristic approach. Professional share market evaluations serve as one example here, where detailed stock 

market evaluations have been outperformed by much more rudimentary predictions (Grove & Meeh, 1996). 

Regarding the use of computational media in the same sort of financial contexts, detailed stock market 

evaluations have been outperformed by basic trend analysis (Camerer & Johnson, 1991).  

Like the comparison between detailed stock market evaluations and much more rudimentary models of analysis, 

computational media designed as part of a relatively non-heuristic decision process can be compared with 

components of a faster and more frugal, heuristic, approach. These comparisons can be performed by using a 

range of measures to gauge the effectiveness of resulting decisions. Examples of relevant outcome measures 

include a range of macrocognitive performance metrics used by the United States Naval Sea Command 

(NAVSEA) (2005), including both decision accuracy and situation awareness variables. Strategic awareness 

scales developed by Huggins, Hill and Peace et al. (2015) form another example of gauging the quality of 

decisions using heuristic approaches to complex scenarios.  

Situation awareness is a theoretical construct which was originally used to define the quality of in situ decisions 

made by fighter pilots in combat scenarios, involving complex interactions between friendly and enemy 

                                                           
9 Goals shared by more than one person or group. 

10 Requirements for information seeking, encoding, manipulation, and decision-making in addition to other 

thought-related tasks. 
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combatants, alongside environmental and mechanical components of a combat system. Situation awareness was 

originally defined as: “the perception of the elements in the environment within a volume of time and space, the 

comprehension of their meaning, and the projection of their status in the near future” (Endsley, 1988, p.1). This 

construct has since been developed into a distributed variant, distributed situation awareness, which is shared 

between collaborating individuals and teams (Stanton et al., 2008). The strategic situation awareness scales from 

Huggins et al. (2015) form variants which help gauge longer term implications of the decisions being evaluated. 

As outlined in the section below, these scales can be used to gauge the higher utility of certain distributed 

approaches. 

Operationalizing the Impact of Computational Media in Ecological Rationality 

Huggins et al. (2015) developed scales for assessing the role of computational media in demanding emergency 

management decisions, concerning the aggregate complexity of interacting social and environmental sub-

systems. The scales were adapted from NAVSEA (2005) to gauge: current situation awareness, or the 

perception of relevant information; prospective information seeking quality, or the quality of plans to seek 

further information; and prospective amendment quality, or the quality of planned actions. These three aspects 

of situational awareness were used to rate decisions in response to heuristic or relatively non-heuristic 

computational media, concerning pre-emptive disaster risk reduction activities (Huggins et al., 2015).  

Under design parameters11 used by Huggins et al. (2015), the type of (heuristic or non-heuristic) computational 

media became the key independent variable of interest, affecting emergency managers’ recommendations. The 

emergency managers’ recommendations were then rated by recognized experts in the field of interest using the 

current situation awareness, prospective information seeking quality, and prospective amendment quality 

scales12. Each of the situation awareness scales achieved good inter-rater reliability even though they were rated 

by two quite different groups of experts (operational personnel and disaster research academics). This suggested 

that these scales could be used to gauge both the immediately practical, and more analytical, usefulness of 

decisions made using certain computational media. Data from these scales is therefore particularly relevant 

when other key aspects of the same decisions, such as individual participant differences, remain relatively 

constant between computational media conditions. 

Huggins et al. (2015) applied these scales to responses from participants from operational participants who 

received a request for their opinions regarding an emergency management group’s strategy for pre-emptive 

disaster risk reduction in the face of storm, earthquake and tsunami hazards. This means the scales were used to 

focus on aspects of group level macrocognition.  

Huggins et al. (2015) and Huggins et al. (2015b) operationalized13 an extended concept of ecological rationality 

for evaluating computational media such as that illustrated in Figure 2. The research examined professional 

emergency managers’ decisions regarding real world interactions between environmental elements such as 

earthquakes, storms and tsunami hazards and community-based preparedness activities. Case study (Huggins et 

al., 2015b) and experimental (Huggins et al., 2015) stimuli were developed through interactions with practical 

and academic professionals who had little overlap in their expertise. 

The lack of expertise overlaps between participants had been identified in prior research by Huggins, Peace, 

Hill, Johnston and Cuevas (2015a) which identified different patterns of opinion held by practitioners and the 

academic researchers seeking to assist them. Participants’ comments in response to Figure 2 were then 

compared with comments in response to a text-based table designed to promote a much less heuristic approach 

to the decisions of interest. Participants in both conditions were asked to suggest amendments to the 

computational media, as a form of iterating a manipulatable computational medium. Results from Huggins et al. 

(2015) and from Huggins et al. (2015b), suggest that the comparative usefulness of computational media for 

facilitating relevant decisions in complex scenarios could be augmented by having the following characteristics:  

- time-stamped information, updated at regular intervals  

- piloted colors and symbols  

- clearly structured layouts  

- limited use of text-based information 

                                                           
11 Aspects of the experimental design. 

12 Indices for measuring these characteristics. 

13 Incorporated into an experimental design. 
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- displaying a limited number of elements and element groups at any one time 

- causal linkages drawn between prioritized media elements  

(Huggins et al., 2015b; Huggins et al., 2015)  

 

Other methods for assessing group level decisions concerning complex scenarios have been developed for 

assessing decision support systems, including research by Eguchi et al. (1997) and by McDaniels, Chang, Colec, 

Mikawozc and Longstaff (2008). Taken together with the research by Huggins et al. (2015), these provide a 

substantial opportunity for further research seeking to improve the way computational media support decisions 

concerning complex phenomena. Considering that relevant phenomena include contemporary climate change 

dynamics, natural hazard risk, fragile human interdependencies, and the sustainability of ecosystems 

encompassing human life on Earth, these assessments of computational media represent an important role for 

contemporary cognitive research.  

Research in this area needs to help ensure that computational media can be updated and reconfigured, to mimic 

the continual development and re-development of human neural tissue. This is how manipulatable components 

can be external to the brain but nonetheless form an active, rather than inert, part of extended cognitive 

processes (Clark, 2011). Literature regarding human-computer interactions highlights several other 

characteristics of effective computational media, such as: reliable information (Prasanna & Huggins, 2016); 

document formatting standards (Huggins et al., 2015b; Magee & Thom, 2014); and culturally specific 

adaptations to become more intuitive for diverse users (Reinecke & Bernstein, 2011). There is also a need for 

further research to identify the characteristics of cognitive tasks and contexts that benefit from using these kinds 

of external cognitive aids (Kirsh, 2010, 2013). In addition, as outlined throughout this article, there is a need for 

more research comparing the use of computational media against use of media supporting a less heuristic 

approach to aggregate complexity.  

Ideally, as introduced in the introduction, further research will use experimental protocols extending beyond a 

few seconds of available reaction time. This will examine the processes involved when people make decisions 

made over substantial periods of time, longer than the 10 second timespans or less that are typical of most 

experimental research. Rather than focusing on rapid reaction time as a key variable, decisions incorporating 

extended response times may produce better outcomes in scenarios affected by aggregate complexity. The value 

of information seeking in situation awareness (Endsley, 1988) mark the need for several delays in response time 

while searching for further information in complex scenarios. A considerable body of relevant research, for 

example by Prasanna (2010) and by Sinclair, Doyle, Johnston and Paton (2012), has used a model of situation 

awareness based on Endsley (1988) to research emergency management scenarios, involving multiple 

interactions between human and environmental sub-systems. At the group level of macrocognitive decisions, 

many delayed responses may occur well outside of a standard experimental timeframe - due to the 

communications needed to facilitate an effective division of decision-making labor. It follows that, while 

reaction time may help analyze micro-cognitive operations within wider macrocognitive processes, this is 

unlikely to deliver insights from relatively new research concerning macrocognition.  
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Figure 2. Key performance indicator display for Wellington Region Emergency Management Office. 
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CONCLUSION 

The contemporary human world is marked by a range of eventualities that challenge the survival of human 

societies and our surrounding ecosystems. Many of these eventualities are a result of complex adaptive systems 

such as global and local climate change, ecosystem degradation, and relatively un-mitigated natural hazards. It 

can be useful to accept that these complex adaptive systems and many others are characterized by fluidity and 

emergent outcomes, resulting from the interaction of two or more sub-systems. It follows that such systems have 

no state of static equilibrium. Once these notions are accepted, we can accept that, in the moment we think we 

have a comprehensive set of information about a complex adaptive system, that information is probably 

incomplete and likely out of date.  

Heuristic approaches to making decisions concerning complex adaptive systems may be the best we can hope 

for under these kinds of decision-making conditions. According to the concept of ecological rationality 

summarized following the introduction to this paper, these fast and frugal approaches to making decisions based 

on substantially limited information often out-perform more elaborate approaches to the same decision scenario 

even when more elaborated information is available. However, ecological rationality is also more of a potential 

phenomenon than a universal rule. As outlined by Todd and Gigerenzer (2003), this phenomenon characterizes 

some heuristic approaches to some decision-making contexts.  

The current paper outlined a case for extending individualistic, brain-based applications of the ecological 

rationality concept, to better understand decisions made by two or more people. As outlined in in the preceding 

section, these decisions are often made by sharing cognitive tools located outside of the brain. The broadened 

notion of ecological rationality outlined in the latter section marks a substantial extension from the example 

provided by Todd and Gigerenzer (2012), of a baseball player running to catch a high ball. Decisions using 

computational media can still be relatively heuristic, even though they may not be as fast and frugal as this 

simple sporting metaphor. The heuristic use of computational media seems especially relevant when decision-

makers may have access to a much more elaborate, and apparently comprehensive, approach to the same 

decision being made.  

Limitations 

The proposed approach to extending the concept of ecological rationality is not without limitations. The 

foremost limitation concerns the challenges of taking a macrocognitive approach to analyzing the usefulness of 

shared decision-making heuristics. Usefulness is the key criterion for establishing the ecological rationality of a 

particular decision-making heuristic in an ill-defined, decision-making context (Todd & Gigerenzer, 2003). This 

criterion is easy to apply to the usefulness of the heuristic used by a baseball player running to catch a ball. The 

baseball player either catches the ball, which is useful to them, or they do not, which is not useful. However, the 

usefulness of shared decisions concerning complex scenarios can be much harder to define. Parties to the same 

decision may aim to achieve very different objectives through making the same shared decision.  

As a result of these pluralistic objectives, it may be very difficult to define a unitary measure or set measures for 

usefulness in some decision contexts. This has resulted in the use of process quality measures rather than 

measures of outcome quality for much of the research outlined in the current paper. Situational awareness and 

distributed situational awareness scales do not specifically address the quality of immediate decision outcomes. 

Nor do they address the downstream implications of those outcomes. For future research, these constructs would 

ideally be replaced by context specific measures of decision outcome quality. 

The current paper has highlighted the aggregate complexity of decisions concerning complex human 

interdependencies, climate change, ecosystem degradation and natural hazard risk. It is assumed that each of 

these challenges exist within complex dynamic systems, which demand a relatively novel approach to analyzing 

and improving decisions about aggregate complexity. However, decisions surrounding the most challenging 

complexities of modern day human existence can also be characterized by severe political constraints. Even 

when a broadly useful decision can be made through a relatively heuristic approach, there is no guarantee that 

such a decision will be developed or implemented through the intricacies of multi-lateral, bi-lateral, or even sub-

national political interests. 

Implications for Research into Interface Design and Development 

Kirsh (2012) wrote that: “Once we understand the complex coordination between external and internal 

simulation… …we will begin to reach new heights in design, and create a cognitively better world of physical-

digital coordination” (p. 28). Although there have been several relevant precedents, new research is required to 

further operationalize and exploit the role of computational media as part of ecological rationality in complex 
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scenarios. Applying the concept of ecological rationality to shared decisions in complex scenarios has many 

benefits for cognitive psychology and the populations participating in cognitive psychological research. In the 

absence of an extended notion of ecological rationality, cognitive research into decisions concerning complex 

adaptive systems may be left without coherent criteria for evaluating effectiveness. Although decision 

usefulness can be a difficult concept to operationalize in many decision contexts, this is a challenge that is worth 

tackling in some decision contexts. Even imperfect or plural14 measures of decision usefulness are a marked 

improvement on measures that may have little coherence or explanatory potential.  

Failure to operationalize an extended notion of ecological rationality may also mean that research into relevant 

decisions and the information technology supporting them lacks a coherent point of comparison. Arbitrarily 

comparing one decision making process to another would be a very ad hoc approach to making structured 

scientific explanations, especially when there can be so much at stake. Areas such as disaster risk reduction, 

marked by substantial risks to lives, livelihoods and surrounding societies, exemplify one area requiring 

substantial improvements to decision-making tools and processes. In this area, as in many other domains 

affected by aggregate complexity, research operationalizing an extended notion of ecological rationality can 

make profoundly positive impacts on the world we live in. This research will benefit from collaborations with 

engineers and designers tasked with creating the many interfaces which humans use to interact with each other 

and with synthetic computational capacities. Such an approach to relevant research would substantially improve 

the ability of heuristic computational media to support decisions with a more profoundly positive affect on our 

lives and on the environment with which we interact.  
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ABSTRACT 

Inter-organisational collaboration is often cited as a factor in effective emergency response to mitigate risks and 

impacts of extreme events, such as natural disasters (James, 2011; Power, 2017). However, collaboration during 

times of emergencies is problematic. Moreover, previous research have not paid much attention to the enablers 

and barriers of such collaborations in disaster settings. This research aims to investigate how barriers and enablers 

influence collaborative systems in disaster environments in Malaysia.  

This study employs a qualitative methodology using a multiple-case study design. Malaysia National Disaster 

Management Agency was the focal organisation and focused on two floods in Malaysia. By interviewing thirty 

experienced participants in disaster, the findings detect salient enablers: proficiency of stakeholders in managing 

relationships, competent leaderships, and preparedness. Absence of these factors hinder collaboration in disaster. 

This research recommends to academic and practitioners on collaborative nuance to accomplish mutual goals 

between partners that neither could achieve individually.  

KEYWORDS 

Inter-organisational collaboration, barriers and enablers of collaboration, natural disaster, disaster management 

and collaboration processes.  

INTRODUCTION 

Little is known of how collaboration develops during complex emergencies such as when responding to natural 

disasters (Astley & Fombrun, 1983; Gray, 1989; Jing & Besharov, 2014). The diversity of membership, 

different organisational values, authorities and resources make inter-organisational collaboration a complicated 

endeavour. This qualitative research seeks to answer two primary questions. First, what promote collaboration in 

disasters? Second, what hinder collaboration in disasters?  

INTER-ORGANISATIONAL COLLABORATION IN DISASTER SETTINGS 

Collaboration is generally conceptualised as a voluntary activity with mutual benefits to participating entities to 

solve problems that are too difficult to solve by a single organisation alone (Agranoff & McGuire, 2003; Bardach, 

1998). In this study, the operational definition of inter-organisational collaboration is interpreted as two or more 

organisations engage actively in a constructive and interactive process towards mutual goals that neither could 

achieve individually. 
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There is a growing awareness that collaboration is instrumental in preparing for, responding to and recovering 

from a disaster (Janssen, Lee, Bharosa, & Cresswell, 2010; Vakis, 2006), but managing inter-organisational 

relations is complicated (Cropper, Huxham, Ebers, & Smith Ring, 2009). Literature shows that collaboration is 

often examined from a theoretical lens of resource dependence (Pfeffer & Salancik, 2003), structural contingency 

theory (Donaldson, 2013), organisational learning (Aldrich & Ruef, 2006), inter-organisational networking 

(Biermann, 2008), or leadership and general management practices (Wondolleck & Yaffee, 2000). However, a 

systematic, academic inquiry into the emerging practice of inter-organisational collaboration in disaster 

management remains a critical gap in the literature.  

An extreme event such as a disaster can trigger cross-sectoral, multi-stakeholder collaboration critically needed 

by National Disaster Management Organisations (NDMOs). However, the diverse roles, resources and authorities 

of other organisations (Kapucu, 2008), differences in organisational cultures, authority structures and systems in 

place (Bharosa, Lee, & Janssen, 2010; Mendonça, Jefferson, & Harrald, 2007), difficulty in coordination and 

information sharing (Bharosa et al., 2010; Huxham, 1996) and lack of common interoperability tools for effective 

communication (Daclin, Chen, & Vallespir, 2006; Federal Emergency Management Agency (FEMA), 2010) can 

hinder the development of inter-organisational collaboration during disruptive events. Thus, disaster management 

stakeholders find collaboration difficult to develop and maintain (Connelly, Zhang, & Faerman, 2008; Huxham, 

1996).  

METHODOLOGY 

This research uses multiple-case study design (Yin, 2014), an emergent method (Charmaz, 2008; Creswell, 2013), 

to address the dynamics of inter-organisational collaboration in disaster by using Malaysia National Disaster 

Management Agency (NADMA) as the focal organisation. NADMA is the central coordinating agency for 

disaster management in Malaysia. It was established after government overhauled the national disaster 

management mechanism as a result of a failed official disaster response to a major flooding in December 2014 in 

the eastern states of Malaysia. NADMA participated in this research voluntarily as focal organisation. The units 

of analysis are the natural disasters experienced by NADMA and its collaborative partners. Researcher focused 

on two floods happened in December 2014 and January 2017, in Malaysia. Four decades ago, as a child, this 

researcher also experienced a flooding evacuation process. Therefore, the researcher conducts this research not as 

a stranger but as a someone who have experienced disaster first hand. 

Participants  

Natural disasters require a coordinated response among a triad of actors including government and non-

government, established and less-established organisations, to help people in need after a disaster strikes. They 

are referred to as stakeholders. These include decision makers from the government sector (i.e., 10 participants 

from NADMA and members of NDMO), non-governmental sector (i.e., nine participants from major local- and 

foreign-linked non-governmental organisations (NGOs)), United Nations (UN) specialised agencies (i.e., three 

participants from World Food Programme and UN Humanitarian Response Depot), regional inter-governmental 

organisations (i.e., three participants from the Association of the Southeast Asian Nations (ASEAN) organisation), 

and six individuals affected by disaster. These five categories of stakeholders formed the participant groups for 

this study. However, it is acknowledged that other private organisations, philanthropic organisations, the 

communities of media, scientific and academic also play important roles in disaster management. 

 
A total of 30 in-depth interviews were conducted with the abovementioned five categories of stakeholders in 

2016-2017 in Malaysia and Indonesia. The sampling criteria included preferences of cross-sectoral representation 

(i.e.: governmental and NGOs), levels of hierarchy (i.e.: central and state-level governmental agencies), disaster 

management experience (i.e.: disaster aid givers and recipients), and the participants’ societal role (i.e.: key 

strategic and operational decision makers in disaster management and ordinary populations affected by disasters).  

All participants had hands-on experience in responding to or dealing with disaster.  

 

Data collection and analysis techniques 

Semi-structured interviews are the primary method for data collection in this research. Other data were also 

collected from archival records, governmental and organisational documentation, and news records to supplement 

the case studies. Each interview took 60-90 minutes. Twenty-four (80%) of these interviews were conducted face-

to-face while the remaining six (20%) through video-conferencing. Among them, twenty-four (80%) are 

Malaysians and six (20%) were foreign nationals. The interviews were conducted in multiple languages: English 

(70%), Malay (20%) and Chinese Mandarin (10%). The researcher is proficient in these three languages.  
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In using qualitative research methods, research analysis and data collection are a simultaneous and on-going cycle 

throughout the research process: the new concepts derived from the analysis become the basis for subsequent data 

collection (Corbin & Strauss, 2008). Therefore, reflection on memos is useful for subsequent data analysis and 

theory construction. Researcher employed grounded theory tools such as coding, memoing, constant comparisons 

and theoretical saturation to study “dynamic phenomena” (Charmaz, 2008, p. 155) prevalent in inter-

organisational collaboration  in emergencies. The data were organised, sorted and synthesised through qualitative 

coding and memo writing. Subsequently initial coding followed by focused coding are applied to analyse the data 

(Charmaz, 2008). Throughout this iterative process, emerging focused codes become explicit.  

RESULTS TO DATE 

Salient themes emerged intra- and inter-organisationally as a result of data analysis. The findings go beyond the 

typically perceived reasons where collaborating is mainly to meet specific contextual goals of the collaborative 

partners (Agranoff & McGuire, 2003; Bryson & Crosby, 2008; McGuire & Silvia, 2010) or driven by its perceived 

values as symbols of rationality, efficiency and social responsibilities (Bedwell et al., 2012).  

 

The findings to date identifying three enablers promote collaboration. The absence of these three also inhibit 

collaboration in disaster. Among the prevalent enablers to collaboration, first, the competency of managing 

relationships amongst partners leads to collaboration. Such skills are crucial in multiplex relationships (Cooper & 

Shumate, 2012) particularly during disaster response, a complex phase with multiple stakeholders. In summary, 

a mismatched of investment in managing relationship with different actors resulted different outcome of 

collaboration as seen in disaster relief operation. However, managing inter-organisational relationships is 

complicated as evidenced by the different views between a NADMA senior official that uniformed agencies are 

very hierarchical in structure...if you have good relationship with bosses, 80% of the job can be done (male, 57), 

with that of a staff from an international NGO where it was asserted that for [her], it is probably been the most 

difficult country … to work with…. Overall, it is always a nice and good relationship when we meet with them, 

but when you are trying to move something forward [in] a more strategic way that...I think we face 

obstacles (female, 38). 

Second, competent leadership promotes inter-organisational collaboration in uncertainties. The findings reveal 

that the choice of leadership in managing disaster aftermath is contextual, and hence leading to different 

collaborative result. Command-and-control and consultative leadership approaches are interchangeably applied, 

and perceived as necessary. A participant with strategic background from an ASEAN organisation contended on 

the importance of pragmatic leadership in emergencies as follows: 

an authoritarian leader give little chance for people to speak. Another one is very democratic. It 

depends, whether who can bring to finish line. Democratic leader if unable to reach finish line, that's 

not effective. Authoritarian leader, painful but it brings to finish line, it is effective (male, 48) 

Third, early preparedness or readiness facilitates and stimulates inter-organisational collaboration in disaster. The 

extent of coordinating and engaging partners, priorities of capacity building inform the understanding of partners 

about preparedness. Often the understanding is varied. Vast majority of the research participants agreed that 

preparedness is crucial for effective disaster relief response. An experienced NADMA operational official 

summarised his views as follows: 

…because if you prepare the society or the people with adequate information …they [will] know what to 

do before flooding or during earthquake, … so if we educate more to our people, I think we can increase 

the response efforts that need to be done, … it takes less effort for our responsibilities to rescue them. So, 

I think it's more important for collaboration to be done in the preparedness…(male, 34). 

Three salient barriers to collaboration were identified. First, ambiguous organisational roles obstruct collaboration 

and weaken the collective performance crucial for post-disaster relief operation. The inward-looking eccentricity 

common amongst public agencies further distanced other collaborative partners. Lacking organisational role 

clarity made coordination and collaboration difficult not only during normal routines but particularly in times of 

emergencies as evidenced by the observation of a senior official from NADMA as follows: 

…[NADMA needs] to come up quickly, policy and SOPs, so we can have a clear path and understand 

what NADMA's role, and where it is leading to. This should be the first priority... after one year, we still 

like not having clarity of role. We have to work together, like NADMA have to do this and do that, but 

that's merely talking, you have to come in and contribute, right? (male, 57) 

 

312



Jin Lee et al.                                                          Enablers and barriers of collaboration in disaster management in Malaysia 

 

Work in Progress Insight Paper - Human centred design for collaborative systems supporting 4Rs (Reduction, Readiness, 

Response and Recovery) 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

Second, the perceptions of lacking a comprehensive organisational legitimacy and asymmetry perception on 

power and authorities amongst collaborative partners impede collaboration. Over time, collaborative partners were 

becoming more demanding in their expectation on NADMA to deliver result. However, deficient legitimacy does 

not warrant respect and efficiency as evidenced by the observation of a legal expert from a Malaysia-based 

international NGO.  

there are a lot of different issues that play out because of the lack of a unified framework. …lack of 

abilities [as] the national agency to direct focus on what is happening at the local level because they 

don't have the mandate telling them what to do …without the … [emergency] declaration, and legal 

framework. (female, 38) 

 

Third, different perceptions on trust hinder the forming of inter-organisational collaboration. The highest level of 

distrust was between the disaster aid givers and aid recipients. Trust-building is a time-consuming process at times 

shun by public agencies. Other collaborative partners also experienced different levels of trust between themselves. 

There were occasions where public agencies aid givers labelled disaster survivors as “stubborn” and “ungrateful”. 

An example of lacking trust is evidenced as follows as the disaster aid recipient see the world.  

…being fair in the disaster response and preparedness is critical. If the treatment is not fair among the 

people here, our community will lose the trust to each other, and to the government. I also think that 

the unconvincing requirements to receive post-disaster grants is unnecessary and need to be reviewed. 

(male, 63) 

By identifying three factors on quality relationships, competent leadership and early preparedness alone are 

insufficient to promote inter-organisational collaboration in disaster. Collaborative partners from different 

organisations need a common platform for effective information sharing and communication building on 

advanced information and communication technologies. Timely information sharing and devices interoperability 

are critical for effective disaster management. When asked about specific area that he will do differently in future 

disaster response, the participant from the NDMO emphasised on information sharing and communication 

because there is still lacking of coordination between locals, state and the federal government (male, 36). Another 

colleague from NDMO added that the current Incident Command Systems (ICS) used are subject to further 

improvement as the following evidence: 

…depends on the understanding of respective agencies to follow the guidelines, directive…The 

challenges are [because it involved] so many departments in the ICS. If one single agency has 

ICS, they can follow it very good. But if there are so many agencies, they have different 

understanding of ICS, so that's the challenge…. We can learn from other countries, like ICS from 

USA. (male, 38) 

 

As a result, the outcome of the collaboration is uncertain as the overall system stability is influenced by forms and 

processes of a collaborative arrangement (Bryson, Crosby, & Stone, 2006; Sharfman, Gray, & Yan, 1991). Figure 

1 illustrates the major enablers and barriers of inter-organisational collaboration in complex environments such 

as during a disaster response phase based on the findings to date. 

CONCLUSION 

This paper uncovers that three factors are particularly important to promote collaboration in disaster. The absence 

of these factors can hinder collaboration. First, capability to balancing investment in managing relationship among 

partners. Second, leadership and collaborative practice are contextual and constantly change. Third, the attitude 

of how collaborative partners viewed government organisations. Organisations are likely to learn over time who 

to collaborate with, when it should start and how to collaborate in emergencies to attain intended mutual goals. 

Typically, collaborative partners particularly the responsible public disaster administrators and practitioners 

expect advances of information and communication technologies to offer and support interoperable approach to 

effective disaster management. Despite all efforts, nonetheless, there are alarming and widening gap between 

theory and practice for inter-organisational collaboration in disaster environments.    

 

This research hopes to contribute to policymakers, academics and practitioners to managing natural disasters 

effectively, strengthening the recovery of communities during disaster aftermath and alleviating the suffering of 

people.  The research aim is to stimulate both future practice and research to advance theory development in inter-

organisational collaboration in disaster management. An example of such future research is examining how 

NDMOs balance relationships if not competing with major local NGOs who are increasingly competent and 

sought-after in post-disaster relief actions.  
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Starting conditions:
After the onset of a 

natural disaster

Enablers for inter-organisational 
collaboration 

• Proficient relationship 
management

• Competent leadership
• Early preparedness

Barriers for Inter-organisational 
collaboration 

• Ambiguous organisational roles
• Weak legitimate framework
• Different perceptions on  trust

 

Outcomes
(Strategic, 

tactical and 
operational)

  Collaboration processes

 

Ad hoc, case-by-case 
basis, long-term, 

sustainable

Complicated High-stakes

Time-sensitive Uncertainty

  
Figure 1: Enablers and Barriers of Inter-organisational Collaboration in Disaster Management 
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ABSTRACT 

Natural and manmade disasters pose a myriad of challenges, which are more severe for individuals with 

disabilities. Ordinarily to perform daily activities, the disabled get support from assistive technological devices 

and services; these are commonly disrupted during and after disasters. A proposed solution to support those with 

visual impairment is a cost-effective wearable ‘Smart Cap’. The Smart Cap provides narratives about the 

surrounding environment while establishing communication between the user (the visually impaired) and a rich 

online reservoir of knowledge base system capable of vocalising narratives. As a proof-of-concept, this study is 

implemented using Raspberry Pi, the Amazon Web Services and a P-Cap fitted with a camera. The aim of this 

research work is to provide an assistive technology to help the visually impaired navigate their way out of any 

potentially disastrous situation like other citizens would. The proposed system and its usage in disaster 

situations is an innovative, cost-effective solution specifically addressing the needs of visually impaired persons. 

Keywords 

Visually Impaired, Resilience, Disaster, Smart Cap, Internet of Things. 

INTRODUCTION 

Our world is witnessing a growing occurrence of different disasters either natural or manmade almost daily 

(Bar-El et al., 2013) and no society can claim immunity against disasters. Most countries have commenced 

focusing on their disaster management plan by emphasising disaster risk reduction and enhancing the readiness 

of different organisations; in New Zealand, according to the Civil Defense Emergency Management Act 2002, 

the importance and emphasis on preparedness requirements and plans are highlighted (Ministry of Civil Defence 

and Emergency Management, 2002; New Zealand Legislation, 2017). Nevertheless, it is believed that these 

plans will be more effective, if the requirements and demands of all citizens from different groups are 

considered and addressed. In the other words, the plan requires all-of-society engagement and partnerships 

(Duncan, Parkinson, & Keech, 2018). However, in most cases, there are some neglected communities like 

physically challenged people who require additional and often special needs. People living with visual 

impairment are unable to experience the world the way people with normal eyesight do. A fundamental 

challenge faced by this group of people is the inability to navigate between locations effectively like people with 

normal eye sight would. In non-disaster situations, these people have access to different assistive technological 

aids and supporting services; however, during disaster situations, these supporting devices and services may 

become either unavailable or inaccessible. 

Depending on the disaster type and severity, the aftermath can disrupt different infrastructures and the 

fundamental services provided by government that people rely on. This interruption can seriously impact the 

lives of citizens and people living with conditions. Furthermore, the situation is made even worse for physically 

challenged individuals. According to the American Foundation for the Blind, this group of individuals has been 

identified as a vulnerable group that is highly impacted by the influence of disasters (American Foundation for 

the Blind, 2016). The study discovered that Christchurch New Zealand’s 2011 earthquake and Japan's Honshu 

Island earthquake of 2016 affected people with visual impairment, and particularly the older adults. 
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Today, many physically challenged individuals depend on assistive technologies to undertake their day-to-day 

activities. As a result, they will require additional support during and after disasters especially when the 

infrastructure and other services are unavailable. Different disaster management plans (Duncan et al., 2018; 

Ulmasova, Silcock, & Schranz, 2009; World Health Organizations, 2011) have been put forward addressing 

groups with special requirements. Compared to the diversity of the problems and their population, this is still 

minimal (World Health Organization, 2017). The term ‘disability’ covers a wide range of disability forms; this 

study however, focuses on individuals living with visual impairment. A World Health Organization (WHO) 

report states that there are 285 million people with visual impairment worldwide. According to their statistics, of 

this group, 39 million are partially blind and more than 1.3 million are completely blind. In most industrial 

countries, approximately 0.4% of the population is unsighted and in developing countries, it rises to 1% (World 

Health Organization, 2017). 

During disaster situations, those with impaired vision have greater need for assistance and experience more 

difficulty accessing accurate information than the general public. Disabled people are often excluded from 

disaster emergency plans while communication, support, mobility, safety, and access to evacuation centres are 

common concerns (Peek & Stough, 2010). Global positioning system (GPS) has been shown to be unpredictable 

in the aftermath of earthquakes since the topological terrains become altered hence, roadways and footpaths 

become blocked and inaccessible (Goods et al., 2016). This becomes particularly traumatic for people with 

visual impairment as familiar landmarks disappear, road blocks and detours are created, and traffic signals and 

lighting systems are destroyed. 

Recently, the need for navigation and positioning aids has increased. Almost all persons with impaired vision 

use some sort of systems, services, devices, or equipment to help them make their activities easier and provide 

safe mobility (Duncan et al., 2018). Most of these aid devices and services are designed for normal situations; 

only a few have taken emergency or disaster conditions into account. The visually impaired and blind 

population have been neglected in most disaster management plans (Duncan et al., 2018).  Many government 

disaster relief agencies are yet to address key issues pertinent to the physically challenged during disaster 

situations, such as what is the government’s plan to provide proper support and safety maintenance for the 

disabled? Has the government considered the disabled in their resilience and preparedness plans?  Is there any 

specific evacuation plan for the physically challenged by considering their special needs? Special requirements 

need to be taken into consideration and enshrined within the disaster management framework. This research 

attempts to understand these requirements and challenges while providing a proof-of-concept within the context 

of the visually impaired during and after a disaster occurrence. 

The Blind Foundation of New Zealand (2018) have outlined specific needs for this category of people during a 

disaster, which include: the availability of support persons that could lead them to safety, or the use of a guide 

dog (harness) that could lead them to safety while taking along a home emergency survival kit. In the absence of 

these, the Blind Foundation of New Zealand advises on the use of a white cane for safe navigation to safety. 

However, the submission by Royal New Zealand Foundation requires the presence of a second party, which 

during a disaster situation may prove difficult because the second party could be helpless or scampering for 

safety as well. Therefore, the proposed smart cap offers a reliable and safe navigation system to safety without 

requiring a second party. The Smart Cap is both an all-purpose solution that can be used on any occasion and 

during disaster situations, as it offers some unique features like, not requiring the deployment of specialised 

equipment. Other unique differences in comparison to other disaster aid support for the visually impaired are 

outlined in table 1. 

 

Table 1. Unique Features of Smart Cap in Comparison to some Disaster Response Systems 

Aid Type Limitations of Aid Type Smart Cap’s Uniqueness 

Support person Support person may be 

unavailable, trapped or 

scampering for safety too.  

User only needs to wear the smart-cap 

to navigate to safety and does not 

require help from a support person. 

Guide dog 

(harness) 

Could be trapped, killed or even 

traumatized due to disaster. 

 

User only needs to wear the smart-cap 

to navigate to safety; can augment or 

replace the need for a guide dog. 

White cane Ineffective as it cannot be used to 

map a pathway to safety during 

disaster. 

A smart cap be used to map a pathway 

during disaster.  
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The objective of this research study is to design an assistive wearable cap for the blind or visually impaired 

persons. The proposed solution presented is an assistive wearable ‘Smart Cap’ that helps people with visual 

impairment interact and navigate their way to safety by wearing a cap fitted with a camera, which interacts with 

an online voice navigation system (Smart Cap). This solution could support visually impaired people to navigate 

their way to safety as well as identify dangerous objects, ditches, fire and flood water scenarios after disasters. 

The organisation of this paper is as follows: firstly, a discussion on related assistive technologies for the visually 

impaired are highlighted. Next, a description of the design of the proposed solution along with the physical 

implementation of the Smart Cap is presented. The paper concludes with some proposed future work. 

Table 2.  Assistive Technologies for Visual Impairment Problems 

Technology Description Functionalities Limitations 

BrainPort 

V100 (Wicab 

Inc, 2017) 

This device provides 

mild electrical 

stimulation patterns 

over a person’s tongue 

based on the 

information translation 

of the wearable video 

camera. 

 

▪ An electro-tactile stimulation to 

assist the blind for mobility and 

object recognition 

 

▪ Not useful for text and 

sign recognition 

▪ Mostly suitable for 

totally blind 

individuals 

▪ Users need to learn 

how to interpret the 

signals on their tongue 

Eye cane 

(Watrin, 

2014) 

Augments or translates 

point-distance 

information (5 meters) 

into auditory and 

tactile cues for people 

with impaired vision. 

▪ Enhanced navigational abilities 

▪ Covers greater distances (5 

meters) and more angles 

compared to traditional White-

Cane 

▪ Allows visually impaired person 

to have better distance estimation 

▪ Helps navigate from obstacles 

 

▪ Not useful for text and 

signs 

▪ Limited to obstacles 

identification 

Vision smart 

glasses 

(University 

of Oxford, 

2014) 

A navigational pair of 

glasses, which helps 

the visually impaired 

to navigate paths and 

avoid obstacles. 

 

▪ Enhanced awareness of 

surroundings through spatial 

awareness 

▪ Helps navigate past obstacles 

▪ Enhances people’s social 

interaction 

 

▪ Limited to only people 

with partial blindness 

and not suitable for the 

totally blind 

Screen 

readers 

(American 

Foundation 

for the Blind, 

2007) 

A software program 

that reads the 

displayed text on a 

computer screen for 

the blind or visually 

impaired person 

▪ Acts as a navigation interface 

between user, OS and the 

computer programs 

▪ Enhances a person’s interaction 

with computer/electronic devices 

▪ Reads or spells words, sentences 

or complete text. Content 

searching, and audio notification 

searched content. 

 

▪ Use is limited to the 

computer or other 

portable electronic 

devices 

▪ learning to listen to 

speech output is 

challenging and takes 

time for users to use to 

it 

Screen 

magnifiers 

(American 

Foundation 

for the Blind, 

2007) 

 

A software program 

that magnifies text for 

people with low vision  

▪ Text or graphics enlargement on 

electronic devices/screens 

▪ Can follow mouse or keyboard 

command prompt 

 

▪ Not suitable for blind 

or near blind people 

▪ Limited to computer 

devices and not for the 

environmental signs in 

disaster. 

Smart braille 

watches 

(Pulvirent, 

2017) 

A smart watch for the 

blind, fitted with 

sensors to help with 

time notification and 

alerts 

▪ Displays time using up to four 

braille characters at a time 

▪ Vibration and touch sensor for 

tactile recognition of time 

notification and alerts 

▪ Usage is limited to 

alerts and notifications. 

Other functionalities 

become unusable to the 

blind 
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Table 3:  Unique Features of Smart Cap Matched Against the Special Needs of the Visually Impaired 

During Disaster/Emergency Situation 

Special needs of the visually impaired     Unique qualities of Smart Cap for 

disaster/emergency situations 

▪ Need or expect special rescue efforts ▪ Smart Cap is used independently to navigate a 

damaged path 

▪ Desire confirmation of blurry images ▪ Smart Cap is ideally suited to those with severe 

impairment in a disaster situation 

▪ Need a confirming ‘calm voice’ in a 

disaster/emergency situation 

▪ Smart Cap is excellent for those living alone 

(often overlooked in emergencies) 

▪ Extra support in unfamiliar 

circumstances or environments 

▪ Smart Cap can be used immediately in disasters 

if relief efforts are stretched  

▪ Disabled need to do things for 

themselves 

▪ Smart Cap confirms and relays information 

clearly (when normal communication channels 

are disrupted) 

▪ Need familiar, unchanging 

environments 

▪ Smart Cap is connected to the Cloud thus, 

navigates if terrain is changed during disaster 

▪ Require independence and non-

vulnerability 

▪ Smart Cap can build confidence in user in 

emergency situations 

▪ Visually impaired need support for 

atypical activities   

▪ Smart Cap is supplements most guide related 

efforts like the use of a guide dog 

▪ Require support in new surrounding ▪ Smart Cap can offer additional support in 

evacuation centres 

▪ Require sensory inputs to concur for 

greater self-assurance 

▪ Smart Cap cleverly combines sensory 

substitution and position display signals 

▪ Need items to be left or stored in the 

same place, in the same way 

▪ Smart Cap can be kept by the door or in an 

evacuation kit easily when needed 

 

RELATED TECHNOLOGIES FOR THE VISUALLY IMPAIRED DURING DISASTER 

The recent advances in today’s technological innovations has helped mitigate the adverse effects of the several 

challenges and problems faced by many people that are physically challenged. For the physically or mentally 

challenged, advanced technologies have the potential to make their lives easier and more comfortable. In this 

context, Information Technology (IT) makes the scope of mobile assistive technologies broader (Hakobyan, 

Lumsden, O’Sullivan, & Bartlett, 2013). IT can assist people with visual impairment continue their studies, 

work, interact with their communities and maintain an independent lifestyle. Some of the common technologies 

for this group are screen readers or magnifiers, braille printers and watches, reading and writing assistive 

devices. More recently, people with impaired vision problems can use some of the most recent technologies 

such as BrainPort V100, Eye Cane, assisted vision smart glasses, and Amazon Echo. A description of some 

related technologies, their features and limitations are provided in table 2. 

It should be noted most of the IT technologies developed for the visually impaired are mostly designed for 

normal (non-disaster) situations. To the best knowledge of the researchers, no specific technology or device has 

been proposed to support and assist visually impaired persons during disaster situations. There are no assistive 

technological devices that provide basic navigation to safety, reading sign posts to lead evacuees to safety etc. 

Moreover, most of the available assistive devices are not portable or cannot work as a stand-alone system (such 

as screen readers). In addition, other assistive technologies are not immediately available, accessible or 

workable during disaster circumstances. Additionally, immediately after disasters all the routine tasks and 

procedures are normally changed based on the disaster response plans, to cope with disaster situations and 

consequently there could be a high possibility that some of the assistive technologies become unavailable or 

inaccessible due to the occurrence and magnitude of the disaster. 

A one-size fits all approach to planning for the different phases of disaster management cannot work. Support 

agencies and civil defence organisations are overwhelmed and in reality, they have a very limited idea of how 

many disabled persons live or work in their jurisdiction (Fox et al., 2007). Often local authorities 
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unintentionally create more difficulty in their attempt to solve problems, increasing the vulnerability of the 

visually impaired. Guide dogs often have to be comforted or retrained and also suffer trauma (Goods et al., 

2016). Even if support does reach them, people with disabilities can be left behind in evacuated buildings as 

rescue agencies often do not understand how someone could be unaware of evacuation efforts (Fox et al., 2007). 

In all, it is very necessary to consider the special conditions of people with visual challenges during and after 

disasters. These people may be challenged with diverse issues during and after disasters (Ulmasova et al., 2009). 

During disasters, they may have difficulty sensing approaching dangers, reacting in timely manner to avert such 

dangers, movement to safe locations and sensing the presence of disaster responders nearby for help.  Also, after 

disasters, they may be incapacitated to follow their evacuation camp due to their inability to see.  

To reiterate, people with disabilities need to be prepared to do as much for themselves as possible during crises 

(Gretchen & Phibbs, 2017) and a simple, portable and multi-faceted system such as a Smart Cap that supports, 

guides and assures the visually impaired in emergency situations would be invaluable. 

In this regard, we believe that the proposed Smart Cap solution has a high potential to be of great utility to the 

visually impaired during and after disasters. This device is portable, with little time required for setup, few 

hardware/software setup requirements, and besides, it can be deployed and used anytime and anywhere to assist 

and support the visually impaired. A summary is provided in table 3 of the special needs of visually impaired 

people and the uniqueness of Smart Cap in addressing these needs. 

SMART CAP: DESIGN AND IMPLEMENTION 

Mobility assistance for the visually impaired can be categorised into two types. First, the sensory substitution 

system, such as a cane, which extends the sensing range for the individual. The second is the position display 

systems, which provides directions or ambient information and is exemplified using acoustic signals or footpath 

indicators (Amemiya, 2009). According to Ulmasova et. al, a combination of visual and audio messages and 

signals are some of the strategies used for caring for the visually impaired (Ulmasova et al., 2009). The Smart 

Cap aims to provide support for visually impaired persons in a way that a user can interact with their 

environment via a device that provides navigational narratives of direction and objects surrounding the user. The 

narrative is generated by converting the scenes in front of the person to text, which describes important objects 

captured by the Smart Cap. The design of the Smart Cap is shown in figure 1. In the design, the user (who is 

visually impaired) can make a voice interaction that interfaces with a cloud-based machine learning database, 

which helps provide navigational directions and interpret objects around the user. The user can query for 

directions in order to get to a safe location. A series of program codes have been written in Python, which gets 

the keywords of captured scenes from the Microsoft Cognitive Services (converts scenes in front of the user to 

text) and describes the important objects in the scene. The generated text describes important objects in the 

scene and is saved to the database. This generated text helps users identify objects around them even though 

they are unable to see the objects. As a result, users are able to identify evacuation signs and thus, glide their 

way to safety.  

Implementation 

To provide a proof-of-concept for the implementation of our design, we have used the Microsoft Cognitive 

Services which interacts with a fitted visual camera to a P-Cap via a Raspberry Pi for interpretation of objects 

captured by the camera. Figure 1 shows the schematic implementation design of the Smart Cap using a 

combination of Raspberry Pi, camera and cloud technologies (Microsoft Cognitive Services and Amazon Web 

Services). In the figure, the input could be voice query by the user or picture taken by the camera that is 

transmitted via the Raspberry Pi to the Microsoft Cognitive services, which performs task identification. The 

task is identified, interpreted and stored in the AWS DynamoDB database. For interpretation of tasks, the AWS 

Alexa Skills kit triggers an event via AWS Lambda, which triggers the function that extracts the text from the 

DynamoDB and forwards it to Amazon Echo in an audio format understandable to the user. A data/process flow 

diagram is further shown in figure 2, which shows the interactivity between the cloud-based systems and the 

input from the user.  

A description of the functionalities provided by the cloud technologies used are highlighted below: 

• Amazon Web Services (AWS): AWS is a cloud platform that acts as an interface with Internet of 

Things (IoT) gadgets. This platform is used as a device gateway, rule engine, things registry, security 

services and thing shadow that ultimately makes the interaction of IoT sensors/devices possible for 

exchanging, storing and recovering information. In addition, from the created connections through IoT-

enabled devices, a rich and comprehensive dataset and functionalities become available and accessible 

for use. 
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• AWS Software Development Kit (SDK): AWS SDK helps clients associate the equipment with the IoT 

gadget. 

• Raspberry Pi: The Raspberry Pi publishes the message to AWS-IoT Shadow. 

• Microsoft Cognitive Services:  Used for tasks and objects identification. 

 

 

Figure. 1 System Design of Smart Cap 

 

 

 

Figure 2. Data and Process Relationship Diagram 

Hardware Setup 

A list of both hardware and software requirements for the Smart Cap are presented in table 4, while figure 3 

shows the full setup of the Smart Cap fitted with a camera and connected to a Raspberry Pi B+ model. The 

Raspberry Pi is wirelessly connected to the Amazon Alexa that hosts all the AWS services being used in this 

implementation. 

 

Table 4. Hardware and Software Setup Requirement for Smart Cap 

S/No. Device Description 

1 P-Cap Used by the user and hosts the camera.  

2 Camera  This is fitted to the P-Cap. The Creative live HD 

webcam was used. 

3 Raspberry Pi B+ 

model 

The Raspbian framework was installed and used. 

4 Microsoft Cognitive 

Services 

Deployed for image recognition. 

5 Amazon Alexa  Deployed in order to use the AWS services  
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Figure 3. Full Setup of the Smart Cap 

TESTING AND EVALUATION 

To test the performance of the Smart Cap, an individual stood in front of the camera fitted P-Cap (Smart Cap) 

with the following result. The image shown in figure 4 was captured, recognised and interpreted using 

appropriate keywords, which was transferred and stored in the AWS-S3 bucket (storage). The output was further 

translated and stored in the form of a table in Dynamo DB (see figure 5). In addition, the Python command-line 

output classification is shown in figure 6. The output provides an easy query-style that can be used by Alexa. 

Finally, Alexa delivers the audio interpretation of image captured. For clarity, the Dynamo DB generated output 

of figure 5 is re-presented in table 5. 

 

 

 

Figure 4. Captured Image Source by the Smart Cap Camera 

 

 

Figure 5. A Dynamo DB Table Script Translation of Captured Image 

 

 

Figure 6. A Python Script Classification of Captured Image 
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Table 5. Sample Output of an Image Recognition 
 

Image Source Image metadata Keywords Description Request Id 

Smartcap1 Height:480 

Width:640 

Person, indoor, man, standing, 

front, posing, black, holding, 

shirt, camera, room, wearing, 

large, table, woman, young, 

white, blue, kitchen 

A man 

standing in a 

room. 

4fe73a03- 

6197-4daa- 

8ad9- 

fb6e9bb468a4 

CONCLUSION AND FUTURE WORK 

Various research studies have investigated the challenges that disabled people, especially those with visual 

impairment face during and after disasters. Unfortunately, this group of individuals are constantly being 

excluded from disaster management plans in different countries, and no specific supporting devices or services 

are provided for them during and after disaster situations. These people have been identified as a vulnerable 

group who may be affected dramatically by disasters. Besides their loss of vision, their challenges also extend to 

mobility and communication difficulty in disaster scenarios. 

To address this challenge, this research study has proposed the Smart Cap solution that can be utilised by the 

visually impaired for normal activities, and especially during disaster situations. This Smart Cap device provides 

a real-time navigation and narrative system. The device is cost effective (about NZD 200), which makes it 

affordable and accessible for the wider community who suffer from this problem. We hope that this proposed 

Smart Cap can be a step to providing the visually-impaired people with the missing support and services they so 

desperately need during and after disaster situations. 

This research work is only a proof-of-work; in our future work, we hope to make a complete standalone version 

with additional assistive functionalities for the blind. 
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ABSTRACT 

Multiple disaster mobile applications (apps) already exist for public use; however, availability does not 

automatically translate to continued usage. Limited research has explored whether disaster apps are usable and 

whether the apps’ usability affects users’ intent for continued use. The paper presents a work-in-progress study 

that aims to test a usability-continuance intention model for the specific context of disaster apps. 

The study theorises seven usability factors that influence continued intention to use. An online usability survey 

was used to gather user experience data on disaster apps. Initial findings, through structural equational 

modelling, showed that five of the seven usability factors have a significant relationship to continuance 

intention. Although the relationships have different weights and directions, key influencers to users’ intent to 

continue usage are app utility, app dependability, interface output, interface input, and interface graphics. 

The next step of the study will investigate the mediating effects of the factors and the moderating effects of 

users’ experience and technological comfort. 

Keywords 

disaster apps, usability, continuance intention 

INTRODUCTION 

Disaster applications (apps), developed for emergency preparedness and disaster response, are becoming 

popular among the general public (Bachmann et al. 2015). Disaster apps have the potential for improving the 

public's response to disasters, but can be hazards if not designed in the context of its users. Lack of usability 

may cause apps to become useless (Hoehle and Venkatesh 2015); more so in a disaster scenario. Disaster 

situations create conditions of extreme time pressure and high stress where individuals may experience 

degradation in information-processing and decision-making abilities (Sarna 2002). The field of safety-critical 

systems have highlighted the importance of usability (Kwee-Meier, Wiessmann, and Mertens 2017); however, 

most studies have been on tools for responders and not on technologies readily available to the public.  Limited 

research has been conducted on disaster apps’ usability and the effect of usability on users’ continued usage 

intention. 

Hundreds of disaster apps are available for download to the public (Gómez et al. 2013). However, availability of 

technology does not automatically translate to continued use. Market analysis of apps has shown that after the 

first download, 1 in 4 mobile applications are abandoned (Localytics 2017; Deloitte 2012). For disaster apps, 

continued usage is a particular concern; for the apps to be useful, users must accept and acquaint themselves 

with the app before the disaster event (Tan, Prasanna, Hudson-Doyle, et al. 2017). Users must familiarise 

themselves with technology meant for use during disasters; otherwise, it will be of limited use during a complex 

disaster situation (Nilsson & Stølen, 2011). Even if a user downloads the app, but consequently abandons it, 

then the app will be of no value when a disaster strikes.  
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In the domain of disaster apps, this study looks at usability and its relation to continuance intention of use. The 

research in progress seeks to answer the question: What usability factors affect users’ intention to continue using 

disaster apps?  

Disaster apps, in this paper, are mobile apps that aid the public in retrieving, understanding, and using time and 

location critical information to enhance their decision-making process during a disaster situation. User 

behaviour towards disaster apps may be different in comparison to apps that are used day to day (e.g. social 

media apps); the frequency of use for disaster apps may not necessarily be daily but only for critical situations 

(Tan et al. 2016); hence impression on usability at initial use may impact users’ decision whether to keep or 

abandon the app.  

Usability and Continuance Intention 

Information systems (IS) continuance intention, differentiated from technology acceptance, is the “users' 

intention to continue using an IS after its initial acceptance”(Bhattacherjee 2001). Research on continuance 

intention particularly on mobile technology is scarce (Nascimento, Oliveira, and Tam 2018).  The prior papers 

on mobile application continuance intention are often based on the wider IS based literature. Past literature on 

mobile app continuance intention is summarised in Table 1. Theories such as unified theory of acceptance and 

use of technology (UTAUT) and its extended version (UTAUT2), and expectation-confirmation theory (ECT) 

have often been on workplace-based systems; and thus may not have captured the context of mobile 

technologies (Lu, Liu, and Wei 2017).  

Table 1.  Past Literature on Mobile App Continuance Intention 

 Prior papers Factors studied influencing continuance 

 Author, Year Type of apps studied Factors IS Base Theory 

1 (Kang 2014) Social media apps Performance expectancy 

Effort expectancy 

Social influence 

Facilitating conditions 

UTAUT 

2 (Okumus et al. 2018) Diet apps 

3 (Hew et al. 2015) Various Performance expectancy 

Effort expectancy 

Social influence 

Facilitating conditions 

Hedonic motivation 

Price value 

Habit 

UTAUT2 

4 (Chen, Meservy, and 

Gillenson 2012) 

InstaFind Satisfaction 

Perceived usefulness 

Confirmation 

ECT 

5 (Hsiao, Chang, and 

Tang 2016) 

Social media apps 

6 (Oghuma et al. 2016) Instant messaging apps 

7 (Lu, Liu, and Wei 

2017) 

Not indicated Performance expectancy 

Effort expectancy 

Mobility 

Enjoyment 

Satisfaction 

Post-usage attitude 

UTAUT 

UTAUT2 

ECT 

8 (Ozturk et al. 2016) Hotel booking app Utilitarian value 

Hedonic value 

-- 

9 (Hoehle and 

Venkatesh 2015) 

Social media apps App design 

App utility 

Interface graphics 

Interface output 

Interface input 

Interface structure 

10 (Hoehle, Zhang, and 

Venkatesh 2015) 

Social media apps 

11 (Tarute, Nikou, and 

Gatautis 2017) 

Not indicated Functionality 

Design solution 

Interaction 

Information quality 
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In the studies on other mobile technologies, such as for wearable technologies (Nascimento, Oliveira, and Tam 

2018) and e-textbooks (Baker-Eveleth and Stone 2015), both cases had extended traditional continuance 

intention models with the factor of usability; to accommodate the mobile context of the technologies. 

In mobile apps continuance intention literature, usability has also become a point of interest. Tarute, Nikou and 

Gatautis’s study (2017) on mobile apps, although focussed on consumer engagement and its effect to 

continuance intention,  found that positive perception of usability of apps leads to positive engagement therefore 

also to continued intention to use. Ozturk et al. (2016) study suggested that improving the usability of apps 

increases the perception of value of apps that subsequently affects continuance intention. Hoehle and Venkatesh 

study (2015) found that usability accounts for continuance intention for social media apps.  

Among the few studies in mobile app continuance intention literature, only Hoehle and Venkatesh (2015) 

defined usability in more detail. They introduced a holistic mobile app usability conceptualisation defining 

usability to have six factors. The six factors are as follows. (1) App design – the degree to which users perceived 

the app to be well designed, (2) app utility – the degree to which users perceive that app delivers its purpose, (3) 

user interface (UI) graphics – the degree to which users perceive that the interface graphics is effective, (4) UI 

input – the degree to which users perceive that app allows easy input for users, (5) UI output – the degree to 

which users perceive the app displays information effectively, and (6) UI structure – the degree to which users 

perceive the app is structured well (Hoehle and Venkatesh 2015). Moreover, an extensive four-country study 

(Hoehle, Zhang, and Venkatesh 2015) used the usability-continuance intention model, further validating the 

influence of usability factors on continuance intention moderated by espoused cultural values.  

The limitation of usability-continuance intention studies on mobile apps (e.g. Hoehle, Zhang, and Venkatesh 

2015; Hoehle and Venkatesh 2015) is that it has only been applied to the context of social media applications. 

Further research on usability and continuance intention is encouraged whether to see if the research work on 

mobile app continuance thus far is translatable to different types of application (Tarute, Nikou, and Gatautis 

2017; Hoehle and Venkatesh 2015). This study builds on Hoehle and Venkatesh’s (2015) conceptualisation on 

usability. 

A study that investigated user reviews from disaster apps (Tan, Prasanna, Stock, et al. 2017) determined that app 

dependability is an important consideration for disaster apps. In crisis situations, app dependability contributes 

to how users perceive the usability of technology; a crash in an IT system could prohibit users from trusting and 

using the technology (Mills and Chen 2009). The overarching concept of app dependability is that users 

perceive that the app can operate dependably during the app usage cycle (Tan, Prasanna, Stock, et al. 2017). 

Considering this additional factor, we proposed a usability-continuance intention model specifically for the 

context of disaster apps (See Figure 1). 

Research Hypothesis 

This study tried to answer the research question “What usability factors affect users’ intention to continue using 

disaster apps?” by testing the theoretical model (Figure 1). Through analysing the results of a usability survey 

with actual disaster app users, we determined the level of influence each usability factor attributes to 

continuance intention for disaster apps use. The hypotheses are stated as follows:  

• H1: App design has a significant positive influence on continued intention to use 

• H2: App dependability has a significant positive influence on continued intention to use 

• H3: App utility has a significant positive influence on continued intention to use 

• H4: UI graphics has a significant positive influence on continued intention to use 

• H5: UI input has a significant positive influence on continued intention to use 

• H6: UI output has a significant positive influence on continued intention to use 

• H7: UI structure has a significant positive influence on continued intention to use. 
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Figure 1.  Theorised usability continuance intention model for disaster apps 

METHOD 

According to Preece (1993), a common method to evaluate usability is through user surveys. Questionnaires are 

useful tools to collect information about users and their usage of an artefact (Richter and Flückiger 2014).  We 

developed a survey instrument and conducted an online usability survey of actual disaster app users. The 

primary objective of this paper was to identify usability factors influencing user’s continued intention to use a 

disaster app on their mobile phones.  

Instrument Development 

The survey was built using Qualtrics Survey Software, distributed online to disaster app users. Questions 

developed for this research project asked users about their perception of the usability of an existing disaster app 

that they had or were using at the time they completed the survey. The usability questions were based on 

constructs drawn from Hoehle and Venkatesh (2015) and Tan et al. (2017). We conducted a pilot study with 30 

participants, to refine and contextualise the questions in the context of disaster apps. The questions included 

items that reflected continued intention to use and all seven usability factors. Each item asked respondents’ level 

of agreement to the statement on a 5-point Likert scale. We then tested this refined instrument with another set 

of 20 participants, resulting in minor changes in the item wording and questionnaire format. The final list of 

items used for the study is in Appendix-A. Before data collection, this study went through an ethical approval 

process for human participation.  

Sampling and Data Collection 

The sampling frame for this research project was developed by identifying popular disaster apps in New 

Zealand; after which we invited the app developers to promote the survey to their users. As part of an agreement 

with the app owners to promote the survey, the app names are withheld in confidence. Since the survey was 

distributed online, the respondents were not limited by New Zealand’s geographical boundaries; although the 

majority of the respondents are from New Zealand (77.1%), but the survey also attracted respondents from the 

United States of America (9.2%), Canada (2.6%) and other countries (11.1%). 562 participants submitted 

responses. The initial qualifying questions moderated the respondents to ensure they were disaster app users; 

through asking the participants to name the disaster apps installed on their phones. Only 337 respondents 

qualified to be disaster app users. Of these 337, we assessed missing values, outliers, and normality to ensure the 

quality of the dataset. Sixty-six were omitted from the data set because of incomplete or disengaged responses; 

only responses that had a 90% completion rate were included. A final set of 271 entries were retained for further 

analysis being 80.42% of the qualified responses. 
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ANALYSIS AND RESULTS 

The analysis follows the standard two-stage process of structural equational modelling (Hair et al. 2014). First, 

we conducted a measurement model assessment through factor analysis; to provide statistical support that the 

survey items adequately represent the theorised constructs. Second, we conducted a structural model 

assessment; evaluating the causal relationships of the usability factors to the dependent variable continued 

intention to use.  

Measurement Model Assessment 

“Factor analysis is a technique used to identify or confirm a smaller number of factors from a large number of 

observed items” (Worthington and Whittaker 2006). Exploratory factor analysis (EFA) is recommended to first 

ascertain the number of hypothetical factors (Fabrigar and Wegener 2012). Given that we were testing a model 

with an additional theorised factor, and in the specific context of disaster app use, we deemed it appropriate to 

conduct an initial EFA.   We used the software SPSS to conduct the EFA with maximum likelihood extraction 

method and a Promax rotation method. Table 1 shows a resulting pattern matrix. The results indicate eight 

distinct groupings of variables with strong correlations; affirming the theorised number of factors (the seven 

usability factors and the variable continued intention to use) was adequately determined.  

Table 1.  EFA Pattern Matrix 

 Factor 

 1 2 3 4 5 6 7 8 

α 0.959 0.858 0.777 0.924 0.828 0.898 0.916 0.936 

CONT2   0.406      

CONT3   0.880      

CONT4   0.747      

DSGN1  0.983       

DSGN2  0.432       

DSGN3  0.688       

DSGN4  0.799       

UTIL1        .837 

UTIL2        .880 

GRPH1 0.917        

GRPH2 0.913        

GRPH3 0.943        

DPND2      0.834   

DPND3      0.975   

INPT1    .840     

INPT2    .994     

OUTP1       .687  

OUTP2       .820  

OUTP3       .953  

STRU1     .732    

STRU2     .721    

STRU3     .816    

 

Hair et al. (2014), suggests significant factor loading for EFA based on a sample size of 250 is at 0.35; the 

sample size for this analysis is 271, and all factor loadings in the solution are above 0.40. Furthermore, the 

eight-factor model cumulatively explains 76.922% of variance reported in the EFA.  Moreover, the pattern 

matrix shows evidence of convergent validity as the average loadings per factor is greater than 0.70; and initial 

evidence of discriminant validity as there is no cross loading between factors. Reliability was attained in this 

solution as the alpha for all constructs were higher than the recommended threshold of 0.70 (Fornell and Larcker 

1981).  

Having extracted an eight-factor structure through EFA, we then conducted a subsequent confirmatory factor 

analysis (CFA) in AMOS software; to confirm that the factor structure has a good model fit, and to further test 

convergent and discriminant validity.  After reviewing the modification indices, we dropped one item STRU1 to 

achieve a good model fit (See Table 2), with thresholds based on Hu and Bentler’s (1999) recommendation. 
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Table 2.  Model Fit 

Criteria Reported Value Recommended Threshold 

CMIN/df 1.658 <3 and >1 excellent 

CFI 0.979 >0.95 excellent 

RMSEA 0.049 >0.06 excellent 

PCLOSE 0.528 >0.05 excellent 

SRMR 0.053 <0.08 excellent 

GFI 0.913  

AGFI 0.876  

*From Hu and Bentler (1999) 

 

Table 3 shows the construct correlation matrix resulting from the CFA. All factors have composite reliability 

(CR) of greater than 0.70; this indicates reliability based on Hair et al.’s (2014) suggested threshold. The 

average variance extracted (AVE) for all constructs were greater than the recommended 0.50 to establish 

convergent validity (Kline et al. 2012). Discriminant validity was satisfied for all factors; discriminant validity 

can be examined by finding whether the square root of AVE is greater than the absolute value of correlations 

between factors (Hair et al. 2014).  

Table 3.  Construct Correlation Matrix 

  CR AVE CONT DSGN DPND UTIL GRPH INPT OUTP STRU 

CONT 0.815 0.602 0.776               

DSGN 0.876 0.645 0.487 0.803             

DPND 0.903 0.824 0.474 0.674 0.908           

UTIL 0.937 0.882 0.761 0.612 0.517 0.939         

GRPH 0.959 0.887 0.324 0.649 0.542 0.453 0.942       

INPT 0.926 0.862 0.193 0.593 0.522 0.381 0.439 0.928     

OUTP 0.916 0.785 0.468 0.778 0.681 0.537 0.727 0.665 0.886   

STRU 0.890 0.801 0.404 0.716 0.700 0.506 0.593 0.663 0.840 0.895 

Note: Square root of AVE on diagonal 

Structural Model Assessment 

The structural model consists of the seven usability factors as independent variables and the dependent variable 

continued intention to use.  Evaluating the causal model shows that the R2 for continuance intention is at 0.64; 

indicating that the independent variables show sufficient explanation for the variance of the dependent variable. 

Figure 2 displays the results of the model estimation of the causal model, showing the standard regression 

weights of the independent variables to continued intention to use. Five out of the seven paths were statistically 

significant at either 5% or 0.1% level. The results confirm the three hypotheses (H2, H3, H6): continuance 

intention is positively influenced by app dependability (DPND), app utility (UTIL), and UI output (OUTP). 

However, results show counter evidence for two hypotheses (H4 and H7): UI graphics (GRPH) and UI input 

(INPT) have a significant negative influence on continuance intention.  Finally, for two hypothesis (H1 and H5) 

there is no indicated significance: app design (DSGN) and UI structure (STRU) show no significance in 

predicting continued intention to use. The discussion section explains the results.  
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Figure 2.  Results 

DISCUSSION 

Significant Positive Relationships 

The results indicate that the usability factors (1) app utility, (2) app dependability, and (3) UI output positively 

influence the continued intention to use disaster apps.  Thus, the key influencers as to whether users’ intend to 

continue using a disaster app are their perceptions as to whether the app delivers its function, whether it does so 

dependably, and whether it provides information that can be easily understood by the users.  

App utility has the most influence on continuance intention. The more users perceive that the app delivers its 

intended function, the more likely the users will continue using the app. Prior research has emphasised that apps 

should be designed to deliver what is most relevant to users (Venkatesh and Ramesh 2006; Hoehle and 

Venkatesh 2015). The result implies that in designing for disaster apps, the users must be able to recognise the 

purpose of the app and to perceive that the app does not deviate from its main function.   

App dependability also has a significant positive influence on continuance intention. The more users perceive 

that an app can perform dependably the more likely the user will continue using the app. Perceived usability also 

involves avoiding negative experiences such as crashes and errors (Ding and Chai 2015). Customer frustration 

can lead to users uninstalling apps; however, the degree of frustration may be different between hedonic (e.g. 

games, entertainment) and utilitarian (e.g. utility, information seeking) apps (Hazarika et al. 2016). We highlight 

from our results that for disaster apps, which have a specific utilitarian purpose of providing information during 

disasters, the perception of dependability is critical to continuance intention. This behaviour is consistent with 

findings from existing literature where the perception of error-freeness affects the user’s trust and reliance on 

mobile warning apps (Kotthaus, Ludwig, and Pipek 2016). 

UI output also has a significant positive influence on continuance intention; implying that the users’ perceptions 

of the effective delivery of information are important for disaster app users’ continued intention to use. The 

easier it is for users to understand critical information, the more likely they will continue using the app. For a 

disaster app, effective output means to provide information in a manner that can be easily internalised by its 

users in critical situations. The literature of safety-critical systems has emphasised the importance of output 

interface (Prasanna, Yang, and King 2013). Moreover, output considerations for disaster technology must not be 

limited to visual aspects but also consider auditory and sensory outputs as a means to communicate information. 
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Westermann (2017) had affirmed that users are more receptive to sound notifications from apps that provide 

serious information about events (such as thunderstorm apps) and less so from apps that contain less critical 

information (such as gaming apps). 

Significant Negative Relationships 

The results also showed that UI input and UI graphics have a significant negative influence on users’ 

continuance intention for disaster apps, contrary to our hypotheses that they would positively influence use.  

UI input is the degree to which users perceive that the app allows input (Hoehle and Venkatesh 2015). The 

negative relationship between UI input and continuation of use may relate to the specific nature of disaster apps. 

Many apps, such as social media apps, rely on user-generated content; hence, intuitively, apps should be 

designed to allow users to put in information effortlessly. However, the majority of disaster apps are information 

dissemination tools from authorities to citizens (Tan, Prasanna, Hudson-Doyle, et al. 2017), often involving one-

way communication that requires minimal input from users. Requesting user input may provide the negative 

perception that the app is not optimised to provide targeted information to users during disasters. Therefore, for 

disaster apps, results imply that to encourage continuance intention the focus should be on reducing the need for 

users to provide input in the first place.  

UI graphics also has a significant negative relationship to continued intention to use. This is contrary to research 

that has found that the graphical aesthetics of apps provide benefits that attract use (Xu, Peak, and Prybutok 

2015). The serious nature of disaster apps may also drive the results that UI graphics does not drive continuance 

intention. Users often abandon apps because of frustration with the complexities of design; thus products should 

have the bare minimum, delivering its intended purpose to the users as quickly as possible (Pranam 2018). 

Overcomplicating the interface design can confuse mobile app users (Morson 2014). Too much focus on 

graphics may cause users to doubt the seriousness of the app or distract them.  

Insignificant Paths 

The two insignificant paths estimated in the model were from app design and UI structure to continuance 

intention; indicating the two factors do not affect users’ intent to continue using disaster apps. The reasons and 

implications for the insignificant paths will be further explored in future research.  

CONCLUSION AND FUTURE RESEARCH 

The initial results show that usability affects users’ intention to continue using disaster apps; however, the 

factors’ influences have different significance, weights and directions. Three usability factors (UTIL, DPND, 

OUTP) have a significant positive relationship with continuance intention. Two factors (GRPH, INPT) appear to 

have a significant negative relationship; and two factors (DSGN, STRU) do not have a significant relationship 

with continuance intention.  

The results show which areas designer and developers should focus on to enhance continued intention to use for 

disaster apps. Knowing what usability factors can enhance continued intention to use can be helpful for 

developers to know which areas to prioritise. To improve continuance intention, the focus for disaster app 

usability should be on improving the perception of app utility, app dependability and UI output. Conversely, 

reducing the need for input and providing less focus on interface graphics may influence continuance intention 

positively.  

In future work, we plan to explore the reasons and implications behind the insignificant paths, study whether the 

individual factors may have mediating effects on others, and investigate whether users’ experience or 

technological comfort have moderating effects on the results. 

Also, one of the limitations of the study is that it looks at the continuance of use of apps on the assumption that 

users remain constant in using a smartphone device; the study has not considered the technological lifespan of 

devices. The average lifespan of smartphones could be as short as 2.5 years (Statista 2018), future research on 

the continuance of use may also consider the likelihood that the users will re-install the app when they upgrade 

and transfer to a new smartphone. 

 

 

333



Tan et al. Disaster apps: usability and continued intention to use 
 

Work in Progress Research Paper – Human centred design for collaborative systems supporting 4Rs 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

REFERENCES 

Bachmann, Daniel J, Nathan K Jamison, Andrew Martin, Jose Delgado, and Nicholas E Kman. 2015. 

“Emergency Preparedness and Disaster Response: There’s an App for That.” Prehospital and Disaster 

Medicine 30 (5): 1–5. https://doi.org/10.1017/S1049023X15005099. 

Baker-Eveleth, Lori, and Robert W. Stone. 2015. “Usability, Expectation, Confirmation, and Continuance 

Intentions to Use Electronic Textbooks.” Behaviour and Information Technology 34 (10): 992–1004. 

https://doi.org/10.1080/0144929X.2015.1039061. 

Bhattacherjee, Anol. 2001. “Understanding Information Systems Continuance: An Expectation-Confirmation 

Model.” MIS Quarterly 25 (3): 351–70. 

Chen, Leida, Thomas O Meservy, and Mark Gillenson. 2012. “Understanding Information Systems Continuance 

for Information-Oriented Mobile Applications.” Communications of the Association for Information 

Systems 30 (April): 127–46. 

Deloitte. 2012. “So Many Apps so Little Download.” 2012. http://www.mondaq.com/x/192692/IT+internet/ 

So+Many+Apps+So+Little+To+Download. 

Ding, Yi, and Kah Hin Chai. 2015. “Emotions and Continued Usage of Mobile Applications.” Industrial 

Management & Data Systems 115 (5): 833–52. https://doi.org/10.1108/IMDS-11-2014-0338. 

Fabrigar, Leandre R, and Duane Theodore Wegener. 2012. “Requirements for and Decisions in Choosing 

Exploratory Common Factor Analysis.” In Exploratory Factor Analysis, 19–38. 

Fornell, Claes, and David F. Larcker. 1981. “Structural Equation Models with Unobservable Variables and 

Measurement Error: Algebra and Statistics.” Journal of Marketing Research 18 (3): 382. 

https://doi.org/10.2307/3150980. 

Gómez, David, Ana M Bernardos, Javier I Portillo, Paula Tarrío, and José R Casar. 2013. “A Review on Mobile 

Applications for Citizen Emergency Management.” Communications in Computer and Information 

Science 365: 190–201. https://doi.org/10.1007/978-3-642-38061-7_19. 

Hair, Joseph F, William C Black, Barry J Babin, and Rolph E Anderson. 2014. Multivariate Data Analysis. 7th 

ed. Essex: Pearson Education Limited. 

Hazarika, Bidyut, Jiban Khuntia, Madhavan Parthasarathy, and Jahangir Karimi. 2016. “Do Hedonic and 

Utilitarian Apps Differ in Consumer Appeal?” In E-Life: Web-Enabled Convergence of Commerce, Work, 

and Social Life. WEB 2015. Vol. 258. https://doi.org/10.1007/978-3-319-45408-5. 

Hew, Jun Jie, Voon Hsien Lee, Keng Boon Ooi, and June Wei. 2015. “What Catalyses Mobile Apps Usage 

Intention: An Empirical Analysis.” Industrial Management and Data Systems 115 (7): 1269–91. 

https://doi.org/10.1108/IMDS-01-2015-0028. 

Hoehle, Hartmut, and Viswanath Venkatesh. 2015. “Mobile Application Usability: Conceptualization and 

Instrument Development.” MIS Quarterly 39 (2): 1–12. 

Hoehle, Hartmut, Xiaojun Zhang, and Viswanath Venkatesh. 2015. “An Espoused Cultural Perspective to 

Understand Continued Intention to Use Mobile Applications: A Four-Country Study of Mobile Social 

Media Application Usability.” European Journal of Information Systems 24 (3): 337–59. 

https://doi.org/10.1057/ejis.2014.43. 

Hsiao, Chun Hua, Jung Jung Chang, and Kai Yu Tang. 2016. “Exploring the Influential Factors in Continuance 

Usage of Mobile Social Apps: Satisfaction, Habit, and Customer Value Perspectives.” Telematics and 

Informatics 33 (2): 342–55. https://doi.org/10.1016/j.tele.2015.08.014. 

Hu, Li Tze, and Peter M. Bentler. 1999. “Cutoff Criteria for Fit Indexes in Covariance Structure Analysis: 

Conventional Criteria versus New Alternatives.” Structural Equation Modeling 6 (1): 1–55. 

https://doi.org/10.1080/10705519909540118. 

Kang, Seok. 2014. “Factors Influencing Intention of Mobile Application Use.” International Journal of Mobile 

Communications 12 (4): 360. https://doi.org/10.1504/IJMC.2014.063653. 

Kline, Emily, Camille Wilson, Sabrina Ereshefsky, Thomas Tsuji, Jason Schiffman, Steven Pitts, and Gloria 

Reeves. 2012. “Convergent and Discriminant Validity of Attenuated Psychosis Screening Tools.” 

Schizophrenia Research 134 (1): 49–53. https://doi.org/10.1016/j.schres.2011.10.001. 

334



Tan et al. Disaster apps: usability and continued intention to use 
 

Work in Progress Research Paper – Human centred design for collaborative systems supporting 4Rs 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

Kotthaus, Christoph, Thomas Ludwig, and Volkmar Pipek. 2016. “Persuasive System Design Analysis of 

Mobile Warning Apps for Citizens.” CEUR Workshop Proceedings 1817. 

Kwee-Meier, Sonja Th, Marion Wiessmann, and Alexander Mertens. 2017. “Integrated Information 

Visualization and Usability of User Interfaces for Safety-Critical Contexts.” In Lecture Notes in Computer 

Science, edited by Don Harris, 10276:71–85. https://doi.org/10.1007/978-3-319-58475-1. 

Localytics. 2017. “24% of Users Abandon an App After One Use.” 2017. http://info.localytics.com/blog/24-of-

users-abandon-an-app-after-one-use. 

Lu, June, Chang Liu, and June Wei. 2017. “How Important Are Enjoyment and Mobility for Mobile 

Applications?” Journal of Computer Information Systems 57 (1): 1–12. 

https://doi.org/10.1080/08874417.2016.1181463. 

Mills, Alexander, and Rui Chen. 2009. “Web 2.0 Emergency Applications: How Useful Can Twitter Be for 

Emergency Response?” Journal of Information Privacy & Security 5 (3): 3. 

https://doi.org/10.1080/15536548.2009.10855867. 

Morson, Sian. 2014. “Design Best Practices and Mistakes to Avoid.” In Learn Design for IOS Development, 

127–32. Springer. 

Nascimento, Bruno, Tiago Oliveira, and Carlos Tam. 2018. “Wearable Technology: What Explains Continuance 

Intention in Smartwatches?” Journal of Retailing and Consumer Services 43 (July): 157–69. 

https://doi.org/10.1016/j.jretconser.2018.03.017. 

Oghuma, Apollos Patricks, Christian Fernando Libaque-Saenz, Siew Fan Wong, and Younghoon Chang. 2016. 

“An Expectation-Confirmation Model of Continuance Intention to Use Mobile Instant Messaging.” 

Telematics and Informatics 33 (1): 34–47. https://doi.org/10.1016/j.tele.2015.05.006. 

Okumus, Bendegul, Faizan Ali, Anil Bilgihan, and Ahmet Bulent Ozturk. 2018. “Psychological Factors 

Influencing Customers’ Acceptance of Smartphone Diet Apps When Ordering Food at Restaurants.” 

International Journal of Hospitality Management 72 (January): 67–77. 

https://doi.org/10.1016/j.ijhm.2018.01.001. 

Ozturk, Ahmet Bulent, Khaldoon Nusair, Fevzi Okumus, and Nan Hua. 2016. “The Role of Utilitarian and 

Hedonic Values on Users’ Continued Usage Intention in a Mobile Hotel Booking Environment.” 

International Journal of Hospitality Management 57: 106–15. https://doi.org/10.1016/j.ijhm.2016.06.007. 

Pranam, Aswin. 2018. “The Good, the Bad, and the Unusable.” In Product Management Essentials, 125–38. 

Prasanna, Raj, Lili Yang, and Malcolm King. 2013. “Guidance for Developing Human-Computer Interfaces for 

Supporting Fire Emergency Response.” Risk Management 15 (3): 155–79. 

https://doi.org/10.1057/rm.2013.3. 

Preece, Jennifer. 1993. A Guide to Usability: Human Factors in Computing. Boston: Addison Wesley, The 

Open University. 

Richter, Michael, and Markus Flückiger. 2014. User-Centred Engineering: Creating Products for Humans. 

User-Centred Engineering. Heidelberg: Springer. https://doi.org/10.1007/978-3-662-43989-0. 

Sarna, Peter C. 2002. “Managing the Spike: The Command Perspective in Critical Incidents.” In Incident 

Command: Tales from the Hot Seat, edited by Rhona Flin and Kevin Arbuthnot, 32–57. Aldershot, 

England, England: Ashgate Publishing Limited. 

Statista. 2018. “Average Lifespan (Replacement Cycle Length) of Smartphones in the United States from 2017 

to 2022 (in Years).” Statista. 2018. https://www.statista.com/statistics/619788/average-smartphone-life/. 

Tan, Marion Lara, Raj Prasanna, Emma Hudson-Doyle, Kristin Stock, Graham Leonard, and David Johnston. 

2017. “Mobile Applications in Crisis Informatics Literature: A Systematic Review.” International Journal 

of Disaster Risk Reduction 24 (September): 297–311. https://doi.org/10.1016/j.ijdrr.2017.06.009. 

Tan, Marion Lara, Raj Prasanna, Kristin Stock, Emma Hudson-Doyle, Graham Leonard, and David Johnston. 

2017. “Usability of Disaster Apps: Insights from the App Markets.” Albi: 14th International Conference 

on Information Systems for Crisis Response and Management. 

https://doi.org/10.13140/RG.2.2.14298.24006. 

Tan, Marion Lara, Raj Prassana, Emma Hudson-Doyle, Kristin Stock, Graham Leonard, and David Johnston. 

2016. “Mobile Applications in Crisis Informatics Literature: A Systematic Review.” International Journal 

of Disaster Risk Reduction, 1–33. https://doi.org/10.1016/j.ijdrr.2017.06.009. 

335



Tan et al. Disaster apps: usability and continued intention to use 
 

Work in Progress Research Paper – Human centred design for collaborative systems supporting 4Rs 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

Tarute, Asta, Shahrokh Nikou, and Rimantas Gatautis. 2017. “Mobile Application Driven Consumer 

Engagement.” Telematics and Informatics 34 (4): 145–56. https://doi.org/10.1016/j.tele.2017.01.006. 

Venkatesh, Viswanath, and V Ramesh. 2006. “Web and Wireless Site Usability: Understanding Differences and 

Modeling Use.” MIS Quarterly 30 (1): 181–205. https://doi.org/Article. 

Westermann, Tilo. 2017. “Permission Requests and Notification Settings.” In User Acceptance of Mobile 

Notifications, 81–102. Singapore: Springer. https://doi.org/DOI 10.1007/978-981-10-3851-8_5. 

Worthington, Roger L., and Tiffany A. Whittaker. 2006. “Scale Development Research: A Content Analysis and 

Recommendations for Best Practices.” The Counseling Psychologist 34 (6): 806–38. 

https://doi.org/10.1177/0011000006288127. 

Xu, Chenyan, Daniel Peak, and Victor Prybutok. 2015. “A Customer Value, Satisfaction, and Loyalty 

Perspective of Mobile Application Recommendations.” Decision Support Systems 79: 171–83. 

https://doi.org/10.1016/j.dss.2015.08.008. 

 

336



Tan et al. Disaster apps: usability and continued intention to use 
 

Work in Progress Research Paper – Human centred design for collaborative systems supporting 4Rs 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

APPENDIX – A 

Online survey items 

Item ID Statement 

DSGN1 The app’s overall design meets my expectations.  

DSGN2 I think the app needs to significantly change its overall design.  

DSGN3 Generally speaking, the app is well designed.  

DSGN4 I am happy with the overall design of the app.  

UTIL1 The app is of value to me.  

UTIL2 I think the app is useful.  

UTIL3 The app serves its purpose well.  

UTIL4 To me, the app performs as intended.  

DPND1 I am satisfied with the way the app operates from start to finish.  

DPND2 The app works smoothly from start-up to exit.  

DPND3 I can depend on the app to work from start to finish.  

DPND4 I am happy with how the app operates from start to finish.  

GRPH1 In general, the app is visually appealing.  

GRPH2 I like the graphics displayed on the screen of the app.  

GRPH3 Overall, the app uses pleasing visuals.  

GRPH4 I am happy with the graphics of the app.  

STRU1 I find it hard to find my way around the app.  

STRU2 The layout of the app makes it easy for me to locate the content I need.  

STRU3 I think the app has an organised structure.  

STRU4 I am happy with the layout of the app.  

INPT1 The app allows me to enter my preferences or information easily.  

INPT2 I am satisfied with how the app allows me to enter information.  

INPT3 To find it difficult to instruct to app to do what I want it to do.  

INPT4 I am happy with how the app takes in my preferences or input.  

OUTP1 The content of the app is presented in a format that suits me.  

OUTP2 I find it easy to read the information in the app.  

OUTP3 I like how the app presents information.  

OUTP4 I am happy with how the app presents information. 

CONT1 I intend to continue using the app.  

CONT2 I would stop using the app if I find an alternative.  

CONT3 I want to discontinue using the app.  

CONT4 I have considered uninstalling the app.  
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ABSTRACT 

This study estimates the causal effect of the Indian Ocean tsunami in Sri Lanka on household income and 

consumption eight years after the event, using a Difference in Difference method. Deviating from the common 

observation on short-term impacts, these results are suggestive of a potential for some long-lasting and more 

successful recovery scenarios. We observe a strong association between area-wide tsunami disaster shock and 

increases in household income and consumption in the long-term. Still, Sri Lanka received a very large amount 

of external assistance post-tsunami, much larger than is typical for disaster events and one which may not be 

replicable. These findings demonstrate the possibility of a successful recovery from a catastrophic disaster that 

generated growth and benefited households. This is a novel understanding of a catastrophic disaster happening in 

a relatively poor country that is on a rapid growth path.  

KEYWORDS 

Sri Lanka, Tsunami, disaster, household survey, long-run impact 

INTRODUCTION 

The 2004 Indian Ocean earthquake elevated the ocean floor by at least three meters generating a very powerful 

tsunami that killed 226,000 and displaced more than 2 million people in about a dozen countries. A large number 

of casualties and property damage associated with high-intensity disasters like tsunamis obviously have short term 

impacts by reducing economic activity, but relatively less is known about the long-term economic losses.1 Here, 

we are interested in households’ vulnerability to the long-term impacts of the disaster; specifically, we aim to 

identify the impact of the tsunami on Sri Lankan households. In this case, the event was completely unexpected 

and thus undoubtedly exogenous, but its impact is not. Households’ socio-economic characteristics, their exposure 

and vulnerability to the hazard itself, their resilience and access to tools and mechanisms to manage the disaster’s 

aftermath, their preferences, their decisions when the circumstances around them change, and their choices during 

the post-event reconstruction all eventually determined the disaster’s long-term consequences (Hallegatte et al, 

2014; Hallegatte and Przyluski, 2010; McCarthy and Smith, 2009; Mechler, Bayer, & Peppiatt, 2006; World Bank, 

2013).  

Sri Lanka, an island country in the Indian Ocean, is densely populated, with a 2015 population of 20.7 million 

(Central Bank, 2015). The population is 74.9% Sinhalese, 11.2% Sri Lankan Tamil, 4.1% Indian Tamil, and 9.3% 

Sri Lankan Moor. 20.5%, 26.3% and 45% of population work in the agriculture, industry and service sectors, 

respectively (Department of Census and Statistics, 2012).  Administratively, Sri Lanka is divided into 9 Provinces, 

and these are divided further into 25 Districts. Each District is divided into Divisional Secretariats (DS). Each DS 

consists of several Grama Niladhari (GN) Divisions, the lowest administrative unit. Currently, there are 324 DS 

Divisions and 14,009 GN Divisions in the country (Department of Census and Statistics, 2015). In the World 

Bank’s classification, Sri Lanka is a lower-middle income country, though social indicators suggest a higher 

                                                           
1 Economic losses – sometime referred to as induced or indirect losses – are considered in terms of changes to 

flows of goods, services and business or even government revenues. These can emerge in various spatial scales, 

in different economic sectors, and can change rapidly or evolve slowly over longer periods of time (Rose, 2009; 

Hallegate & Przyluski, 2010; Cochrane, 2004). 
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standard of living when compared to other countries in South Asia. From the early 1980s, the country was 

impacted by an armed uprising; seven districts out of 25 were intensely affected by the conflict with the Liberation 

Tigers of Tamil Eelam (LTTE). The armed conflict ended in 2010. Prior to the 2004 tsunami, approximately 25 

percent of the population lived in the coastal region, while 70 percent of tourist hotels and 62 percent of industrial 

units and almost all fisheries were also located there.  

The tsunami reached 13 Districts out of 14 coastal districts, the death toll reached almost 35,500, and the disaster 

affected more than one million people. Infrastructure was severely damaged and the overall economic losses 

totalled USD 1.5 billion, approximately 5% of the country’s GDP (Department of Census and Statistics, 2005) – 

a figure proportionally similar to the damage experienced by Japan in the 2011 earthquake/tsunami disaster. 

Tourism and fisheries were the two sectors most seriously affected.  

A decade after this catastrophic disaster, this paper evaluates the long-term household-level consequences of this 

event in Sri Lanka. The average effect of the tsunami on household income and consumption  in the seven affected 

districts is examined in quasi-experimental (diff-in-diff) setting using cross sectional household data. Since the 

intensity of damages varies across districts, the analysis also sheds light on the spatial dynamics of the disaster 

recovery. 

RELATED LITERATURE ON DISASTER LOSSES 

The large literature on the losses associated with disasters examines consequences at both the micro- and macro-

level. Theoretical models on one hand (Dacy and Kunreuther, 1969; Okuyama, 2003) suggest that the disasters 

on aggregate output are neutral in the long term.  In contrast, the ‘creative destruction’ hypothesis (Benson and 

Clay, 2004; Skidmore and Toya, 2002; Albala-Bertrand, 1993) posits that one should observe positive economic 

growth when destroyed capital is replaced with the most recent technological frontier or it shifts in investment 

towards human capital (Hallegatte and Dumas, 2009).  At the macro level, the available empirical evidence does 

not reach any consensus view, but much of the variance in results is a function of the different foci in each paper—

the spatial scale, type of disaster, time horizon, etc. Two recent papers provide regression meta-analysis of this 

literature (Klomp and Valckx, 2014; Lazzaroni and van Bergeijk, 2014). This literature, however, provides few 

details about the causal channels that lead from the trigger event itself to the macroeconomic aggregate impacts 

that are identified (be they on aggregate employment or unemployment, production, or fiscal and trade deficits). 

The micro-econometric literature is better placed to provide some impetus for the important endeavour of 

unveiling these causal chains. 

In the short term, households manage the financial risk they are exposed to because of natural hazards through 

several risk transfer and risk management tools. Explicit insurance contracts and credit are the primary market-

based arrangements available to manage financial risks, but implicit insurance arrangements (from kin, from 

governments, or from the international community) also play a role in transferring risk away from affected 

households.2 Similarly for firms, the availability of resources for post-disaster appears to play a central role in 

post-disaster recovery.3  

The literature, however, suggests that low-income households are credit constrained and their ability to self-insure 

is limited. This results in variation in expenditures associated with realized risks (Mogues, 2011; Baez and Mason, 

2008; Carter et al., 2007; Baez, 2006; Jansen and Carter, 2013) and poor households use costly ways to confront 

risk, ways that may have long-lasting adverse consequences. These consequences can be especially severe for the 

poorest households (Dercon and Christiaensen, 2011; Dercon et al., 2007).  

Households accumulate savings to cushion the welfare loss. Evidence suggests that household saving is higher in 

countries with greater risk exposure and frequency of intense disasters (Aizenman and Noy, 2015; Skidmore, 

2001). When productive assets are lost due to disaster, households may need to reduce consumption to protect 

their remaining assets (Barrett et al., 2007; Kazianga and Udry, 2006; little et al., 2006). Either way, they can fall 

                                                           
2 Sawada and Shimizutani (2007), for example, observe that the households with collateral and free from 

binding borrowing constraints were better able to cope with income loss following the 1995 Kobe earthquake. 

With limited access to explicit risk transfer financial instruments, the poor respond to shocks by pooling risk 

through social mechanisms such as credit cooperatives and mutual assistance pools (Baez, 2006; Little et al, 

2006; World Bank, 2013). 
3 Following the tsunami, Sri Lankan firms with access to loans or grants performed better (De Mel et al., 2011). 
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into “poverty traps” from which recovery is difficult without external asssistance. Carter and Barrett (2006), for 

example, provide evidence for such ‘asset poverty traps’ among pastoralists in northern Kenya.  

Reductions in household consumption can have significant adverse consequences on well-being: reduced height 

and body mass index for children experiencing these events (Alderman, Haddinot and Kinsey, 2006; Haddinot, 

2006), a strong negative correlation between disasters and secondary school enrolment (Cuaresma (2009), a 

relative deficit in educational and labour outcomes for those exposed to massive earthquakes (Bhalotra, Sanhueza 

and Wu, 2011; Cruso and Miller (2015).  

When formal insurance or other safety nets are not available, the poor diversify their income sources to lower risk 

exposure. Typically, this may be done either through labour sector diversification locally or through emigration; 

Lynham, Noy and Page (2012) observe people migrating away from 1960 Tsunami in Hawaii, but Brata, Groot 

and Rietveld (2014) identify only a temporary change in population in response to the 2004 tsunami and the Nias 

earthquake in 2005 in Indonesia.4 And indeed, research shows that remittances play an important role in the 

household’s reactions to disasters (Deshingkar and Aheeyarse 2006; Harvey and Group, 2007; Mohapatra et al., 

2009; Savage et al., 2007) to recover earlier from catastrophic disasters like earthquakes (Suleri and Savage, 2006) 

and typhoons (Gröger and Zylberberg, 2015). Le de, Guillard and Friesen (2014) observe an unequal access to 

remittances, with the poor having less access and therefore struggling more to recover from the 2012 cyclone in 

Samoa. 

Given the localized impacts of tsunami along to coastal strip, and the availability of several waves of post-event 

household survey data that include geographic information, we are able to describe the dynamics experienced by 

tsunami-affected households in the decade following the event itself. Our main contribution in this paper is the 

focus on the long-term impacts of the event, while most of the previous literature cited above focuses on very 

short-term impacts.  

THE AFTERMATH OF THE 2004 TSUNAMI IN SRI LANKA 

In the immediate aftermath of the 2004 catastrophe, the government established the Centre for National Operations 

(CNO) with special powers to oversee the coordination of agencies involved in rescue and relief. Three task-

forces; (1) The Task Force for Rescue and relief (TAFRER); (2) The task Force for Logistics, Law and Order 

(TAFLOL) and (3) the Task Force for Rebuilding the Nation (TAFREN) were set up to address specific aspects 

of the relief effort (Government of Sri Lanka, 2005).  

The Ministry of Finance set up a coordination system with national agencies, donor agencies, and international 

non-governmental organisations, to support 16 primary interventions or activities identified as priorities. The 

coordination and facilitation roles implementing reconstruction were eventually transferred to  Reconstruction 

and Development Agency (RADA) established in November 2005. Reconstruction activities were coordinated at 

District and Division level by the Government Agent at each level (Post Tsunami Reconstruction and Recovery, 

Joint Report of GOSL and Development Partners, 2005). 

Initially, the government declared a development-free buffer zone along the coast restricting reconstruction, but 

later in 2005 this policy was abandoned due to strong opposition from the public (Ingram et al., 2006). New houses 

were provided based on proven ownership claims for destroyed houses or, alternatively for those unable to claim 

land ownership, through a donor-driven program.  For completely damaged houses, the government provided land 

and cash grants and additional donor assistance to rebuild houses. For partially damaged houses, cash grants were 

provided.  Financing for tsunami reconstruction in Sri Lanka relied mainly on foreign funding. The government 

of Sri Lanka initially estimated 2.0 billion including an ambitious build back long term reconstruction program 

(GOSL, 2005). Almost 1.4 billion were spent on reconstruction by the end of 2006 – two years after the tsunami 

(Jayasuriya and McCawley, 2010). Later, the tsunami reconstruction was managed within the mainstream 

development program. Despite very large flows of relief and reconstruction funds, reconstruction in Sri Lanka 

faced problems of coordination, escalation of construction costs, and other similarly common difficulties in post-

disaster recoveries (Athukorala, 2012; Jayasuriya and McCawley, 2010; Munasinghe et al., 2007).  

  

                                                           
4 This temporary effect may be due to the strong positive influence of the disaster on the peace deal between the 

Government of Indonesia and the Free Aceh movement in 2005. Halliday (2012) reveals people migrating away 

after an earthquake in El Salvador. 
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EMPIRICAL ANALYSIS OF HOUSEHOLD SURVEY 

This study isolates the causal effect of the 2004 tsunami on household income and consumption in a quasi-

experimental analysis using pooled cross-sections of information from household surveys. We include 

observations of 84,303 households obtained in five Household Income and Expenditure Survey waves conducted 

in 1995, 2002, 2006, 2009 and 2012 by the Sri Lanka Department of Census and Statistics. The longitudinal nature 

and richness of household level information covering nearly a decade before and a decade after the tsunami make 

these surveys well suited to investigate the tsunami’s long-term impact at the household level.  

The surveys collected detailed information on household and individual demographics, employment, consumption, 

income and other related data corresponding to the preceeding calendar year. The demographic characteristics 

include variables such as sex, age, marital status, ethnicity, religion, level of education, employment status, house 

ownership; household food consumption (including in-kind  consumption), household non-food expenditure 

(household expenditure on housing, education, health, transport, recreation, household expenditure on durables 

and on insurance and savings; the income of the household (from paid employments, non-agricultural and 

agricultural activities); cash receipts (pension, disability and relief, food stamp, property rent, dividends); and 

remittances (from abroad and from within the country).  

Due to the civil conflict that ended in 2009, the data for eight districts out of total 25 districts are not available 

before the end of the conflict. Thus, survey data for 17 Districts from 1995 to 2013 were used in the analysis. 

Details about the data available in each wave of the household survey and their definitions are available in 

Appendix Table 1. The summary statistics are available in Table 1. The composition of ethnic and religious 

groups, and composition of households according to their location (urban, rural, estate) in the survey sample are 

all comparable approximately to the national figures available from the census, and the sample was collected, in 

principle, to be nationally representative.  

To isolate the causal effect of the disaster precisely, randomised experimentation is ideal, and a (time-series) panel 

of households would be preferable. Since randomised experimentation is impossible and panel data are 

unavailable, we instead use cross-sectional data pre- and post-disaster in a quasi-experimental analysis. The 

identification strategy relies on the standard common trend assumption in difference-in-difference estimations, 

and we show that this assumption appears appropriate in this case.  

To identify the treatment group, we exploit the spatial variation of tsunami damage using reported deaths, 

displacements, homelessness and infrastructure damage (replacement cost) due to tsunami across districts. Our 

aim is to reveal the average causal effect from the area-wide tsunami shock.  Out of 25 Districts, 13 Districts were 

affected by the tsunami and reported mortality rates, the number of people displaced, the number of people that 

became homeless, and the damage to public infrastructure. Out of the 13 affected districts, the Hosehold survey 

covered only seven districts both before and after the tsunami, as the other six districts were directly involved in 

the conflict. Our treatment group comprises the households in the affected seven districts for which we have data. 

In the absence of household level reported tsunami damage, we first estimate the average effect for all households 

in the affected districts (model 2). The previous literature argued that the long-term impacts vary with the 

vulnerability of the affected households (duPont and Noy, 2016). To examine the impact of vulnerability on 

recovery, we estimate two other models. One is estimated for a different treatment group excluding the two richest 

districts (Colombo and Gampaha) and the other for a treatment group including only the two richest districts 

(Colombo, Gampaha).  

Our identification uses difference-in-difference (DID) method. The standard empirical specification is:  

𝑌𝑖𝑑𝑡 = 𝛽1 + 𝛽2𝑃𝑜𝑠𝑡𝑖+ 𝛽3𝑇𝑑 +  𝛽4𝑃𝑜𝑠𝑡𝑖𝑇𝑑+𝑈𝑖𝑑𝑡     (1) 

 

Modifying the standard model, our empirical specification takes the following.   

𝑌𝑖𝑑𝑡 = 𝛽1 + 𝛽2𝑃𝑜𝑠𝑡𝑖𝑇𝑑+𝛽3 𝛿𝑡+ 𝛽4𝑋𝑖𝑑𝑡 + 𝛽5𝛾𝑑 + 𝑈𝑖𝑑𝑡    (2) 

𝑌𝑖𝑑𝑡  is the outcomes of interest- household monthly consumption and household monthly income- and; the unit 

observed is household i, in district d and time t. 𝑇𝑑 is the treatment dummy defining membership in treatment 

cross section (affected=1, not affected=0) and 𝑈𝑖𝑑𝑡  are the unobserved affects.  𝑃𝑜𝑠𝑡𝑖   is a dummy variable to 

distinguish sample by pre and post treatment (post-tsunami =1, pre-tsunami=0).  𝛽2 is the treatment effect of 

interest.   
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Other than the common trend assumption, treatment exogeneity is a key for unbiased estimation. Treatment effects 

are naturally heterogeneous across households depending on household characteristics and the community level 

characteristics that they live in.  By adequately controlling for such heterogeneity, the unobserved variation ideally 

should account for the average causal effect. Household demographic and socio-economic covariates 𝑋𝑖𝑑𝑡 are 

incorporated into the model to control for household heterogeneity. Gender (male=1, female=0), age (years), years 

of education, head of household employment status (binary variables for employed, unemployed and employed 

in paid occupation), household’s ethnic group (binary indicators), and house ownership (binary) are all used in 

the model estimation. Pre shock differences of the treatment and control group that could be due to different time 

trends are controlled by year fixed effects (𝛿𝑡). The geographic differences are controlled by district fixed effects 

(𝛾𝑑) ; these therefore control for the 𝑃𝑜𝑠𝑡𝑖 and 𝑇𝑑  in eq. 1, respectively. Finally, the other differential effects and 

the mean of the error term 𝑈𝑖𝑑𝑡  are assumed zero.  We estimate model 1-4 using this specification. 

However, the exposure of the districts and the households in those districts to the tsunami varied considerably. 

The regions on the eastern and southern coasts were directly exposed to the tsunami waves coming from east-

south-east and higher damages were reported in those districts facing in that direction. We also exploit the damage 

information available across districts to examine how recovery vary when accounting for the level of damage.  

In a different set of regressions, instead of dummy variable for treatment as in the previous model (eq. 2), we 

introduce treatment indices (𝑇𝑑
𝑖𝑛𝑑) into the model. Separate treatment index variables are used for (i) number of 

affected GN divisions divided by the total number of GN divisions in respective District, (ii) population in 

destroyed and damaged houses in each district divided by the total population in each affected district, (iii) 

population in the affected DS divisions in each district divided by the total population in each respective district, 

(iv) total deaths in each district divided by district population and (v) displaced population in each district divided 

by the district population. 

𝑌𝑖𝑑𝑡 =  𝛽1 + 𝛽2𝑇𝑑
𝑖𝑛𝑑+ 𝛿𝑡+ 𝑋𝑖𝑑𝑡 + 𝛾𝑑 + 𝑈𝑖𝑑𝑡   (3) 

The models are estimated using OLS.  Since heteroscedasticity and serial correlation may be present in the data, 

we use district clustered standard errors for inferences.  

RESULTS 

We rely on several waves of the national household survey conducted by the Sri Lankan government. Table 1 

provides some descriptive statistics of this data. In total, 64% of the observations are of households in the years 

following the tsunami, while 51% of the households live in the districts affected by the tsunami – 33% are of 

households in the tsunami areas observed in the aftermath. In some of the estimations, we include covariates that 

are also correlated with income or consumption.  

 Table 1. Summary statistics 

  

Variable Mean Std. Dev. Min Max 

Sex (Household head) .79 .42 0 1 

Age (Household head) 51 14.04 10 99 

Education(Yr) (HH head) 7 2.94 0 18 

Ethnic grp. Sinhalese .85 .35 0 1 

Ethnic group-Tamil .14 .35 0 1 

Household size 4 1.88 1 20 

Household  in rural sector .81 .39 0 1 

Household  in urban sector .13 .34 0 1 

Household  in estate sector(Dummy) .05 .22 0 1 

Household - After Tsunami .64 .48 0 1 

Household  affected by Tsunami .51 .50  0 1 

Affected  Household  observed after Tsunami .33 .47 0 1 

Income (Rs./month) 8536.23 12497 -3595 98732 

Consumption (Rs./month)  11692.86 10584 297 87436 
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Income 

Table 2 presents the results for household income using our preferred specification as it includes district clustered 

standard errors. We observe the average treatment (tsunami) effect (ATE) on household income by examining the 

coefficient ( 𝛽2 in equation 2) for the interaction of the treatment indicator (tsunami-affected district), and post-

tsunami year. Table 2, Column (i) (with robust and clustered standard errors) shows the causal effect (ATE) of 

the tsunami impact on household income. The results indicate a positive average effect on household income in 

affected districts.  Income increased due to the tsunami in the year 2006 by Rs. 7046 (47 US$), slightly reduced 

in the year 2009 (Rs. 5870, 39.14 US$) and increased significantly in the year 2012 by Rs. 15142 (100 US$). For 

further verification of whether observed treatment effect could be due to the treatment district’s specific time 

trends rather than the treatment itself, we include a linear district-specific time trend in column (ii); The inclusion 

of these time trends does not have much impact on the estimated coefficients of interest.  

The effect is clearly seen in the normalised income (the predicted residuals regressing income against household 

covariates and district fixed effects and collapsed by mean and survey years for both control and treatment groups) 

in figure 1. In figure 1, the two parallel lines for treatment and control group before tsunami clearly indicate the 

absence of different income trend between treatment and control group pre-tsunami and appears to confirm that 

our common-trend assumption is valid. The divergence of the two lines in the figure post-tsunami starkly 

demonstrates our finding: households residing in tsunami affected districts experienced an increase in income in 

post-tsunami years. Figure 2 shows the impact across affected regions. 

The results of the same model using five treatment indicaters (equation 3) are presented in column (iii) to column 

(vi). As in column (ii) of table 3, when estimated for the treatment group of the most-affected regions (column v), 

reveals a much more moderate income increase shortly after the tsunami - Rs. 2678 in 2006. This effect, compared 

to an increase of more than three times as much for all affected regions, suggests that the districts that benefited 

the most were those that were perceived as tsunami affected (and therefore received assistance) but were less 

heavily damaged. Again, this suggests the role that assistance played in recovery, with less affected districts 

benefiting the most.  

Column (iii) estimated the same model but excluded the two richest regions (one of them is the capital, Colombo). 

Maybe not surprisingly, in that case as well, we see a much more moderate increase in the positive impact of the 

tsunami recovery on household income. Again, this difference is most likely associated with the increased access 

to post-tsunami assistance for the two richest (and urban) regions that were now excluded. Confirmation of that 

is found in column (vi), where the model estimated focuses on the ATE for the richest two regions. The identified 

ATE is 3-4 times as large for the richest as for the poorest affected regions (column iii). 

In table 3, we describe the ATE on the various sources of household income. In particular, we separately examine 

the ATE for paid income, agricultural income, remittances, transfers, dividends, and rents (and other income). We 

estimate these using the same specification as in table 2 column ii – our preferred specification including district 

time trends. In paid and non-agricultural income sources, the identified ATE for the three post-tsunami years is 

positive, though some of the estimated coefficients are not statistically significant. The increase in monthly income 

from non-agricultural activities is the largest, and also the most statistically significant: in 2006 by Rs. 6934 (53 

USD), in 2009 by Rs. 7242 (55.7 USD) and 2012 by Rs. 10675 (82 USD). As in the table 2, we observe more 

moderate increases in income in the immediate aftermath, and a larger impact observed in the 2012 survey.  In 

most of the households’ income streams, the increase in the 2006 and 2009 is not statistically different from zero 

(no treatment effect) but it is statistically significant and positive for 2012. We also observe that not only do we 

identify the biggest ATE for non-agricultural income, the model’s goodness-of-fit is higher for that income source. 

Our ability to determine the cross-household differences in other income sources is much more limited, and the 

observed tsunami impact (ATE) is in any case much smaller for these. However, the impacts described in table 3 

are the ATE averaged over all affected regions, and the districts were exposed to the tsunami in varying degrees. 

Results by district (online appendix) show that household in all affected regions except Puttlam experienced 

increase of income and the positive impacts persisted into the 2012 survey. Figure 2 illustrates the variation of 

impact among the affected districts.5 We note that the 2006 survey was conducted less than two years after the 

tsunami disaster and 2009 marked the most intense fighting between the government and the LTTE, just before 

the conflict ended in 2010. These observations suggest that our finding that income increased more in 2012 may 

                                                           
5 Conversion of Sri Lankan Rupees to USD is based on the August 2016 exchange rate of 1USD=145 Rs.  
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be quite intuitive. When examining districts separately, we find that Colombo (CMB) and Gampaha (GMP) have 

significantly higher incomes; while most other districts have lower income post-tsunami.  

Table 2. Impact of tsunami on household income 

 

 

Figure 1. Noirmalized income Figure 2. Income effect across districts 

 

  

Independent 

Variables 

(i) 

Average 

effct across 

all districts 

Robust SE 

(ii) 

District 

Clustered  

Robust SE 

(iii) 

Exclude 

Richest 

districts 

(iV) 

High 

intensity 

districts 

(v)  

Low 

intensity 

districts 

(vi) 

Richest 

Districts 

Treatment*2006 

 

7048 

(2428) *** 

7022 

(2898) *** 

2678 

(1568) * 

2626 

(1280) ** 

6574 

(3551) * 

11763 

(1845) *** 

Treatment*2009 5870 

(1681) *** 

5787 

(2474) *** 

2864 

(1246) ** 

2832 

(840) *** 

5572 

(2822) ** 

9257 

(1098) *** 

Treatment*2012 15142 

(3992) *** 

15066 

(4802) *** 

8096 

(3189) *** 

8536 

(1812) *** 

13406 

(6915) * 

22894 

(2932) *** 

Year fixed effect Yes Yes Yes Yes Yes Yes 

Household 

covariates 

Yes Yes Yes Yes Yes Yes 

District fixed 

effects 

No Yes Yes Yes Yes Yes 

District time 

trend 

No Linesr linear linear Linear linear 

constant -600 

(1050) * 

1497 

(568) *** 

3510 

(1212) *** 

1008 

(1811) 

-629 

(1205) 

-546 

(1101) 

R-squared 0.49 0.52     

Observations 84393 84393 65996 55974 52051 58871 

345



De Alwis and Noy                                                                                                                Sri Lankan Household after Tsunami 

 

Full Research Paper – Understanding Risk, Risk Reduction, Consequences and Forecasting 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

 

Table 3: Impact of tsunami on household Income by source of income 

Consumption  

Tables 4 includes the detailed estimation of the impact of the tsunami on household consumption and its 

components, respectively. As discussed above with respect to income, our preferred specification in column (i) of 

includes the household covariates and the district fixed-effects, and is estimated with district clustered standard 

errors. In column (i), the estimated ATE for consumption is positive in the three years post tsunami for which we 

have a measurement, but is statistically significant only for the immediate aftermath, and for the longer term (in 

2012). As was the case for income, the impact in the longer term (2012) is larger than the impact in the immediate 

aftermath. Importantly, however, the positive observed increase in consumption is much smaller than the increase 

we identified in household income. It appears that the increase in income does not translate very well into increases 

in welfare (consumption).  

 

As we observed that the increase in income was much smaller for the most heavily damaged districts (column iv 

in table 2), we observe that the same districts did not experience an increase in income but rather appeared to have 

experienced a decrease in consumption (though the decrease is not statistically significant – see column iv in table 

4). The difference between the two richest regions and the rest of the affected regions is less stark for consumption 

than it was for income, but we still observe a bigger increase in consumption in the richest districts than we 

observe for the other affected districts in the longer term (columns iii and vi in table 4).  

The normalised income is presented in figure 3 (predicted residuals when regressing consumption against 

household covariates and district fixed effects are collapsed by mean and survey years for both control and 

treatment groups). The figure depicts the parallel consumption trends before the 2004 tsunami, and the steeper 

increase in consumption observed for the treated (impacted) districts. At the district level (figure 4), we find 

temporary gains for Matara and Gall; persistent gains for Kalutara, Gampaha, Hambantota, Colombo and Puttlam. 

Figure 4 illustrates the variation of impact across the impacted districts. 

The surveys we use include details questions about expenditure patterns, so we use the same diff-and-diff 

methodology to identify ATE for each component of expenditure (table 4 column vi, viii). When distinguishing 

between food and non-food expenditures, we find that, food consumption actually increased in the affected 

districts as a consequence of the tsunami, while non-food consumption increased marginally in year 2012.  

 

  

Figure 3. Normalized Consumption Figure 4. Consumption effct across districts 

Income 

sources 

 

Paid 

income 

Agricultu

ral 

Income 

Non-

agricultur

al Income 

Remittanc

e 

Transfers Dividends Rents and 

other 

income 

Treatment*

2006 

994 

(1282)  

-1030 

(574) * 

6934 

(2777) *** 

42  

(133) 

144 

(110)  

-18 

(26) 

-155 

(243) 

Treatment*

2009 

172 

(1214) 

-1456 

(657) ** 

7242 

(2917) *** 

59 

(126) 

23 

(197) 

-9 

(33) 

-44 

(355) 

Treatment*

2012 

4243 

(2181) ** 

-1544 

(660) ** 

10675 

(4024) ** 

839 

(256) *** 

789 

(205) *** 

67 

(43) 

-179 

(360) 

Constant 1122 

(880) 

-43 

(203) 

1205 

(567) ** 

-286 

(116) *** 

-272 

(154)* 

-23 

(20) 

-69 

(129) 

R-squared 0.35 0.15 0.24 0.06 0.08 0.01 0.03 
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Table 4: Impact of tsunami on Household consumption 

CONCLUSION 

Few research projects attempted to identify and quantify the long-term impact of a catastrophic disaster on 

household wellbeing. Most research attention is usually directed to an event in its immediate aftermath, and 

interest eventually wanes. From a macroeconomic perspective, the majority of the evidence points to very little 

aggregate effects at the national level and more substantial adverse local long-term effects. Yet, little is really 

known about the impacts at the micro/household level in the longer term. Here, we estimated the effect of the 

Indian Ocean tsunami in Sri Lanka on household income and consumption eight years after the event, using a 

difference in difference method.  

A strong association between area-wide tsunami disaster shock and increases in household income and 

consumption in the long-term emerged from our empirical investigation. Deviating from the common observation 

in the literature on short-term impacts, these results are suggestive of an optimistic potential for long-lasting 

positive consequences. More importantly, recovery we observe gives a record of the disaster effect on directly 

affected households, spillovers to unaffected neighboring households and captures ex-post reactions to the disaster 

and household risk preparedness pre and post disaster.  

We note that Sri Lanka received a very large amount of external transfers post-tsunami, much larger than is typical 

for disaster events (Becerra et al., 2014 and 2015). The increases in consumption and income we identified, can 

be associated not with ‘creative destruction’, but purely due to the infusion of atypically massive amounts of 

external resources for rebuilding. Only an accounting for the amount of assistance received, per district, could 

possibly start to allow us to differentiate between these two hypotheses; regrettably, such accounting in the 

analysis is impossible due to lack of aid data. 

Our findings suggest a more nuanced picture with respect to household consumption impacts. Concurrently with 

the increases in income, we observe an increase of food consumption expenditure and only find a marginal 

increase in non-food consumption. The increase in food consumption, however, is much smaller than the increase 

in income. As household expenditures on durable assets are not available in all survey waves, we are unable to 

evaluate the translation of household income to such assets. 

 

Independent 

Variables 

(i) 

Average 

effect 

Of all 

districts 

(ii) 

Average 

effect 

Of all 

districts 

(iii) 

Exclude 

richest 

districts 

(iv) 

High 

intensity 

districts 

(v) 

Low 

intensity 

districts 

(vi) 

Richest 

Districts 

(vii) 

Food 

cons. 

 

(viii) 

Non-

food 

cons. 

 

Treatment*2

006 

1235 

(500) *** 

1343 

(735) * 

1621 

(466)*** 

2014 

(421) *** 

426 

(479) 

886 

(702) 

597 

(284) ** 

789 

(622)  

Treatment*2

009 

214 

(279) 

333 

(500) 

-55 

(331) 

-424 

(330) 

291 

(156) * 

510 

(251) ** 

711 

(382) * 

-318 

(375) 

Treatment*2

012 

2824 

(1096) 

*** 

2981 

(925) *** 

1252 

(1281) 

-449 

(891) 

3335 

(752) *** 

4507 

(745) *** 

1459 

(525) *** 

1546 

(776) *** 

Year fixed 

effect 

Yes Yes Yes Yes Yes Yes Yes Yes 

Household 

Cov. 

Yes Yes Yes Yes Yes Yes Yes Yes 

District fixed 

effects 

No Yes Yes Yes Yes Yes Yes Yes 

District time 

trend 

No No linear linear linear Linear linear linear 

constant -342 

(1062) 

*** 

2062 

(1122)* 

3291 

(1209)*** 

413 

(1043) 

973 

(777) 

2273 

(1496) 

3771  

(98) *** 

-1829 

(1154) 

R-squared      0.29 0.29 0.25 0.24 0.27 0.30 0.27 0.23 

Observations 84393 84393 65996 55974 52051 58871 84393 84393 
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ABSTRACT 

Damage to non-structural components (NSCs) in seismic events has been identified as a recurring problem in New 

Zealand for decades. It is also a problem in comparable seismic risk countries. Whilst improvements have been 

made and lessons learned, the complexity of suspended ceilings has also grown. 

The purpose of this article is to review the situation for suspended NSCs and to discuss recommendations. Whilst 

NSCs have not received the attention that structural components have, they are a significant source of costs and 

consequences should they fail in seismic events. Several articles have emerged surrounding NSC failure but owing 

to the inherent complexity of the subject, there is no one document that covers all aspects. 

The poor performance of NSCs in seismic events has been known and written about for several decades. The USA 

and Japan provide comparable and useful information around what has proven to be effective and system-

changing.  

Keywords 

Seismology, earthquake, retrofitting. 

INTRODUCTION 

The performance of non-structural components (NSCs) in New Zealand and overseas seismic events has been 

covered extensively in technical literature. Components of a building can be categorised as structural (that is, 

slabs, beams, columns, and foundations) and non-structural (everything that is not structural, including services 

and contents). Structural failures affect non-structural components, while the reverse does not necessarily follow.  

Following each recent earthquake, a more detailed picture has emerged of the poor performance of NSCs here. In 

California, NSCs can typically reach about 80 percent of building costs in commercial buildings (Taghavi, 2003). 

In New Zealand the proportion can  reach up to 70 percent (Ferner H.; Lander, 2016; Stanway, 2017). Suspended 

ceilings and permanently installed in-ceiling systems to provide building services are the largest source within 

NSC costs. Examples of building services are: water reticulation; electricity supply; communications; Heating, 

Ventilation and Air Conditioning (HVAC); and fire sprinklers. Services, and their interaction with suspended 

ceilings, are the particular focus of this article. 

Several guidance documents and practice notes have been released for NSCs in recent times but not all aspects 

are comprehensively covered by a single document. It is the intention here to give an overview of: 1) lessons 

learnt in recent earthquakes; 2) details of restraints that had performed satisfactorily; and 3) challenges and 

recommendations identified to implementing improvements.   

Failures in NSCs can lead to significant numbers of injuries, repair costs, and lost time. Injuries are generally 

minor, compared with injuries from structural failures. However, they are still a cause for concern to those, for 

example, who work underneath inadequately-restrained suspended systems. Failures of NSCs also occur in other 

earthquake-prone well-developed places such as the USA and Japan (Ferner H., Wemyss, 2014; Murty, 2012).   
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Design, installation and sign-off of NSCs are part of the legal framework in New Zealand. Depending on a 

building’s type, location, occupancy, etc. there are different pathways that can be taken to show compliance to the 

performance requirements in the legislation (Ministry of Business, Innovation and Employment, 2015). 

BACKGROUND 

International Classifications 

Building parts and portions can be generally classified into their structural and non-structural components. Non-

structural components (such as contents, cladding, services, ceilings, etc.) are supported by, or attached to, or 

inside the structure (NZS1170.5, 2004). There are cases of structural elements being mistaken for non-structural 

elements, such as unreinforced masonry, and rooftop water tanks (Murty, 2012). Comparisons in data between 

countries are not always absolutely valid and so care in interpretation is required.   

Recent Earthquake Events 

Several international earthquakes are referred to in this review. Summary data are in brackets (magnitude, year). 

In New Zealand, major recent events are: Darfield (7.1, 2010), Christchurch (6.3, 2011), Seddon (6.5, 2013) and 

Kaikōura (7.8, 2016) (Baird, 2017; Dhakal, 2010; Dhakal, 2011). In California, two major recent earthquakes of 

note are Loma Prieta (6.9, 1989) and Northridge (6.7, 1994) (Smolka, 1996). In Japan, there were the Kobe (6.9, 

1995) and offshore Tōhoku (9.1, 2011) earthquakes (Baird, 2016). Reporting on structural failures is almost 

always the focus after earthquakes in less developed countries. However, some injury data from non-structural 

elements are mentioned regarding Turkey (7.6, 1999) and in India (Baird, 2016).   

Overview of Literature 

A large body of literature regarding seismic requirements of NSCs has been developed in the last 10-20 years 

within the New Zealand context. These can be broadly categorised, although there are often multiple subjects 

covered. Subjects include: site visit observations; technical information and guidance; international comparisons; 

effects on people (injuries and fatalities); samples/surveys; recommendations; and earthquake insurance. Parties 

commonly involved in writing or commissioning literature include: academics, engineering consultants; 

professional bodies, the Building Research Association of New Zealand (BRANZ), the Ministry of Business, 

Innovation, and Employment (MBIE); and industry groups.   

There are several articles available reviewing or mentioning the poor performance of NSCs in recent New Zealand 

earthquakes. These include site visits by engineers concerning damages observed in the 2010, 2011 and 2016 

earthquakes in commercial buildings (Baird, 2017; Dhakal, 2010; Dhakal, 2011; Stanway, 2017). Being 

observations, they have a part in informing typical performances and recommendations. However, one limitation 

is that they are not population (census) or randomly-selected studies. Due to things like site safety, urgency of 

repairs, and availability of engineers, this is necessarily the case for observations following earthquakes. The 

following are the key observed failure modes for the interaction of services with suspended ceilings: 

1. Inadequate seismic gaps between services and suspended ceilings or hanger wires. 

2. Hanger wires for suspended ceilings connected to services when not physically able to be connected to the floor 

above. 

3. Inadequate or non-existent seismic bracing of services weighing more than 10 kg, such as HVAC. 

4. Services, such as lights, braced to suspended ceilings without specific seismic design. 

The Building Research Association of NZ (BRANZ) has published fact sheets providing guidance on design and 

installation of seismic restraints for NSCs (BRANZ, 2015). These fact sheets are short documents intended to 

help with interpretation of legislation and identification of where flexibility exists. A comprehensive guidance 

document published by the Association of Wall and Ceiling Industries is also available (AWCI, 2015). Other 

technical articles cover the implementation of legislative changes for industry, to more detailed technical analyses 

of seismic performance of ceilings (Badillo-Almaraz, 2007; Dhakal, 2016; Elkink, 2015; MacRae, 2012; 

Oosterhoff, 2017). In general, engineering design to avoid earthquake damage to these suspended systems requires 

restraining lateral/vertical movements of individual fixtures, maintaining adequate clearances, and incorporation 

of flexible connections. 

International comparisons often refer to seismic effects seen in buildings in Japan and the USA (usually in 

California) (Ferner H., Wemyss, 2014; Ferner, 2016; Murty, 2012; Smolka, 1996). These are pertinent 

comparisons for New Zealand, because many of the technical standards here are based on American standards. 
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These places are also developed, less corrupt, nations, and will likely face more similar challenges to New Zealand 

than developing nations. Some major differences between New Zealand and these places are to do with the take-

up of insurance (for Japan) and compliance costs (for the USA).   

Analyses for injuries and fatalities from the failure of non-structural components in seismic events tend to include 

numerous caveats. In New Zealand, a more comprehensive database was begun in 2010, called “Researching the 

Health Implications of Seismic Events”. The study from Beca Ltd using this database analysed injuries from NSCs 

and made some international comparisons (Baird, 2016). One Japan study following the 1995 Kobe earthquake 

had several rather descriptive categories, including injuries from “fence and objects” (Yamazaki, 1996).  

A (non-random) sample and analysis was done for 20 commercial buildings in Auckland and Wellington 

(Geldenhuys, 2016). It was found that almost nine out of 10 ceilings were non-compliant. This restates a point 

from earlier: observations (especially when not random) are not a census, but observations can legitimately 

provide information about what typically seems to be happening.   

Financial analyses include mentions of insurance costs and repair costs (Grafton, 2014; Stanway, 2017). 

Prevention of failures in the first place are also part of the analyses.  

OBSERVATIONS OF NSC FAILURE 

Complexity in systems arises from non-independent and non-linear behaviours. Assessing NSC failure is not 

simply about the consideration of individual parts in the ceiling, but how they interact with each other. Nor is the 

suspended ceiling itself the only facet of this complex system. The system extends also to the legislative 

framework, the different parties involved, the materials, nature of seismic events, and so on. 

The sequence of failure is not always clear (Baird, 2017). The interaction of services with suspended ceilings can 

be due to one or more failures in the NSC system. The failure of one ceiling tile can lead to a cascading failure in 

other tiles and services. 

Two important background points are that: 

1. A high ratio of non-structural (compared with structural) failures will, of course, be entailed by improvements 

in (i.e. reduction of) poor performance of structural components. Because failure of structural components 

definitely leads to failure of non-structural components, it is understandable to focus primarily on structural 

components.  

2. Injuries from non-structural failure tend to be much less severe than injuries from structural failures (covered 

more in Injuries below). It is right to focus first on structural performance before non-structural performance. This 

does not mean non-structural performance is ignorable or unimportant. It is the concern from deaths in structural 

failures in many countries that means NSCs do not receive due attention (Murty, 2012). 

New Zealand 

Site visits in the 2011 Christchurch earthquake noted several NSC failures. Hanger wires for suspended ceilings 

were in some cases connected to services such as HVAC, rather than the floor slab above. This means the ceiling 

is reliant on services for seismic restraint, which they are not designed to withstand. The movement of services 

interfered with hanger wires for the suspended ceilings. Damage from a rigid fire sprinkler system with inadequate 

seismic gaps was found. Some AC ducts were unbraced and went through the suspended ceiling. It was concluded 

that poor installation led to several of these problems. The tendency to quickly replace ceilings after an earthquake 

may also exacerbate a re-occurrence of failure (Dhakal, 2011). 

Again in 2016, seismic bracing was a major cause of ceiling failure. Where seismic bracing was installed, even if 

imperfectly, it was observed to typically reduce failure significantly. Many examples were also found of failure 

due to inadequate seismic gaps. Various service components, such as lights, were reliant on the suspended ceiling 

for seismic restraint, which is not what the suspended grid system was designed to carry. Damage to suspended 

services almost always causes damage to the suspended ceiling. They cannot be separated from one another. That 

is, failure in one typically leads to failure in the other. Sometimes, no bracing of HVAC and AC ducts was in 

evidence leading to services falling out of the ceiling (Baird, 2017). 

Japan and the USA 

Comparisons in this article (and several referenced articles) mainly take into account New Zealand, Japan, and 

the USA. New Zealand, Japan, and West USA are located along the Pacific “Ring of Fire”, a well-known zone 

with a prevalence of major earthquakes and volcanoes. They are also well-developed countries and members of 
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the Organisation for Economic Cooperation and Development (OECD). Past responses to earthquakes in these 

countries provide apt case studies. The USA is also similar to New Zealand in the facts of being English-speaking 

and having a similarity of engineering standards in the legislation. 

Mention is made of NSC damage in the 1994 earthquake being mainly from sprinkler systems. Cases of non-

structural damage in California were far more prevalent than cases of structural damage (12-40 times, and 

probably higher in other areas). This ratio would have been lower in Japan, due to many older buildings at higher 

risk of collapse (Smolka, 1996). Muza Hall in Japan is a concert venue whose ceiling collapsed, despite being 

300km from the epicentre (which was about 70 kilometres from Japan’s coast). The ceiling had a seismic rating 

of 5 (the highest is 7), yet services in the ceiling collapsed (Iuchi, 2011).   

Characteristics of NSC fragility 

The main characteristics of inadequate and fragile NSC systems are inadequate design and/or incorrect 

installation. Failures in the plenum (the space between the ceiling and floor overhead) were numerous in New 

Zealand earthquakes. Reasons for failure included incorrect installation, inadequate gaps for movement of 

services, and unsuitable designs. Noted American problems were: lack of awareness; lack of legal framework; 

lack of those championing NSC improvement; and inadequate literature (Murty, 2012). 

CONSEQUENCES OF NSC FAILURE 

Injuries and Deaths 

The 2016 Kaikōura earthquake fortunately occurred at night, leading to less severe consequences for people 

(Baird, 2017). The 2010 Darfield earthquake also occurred outside normal office hours, at 4:35 a.m (Dhakal, 

2010). A report was prepared by Beca in October 2016 (prior to the November Kaikōura earthquake) for MBIE 

that covered injury data back to the 4 September 2010 Darfield earthquake. Data related to 1048 injuries in 

commercial buildings, using a new database from the “Researching the Health Implications of Seismic Events” 

Group, based in Christchurch.  It was found that 61% injuries were from NSC failures (see Figure 1). However, 

all deaths were from structural failures (including masonry). The nature of injuries from NSC failure was mostly 

of the lowest-severity category (90 percent).  

Other countries are also included in the Beca report. In two California earthquakes (1987 and 1994), 50-55 percent 

of non-fatal injuries were attributable to NSC failure. In the 1999 Turkey earthquake, around 75 percent of non-

fatal injuries were attributable to NSC failure. Definitions of what NSC includes or excludes can sometimes differ, 

therefore care should be taken in comparing these data. A 1996 Japan study reported at least 37 fatalities prior to 

the 1995 Kobe earthquake from “fences and fallen objects”. Structural failures (such as “collapse of wooden 

houses”) caused the most fatalities. In that study it was noted that as the structural components have improved, 

injuries in recent earthquakes from building contents has become a major category (Yamazaki, 1996). 

The focus of this article is services within suspended ceilings, but as a side note, contents were found to cause the 

most injuries in NZ, with 69 percent of NSC injuries coming from these (see Figure 2). 

 

Figure 1. Earthquake-related injuries by structural type (source: Beca Ltd) 
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Figure 2. Earthquake-related injuries within NSCs (source: Beca Ltd) 

Pre-earthquake and Post-earthquake Costs 

The building cost of NSCs in commercial buildings is likely to take a large share of the total cost. In a study of 23 

buildings, structural costs were 18 percent for office buildings, leaving 82 percent for non-structural and contents 

costs (Taghavi, 2003). In New Zealand, the NSC share can comprise up to 70 percent (Ferner H., Wemyss, 2014). 

In California, where compliance costs are higher, the NSC share can be as high as 90 percent for hospitals. In 

India, the share used to be about 5 percent in the 1970s and is now up around 60-70 percent (Murty, 2012). 

The primary factor reducing NSC costs was an early design process. Design costs were estimated to be adequately 

accounted for at 0.25-1.0 percent. Focusing on the most relevant building types requiring NSC seismic restraints, 

there were total construction costs of 8.7 billion dollars in 2016. To install adequate seismic restraints for these, 

0.4 billion dollars was the estimated cost, or around 4.9 percent. However, the variability around this figure is 

uncertain. One specific case study for a four-storey office refurbishment estimated a 25.4 percent share of NSC 

seismic restraint costs to total building costs (Stanway, 2017). 

NZ’s contribution to the global insurance pool is 0.01 percent. Insurance take-up rates are significantly higher in 

New Zealand (around 90-95 percent) compared with Japan and California. Due to excessively high (or 

unobtainable) insurance rates in Japan, making buildings stronger is in effect the insurance against seismic events. 

This has the potential to become the case for New Zealand as well (Stanway, 2017). 

Failures in NSCs were known to be responsible for a significant portion of losses in the 2011 Christchurch 

earthquake (Dhakal, 2011). Precisely how much is unclear, but the total estimated loss is approximately 40 billion 

dollars. Of this, around half is borne by taxpayers (Stanway, 2017). 

Evidence tends to be anecdotal in nature, along with the available physical evidence. These indicate substantial 

costs. The insurance industry is unable to provide costs from repair work and business interruption regarding 

NSCs however. Scenario modelling produced estimates ranging from approximately 1 million to 30 million 

dollars (Stanway, 2017). Business interruption from NSC failure in New Zealand and overseas has been identified 

as a major issue (Ferner, 2016). Failures to NSCs in New Zealand have also led to buildings being demolished 

that were otherwise structurally sound (AWCI, 2015). In California, around five-sixths of the estimated 6.3 billion 

dollars of costs after the 1994 earthquake were because of NSCs (Kircher, 2003).  

LEGISLATIVE FRAMEWORK 

Standards 

The most relevant standards for NSCs in seismic events are (with approximate numbers of pages in brackets): 

AS/NZS1170.5 for Earthquake Actions in NZ (90 pages) (NZS1170.5, 2004). It covers determination of 

earthquake action effects on structures in NZ. It includes verification methods and seismic design of parts of 

structures. See especially Section 8: Requirements for Parts and Components. Following a seismic event, parts 

required to be operational for occupancy (P5 classification) must be returned to an operational state within an 

acceptably short timeframe. 

AS/NZS 2785 Suspended Ceilings – Design and Installation (50 pages) (AS/NZS2785, 2000). For use in 

commercial, industrial and residential applications. This includes discussion of installation as it relates to services 

(such as air/electrical services). 

AS/NZS 4541 Automatic Fire Sprinkler Systems (500 pages) (NZS4541, 2013). This covers design, installation, 

and maintenance to achieve adequate fire protection in a building. 

69%
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Contens Ceilings and Services Appendages Exterior Other

355



Ismail et al. Poor Performance Of Non-Structural Components In 

Seismic Events 

 

Full Insight Paper – Understanding Risk, Risk Reduction, Consequences and Forecasting 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

NZS 4219 Seismic Performance of Engineering Systems in Buildings (110 pages) (NZS4219, 2009). This includes 

requirements for minimum clearances of components (Table 15: Clearances). This standard excludes suspended 

ceilings (covered in AS/NZS 2785) and fire sprinkler system pipework (covered in NZS 4541). 

In Section 5.8 Piping Systems of NZS 4219, requirements for seismic restraints are given. Section 5.8.1 states the 

circumstances where seismic restraints are not required. This applies to pipes less than 50 mm in diameter and 

able to be suspended with clearances of 150 mm (vertically and to adjacent suspended components). Although, 

there may still be situations where even these must be seismically restrained. An important point to note from this 

is that certain designs can reduce the need for seismic restraints. 

NZS 4104 Seismic Restraint of Building Contents (60 pages) (NZS4104, 1994). This mainly refers to such 

contents as bookcases, cabinets, desks and the like. It relates to contents under 300kg (NZS4219 or the 1170 suite 

covers contents above this weight). 

Other Legislation 

Building Act 2004 (340 pages). The main purposes of the Act are to ensure people’s safety in buildings, and to 

ensure building work is compliant with the building code (contained in Schedule 1 of the Building Regulations 

1992). It specifies the performance required, but allows for flexibility in meeting these requirements. 

The Building Code (100 pages). The code sets out general requirements of buildings and elements of buildings. 

Safeguarding people and other property is one of the main purposes of the code. The people in (or users of) a 

building will in some cases have different requirements. For example, resthome residents (principal users) have 

different requirements to staff (secondary users). Other users include maintenance staff, services or other 

personnel.  

In terms of serviceability after a seismic event, the building code sets out performance-based requirements for the 

safety and health of a building’s users. Thus, air must be clean, water facilities must be hygienic, etc. Operational 

services in suspended ceilings (such as HVAC, heating, water, and lighting) are thus a major determinant of a 

building’s non-structural serviceability.  

Figure 3 shows how the New Zealand legislative environment has been set up.  

Figure 3. How different legislation relates together  

The standards and other legislation mentioned above total over 1000 pages, although far fewer pages than that 

number relate to the seismic performance of NSCs. There is mention of how NSCs interact in some of these 

standards. It should be noted that MBIE publishes acceptable solutions or verification methods for demonstrating 

compliance, though these are not actually mandatory to be used (MBIE, 2015). 

Producer Statements 

There are four types of Producer Statements (PSs) used in New Zealand. They can aid councils in issuing building 

consents and building code compliance certificates. However, they have no legal status under the Building Act 

2004. A PS is a professional expert opinion using sound engineering knowledge, but does not guarantee 
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compliance or product quality 2013). The four PSs refer to: 1) design; 2) design review; 3) construction; and 4) 

construction review.   

In the case of NSCs, building consent authorities traditionally have not required specific design or construction 

review PSs, which means they are not provided (Ferner H., Wemyss, 2014). A guidance document was issued by 

the Association of Wall & Ceilings Industries (AWCI). It includes advice on when PSs are likely to be required 

by councils. Seismic ceiling grades range from SG1-4 (with SG4 being the most complex ceiling). Advice is that 

SG1 would not require a PS2 or a PS4 (and only a PS1 and a PS3 if specified), while SG4 would require a PS1, 

PS3 and a PS4. 

REASONS FOR NON-COMPLIANCE OF CEILINGS 

Owners, designers, and contractors must use limited labour and money to produce a fit-for-purpose structure. 

Because of this, there is no such thing as a building 100 percent resistant to earthquakes. However, being fit-for-

purpose implies minimum standards have been met, which is not often the case for NSCs. There are several 

reasons for non-compliance (Ferner, 2016). 

Potential damages and costs from NSC failure, for varying reasons already discussed, can often be unexpected; 

as a consequence, expense on prevention in the form of correct bracing may not be being prioritised. Generally, 

the earlier NSCs are designed and integrated, the better; currently, there is allowance made for ‘tagging out’ NSC 

design in the tendering process until later (Ferner H., Wemyss, 2014). Related to late design, services that are 

installed early have more leeway; later-installed services may not have adequate room to be fitted as initially 

intended. As previously noted, injuries from structural failures are much more severe than injuries from non-

structural failures; site visits are understandably prioritised for structural checks rather than non-structural bracing 

checks later in the process. Also, post-construction changes made to services can result in non-compliance if not 

consented and monitored. 

EMPIRICAL IMPROVEMENTS 

Learning lessons from what has worked (or not) elsewhere can be a valuable source of ideas for improving NSC 

performance. Even if everything were known about how to prevent consequential seismic damage to non-

structural elements, it is of no use without the implementation of this knowledge. It is worth noting that several 

problems occurring recently are also problems from more than four decades ago (Glogau, 1976). 

Multiple Checks and Enforcement 

There are several hurdles to clear in the Californian legislative system for earthquake bracing, which goes back to 

1972 for hospitals. Specialist design and review (and incorporation of changes) makes for a costly and slow 

process in the USA. An adaptation for New Zealand could be to require a PS1 and PS4 specifically for non-

structural elements (Ferner H., Lander, 2016). Fire sprinkler system reviews are done by Fire Marshalls in the 

USA. Because of specialist installers and specialist reviewers, installations are of good quality and well enforced 

(Stanway, 2017). 

There was a key difference between buildings built prior to and after the 1972 Seismic Safety Act. It was not that 

code requirements for NSC seismic restraints were different, but that the code requirements were implemented 

correctly after the State took control of oversight (Ferner, 2016). 

Use Experiments to be Prescriptive 

Authors of the American Standards found shake-table tests to provide very effective data. By undertaking tests 

for various construction details, they could determine their capacity and performance. This then meant they could 

issue prescriptive details for industry that would be optimal. Details such as types of screws in ceiling systems 

can be tested and made prescriptive. In the context of California, it was found that these details were ignored if 

not made prescriptive though (Stanway, 2017). Drawings are included in the appendix of this article detailing 

suitable seismic restraints for services within suspended ceilings. 

Non-Structural Seismic Coordinators 

This is not a required position in California, though some construction projects (e.g. courthouses) require them 

(Ferner, 2016). A specialist focused only on non-structural elements would potentially mean: one person or team 

takes responsibility for a building’s non-structural design, compliance, cost-effectiveness, etc.; it is easier to stay 

up-to-date with latest products and learnings from around the world; a specialist being available for long-term 

maintenance and/or retrofits; installation instructions and processes would be up-to-date with best practice, 
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making processes simpler for subcontractors installing services. For example, in the USA, the use of cast-in 

anchors has meant locations of various elements are co-ordinated well in advance of installation (Stanway, 2017). 

Not having a structural engineer significantly involved in non-structural elements has previously been identified 

as an issue with current practice here (Ferner H., Lander, 2016). 

Maintaining Alignment of Standards 

An update was made to ASCE-7 Minimum Design Loads for Buildings and Other Structures. However, it was not 

until other national industry standards were updated that practices improved (Stanway, 2017). A possible problem 

in New Zealand is the sheer number of standards and pages to keep track of. Likewise, NZS1170.5 has been 

substantially revised in response to recent experiences, whereas these changes have not been reflected in the 

seismic actions section of NZS 4230. 

Optimal Technical Improvements  

Flexible fire sprinklers are becoming more common in New Zealand. These have been proven to perform better 

than their rigid counterparts in shake-table testing (Soroushian, Maragakis et. al, 2012). In the testing, no damage 

was observed to the ceiling from flexible sprinkler systems, while damage was observed even with code-compliant 

gaps between the ceiling and rigid fire sprinkler systems.  

Even imperfect seismic bracings have been observed to perform adequately in earthquakes (Baird, 2017). While 

that observation does not make it a recommendation to install below-standard restraints, it nevertheless displays 

the sense behind always installing restraints. 

Coordinated Documentation 

Building Information Modelling (BIM) is 3D software that allows for clashes to be identified and remedied before 

installation (among other benefits). BIM is widely used in Australia and the UK (Stanway, 2017). One historical 

example of engineering improvement is the Boeing 777 jetliner. Boeing was the first company to develop a jetliner 

fully with 3D software during the early 1990s. This was a successful project that coordinated 10,000 engineers 

around the world. The software alone, however, was not the reason for the success of the project, with a focus on 

good coordination between teams also significantly contributing (Glende, 1997). A Non-Structural Seismic 

Coordinator could help in this regard. 

EXPERT RECOMMENDATIONS 

Back in a 1976 paper by the chief structural engineer at the Ministry of Works and Development, O. A. Glogau, 

it was established that non-structural damage caused the bulk of monetary losses in an earthquake.  It was also 

noted that standards provided for minimum control measures for quality. In response to this, it was deemed more 

likely that incentives through insurance rates would lead to higher quality control measures. The added costs to 

insurers from classification could then be recovered through greatly reduced losses, rather than higher premiums 

(Glogau, 1976). 

Insurance Premiums that Reflect Non-Structural Strength 

Financial incentives are not always associated with better design that limits damage to NSCs. This can be the case 

with lending institutions and insurance companies (Ferner H., Lander, 2016). Californian insurance premiums 

rose as a result of the 1994 Northridge Earthquake for residential homeowners. The residential take-up of 

insurance dropped from 34 percent in 1994 to just 10 percent. Because insurance is a product people can choose, 

some people decide to “…just take our chances.” (Goldstein, 2016). 

One substitute product people can purchase is to ‘insure’ the non-structural elements themselves by building to a 

higher quality that reduces consequences in a seismic event. In New Zealand, the take-up rate for insuring 

buildings is 90-95 percent. This could be in part due to cheaper insurance here, compared with Japan and 

California. If insurance became much more expensive, one recourse would be to spend money that would have 

gone to insurance on strengthening NSCs. 

More Transparency 

Suspended ceilings tend to be rather inaccessible (physically and/or visually). This makes inspection more 

difficult and time-intensive. It would also likely be disturbing to workers to see what is above them. However, if 

there were ways to improve transparency of ceilings (in aesthetically pleasing ways) this would help speed up 

inspection and certification. 
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St Louis County in Missouri adopted a new approach to NSCs in 2011. They require a Seismic Block with every 

set of drawings submitted for building consent. A Seismic Block outlines the required seismic protection for the 

NSC system, and those responsible for its design (Ferner, 2016). 

One idea that has been suggested by the Insurance Council to help transparency is to ensure compliance of non-

structural elements within  the existing annual Building ‘Warrant of Fitness’ (ICNZ, 2014). Industry ratings 

systems are also in use in NZ. These include: Green Star (nzgbc.org.nz) and Quake Star (quakestar.org.nz). 

Legislation that is Easier to Follow 

As mentioned in the Overview of Literature section, there are several guidance documents available online. 

Through expert advisors, guidance documents, good software, etc. this can make legislation easier to follow. 

However, as the volume of information increases, knowledge of it all becomes more difficult. In the example of 

the Boeing 777, software that detected clashes in the jetliner design became an industry norm after the successful 

completion of that project. New technology to make compliance easier may provide the most promising avenue 

for improvement. 

Focusing on Consequences rather than Predictions 

Predictions are not necessarily helpful, or even ‘better than nothing’. One major downside to any prediction is 

people can assume they are safe if they follow them. In fact, risky behaviour may be being encouraged. Standards 

specify minimum requirements to be followed for, say, a once-in-50-year event. 

N. N. Taleb, a professor of risk engineering at New York University suggests focusing on consequences, not 

probability, of unexpected events (The Economist, 2007). This is particularly relevant to earthquake damage of 

non-structural elements. In an article previously referred to, some people have opted not to buy expensive 

residential earthquake insurance or seismically strengthen and instead chosen to simply hope no damage occurs 

(Goldstein, 2016). By not buying insurance or seismically strengthening, consequences could be severe. 

CONCLUSIONS 

The consequences of NSC failure are known to be fairly large. This is despite there being no precise answer as to 

‘how large?’. There are significant downsides to NSC failure, such as harm to people, repair costs, and lost time. 

Lack of knowledge around NSC failure (which is continually reducing) does not appear to be a primary factor. 

Bracing systems have been observed to perform satisfactorily even if not perfectly correctly installed. 

Legislation in New Zealand often borrows from the USA. California in particular has had to deal with severe 

earthquakes over the years and provides a suitable case study. Enforcing legislation in the USA has demonstrated 

the importance of suitable inspections and sign-off. 

Several analyses have been carried out and recommendations made regarding consequences of NSC failure. These 

recommendations can refer to different aspects, such as products themselves, legislative changes, and installation 

practices. Particular reasons for non-compliance have also been studied and reported on, and do not appear to be 

mysterious. The complexity of NSC failure is apparent. However, this does not rule out there being effective, 

innovative, and affordable solutions for improving the performance of NSCs here. 
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APPENDIX A: POSSIBLE SEISMIC RESTRAINT DETAILS 

 

PERSPECTIVE VIEW with NOMENCLATURE 

 

Figure 4. Seismic Cable Bracing for Trapeze supported pipes  
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Figure 5. Seismic Rigid Bracing for Trapeze supported pipes 

 

Figure 6. Seismic Cable Bracing for clevis supported pipes with diameter larger than 200 mm 

 

Figure 7. Seismic Rigid Bracing for clevis supported pipes with diameter larger than 200 mm 
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Figure 8. Seismic Cable Bracing for rectangular/oval duct  

 

Figure 9. Seismic Rigid Bracing for rectangular/oval duct 

 

Figure 10. Seismic Cable Bracing for round duct 
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Figure 11. Seismic Rigid Bracing for round duct 

 

Figure 12. Seismic Cable Bracing for Trapeze supported electric cable trays duct 

 

Figure 13. Seismic Rigid Bracing for Trapeze supported electric cable trays duct  
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ABSTRACT  

In the Wellington Region, the capital of New Zealand, many lifelines are at risk, because they are in vulnerable 

narrow corridors close to active faults.  In an earthquake, it is expected that these lifelines will be significantly 

damaged and unusable for extended periods of time. Because of this risk, many studies have been conducted to 

investigate the resulting downtimes. These studies, despite their usefulness, do not incorporate or make significant 

assumptions about localised factors. This paper summarises a  Masters thesis that aimed to improve the current 

predictive models, by including these local, and contextual influences. Multiple stakeholders who manage and 

repair the lifelines were interviewed to identify these factors which were then included into one of the current 

predictive models, and the influence on repair times was recorded. It was discovered that localised impacts such 

as staff logistics, land sliding, the land gradient, interdependency, and access doubled previous predicted repair 

times. 

Keywords 

Lifelines, Earthquake, Localised factors, repair times 

INTRODUCTION  

Lifelines such as the electricity network, transportation system, communications matrix, and water supply are 

structures that provide essential services to the community (Ministry of Civil Defence and Emergency 

Management, n.d.; Nigg, 1995). Both Individuals and organisations rely on these systems to be able to survive 

and thrive (Little, 2002). Without a functioning supply, people are put at risk as they no longer have access to the 

critical services they rely on every day. Furthermore, businesses would not be able to function safely, or at all, 

depending on regional regulations (Department of Labour, 1995; United States Department of Labour, 1970). The 

access to potable water is of particular importance, as it is needed for drinking, cooking, sanitation, growing crops, 

cleaning, temperature, regulation and manufacturing, and is considered a basic human right, where at least 50 

litres per person per day is expected (Gleick, 1996; United Nations General Assembly, 2010).  

In the event of a disaster, this access to water and other critical lifelines may be removed for extended periods of 

time due to infrastructure damage and system failures (National Institute of Standards and Technology, 2016). 

For example, the wastewater network in Christchurch, the third largest city in New Zealand, took more than five 

years to fully restore after the 2010-2011 Canterbury Earthquake Sequence (CES) and the main transport route 

north of Kaikoura took more than a year to repair because of the 2016  Mw 7.8 Kaikoura Earthquake (Department 

of the Prime Minister and Cabinet and Christchurch City Council, 2016; New Zealand Transport Agency, 2018; 

Sherson, Nayyerloo, and Horspool, 2015). Many of the difficulties around these extensive repair times were a 

result of the local environment, where liquefaction and land sliding lead to increased damages and challenges in 

repair. For example, during the CES, widespread liquefaction was evident. This liquefaction caused significant 

structural damage as a result of uneven settlement and permanent ground deformation (Cubrinovski et al., 2014; 

O'Rourke et al., 2014). The wastewater pipes were especially impacted as the pipes became buoyant in the 

liquefied sediments and rose to the surface. This buoyancy changed multiple pipe gradients which produced 

blockages and flow reversal in the gravity fed system (Eidinger and Tang, 2012). The Mw 7.8 Kaikoura 

Earthquake, on the other hand, produced large landslides that ranged from 3000 to 112,000m3 along the main 

state highway. These landslides made repairs difficult, as the debris had to be removed before repairs could be 

begun (New Zealand Transport Agency, 2017).  
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The aim of this study is to improve the current repair time predictive models by incorporating the impact of these 

localised contextual factors.  The water supply is specifically looked at in detail, as it is one of the more critical 

lifelines,  being an immediate need for people and businesses (Gleick, 1996; United Nations General Assembly, 

2010). New Zealand was picked for a base for the study as there are significant gaps in the literature, where most 

predictive models like (Cousins, 2013; Mowll, 2012; Nayyerloo and Cousins, 2014) focus only on the engineering 

and geological principals and make assumptions around local influences.  

Wellington Region  

New Zealand is home to many natural hazards, due to the active plate boundary that crosses through the centre of 

the South Island. This plate boundary drives the local topography and is responsible for nationwide mountain 

building, volcanism, and active seismicity. One of the most seismically active and vulnerable areas in New 

Zealand is the Wellington region, which is home to 500,000 people, and New Zealand’s capital city (Statistics 

New Zealand, 2013). The Wellington Region is located at the southern tip of the North Island and contains three 

main population centres, Wellington City, Porirua, and Hutt Valley, all of which are spread along thin corridors 

between the Tararua Ranges, see Figure 1. Many believe that this region will be the next to be hit by a massive 

earthquake, because of the activity of local faults, and their history (Wright, 2016). One fault, the Wellington 

Fault, follows State Highway 2, crosses through the centre of the city, and has an 11% chance of rupturing with a 

moment magnitude (Mw) of 7.2-7.5 over the next 100 years (Cousins, 2013; Rhoades et al., 2011). A rupture with 

this size could produce movements along the fault of up to 5m horizontally and 1m vertically, which would 

significantly damage any nearby infrastructure (Mowll, 2012). As most of the lifelines, like the water supply and 

transportation network, closely follow this fault, substantial damages can, therefore, be expected, leaving people 

without necessary services for extended periods of time. Thus, an accurate understanding of the hazard must be 

first established so that precise plans can be made. This paper seeks to understand the magnitude of these local 

factors and unexpected events to improve current predictive models so that people in Wellington can be better 

prepared.  

METHODOLOGY  

Both broad and detailed approaches were used to gain an understanding of the impact of these local factors, 

incorporating these observations into regional system-wide calculations. Overall a mixed methods (MM) 

methodology is used to combine both broad and narrow approaches, integrating qualitative and quantitative 

information under a pragmatic paradigm, where information from the interviews (phase 1), affects the inputs into 

a quantitative predictive model (phase 2). 

Interviews 

The researcher sent out emails to various water pipe repair and management experts the author knew. These 

messages outlined the aims of the research and asked whether the recipient could participate in the interviews and 

if they knew of other experts that could be helpful and able to take part.  

In total 20 experts from a range of different organizations were contacted, five of which were available for an 

hour-long phone interview. Overall, each interviewee was asked 29 pre-written questions on 15 different topics. 

During the interview, if more detail was needed the researcher used probing questions to develop a deeper 

understanding. Then, once each interview was completed, the responses to the questions were transcribed using a 

denatural approach where repetitions, pauses and filling statements like “um” or “ah” were removed (Oliver, 

Serovich, and Mason, 2005). These transcriptions were then coded, using an exploratory thematic approach in a 

qualitative analysis program, NVIVO, where like ideas and themes were identified and grouped together using 

filing statements, known as ‘codes’ or ‘nodes’ (Guest, MacQueen, and Namey, 2012). In total, 52 different nodes, 

were used to group responses, including location defining statements such as “Wellington” or “Christchurch”; 

topic codes such as “access” or “inspection”; and perspective determining nodes such as “problem” or “solution”. 

For simplicity, multiple nodes were used to code the same text, using broad themes. For example, a statement 

around the access problems in Wellington, as a result of landslides, was coded as “Wellington”, “Access-(road)”, 

“landslide”, and “Problem”. Thus, resulting in a sentence linked to four different identifying codes.   

After the transcripts were coded, the filed text was then summarised to 1) gain an overall picture of the responses, 

and 2) to highlight the different issues that had to be addressed. This summary was accomplished by summarising 

and then tabulating all coded statements and grouping them into different tables. The aim was to combine all 

views on the different issues to highlight the important factors that needed to be explored further and incorporated 

in the quantitative model, see Figure 2.   
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Figure 1 Wellington Region, showing the main urban centres. Image from (Google, 2017) 

Figure 2 Summary and tabulation process, where multiple perspectives from the different experts are condensed down 

into specific categories. In some instances, the same statement may be placed in multiple different categories 

However, before any of these factors could be further investigated quantitatively, controls for the damage and 

repair times had to be first be calculated so that the influence of these additional factors could be identified.  

Base predictive model  

The initial repair times were calculated using one of the current predictive models, specifically (Cousins, 2013; 

Nayyerloo and Cousins, 2014). This model was originally created to predict water pipe repair times from Kaitoke, 

one of Wellington Cities main water sources, to the various reservoirs around Wellington. Thus, before it could 

be used, the model had to be slightly altered to fit the scenario. These alterations included 1) changing the 

underlying visual basic (VBA) code to calculate repair times from four main water sources instead of just from 

Kaitoke. 2) Changing the code to calculate repair times to one endpoint instead of multiple reservoirs.  And 3) 

adding redundancies in the damage calculations, and 3). For consistency, the bulk calculations were left alone as 

much as possible.  
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Alteration 1) simply involved adding extra assets into the calculation pool, and identifying the flow paths from 

each source.  Alteration 2) involved removing reservoirs assets and any branch pipes that did not convey flows 

down to the Karori Reservoir, the endpoint. Finally, redundancies, (alteration 3) were then incorporated by 

factoring in sections with more than one travel pathway.  These redundant sections included situations where there 

were multiple pipes that occurred in parallel, or as dendritic sections where several pipes converged from multiple 

different sources. For example, the Wainuiomata treatment plant has multiple collection sites each of which are 

not reliant on each other to function, where it is expected that only one pathway is needed in emergency situations. 

For both situations, it was assumed that all pipes would have to break for the particular segment be considered 

fully broken. 

Redundancies were incorporated into the model by giving each pipe an additional value. This number represented 

how many pipes had to break for the section in question to fully fail. For example, two pipes side by side were 

given the number two, as both pipes would have to stop functioning to stem the flow of water.  These numbers 

were then included into the damage prediction equations dividing the probability of failure by the total number of 

required failures Equation 1. 

This main damage calculation follows the same principals used in (Cousins, 2013; Nayyerloo and Cousins, 2014), 

where pipe breakages were calculated by estimating each segments likelihood of failure using the equation below 

and using random numbers to determine if the pipe failed. For more detail around this equation see (Cousins, 

2013; Nayyerloo and Cousins, 2014). In summary, if the random number falls within the predicted failure 

probability, then the pipe was considered to have failed.   

𝐹𝑖𝑛𝑎𝑙 𝐹𝑎𝑖𝑙 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  

(((1600 × 10
(

(−40)
𝑀𝑀𝐼−0.6)) × 𝑆𝑀 × 𝐿𝐼𝑄 × 𝐿𝑆 × 𝑆𝑒𝑔𝑚𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ(𝑚))

(𝑅𝑒𝑑𝑢𝑛𝑑𝑎𝑛𝑐𝑦 𝑛𝑢𝑚𝑏𝑒𝑟))

1000
 

The first half of the equation relates directly to the seismic intensity, and the later to additional factors such as 

pipe attributes and liquefaction. Where MMI is the adjusted Modified Mercalli Index severity, see Eqation 2 and 

Table 1, SM the segment multipler or pipe attributes, see Table 2, and finally LS and LIQ refur to landslide and 

liquefaction hazard modifiers respectivly, see Table 3.  

Adjusted MMIs are simply MMIs that include soil amplification using the equations below. 

 For MMI’s > 7, 𝐴𝑀𝑃 = 0.25 × (𝑋 − 3) 

𝑀𝑀𝐼′𝑠 7 − 10, 𝐴𝑀𝑃 = ((−0.166667 × 𝑀𝑀𝐼) + 1.666667) × (
𝑥 − 3

2
) 

𝑀𝑀𝐼′𝑠 > 10, 𝐴𝑀𝑃 = 0 

Where x stands for the soil class, detailed in Table 2, and AMP the amplifying factor added to the base MMI’s. 

Table 1 Soft Soil Amplification Factors 

Soil Type Base Number (X) 

A Hard Rock 1 

B Soft Rock 2 

C Frim Soil 3 

D Soft/Deep Soil 4 

E Very Soft Soil 5 

 

Table 2 Pipe attribute multipliers. Each of these multipliers adds towards the segment multiplier 

Non -ductile 

materials 
Old Couplings 

  Diameter < 

600mm 

Welded Steel 

Pipe 

6 2 1.5 0.2 

 

The liquefaction amplifiers (LIQ) were taken from an excel sheet containing regional cone penetration test (CPT) 

results created by GNS Science. The land sliding magnifiers (LS) were obtained directly from a landslide hazard 

(Equation 2) 

(Equation 1) 
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map (Kingsbury, 1994).  Overall the impact from each factor is represented in a hazard class, which alters the 

proability of failure indepednetly, see Equation 2. 

Table 1 Added Liquefaction and Landslide Multipliers.  

 Hazard 

Class 
Magnifier 

None 1 

low 2.5 

Moderate 6.25 

high 15.625 
Repair times  

As like damage predictions, the base repair times were calculated using the (Cousins, 2013; Nayyerloo and 

Cousins, 2014) model. In the Cousins model, each ‘broken’ pipe was given a standard repair time based on its 

diameter.  Pipes with diameters larger than 600mm were estimated to take between two and three days to repair, 

and pipes smaller than 600mm were estimated to take only one day.  Prospect times of 0.1 days per km of pipe in 

the network, were then added to these repair times, representing the time required to check the network for faults.  

Any pipe that crossed a fault line was assumed to take extra time to repair depending on the fault, where a random 

number, between different maximums and minimums, for each fault, was used to provide some realistic 

randomness, see Table 4.  Finally, the influence of response logistics and the required repair of source headworks 

were also included, see Table 5. 

Overall, the total repair times were calculated by adding everything together, following the assumption that repairs 

cannot be made in parallel due to the fact that sufficient water pressure is needed to inspect for leaks, which cannot 

occur if there are holes upstream of the break. 

Respondent 3 “And then we went around, and we turned on the first valve, and we repaired whatever the issues were in that 

outlet line, and once that was turned back on, we then went and turned on another valve, and we sort of worked our way out 

from the reservoirs”. 

Respondent 4  “when you have a lot of breaks, and you’ve got the pumps going, you have to have enough [water/pressure], or 

you can’t have that many holes in the system, that it can’t push up out of the road to show where the leaks are”  

Table 2 Time required to fix fault crossings with one repair crew 

 Min (days) Max (days) 

300mm fault bypass at Te Marua 5 5 

Fault crossing at Silverstream 12 17 

375 mm fault bypass at Karori 7 10 

Fault crossing at Thorndon 15 20 

Fault crossing at Korokoro 10 15 

 

Table 3 Static additional factors used in Cousins (2012) 

Source Headworks Securing situation Assemble plant and materials Inspection and planning 

Hutt River 

(Kaitoke) 
6 1 1 2 

Wainuiomata 6 1 1 2 

Waterloo 6 1 1 2 

Gear Island 6 1 1 2 
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INTERVIEW RESULTS AND METHODS 

The interviews revealed many different important factors to consider when repairing water pipes such as the 

impacts of politics, environmental impacts, the repair process, access, interdependency, geology and staff 

logistics. Unfortunately, due to time constraints, only a few could be addressed. Those chosen to be addressed 

were factors that did not have many solutions, were raised by multiple different respondents, or were easy to 

incorporate into the model.  

The impacts addressed in the model are oddball or uncommon diameters, staff logistics, how the slope of the land 

impacts the inspection process, and access problems. Each of these issues are discussed below.  

Oddball pipes 

Multiple respondents raised the issue that pipes with odd sizes or diameters took longer to repair than standard 

pipe sizes due to no existent or low stock of replacement parts, see Table 6. In most situations where this occurred, 

the experts did reveal that the repairs could be done with multipurpose clamps. However, as discussed by 

respondent 1 these clamps, such as maxi clamps, are not fit for use on smaller pipes where they can be wound 

down too far and cause damage. Furthermore, many of the oddball smaller pipes had unusual layouts where that 

were placed underneath or around other lifelines and required speciality parts.  

Respondent 1 “I don’t like to use maxis, because you have to wind them down that far to get them to fit on properly, and 
normally when the pressure comes on they have the tenancy to twist on the main cause you have had to wind them down 
too far”  

Therefore, to represent the impact of these oddball sizes on the repair times additional time was given to any pipe 

that was not a standard diameter, classified as a diameter that covered less than 1km of the network. Smaller pipes, 

smaller than 400mm were attributed a conservative additional three days repair time, assuming the local 

manufacturers would also have their own difficulties post-earthquake. Pipes with a diameter larger than or equal 

to 400mm, but less than 800mm were given 0.75 days per break, as temporary solutions such as clamps could be 

used, but may need to be altered slightly to fit the pipes. Finally, odd size pipes with a diameter greater than or 

equal to 800mm were given additional times of 0.5days per break, as temporary solutions such as welding plates 

on the side of the pipe could be implemented, and additional time may be needed to undergo unplanned alternative 

solutions.  

Table 4 Oddball pipe interview summary table. The summarised problem statements are in black, solutions raised by 

the same or another respondent, are in red. 

Odd Ball Sizes 

No easy to acquire replacements.  

Parts need to be specially made. 

Parts can be created by any local 

engineer/manufacturer depending on equipment 

available.  

Prior plans to create these parts are already set up. 

Maxis cause damage when wound down too far 

on smaller pipes, and thus should not be used 

Also, common pipe diameters have pre-made 

available parts and proper clamps. 
 

Gibeault joints and maxis work on a broad range of 

materials. 
 

Unorthodox methods can be used temporarily, such 

as welding a plate over the break, or use Totara 

pegs, until special parts are made. 

 
Staff logistics 

Like oddball sizes, the logistics around managing and working with staff was also highlighted by the respondents 

as a vital factor to consider when repairing pipes. Multiple interviewees stated that working with other people, 

within and outside of an organisation, especially those with limited experience caused difficulties and slowed 

down repairs, see Table 7. For example, important assets like valves and shutoff valves can be challenging to find 

in the field, as council databases are often not fully accurate. Furthermore, essential information is frequently only 

kept as head knowledge, which is lost when staff leave an organisation. Finally, the respondents also revealed that 

there were difficulties in working with others from other organisations and regions during the response phase, 
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post-disaster, as terminologies and standard processes of repair are different for each region. These differences 

often lead to confusion between different parties, and jobs being completed to different standards.  

To address the in-house staff logistical impacts, or impacts from experience differences and knowledge losses, 

extra time ranging from 0 to 0.5 days was added to the repair time of all broken pipes. This addition simulates the 

difficulties of finding the exact location of assets, such as shutoff valves. A random number was then used to 

determine the exact increase, between 0 to 0.5 days, to add realistic randomness, replicating the issues the repair 

crew may face.  

The out-of-house impacts, or the issues working with multiple stakeholders, were calculated by doubling base 

repair times for 10% of the pipe breaks. This adds an assumption that 1 in every 10 pipe repairs would have to be 

redone, following the comments by the respondents and patterns that arose in the aftermath of the 2010-2011 

CES, where many residential repairs had to be completed many times due to poor communication and 

craftsmanship (Broadstock, 2016). 

Table 5 Staff logistics interview summary table. The summarised problem statements are in black, solutions raised by 

the same or another respondent, are in red.  

Staff 

Staff turnover leads to the loss of experience 

around efficient pipe repair and critical valve 

locations.  

 

Ineffective and sub-par databases. (Databases 

are unique to each region where they all use 

different methods of storing and analysing data) 

These databases especially become a problem 

when people from other areas join the response 

team and do things their way, producing 

discrepancies 

 
Database info often does not line up with reality 

Councils and other organisations are Becoming 

better with GIS and GPS systems 

Need better-pre-set plans to spring into action Wellington has plans already set in place. 

Logistics of moving people from other areas 

into the region in the aftermath to help. For 

example, it will be difficult to find beds, shelter 

and transport. 

Campsites and naval ships often offer their services. 

These ships can also carry gear if needed 

Each region has different terminologies between 

councils and regions 

 

Removal of staff from other commitments and 

jobs, to help repair phase 

 

 
Damage inspection 

Another factor raised by the interviewees was the importance of water pressure when inspecting the pipes for 

damage. Many respondents stated that most inspections were conducted using surface observations, which can be 

influenced by the topography and subsurface hydrology. For example, hill slopes can cause water to flow downhill 

before surfacing, causing repair crews to dig in the wrong place. This confusion extends repair times as multiple 

holes have to be dug to locate the damage. For example, it took one expert five days to find a broken pipe in which 

countless holes were dug in the process, see Table 8.  Alternative methods such as diviner rods, and loop locators, 

can be used to help in these scenarios. However, they are not always accurate and take time to employ.  
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Table 6 Damage inspection interview summary table. The summarised problem statements are in black, solutions 

raised by the same or another respondent, are in red. 

Inspection Process 

Water can run downhill and rise to the surface away from 

the leaking pipes. Since leaks are often identified by 

looking at the surface, failures can be difficult to find. For 

example, one leak took five days to find, which lead to a 

higher cost and time wasted. 

Loop locators and diviner rods can be used 

to find leaks.  

Hydrant boxes can show how far the water 

has travelled downhill (shows water level 

underground).  

It is much harder to find leaks in non-pressurised pipes 

like wastewater as there is no bubbling or geysers etc. 

Earthquakes can create multiple holes which reduce the 

pressure. Need pressure to push water to surface for 

identification. 

Previous experience with vulnerable 

regions can also increase inspection 

efficiency as the most likely areas of 

damage can be inspected first.  

Need to pressurise sections to find leaks. Areas must, 

therefore, be shut off as too many holes make 

pressurisation impossible. 

Predictive maps can be used before the 

event to show areas of likely damage.  

House tobys are usually turned on, adding to more regions 

of pressure loss. 
Finally, leaks can be found using telemetry 

systems that track pressure changes using 

GPS and GIS systems. 

Liquefaction increased the difficulty of identifying leaks 

in Christchurch due to the amount of water on the ground 

surface. Thus, the inspection process had to wait for a day 

for the water to reside before turning the water supply 

back on for inspection. This liquefaction impact could 

occur in Wellington. 

Often damages cause significant amounts 

of water to gush to the surface like geysers, 

thus finding leaks may be quite simple  

 

Since the additional time required to inspect the pipes was based on the slope and water pressure, extra time was 

given to each broken pipe depending on the gradient of the land it lay in and the diameter of the pipe. The diameter 

was used alongside the slope as larger pipes carry more water, and are therefore more likely to create surface 

observations near the broken segment.  Overall small pipes in steep slopes gained the greatest additional times, 

see Table 9. 

Table 7 Additional times required to inspect the pipes. These final numbers were based on the respondent’s stories, 

and the repair times stated. 

Pipe type (ground surface gradient) Min (days) Max (days) 

Main (steep slope) 1 2 

Main (moderate slope) 0.5 1 

Main (shallow slope) 0 0 

Branch (steep slope) 1.5 3 

Branch (moderate slope) 0.75 1.5 

Branch (shallow slope) 0 0 

 

Access  

The final additional impacts explored were access problems. Multiple experts stated that as a result of a significant 

earthquake in Wellington, the main transport routes such as rail, roads, and the port would be closed due to 

shaking, landslides, and permanent ground deformations, see Table 10. Interestingly the overall impact of these 

access problems on repair times was debated.  Some experts stated that there were no significant potential 

problems, while others saw serious issues. Those that saw only limited problems stated that at least one lane would 

be open in most circumstances, and hard to get to places could be reached by using equipment like diggers or 

bulldozers that can pull themselves up and over difficult terrain.  In contrast, those respondents that saw significant 
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hazards, stated that multiple areas would be far too difficult to reach until the potential damages and landslides 

were cleared or stabilised, especially when some of the possible landslides could be as large or bigger than those 

in the 2016 Kaikoura earthquakes which have taken at least a year to remove (New Zealand Transport Agency, 

2018).  Furthermore, it is believed that as a result of these potential damages,  transporting the required equipment 

and resources in and out of Wellington would be very difficult, slowing down repairs (Ministry of Civil Defence 

and Emergency Management, 2010a). The exact effect of this difficulty is hard to determine since roll off roll on 

barges can be used and parts can be made locally.  

Table 8 Access interview summary table. The summarised problem statements are in black, solutions raised by the 

same or another respondent, are in red.  

Access 

Road damages make some locations completely 

inaccessible.   

 

28 slips occurred along roads in Kaikoura. The 

same thing can happen in Wellington.  Getting rid 

of these 28 landslides was difficult as they could 

not simply be pushed into the sea, for safety 

reasons, etc. In Kaikoura, the banks of each 

landslide had to be shored up first before they 

could be removed or fixed. Furthermore, in 

Wellington, if there are properties above 

landslides, cautionary approaches would need to 

be taken.  

Diggers and Bulldozers can tug each other up hills and 

across rough terrain. Paths can also be dug out, or diggers 

can pull themselves over hills by their bucket Rubber tires, 

and caterpillar tracks can also be used to make access easier. 

In residential areas, there is usually more than one way to go 

to get to damages. Finally, helicopters can be used to move 

supplies around. 

There are multiple sites of possible slips in 

Wellington. For example, along State Highway 2 

between Petone and Ngauranga Gorge, and along 

the road between Plimmerton and Paekakariki.  

Furthermore, the highway between Porirua and 

Plimmerton will also experience liquefaction.  

Construction of Transmission Gully will reduce the effect of 

these landslides, as the road is only expected to be closed for 

three weeks, compared to 3 months for State Highway 1 and 

2. 

As a result of these landslides, regions could be 

closed off for up to a year. For example, the recent 

slip in the Manawatu Gorge took a year to clear.  

Repairs should only take a couple of hours (3-4). 

These landslides will stop large equipment and 

parts necessary to repair sections from reaching 

areas in need.  

Lifeline groups already have collective plans and 

understandings. 

Pipes too deep to easily access or hidden behind 

other pipes.  

Most water supply pipes are relatively shallow as they do 

not rely on gravity to function. 

Pipes can sometimes be in hard to get places, like 

under houses and schools, which is especially 

problematic if shut off valves are also located there 

Entire problematic sections can be replaced by new pipes. 

These new pipes have the advantage of being made of better 

materials and more flexible joints.  

Port is currently damaged, so not expected to be 

useful.  

Roll on roll off barges can be used instead. 

Rail is not an option either (see Kaikoura) The airport can be used as a backup transport hub. 

Some regions like Wainuiomata have only one 

route in an out. Thus people may become stranded. 

Additionally, there is usually at least one lane available 

when repairing pipes, as the repair process does not take up 

the entire road. 
Roads must be closed for pipe repair.  

 

What is agreed upon by the experts is the fact that landslides are inevitable in a large Wellington Earthquake 

event. These landslides may bury pipes under hundreds of thousands of cubic meters of debris, making it difficult 

to repair any broken pipes located directly underneath the deposits.  To address these impacts specifically, pipes 

located in potential landslide runout zones, identified in Hancox and Perrin (2010), were given additional Id 

numbers. If a pipe with one of these Id numbers, fractured because of the earthquake, an additional standard of 

two weeks was added to the pipe’s repair time. Two weeks was chosen as it is similar to the period needed to fix 

fault ruptures, which are often significantly damaged. Overall this number is very arbitrary, as there is no 

knowledge around exact times. However, these estimated impacts reveal the potential significance of how 

landslides affect final repair times. Once all the relevant factors raised in the interviews, like the influence of 

landslides, were added into the model, their specific influence on overall repair times was then calculated.  
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RESULTS AND DISCUSSION.  

After running the altered predictive model for the first time, the total number of pipeline failures from an Mw 7.5 

Wellington Fault Earthquake, control only, (without additional factors and redundancies) ranged from 10 to 51 

pipe breaks depending on the source, see Table 11. Kaitoke experienced the lowest number of failures, despite 

having the greatest number of pipes exposed to earthquake conditions. Usually, it would be expected that the 

greater the exposure, the higher the damage, but because Kaitoke contains mostly resilient pipe materials and 

diameters, the likelihood and thus the number of failures is much lower, see Table 12.  

When redundancies, or sections with multiple pipes, were included in the calculations the number of failures 

reduced by almost half for all sources except for Kaitoke, which experienced virtually no change, see Table 11. 

This stagnant change suggests that there are not many parallel or redundant pipes associated with the Upper Hutt 

Network.  Overall the significant reduction, especially from Wainuiomata which experienced a decrease of more 

than 100% shows the importance of including redundancy, into damage prediction and repair time calculations as 

it can have a significant impact on the number of repairs, and thus the repair times.   

Table 9 Final totals of pipe failures and repair times, including the influence of redundancy.  

Source 

Total length 

from source 

(Km) 

Base 

inspection 

time 

(Days) 

Number of 

failures 

Base Repair 

time (Days) 

Number of 

failures with 

redundancy 

Base Repair time 

with redundancy 

(Days) 

Hutt River 

(Kaitoke) 
58.91 5.89 10.27 29.35 9.40 24.90 

Wainuiomata 44.89 4.49 50.47 76.56 34.47 49.52 

Waterloo 31.08 3.11 37.93 46.80 29.80 35.14 

Gear Island 21.96 2.20 36.50 46.10 27.93 32.23 

 

Table 10 Pipe attributes associated with each source. Cement pipes include brittle materials such as concrete and 

asbestos cement. Plastic pipes include materials such as polyvinyl chloride and polyethylene. Mains refer to pipes larger 

than and equal to 600mm in diameter. Branches are pipes smaller than 600mm. Old couplings are pipes with non-

welded joints that were created before 1960 

Source % Cement %Steel %Iron %Plastic % Main %Branch %Old coupling  

Kaitoke 0.46 99.53 0.00 0.00 97.92 2.08 29.21 

Wainuiomata 2.97 84.09 11.74 1.20 64.14 35.86 41.65 

Waterloo 0.00 98.27 0.00 1.73 51.46 48.54 35.21 

Gear Island 0.00 98.09 0.00 1.91 54.53 45.47 38.18 

 
Additional factors  

With the addition interview factors, minus landslide impacts, repair times increased from 3 to 13 days depending 

on the source, see Table 13. The greatest increase, outside of land sliding impacts came staff logistics, adding an 

average of 7 days. The lowest increase came from oddball sizes which increased repair times by around a day. 

Land sliding at this point was left out of the final times, as there was not much evidence for the numbers given, 

due to the assumption of two-week repairs. 

Table 11 Final repair times, showing the number of added time in days for each factor 

Source 

 Repair + 

prospect 
times 

Headworks 
Securing 

situation 

Assemble 

plant and 
materials 

Inspection 

and 
planning 

Fault 

repairs 

(with two 
repair 

crews) 

Totals 

before 

adding 
Interview 

factors 

Extra 

inspection 

Oddball 

sizes 

Find 

valve 

Total 

(days) 

Kaitoke 30.79 6 1 1 2 12.61 53.40 0.05 0.93 2.84 56.22 

Wainuiomata 54.00 6 1 1 2 16.60 80.6 4.25 0.47 9.28 93.60 

Waterloo 38.25 6 1 1 2 16.60 64.85 4.15 0.30 7.61 75.91 

Gear Island 34.43 6 1 1 2 16.60 61.03 4.15 1.60 7.15 72.92 

 

Despite the fact that the local impacts added an average of nine days to repair times, the final times produced are 

very similar to the previous models (Cousins, 2013; Mowll, 2012), where it is expected that the water supply from 

Kaitoke to Karori will be restored within 52 and 65 days respectively. This similarity questions to the impact of 
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these local factors, as there is no evidence of significant changes. However, this simple comparison misses the 

important influence of alterations to the original model such as including redundancies and amplification factor 

changes, of which almost halved the number of failures as outlined in Table 11. The impacts of changing the 

amplification factors and adding redundancies can be seen in the reduced number of failures from Kaitoke, where 

previous models estimated 23 failures would occur along the Kaitoke line, more than twice the number predicted 

by the newly constructed model (Cousins, 2013). Therefore, despite similarities, it can be concluded that the local 

factors investigated do have a significant influence on final repair times, as not only were 3 to 13 days added, but 

the number of potential failures was cut in half. Unfortunately, better comparisons cannot be made between the 

new model and original models, as the previous models only focus on the Kaitoke source. However, It can be 

safely assumed that these factors do have a significant impact.   

Landslide impacts 

With the inclusion of landslides, final repair times increased by between 28 to 98 days depending on the source  

as shown in Table 14. In total between two and seven failures were located in potential landslide runout zones, of 

which would either have to be repaired by firstly removing the debris on top of the break, or by constructing 

temporary bypasses, like those used to cross the Brighton Bridge after the Christchurch Earthquakes (Eidinger 

and Tang, 2012). Interestingly all three of the Lower Hutt sources share the same repair time and number of 

failures. This similarity is a result of sharing the same pipes along State Highway 2, the region most vulnerable 

landslides and liquefaction, as shown in Figure 3.  

In addition to the direct increase in repair times, landslides would prohibit and slow the influx of critically needed 

resources such as aid and replacement parts (Ministry of Civil Defence and Emergency Management, 2010a; 

Mowll, 2012).  For example, land moving equipment such as the diggers used for digging down to the pipes may 

not be readily available after a large event, slowing down repairs. Alternative routes such as roll on roll off barges 

and helicopters can be used; however, these backup transport routes would be highly sought after and be limited 

in supply (Ministry of Civil Defence and Emergency Management, 2010b). Furthermore, they would require 

additional time to implement (Ministry of Civil Defence and Emergency Management, 2010a, 2010b). Thus, 

landslides can not only cause direct impacts to the final repair times but can cause secondary and tertiary impacts.  

Table 12  Additional times needed to create an alternative route around broken pipes under landslides 

Source 
Total failures under 

a landslide 

Additional Time 

(days) 

Hutt River 

(Kaitoke) 
2 28 

Wainuiomata 7 98 

Waterloo 7 98 

Gear Island 7 98 
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Figure 3 Wellington water supply mains, with soil liquefaction potential. Stars represent water sources. 

Possible methods to reduce the impacts in light of findings 

Overall, the results of this study show that local impacts can have a significant effect on final repair times. 

Therefore, plans around these potential issues should be implemented. For example, the difficulties of working 

with inexperienced people and staff from different organisations increased repair times by an average of 7 days, 

as stated in Table 13. In an actual disaster, these difficulties could be much more extreme. For example,  as a 

result of poor management, budget cuts and communication, many homes after the Christchurch Earthquakes had 

to be repaired multiple times due to poor and “shoddy” repairs, which drastically extended repair times and costs 

(Broadstock, 2016). If better management and communication are achieved, a more consistent approach could be 

reached, which would reduce the likelihood of poorly done jobs. This consistency requires regional or nationally 

known standards and terminologies so that repair crews from different companies and organisations can 

understand each other. Currently, most councils and regions have their own method of storing and managing data, 

with some using GIS databases, others through CAD programs, and some still use paper drawings (Table 7). If 

regional or national databases, such as the Canterbury Geotechnical Database, or software such as Risk Scape was 

used more regularly, communication and logistical problems could be reduced, as terminology and knowledge 

differences would no longer occur (Scott, Ballegooy, Stannard, Lacrosse, and Russell, 2015). 

Enhancing the resilience of the transportation system will also allow for faster repairs as the pipes, required 

equipment, and needed resources will become easier to access after an earthquake event. Currently, work is being 

carried out in Wellington to improve nationwide access through the construction of an alternate route to State 

Highway 1 (SH1), called Transmission Gully (TG). This new road will make it easier to get into the centre of 

Wellington both during normal conditions and during disasters, as it is more resilient and less prone to landslides.  

Overall TG is expected to take only 30 days repair after an earthquake, taking 90 fewer days than SH1 

(Brabhaharan, 2009; Mowll, 2012). However, despite TG’s potential advancements to regional access, the 

alternative route does not improve access to the water pipe’s themselves as the pipes still follow the SH1 and SH2 

as shown in Figure 3. In the event of an earthquake, it can be expected that SH1 and SH2 will be closed off from 

landslides for extended periods of time. Thus, improvements, such as slope stabilisation should be conducted to 

reduce overall repair times and potential road damages. Furthermore, the pipes themselves can be improved. Better 
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pipe materials lead to lower break rates, and thus faster restoration times (O'Rourke et al., 2014; Sherson et al., 

2015) 

The pipe material can have a significant impact on how the pipe behaves during a disaster. For example, ductile 

materials like polyethylene, break on average six times less than brittle materials (O'Rourke et al., 2014; Sherson 

et al., 2015).  Thus, if the brittle pipes In Wellington were replaced with better materials, the potential damages 

would decrease.  Furthermore, as larger pipes are more resilient, bigger pipes could also be used which would not 

only increase durability but would allow for more water to be transported through the pipes (Nayyerloo and 

Cousins, 2014). By allowing more water to flow, faults along the lines could become much easier to find, and 

clamps would be able to be used without worrying about winding them down too far as discussed in Table 6. 

Finally, by upgrading the pipes, oddball pipes could be removed, allowing for easier repairs, as spare parts and 

appropriate clamps would already exist. However, changing the pipes is not a simple undertaking, costing a 

significant amount of time and money to do so. For example, repairs to the water and wastewater after the 

Christchurch Earthquake cost 5%  and 70% of the $2.2 budget for the rebuild respectively (Department of the 

Prime Minister and Cabinet and Christchurch City Council, 2016).  

Finally, restoration times could be reduced by avoiding fault crossings altogether. This would be quite difficult as 

all Wellington sources gather water from sources on the opposite side of the Wellington Fault to Wellington City. 

Currently, there are plans for an inter-harbour pipe through the Wellington Harbour, which would bypass the 

faults and connect to the Lower Hutt sources (Wellington Water, 2015). Overall, the final solutions used will be 

determined by the local surrounding landscape and contextual influences.  

Limitations and recommendations  

Unfortunately, not all local factors raised in the interviews could be investigated. For example, the impact of 

politics, environmental concerns, and health and safety problems could not be addressed due to the time 

constraints and because of the complexities of modelling these factors. Those local impacts explored were only 

briefly investigated, focusing on the overall possible consequences, and general outcomes. For a more accurate 

model, these factors need to be investigated with more depth and care. Finally, this study only includes 

interdependency at a surface level. In order to fully understand the behaviour of each lifeline, an in-depth study 

of interdependency is required.  

CONCLUSIONS 

Lifelines like the water supply are critical for the survival of people, communities, and businesses where the loss 

of water can cause health problems and close businesses, causing long-term impacts. In the event of an earthquake 

the water supply, like many other lifelines is likely to be damaged and therefore be out of commission. The 

Wellington Region in New Zealand is particularly vulnerable because the bulk water pipes cross the Wellington 

Fault multiple times and reside in landslide-prone regions. Currently, the models that calculate the potential down 

times for Wellington, focus mostly on engineering principals and do not incorporate local or contextual factors. 

According to the multiple experts interviewed, various local factors can have a significant impact on repair times. 

For example, differences in staff experience and approaches to repair can cause inconsistencies and slow the repair 

processes. Furthermore, landslides can prohibit access to damaged pipes and needed equipment, dramatically 

slowing down repairs.  When these local and contextual factors were included into current predictive models, the 

predicted repair times increased by between 3 and 13 days depending on the water source. When land sliding 

impacts were included, these final repair times increased by between 31 and 111 days depending on the source. 

Overall, local factors can have a significant impact on repair times and should be included into future predictive 

models and repair time considerations. However, further research is required to more accurately define these 

additions, where an in depth model sensitivity study is required to understand if these factors are worth modelling. 
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ABSTRACT 

The standard framework for undertaking a risk assessment of a natural hazard involves analyzing the interaction 

of three components: Hazard data (in the form of maps), the elements exposed to the hazard (exposure), and 

measures of these elements’ vulnerability (understood as the susceptibility to harm or damage). In New Zealand, 

national flood risk remains unquantified due to the absence of national flood inundation hazard map coverage. 

In this paper, we develop a methodology that aims to fill this gap by estimating instead the likelihood of a flood 

insurance claim for a stock of residential buildings. We estimate a non-linear limited-dependent variable model 

and using a set of fragility functions (also known as damage curves), we calculate the expected monetary losses 

under plausible flood depth scenarios. The outcome of this research could inform insurers of their potential 

liabilities and threats to their financial sustainability in the face of flooding events and storms.  

 

Keywords: Flood risk, insurance, liabilities. 
 
INTRODUCTION 

Flood hazard maps are an essential input to undertake a risk assessment, which fundamentally consists of 

determining who or what can be affected by a flood (it could be people, buildings, land), estimating what is the 

degree or level of affection of the exposed elements could have (commonly measured in a scale between 0 and 

1), and calculating how much money will this impacts –and its cascading effects will cost. Thus, the standard 

framework and conventional practice of a risk assessment involves analyzing the interaction of three 

components, i.e.: Hazard data (in the form of maps), elements at exposure, and measures of vulnerability 

(understood as a susceptibility to harm or damage) (NIWA, 2016). In New Zealand, national asset risk remains 

unquantified due to the absence of national flood inundation hazard map coverage based on realistic scenarios 

(Paulik, 2017).  While it is true that local governments are legally required to produce hazard maps for land 

planning and risk management purposes (Resource Management Act, 2003), these maps are not necessarily 

available or accessible in appropriate formats. Moreover, there is not a national data catalog compiling and 

assembling 1D and 2D flood models in a single platform or spatial data infrastructure. Moreover, there is 

anecdotal information reporting that some of these hazard maps have been prepared by different consulting 

organizations with intellectual property data arrangements restricting access to the data.1  
 

Traditional one dimensional (1D) and two dimensional (2D) flood modeling for multiple flood recurrence 

intervals require an enormous amount of inputs, and are developed sometimes with strong assumptions and 

simplifications of the real world due to their complexity. From a hydrological perspective flood modeling 

requires recorded gauge data, which is not necessarily available for all the important rivers or catchments, or if it 

                                                 
1  We understand that there is an initiative within the context of one of the twelve NZ National Challenges that aims 

to acquire from local governments appropriate one dimensional (1D) and two dimensional (2D) flood hazard maps for urban 

areas that identify flood prone land. Ultimately, the project aims to stitch the spatial data together to form a composite flood 

hazard map for identifying assets potentially at risk.  
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exists, the length of the time series is too short to estimate discharge and other hydrological parameters. Flood 

modeling also requires precipitation gauge measurements (collected by meteorological station networks), which 

sometimes do not cover the areas where the hazardous rivers actually pose a risk over urban settlements. From a 

hydraulic and civil engineering perspective, flood modelling requires information of the built-up infrastructure, 

such as: Culverts, storm water and pipe network, stop-banks, dams, roads, bridges. On top of this, data on the 

topography, land cover, land use, and soil data are fundamental to model how bodies of water behave. The 

process ends when the resulting flood maps are subjected to validation and calibration using historic records of 

the extent and intensity of previous floods. From a flood model's accuracy stand point, we have evidence of the 

mismatch between the flood model inundation area predictions -where insurance claims were expected to 

happen and the actual occurrence of the insurance claims. This mismatch between prediction and observed 

impact of weather-related events raises the question whether flood maps should be reliable and whether it is an 

investment worth doing given their ability to provide an estimate of the economic impact of a disaster.  

 

We answer this question by providing a much cheaper and less resource-intensive alternative, as well as a 

solution to the absence of flood maps. In this paper, we develop an innovative methodology that aims to 

estimate the economic impact (direct losses) of floods by predicting the likelihood of an insurance claim. We do 

this by implementing a non-linear model using past weather-related claim data from New Zealand's public 

insurer (EQC), and a set of GIS (geospatial) data sets produced by Land Information New Zealand (LINZ), 

Landcare Research (LCR) and National Institute of Water and Atmospheric Research (NIWA). These datasets 

report on the physical (hydrological hydrographic, topographic, land cover, soil characteristics) and socio-

economic (deprivation index, value of the house, building materials) characteristics of a set of building 

distributed in a region of New Zealand. Based on these likelihoods and a set of fragility functions, we estimate 

monetary losses under plausible flood depth scenarios.  While it is true that our proposed model uses data that 

would also be used in a conventional flood modeling framework, we take a probabilistic approach rather than a 

physical one.  

 

We showcase this methodology in a region that has been extensively and intensively impacted by extreme 

weather events, and displays the highest number of insurance claims in relation to the total asset stock of 

residential buildings. The results outputted by our model are statistically significant and consistent with what the 

theory predicts for most of our explanatory variables. Specifically, we see that slope and the hydrological 

characteristics of the soil (Flood Return Interval, Soil drainage, Permeability Profile and Profile Total Available 

Water) are significant. Moreover, post-estimation statistics and factual evidence seem to indicate the robustness 

of our model. Specifically, we assess the predictive power of our model using two post estimation tests. The first 

is a confusion matrix and a c-statistics value based on Receiver Operating Characteristics curve. The proposed 

methodology for flood risk assessment can be extended to other areas conditioned on the availability of 

geospatil data and a "balanced" relationship between the number of buildings with and without claims. to 

circumvent the problem of an unbalanced relationship, we suggest the creation of cluster of buildings with and 

without claims, where clusters can be manually created based on the geophysical features of the area of interest, 

or based on clustering algorithms such us the concave hull or the concave hull. 
 

The remainder of this document is organized as follows. The first section of the paper describes the general 

traits of New Zealand's public risk transfer mechanism -the Earth Quake Commission (EQC) in the context of 

weather-related events. This section also analyses the spatial and temporal distribution of claims across New 

Zealand. The second section describes the covariates and inputs for the model, and the estimation method itself. 

Section three reports on the results, followed by a discussion. The last section concludes.  

 
THE EARTHQUAKE COMMISSION (EQC)  

The precursor of the current EarthQuake Commission (EQC) - the New Zealand’s public insurer for natural 

disasters was established in 1945 under the name of the Earthquake and War Damage Commission, with the aim 

of providing compulsory war and earthquake insurance for all properties. In 1994, the Commission was 

reconstituted under the Earthquake Commission Act 1993 (Owen and Noy, 2017). This Act contemplates 

insurance provision for any physical loss or damage occurring to residential buildings and contents2 as a direct 

                                                 
2  Changes to the EQC Act have been announced, and the new Act will exclude contents coverage.  
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result of earthquakes, natural landslips, volcanic eruption, hydrothermal activity or tsunami. In the case of flood 

or storm events, there is provision for land damage. 
 

In order to be entitled to the EQC cover, homeowners are required to have a private fire insurance contract. In 

New Zealand, the private insurers and the EQC operate under a dual scheme in the sense that they share 

obligations when it comes to operational matters and how they compensate homeowners (i.e. "ground - up" or 

“top-up") (NZ Treasury, 2015).  The EQC premium is flat (as opposed to risk-based) and it costs fifteen cents 

for every 100 NZ$ insured, for a one-year period. Since the EQC building cover is capped to 100,000 NZ$, most 

residential buildings will have premiums of up to 150 NZ$. Contents are covered for an extra 30 NZ$ premium 

with an EQC cover of $20,000. Land is covered at no additional cost and has virtually no cap.3  
 

Even though there is provision for land damage from flood or storm events for buildings with EQC cover, it is 

only certain land on which the residential building sits that has cover. Specifically, the EQC cover for land is 

limited to the land that is within the property boundary and includes: The land under the residential building and 

appurtenant structures; the land within 8 meters of the residential building and appurtenant structures; the land 

under or supporting the main access way from the boundary up to 60 meters from the house (but not the 

driveway surfacing). The EQC cover also provides some cover for: bridges and culverts located entirely within 

the areas referred to above; and some retaining walls that are necessary to support the residential building and 

appurtenant structures or insured land 4 (EQC Insurer’s Guide, 2016). 
 

Regarding EQC’s monetary compensation, it pays the lesser of either: the cost to repair the damaged land (or in 

some cases the diminution in value of the land); or the value of the damaged land; or the value of 4000 square 

meters; or the value of the minimum-sized site allowed in the area where the damaged land is situated.  Bridges, 

culverts, and retaining walls that support the residential building or insured land are covered by EQC for 

indemnity value, meaning that the valuation takes into account their age and condition. (EQC Insurer’s Guide, 

2016).  Since 1980, the EQC has received over half a million claims, where approximately 4% of them (21.241 

claims) have been triggered by storms and floods (or landslips preceded by strong precipitation).  The total 

expenditure from these events rises to approximately 300 million NZ$, which is  equivalent to 3.22% of all the 

payouts ever made by the Commission since 1980 from all natural hazards insurance claims (see Table 1). 

 
Table 1. EQC payouts from weather-related insurance claims.  

 

Total number of claims received by the 

EQC 1980- 2017 21,241 

Total number of claims closed  

(to Oct - 2017) 18,194 

Total number of claims with complete 

information*  
17,595 

Total amount paid  for land damage** $ 162,912,300 

Total amount paid for building damage** $ 1,669,460 

Total amount paid for contents damage** $ 74,674,460 

 Number of claims Mean  S.D. 

Paid amount –including zeros 17,595 $ 13,597.95 $ 41,965.37 

   Paid  amount –excluding zeros 10,774 $ 22,206.80 $ 51,816.48 
* This number includes only observations for which geospatial information was available, and observations from 2000 

onwards are only considered due to data reliability considerations.  

** Nominal values.  

                                                 
3   The Act provision for land cover with no cap implies growing liabilities for the Crown (tax payers) in the face of 

climate change and its effects on increased frequency and intensity of weather-related events.  
4   It should be noted that EQC covers building and contents damage from landslips that are a result of weather-

related events 
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In terms of the number of claims across time, there is no discernible trend in the evolution of the series (see 

figure 1a below), even though science predicts an increase in the frequency and severity of extreme events. 

Nevertheless, it should be noted that unsettled claims and recent events such as extra-tropical cyclones Fehi and 

Gita caused major flooding events in early 2018, and could possibly inflate the numbers substantially. Most of 

the claims match the seasonal changes in New Zealand, meaning that claims tend to rise at the beginning of the 

wet season (April) and decline towards the end of it (October) (see figure 1b).   

 

 
        

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1a. Number of claims across years. This figure shows the annual number of weather-related claims (those classified 

as “Landslip/Storm/Flood”) made to New Zealand’s public natural hazard insurer (the New Zealand Earthquake 

Commission [EQC]) between Jan 1996 - Oct 2017.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1b.  Number of claims across months. Data excludes claims made in 2017.  

 
   

In terms of the relationship between the total amount of payouts and the total number of claims, we see that 

large events dominate how many claims are made and how much is paid out. Figure 2 reports the number of 

claims on the right y-axis, and the total amount paid out on the left y-axis (in $NZ nominal), since the year 

2000. The very first big spike of the series accounts for the "North Island Storm" in 2004, which meant for the 

EQC a total liability of 4.77 million (739 claims). The second highest spike is the "Bay of Plenty and Waikato 

Flooding" in 2005 with 12.3 million $NZ in losses triggered by 516 claims. The third highest peak in the series 

corresponds to the "North Island Weather Bomb" in 2008 with 581 claims and 13.29 $ NZ in losses. The 

remaining two highest peaks in the series reflect high damaging events that took place in 2011. The first was 
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"extra-tropical cyclone Wilma", which triggered the highest amount of payouts ever made by the EQC as a 

consequence of a weather-related event with 13.96 million $ NZ in losses from 643 claims. The second event in 

2011 was the "Tasman - Nelson Heavy rain and flooding", which in turn triggered the highest number of claims 

ever made to the EQC as a result of the impact of weather-related event, with  806 claims a losses for 13.02 

million $NZ.  Table 2 reports on the EQC top-10 most important events in relation to the size of the payouts 

made by the Commission resulting from floods, storms and landslips claims. It also reports on the amount that 

private insurers covered for the same events.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Total pay-outs and number of claims. This figure shows the number of claims and total pay-outs for weather-

related claims made to New Zealand’s public natural hazard insurer (the New Zealand Earthquake Commission [EQC]) from 

January 2000 to October 2017. Weather-related claims are those classified in the single category of “Landslip/Storm/Flood”, 

which excludes earthquake-related landslips 
 

An important attribute of the claims is the spatial dimension. Figure 3 shows the spatial distribution of the 

claims, where most of them are concentrated in urban centers of the most populated cities in New Zealand such 

as Auckland, Wellington, and Christchurch. It is noteworthy that a good deal of the claims affected the North 

Island. This could be explained by the higher exposure that this part of the country has to extra-tropical cyclones 

relative to the more southern areas. Nevertheless, there are areas in the South Island that, despite being less 

populated display a high concentration of claims (e.g. Bay of plenty, Abel Tasman). 

 
DATA and METHODS 
 

Data 

The sources, datasets and the processes to construct a set of variables to feed our non-linear model are described 

in the following paragraphs. Most of the data are publicly available, but insurance data and residential asset 

inventory have been provided under data-sharing agreements with the Earthquake Commission (EQC), and 

CoreLogic and the National Institute of Water and Atmospheric Research (NIWA), respectively.  

 
Insurance (Earthquake Commission -EQC) 

We use variables that account for the temporal distribution of claims, their economic importance, the nature of 

the event and the exposure to previous events. The temporal dimension refers to the date of the event the claim 

is made for. The economic dimension is the actual payment or compensation in $ NZ. The dataset contains a 

series of variables reflecting monetary liabilities such "assessment of the repair cost", "total valuation of amount 

damaged", and "total remediated", among others. However, based on the recommendation of the data collector 

(EQC), we have restricted our attention to actual monetary payouts for the concept of land damage i.e. "land 

paid" variable.  
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Table 2. Public and Private insurance pay-outs for the most costly weather-related event in NZ 

 

Date of 

event 

(1) 

Name of event - characteristics 
(2) 

Number of 

claims 

(3) 

Total value of 

EQC claims 

(mill. $NZD)  
(4) 

Paid by private 

insurance 
(mill. $NZD) 

2005.05.18 
Bay of Plenty and Waikato Flooding – heavy 

rain 
795 21.4 28.5 

2008.07.26 
North Island Weather Bomb - high winds, seas 

and rainfall in several regions of the country 
890 15.9 26.7 

2011.04.25 
Hawke's Bay Flooding – four days of heavy 

rain 
429 15.7 6.4 

2011.12.14 Tasman - Nelson Heavy Rain and Flooding 964 15.6 16.8 

2011.01.29 
Ex-tropical Cyclone Wilma - two days of 

heavy rain affecting the north of the country 
815 15.0 19.8 

2007.03.29 Northland Flooding – three days of heavy rain 630 9.4 12.5 

2017.03.07 
North Island Heavy Rain and Flooding - seven 

days of heavy rain 
525 6.1 61.7 

2016.11.10 Lower North Island flooding/wind 461 5.4 9.1 

2007.07.09 
Upper North Island Flooding and High Winds 

– three days of heavy rain 
323 5.4 68.6 

2004.02.16 North Island Storm - six days of heavy rain 1329 5.0 112 

2015.06.20 
New Zealand Storm – one week of intense rain 

in western areas of the South and North Islands 
440 5.0 41.5 

 
 This table contains information on the weather events in New Zealand between 2000 and 2017 which led to the highest total 

pay-out from New Zealand’s public insurer (the Earthquake Commission (EQC)). Column (1) contains date information in 

YYYY.MM.DD form for the first day of the weather event. Column (2) contains the name and characteristics reported in the 

NZ Historic Weather Events Catalog (NIWA 2018a). Column (3) contains the count of EQC “landslip/flood/storm” claims 

which are linked to an event matching the date in column (1). Column (4) contains the sum of EQC claim pay-outs 

expressed in inflation and GST adjusted 2017 NZ dollar values, and rounded to the nearest hundred thousand. Note the total 

number of EQC claims and EQC pay-outs are only lower-bound figures - these show the values linked to a single day. 

Column (5) contains information from the Insurance Council of New Zealand (2018) for the amount paid by NZ private 

insurance following the full weather event.  
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Figure 3. Spatial distribution of EQC claims across NZ (paid and not paid). The reasons for non paid claims include: 

absence of private insurance, claims referred to damages already assessed and covered, damage outside EQC’s limit of 8 

meters around the covered buildings, damage cost under excess ($500 for land damages), etc.  
 

With regard to the nature of the event, we implement an algorithm using the “claims status" variable and the 

“EQC coverage definitions" -outlined in the EQCover Insurer's Guide (2016) to distinguish between claims that 

have been lodged as a result of a flood or storm, from claims that have been made as a result of a landslip. 

Specifically, if a claim has not received a payout for building or contents damage, but has an open or close claim 

for land damage, we classify that claim as a "Flood - Storm" claim. This is done on the basis that weather-

related insurance claims are collected/registered/stored under a single category i.e. "Flood/Storm/Land/Slip". 

Note that we consider all flood claims regardless of the triggering mechanism i.e. coastal inundation, storm 

surge, riverine inundation, flash flood, or even extra-tropical cyclones. Finally, the exposure to previous events 

is calculated as the number of claims ever made to the EQC.   

To account for the spatial dimension of residential building insurance claims, which are expressed in 

geographical coordinates (latitude and longitude), we join the EQC dataset with the CoreLogic dataset using the 

key variable "portfolioid.   
 
Precipitation (National Institute of Water and Atmospheric Research -NIWA) 

We use precipitation as one of our main predictors in the likelihood of a claim since rain fall is the driving force 

behind flooding events (DHI, 2018). Precipitation data is estimated through the Virtual Climate Station Network 

(VCSN), which outputs data estimates of climatic variables such as daily rainfall, potential evapotranspiration, 

relative humidity, wind speed, soil moisture among others. The data are provided at a ~5km spatial resolution 

and gridded structure covering the whole of New Zealand. "The estimates are produced every day, based on the 

spatial interpolation of actual data observations made at climate stations located around the country." (NIWA, 

2017). We have computed the accumulated precipitation for a time frame that includes five days before the date 

of the claim. This measure aims to capture the intensity of precipitation that can presumably translate into a 

flooding event. Moreover, by having a wide window before the claim we account for rain and the possibility it 

saturates the soil it falls on (Abba Sood, 2017). We have attached the accumulated precipitation values to the 

Not paid 
Paid 

387



Pastor et al.                                                                                             Flood risk and insurance in New Zealand 

 

Full Research Paper - Understanding Risk, Risk Reduction, Consequences and Forecasting  

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

 

buildings using a geospatial algorithm that extracts grid attributes and attaches them to the building point 

features within the grid.  

 
Soil characteristics (Land Care Research -LCR) 

 We use a series of geospatial dataset (polygons) that report on the soil's water-related characteristics that we 

expect will have an impact on in the likelihood of an insurance claim. These layers are: Annual Water Deficit, 

Flood Return Interval, Soil drainage, Permeability Profile and Profile Total Available Water. These sets of 

geospatial data have been modelled based on the soil's physical and chemical properties, and a various sets of 

environmental variables for the whole of New Zealand. These datasets cover mostly country side (rural) areas 

and have minor coverage or urban areas. Each of the characteristics of the soil -either expressed as categories or 

continuous value have been transferred to the residential buildings sitting on them by using a spatial algorithm 

that "adds polygon attributes to point features".  
 

Annual water deficit. This layer is used as an indicator of soil dryness. "The data layer was derived from 

surfaces fitted to monthly data describing daily average temperature, daily solar radiation and monthly rainfall. 

The rainfall surface was fitted using elevation, and a model describing relationships between topography and 

westerly winds"(LENZ, 2002). The units for this layer are in mm, higher values are areas that have a larger 

deficit.   
Flood Return Interval. This layers contains flood return interval (FRI) categories that go from Nil to Very 

severe. The description of each category is expressed as an Annual Exceedance Probability (AEP), for instance 

a 1 in 60 year for a moderate FRI, or 1 in 20–1 in 60 for a moderate FRI, etc. A 1 in a "x" year event is a 

measure commonly used among to describe the rarity of an event. For instance, a 1% AEP flood is the flood that 

has a 1% chance of occurring or being exceeded every year, and is sometimes known as the 1 in 100 year flood. 

Therefore, low probability events are associated with extreme and more damaging events. The FRI categories 

are as follows:  
 

Table 3. Flood Return Interval categories and values 

 

Description 
Flood return interval 

(years) 

Nil Nil 

Slight <1 in 60 

Moderate 1 in 20–1 in 60 

Moderately severe 1 in 10–1 in 20 

Severe 1 in 5–1 in 10 

Very severe >1 in 5 

                        

Soil drainage. "Drainage classes are assessed using criteria of soil depth and duration of water tables inferred 

from soil colours and mottles(spots or streaks)... or from reference to diagnostic horizons... Drainage classes 

used here are the same as those used in the NZ Soil Classification (Hewitt 1993), and outlined by Milne et al. 

(1995)" (LNZRI, 2008).  The drainage classes with their descriptions are as follows: 
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Table 4. Drain class values and categories  

 

Drain class Description 

1 Very poor 

2 Poor 

3 Imperfect 

4 Moderately well 

5 Well 

  

 Permeability profile. "Permeability is the rate that water moves through saturated soil. The permeability of a soil 

profile is related to potential rooting depth, depth to a slowly permeable horizon and internal soil drainage. 

Permeability classes are from Clayden and Webb (1994)" (LNZRI, 2008). Permeability values and their 

description are as follows:  

Table 5. Permeability values and categories  

 

Permeability Description 

S Slow 

M Moderate 

R Rapid 

NA Not applicable 

 

 Profile total available water. "It is a classification of profile total available water for the soil profile to a depth of 

0.9 m, or to the potential rooting depth (whichever is the lesser). Values are weighted averages over the 

specified profile section (0–0.9 m) and are expressed in units of mm of water. The classes originate from the 

work of Gradwell and Birrell (1979), Wilson and Giltrap (1982) and Griffiths (1985), and are described more 

fully in Webb and Wilson (1995)" (LNZRI, 2008). Profile total available water classes and their corresponding 

values are as follows: 
 Table 6. Profile total available water values and categories 

 

Class Description 

1 Very high 

2 High 

3 Moderately high 

4 Moderate 

5 Low 

6 Very low 
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Topography, hydrography, and land cover  (Land Information New Zealand -LINZ) 
We use a set of geospatial datasets produced under the 1:50k Topographic Map Series, which provide 

information on  topography, hydrography and land cover of whole of New Zealand.  
 
Elevation. We use a digital elevation model (DEM) to obtain the elevation of each residential building with 

respect to a vertical datum i.e. mean sea level. We obtain these values at building level by applying a spatial 

algorithm that extracts the DEM values and attaches them to the buildings.  
Slope. We derive the slope of the terrain (in degrees) where the buildings sit on by applying a 10 parameter- 3rd 

order polynomial algorithm based on Haralick (1983).  
 

Up until this point, all the previous variables have been constructed by using a spatial algorithm where 

residential buildings adopt the attribute of the area that contains them. In contrast, the following variables have 

been constructed using a distance-algorithm relationship, which measures the shortest distance from the 

residential buildings to different features e.g.: Coastline, water bodies (rivers, lakes) and forest cover..     

 

Hydrography. We use three different sets of hydrographic features i.e.: big and small rivers, water bodies (lakes, 

ponds) and the coastline. Their inclusion in the model is motivated by the role these earth's surface features play 

in the hydrological cycle and because, they are an essential input in any flood modelling and risk assessment 

endeavor.   
Distance to big and small rivers. Rivers are defined as "a natural, flowing body of water emptying into an ocean, 

lake or other body of water and usually fed along its course by converging tributaries." (LINZ topo50, 2013).  
Distance to coastline. The coastline is defined as "The line forming the boundary between the land and sea, 

defined by mean high water."  
Distance to lakes and ponds.They are defined as "any standing body of fresh inland water" (LINZ topo50, 2013) 
 

Land Cover. We use three layers of vegetated land cover, i.e.: Exotic forest, native forest and scrub. Their 

inclusion in the model is driven by the known protective role that forests can have (Ferreira and Ghimire, 2012). 

We considered the inclusion of swamps and mangroves as they can also play a protective role during flooding 

events, but they are absent in our region of interest.  
Distance to exotic forest and native forest. It is defined as "a tract of land covered by trees not native to New 

Zealand, or trees native to New Zealand" (LINZ topo50, 2013). 
Distance to scrub. It is defined as "a tract of land covered by vegetation less that 3m high" (LINZ topo50, 2013). 
 
Socio-Demographics (building inventory).  
We leverage of the abundant number of building attributes available in the building inventory published by 

RiskScape5. The attributes include construction type (e.g. Concrete, Timber), year of construction, number of 

stories, floor height, replacement cost and the deprivation index. We link this inventory to the already merged 

georeferenced insurance claims dataset, using a "nearest-neighbor" spatial algorithm.   
 
Estimation Method 

We implement a non-linear limited-dependent variable model (logit) using past weather-related claims made to 

the New Zealand public insurer (EQC), and a the set of physical and socio-economic variables described in the 

data section.  A non-linear logit model allows us to establish a relationship between a binary outcome variable (a 

claim) and a group of predictor variables (physical and socio economic variables), where the parameter values 

are estimated via maximum likelihood estimation (UCLA, 2017). The model has the following fucntional form: 

   Logit (p) = log (p/(1-p))= β0 + β1*x1 + … + βk*Xk 

In terms of probabilities, the equation above is translated into 

                                                 
5  RiskScape is a software that was developed to meet the demand for natural hazard impact and loss 

modelling in New Zealand (RiskScape, 2017) 
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  p= exp (β0 + β1*X1 + … + βk*Xk)/(1+exp(β0 + β1*X1 + … + βk*Xk)). 

Our main interest is the predicted probabilities outputted by the model rather than the relative importance of a 

variable in the likelihood of a claim. This is because our ultimate goal is to estimate the expected monetary 

losses under plausible flood depth scenarios. It is noteworthy that most of our covariates are included in 

conventional hydraulic engineering modeling of floods. 
 

All the independent variables i.e. X1 ,X2, . . . Xk,   have been spatially modeled as the buildings’ distance to 

rivers / native forests / shoreline, etc. or as buildings within drainage soil categories / buildings within 

permeability soil categories, etc.  All the categorical variables have been transformed into dummies and a 

comparison category has been selected by dropping it from the analysis. For the analysis, we use all observed 

flood claims regardless of the nature of the flood (coastal inundation, riverine flooding,  flash flood, storm 

surge). 
 
RESULTS AND DISCUSSION 
 
Results 

The overall model is statistically significant - given by the Prob > chi2 being less than the critical value 0. 05. 

The signs of the coefficients are aligned with what theory predicts and what we expected for the majority of our 

independent variables. In the following paragraphs we provide an interpretation for all the significant 

coefficients.  

 

Soil characteristics. We find that buildings are more likely to make a claim if they are located in areas with 

“slight” and “moderate” flood return intervals, compared to buildings in areas with “Nil” flood return interval. 

When it comes to drainage, buildings are less likely to make a claim if they are located in “well” and 

“moderately-well” drainage areas, compared to buildings located in areas with “poor” drainage. Regarding the 

permeability of the soil, buildings sitting in areas with a “rapid” rate at which the water moves through saturated 

soil, are less likely to make a claim compared to buildings sitting on “slow” rate areas. When it comes to the 

total water availability of the soil, buildings within areas with “very low to  moderate” and “moderately high” 

water availability are more likely to make a claim compared to the buildings in areas with “high to very high” 

total available water.  
 

Hydrography. We find that the further the properties are from the coast line, the more likely they are to make a 

claim. This result is somewhat counter intuitive but we argue that this outcome could be the result of two 

seemingly contradictory clauses in the EQC Act (1993). Specifically, the Act states that erosion is not covered, 

whereas damage from storms and floods is covered . We argue that the EQC Act is not very sophisticated to  

make a conceptual distinction between the damage caused by floods and storms, and erosion. Based on this, we 

manage two hypothesis. First, people close to the coast are indeed experiencing damage, but they believe they 

are not entitled to the EQC cover (possibly because of the advice of their lawyer or private insurer).  Second, the 

tidal range in Nelson is the largest in NZ (LINZ, 2017), which means that houses are less exposed to coastal 

inundation arising from storm surge (PCE, 2015). Regarding rivers, we find that the further the buildings are 

from big rivers, the less likely they are to make a claim, which is consistent with what we would expect. We 

also find that the larger the distance of a building to a lake, the more likely it is to make a claim. This is 

somewhat counterintuitive, but in the case of Nelson there is one large dammed-reservoir classified as lake. The 

conventional wisdom lead us to argue that the closer you are to a dam, the more managed the water flow is. 

Therefore, the further a building is from the dammed-reservoir, the more it is exposed to natural variation. 

Nevertheless, we believe that our model does not necessarily capture this relationship.  
 

Topography. We find that slope is significant in the likelihood of making a claim, that is, the steeper the terrain 

the more likely it is for a building to lodge a claim.  

 

Socio-demographics. We find that buildings within residential areas are less likely to make a claim compared to 

buildings within rural areas. The rationale behind this relationship is the nature of the EQC cover for land 

damage, which covers the land within an 8-meter buffer. It is therefore expected that residential areas have less 
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land area exposed compared to rural areas. Regarding the deprivation-index, we find that people residing in 

buildings categorized as poor (or less well-off) are less likely to make a claim compared to the people living in 

buildings classified as the richest ones. We argue that poor households are less likely to own land. Moreover, we 

argue that the richest households are more likely to make claims as they are more likely to be informed on how 

to exercise their rights, or be able to access advice or information. Moreover, the wealthier could be more likely 

to make claims due their ability to construct houses in hazardous areas because of the amenities value (view), 

given that they can afford the costs associated to geotechnical and civil engineering studies. This  the case in 

Nelson, where a good deal of claims occur in wealthy areas with steep slopes. Regarding the replacement cost of 

a building, we find that the higher the replacement value, the more likely the building is to have a claim. The 

logic behind this finding is that buildings with higher replacement values are more likely to have a larger 

building footprint, which means that more land area is exposed -even when the 8-meter buffer is fixed. 

 

Exposure to previous events. We find that buildings that have made previous claims are more likely to make a 

claim, compared to buildings without previous insurance claims. This result reveals higher risk -either explained 

by exposure or vulnerability. It could also be explained by the learning experience of the having put a claim 

through.   
 

Logit post-estimation 

To assess the predictive power of our model we ran two post estimation tests. The first is a confusion matrix 

reporting on the sensitivity, specificity, errors of the classification (Error type I and Error type II), and the 

overall accuracy.  The second post estimation test also accounts for the performance of the classification model 

by outputting a c-statistic value based on Receiver Operating Characteristics Curve. 

A confusion matrix accounts for the performance of a classification model. The final model reports an overall 

accuracy of 98.08%; a sensitivity value (or true positive rate) of 11.20%; a specificity value (or true negative 

rate) of 99.86%; an Error Type II (positives that have been classified as negatives) of 88.80%; and an Error 

Type I (negatives that have been classified as positives) of 0.14%.6   However,  the overall accuracy value can be 

misleading as it is sensitive to the distribution of the "true" values in the data, which is our case for the "true 

negatives". Moreover, if we were to improve our sensitivity values by trying different cutoff values, we will be 

trading off specificity to get more sensitivity (e.g. 0.1, 0.05). Ideally, a specific cutoff "should yield a 

combination of sensitivity and specificity that is on balance.  
 
In order to avoid the arbitrariness of setting a classification cutoff to obtain better performance values in 

confusion matrix, we use a Line Receiver Operating Characteristics curve and the underlying c-value, which "is 

a single statistic that summarizes the ability of the test to distinguish cases from non-cases and it inherently 

takes into account all possible sensitivity-specificity trade-offs." (StataListForum, 2016).  A model with no 

predictive power has c-value of 0.5 and a perfect model has c-value of 1. "A model with no predictive power 

would be a 45 degree line. The greater the predictive power, the more bowed the curve, and hence the area 

beneath the curve is used as a measure of the predictive power (Stata, 13). 
 
We ran four different specifications in order to identify the one outputting the highest c-statistic value. The first 

specification includes all variables (es described in the Data section), the second specification includes only soil, 

land cover and hydrographic variables (geophysical variables), the third specification includes only socio 

economic variables. The last is a parsimonious specification that includes only the variables that turned out to be 

significant in previous three specifications. The results of the post estimation test show that the best 

specification is the first one -the full model with a c-statistic value of c=0.8310. See Figure 6 below.  

 

                                                 
6   False positive (Error Type I): Positive prediction, but in reality a negative result. False negative (Error Type II): 

Negative prediction, but in reality a positive result.  
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Figure 6.  Predictive power of four different specifications using c - statistic value. The specifications are: 

All variables, Environmental variables, Socio-economic variables, and a parsimonious specification which only 

contains the variables that turned out significant in either of the three previous specifications.    
 

 Table 7. Logistic regression results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Only statistically significant coefficients at 0.1, 0.05 and 0.001 p-values are shown for simplicity of presentation.  The first 

column indicates the log-odds value and column two indicates the odds ration value for the first specification, which 

includes all the set of independent variables described in the data section.  
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Expected losses  
Given that we have confirmed the statistical significance and predictive power of our model, we now proceed to 

calculate the expected losses using the following inputs: the predicted probabilities (fitted values) of a flood 

insurance claim, the building's replacement value, and their susceptibility to harm or damage under different 

flood depth scenarios. The damage that a building can experience in the event of a flood depends on the flood 

intensity (given by the water depth, water velocity, the duration of the inundation) and the building 

characteristics (floor materials, wall materials, number of storeys, etc.). Flood building damage -and damage in 

general can be expressed as the cost to repair, or as the ratio between cost of repair and the replacement value of 

the building. The relationship between damage-ratio and flood intensity is described by what is known as 

fragility functions, fragility curves or damage curves (Reese and Ramsay, 2010). These functions are a method 

to calculate the potential direct damage,  and are derived from field observations (damage repair cost estimates  

from surveys after flooding events) or derived from  experts' opinion (synthetic curves), where different flood 

depths are associated with different damage levels in scale zero to one, where zero means no damage and 1 

represents that the damages exceed the replacement value of the building (NZIER, 2004).  

 

It should be noted that under the EQC cover scheme there is only provision for land damage resulting from 

floods or storms. However, we argue that regardless of the extent of the coverage of the EQC policy, the 

residential buildings that experienced land damage were also highly likely to have had some level of impact in 

their buildings. Moreover, we believe that the vulnerability of a building is much lower than the one of the land 

for the same flood depth. On these grounds, we estimate monetary expected losses resulting from building 

damage since either private insurers or homeowners will have to bear them.  

 

In this paper, we implement a series of fragility functions that combine empirical and synthetic fragility curves 

that were estimated "through a review of international studies and consideration of how these studies apply to 

the housing attributes and flooding characteristics of New Zealand" (Reese and Ramsay, 2010). We restrict our 

attention to timber buildings only as they constitute approximately 91% of all the housing stock of Nelson. The 

fragility functions for timber buildings have been constructed considering the number of storeys (one or two) 

and the age of the building, where buildings constructed before 1960s and after 1980s are categorized as age-

class one, and buildings constructed between the period 1960-1980 are categorized as age-class two. The 

distinction made in the years of construction is based on the materials that were most commonly used in those 

periods. For instance, age-class one buildings' floor type (pre-1960s and post-1980's) is mainly slab concrete, 

whereas age-class two buildings' floor type (1960-1980) is chipboard.    

 

We implement four sets of fragility curves using  data provided by NIWA and by fitting polynomial functions - 

as suggested by the data collectors (NIWA). It should be noted that these curves report the potential damage for 

different levels of flood-depths and not water velocity or duration of the inundation.  

 

After fitting the fragility curves to the data, we investigated historical reports and records describing the extent 

of flooding events in Nelson. In particular we looked at any information that could account or proxy for the 

flood depths experienced in the Region. An important repository is the Catalog of Historic Weather Events 

published by NIWA, which collects and compiles data from government institutions, newspapers, databases, 

councils and a variety of sources. Based on the findings we decided to estimate the expected damage using 

precipitation values (in millimeters) and assuming these values as flood depths. This mainly because most of the 

reports -amalgamated in the catalog describe events in terms of total precipitation rather than observed flood 

depths. This said, we use two flood depths i.e. 0.25 meters and 0.67 meters, as lower and upper bound of all the 

events described as extreme or highly damaging7.  Given the specified flood depth scenarios, we compute the 

expected damage for our set of fragility curves.  
 

  

 

                                                 
7 There is evidence of higher flood depth values - reaching up to 1.2meters for timber buildings in NZ, however, we 

did not find evidence for the area of Nelson and therefore kept our scenarios down to .67 meters as the maximum flood 

depth.  
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Timber - one storey - (pre-1960s and post-1980's) 

 

 Timber - one storey -  (1960-1980) 

Timber - two storey - (pre-1960s and post-1980's) 

 

 Timber - two storey -  (1960-1980) 

 
Figure 7. Fragility curves. The fragility curves were  fitted through four-order polynomials using observed flood depth and 

damage stage for timber buildings with one and two story buildings. 
 

 

At this stage we have all the inputs necessary to estimate the expected losses i.e.: Predicted probability of a 

claims, expected damage under a flood depth scenario and replacement value of the building. We therefore 

calculate expected losses by implementing the following formula  

 

Σn i=1 =  lci *  dri *  rvi 
 

where lci is the likelihood of a claim, dri is the damage ratio for a flood depth and rvi is the replacement value. 

The expected monetary losses results are summarized in the tables below.  
 

 
               Table 8. Expected monetary losses for a flood depth scenario of 0.25 meters 

 

Building type   Expected losses (in NZ $) 

Timber, one storey - pre 1960 & post 1980 10, 138, 672.78 

138Timber, one storey - between 1960 - 1980 1, 418, 220.05 

Timber, two storey - pre 1960 & post 1980 7, 308, 319.68 

Timber, two storey- between 1960 - 1980 2, 060, 810.48 

Total losses  20, 926, 024 
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Table 9. Expected monetary losses for a flood depth scenario of 0.67 meters 
 

Building type   Expected losses (in NZ $) 

Timber, one storey - pre 1960 & post 1980 19, 125, 679.47 

Timber, one storey - between 1960 - 1980 2, 630, 875.15 

Timber, two storey - pre 1960 & post 1980 15, 877, 549.07 

Timber, two storey- between 1960 - 1980 3, 998, 239.76 

Total losses 41, 632, 344 

 
 
Discussion 

The proposed model fills a gap of knowledge and provides a probability-based assessment of flood risk as an 

alternative to the physical-based conventional assessment of flood risk, and also as a substitute of flood maps 

when these are not available. The estimation of expected monetary losses for insurers is fundamental for the 

actual decision to insure or not, determining premiums, excess, and informs the financial sustainability of the 

firms. Our model has included most of the variables -whenever available that hydraulic engineers input into 

their flood models.   
 

Back Casting. In an effort to contrast our results with actual monetary losses experienced in the Nelson region, 

we refer to a dataset published by the Insurance Council of New Zealand (ICNZ). Specifically, they publish a 

list with all the "natural disasters that have occurred in New Zealand since 1968, and the cost to the insurance 

industry in paying claims for damage resulting from those events" (ICNZ, 1997). We also use the total EQC 

expenditure in the Nelson region from all weather-related claims.  
The private insurers dataset reports two flooding events in Nelson alone, with a total expenditure of 16.89 

million NZ$, and the EQC's figure rises up to 10.33 million NZ$ making up a total of 27.22 million in losses.  

The Insurance Council's dataset reports three other events that affected Nelson and simultaneously the areas of 

Plymouth, Bay of Plenty and Tasman with 50.15 million in losses. Similarly, our estimates for the two flood 

depth scenarios show expected losses between 20.92 and 41.63 million. Although the results from the model and 

factual data may not be fully comparable, the discrepancy between the two is not exorbitant.   
 

 Table 10. Weather-related events losses for the private insurance industry (private and public) for Nelson, and for 

Nelson and other areas 

Year Day and Month Area  
Cost ($ NZ) in 

million  

2014 25 Jun Nelson – Tasman floods 
2.7 

 

2013 19-22 Apr Nelson/Bay of Plenty storm/floods 
46.2 

 

2011 15-16 Dec 
Nelson floods 

 

16.8 

 

2007 23-May 
Nelson/New Plymouth flooding 

 

1.25 

 

1998  
Nelson floods 

 

0.92 

 

 

Applicability in other areas. The methodology can be extended to other areas mainly under two conditions: 

Availability of geospatial data, and a "balanced" relationship between the number of buildings with and without 

claims.  The first condition is not always achievable as the production of  these type of datasets is highly 
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technical and expensive, particularly the ones referring the soil's characteristics (profile availability, return 

interval, drainage, etc). Moreover this methodology is likely to be implemented mostly by private insurers as 

New Zealand is quite an exceptional country in the sense that public insurance is ubiquitous with a penetration 

of about 95%. The second condition refers to the need of having a reasonable amount of buildings with claims 

with respect to the number of buildings without claims. In this paper we selected the Nelson region as it 

displayed this desired relationship -the highest ratio, which is not the case for the whole of New Zealand. To 

circumvent an unbalanced relationship, we suggest the creation of cluster of buildings with and without claims. 

This clusters can be manually created based on the geophysical features of the area of interest, or based on 

clustering algorithms such us the concave hull or the concave hull, which compute areas for a set of point in a 

plane. 
 
Extreme events. The area of Nelson-Tasman is particularly more exposed to storms and floods compared to 

other southern areas due to its shape U shape and the paths of meteorological currents (Frame, 2018). In 2011, 

Nelson was impacted by unprecedented weather -a 1 in 500 year event that triggered about 60% of all the EQC 

claims ever made in the Nelson Region. A 1 in a 500 year event (or alternatively an event with a 0.2% 

probability) is a measure commonly used to describe the rarity of an event, where low probability events are 

associated with extreme and more damaging events.8 Having said this, our predicted likelihoods may be most 

likely driven by this extreme event.  
 

The resolution of the treatment variable. Precipitation is estimated at 5k grid structure and almost the entire 

stock of buildings falls within three grids, and consequently the variable does not display variation from 

building to building. We understand that the spatial resolution of the precipitation is too coarse and has to be 

downscaled, which is one of our next goals in refining the inputs of the model.   
Omitted variables. Pipelines, water courses, drainage, flood gates, stop-banks, dams, storm water systems and 

any other variable related to built-up structures dedicated to water management were not included in the analysis 

since they were not available for the area of Nelson in the Topographic 1:50k Map series. These variables are 

essential to assess flood risk, however they are not always available and even conventional hydraulic flood 

models exclude them from the analyses. We believe that some of this variables have not been collected in the 

1:50k maps due to the spatial resolution (scale) of the maps. 
 
Private insurance claims. Our model has only used insurance claims made to the public insurer - EQC and has 

therefore not considered private insurance claims. We argue that accessing past claims made to private insurers 

could improve the estimated model and lead us to better classification outcomes and understanding of the risk of 

floods. 
  

Temporal and spatial variation of the covariates. The covariates accounting for the physical characteristics of 

the landscape (soil characteristics, hydrography, topography and land cover) have been produced in different 

epochs -most of them in 2013, 2011 and 2002, whereas the claims refer to a period encompassing 1998-2017. 

We understand that the physical landscape is dynamic but in order to leverage of the information available, we 

assume that changes that have occurred in the physical covariates are negligible. In a further version of this 

paper we aim to support this assumption with credible figures about the steadiness of the physical changes in 

Nelson. Regarding the spatial scope of the soil characteristics and land cover variables, we have observed that 

most of these layers do not fully cover residential areas. Moreover, the areas with data are quite extensive and 

therefore can include vast amounts of buildings, which can affect the variability of our covariates. Despite this 

seemingly non-variation of the covariates we find significant evidence of their impact in the likelihood of an 

insurance claim.  
 

Building asset inventories. Even though the building asset inventory has been essential for the accomplishment 

of this paper, we recognize that is not necessarily up to date. This was reflected during the matching process 

                                                 
8  Most flood maps are produced assuming a 1 in 100 year event, but in the Netherlands they have produced 1 in 

1250 year flood maps, presumably as as a precautionary approach, and based on this they have built up their infrastructure 

(DHI, 2018).  
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between RiskScape and the insurance EQC-QV data set. Specifically, there were insurance claims data without 

any surrounding building in a buffer of 10km.  We "flagged" these claims to obtain a quality measure of the 

spatial linking process by setting a distance threshold of 70 meters. The threshold value has based on the off-set 

QV has placed in the coordinates of the buildings as a mean to maintain the appropriate anonymity levels of the 

data. Regardless of this issue and the potential confounding effects this could have in our estimation, we argue 

that the number of observations displaying this problem is relatively low (46 observations). In a further version 

of this paper we will report the difference in estimation values when including and excluding these observations.  
 
CONCLUSION 

We showcase a methodology in a region in New Zealand that has been extensively and intensively impacted by 

extreme weather events. The proposed methodology circumvents the absence of flood hazard maps and 

leverages of georeferenced historic insurance claims and sets of geospatial data, to provide estimates of 

expected monetary losses under plausible flood depth scenarios. The results of the paper inform on what could 

be potential insurers' liabilities and possibly the threats to their financial sustainability. Moreover, it could 

inform the potential losses that uninsured homeowners would bear in the face of a flood event.   
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ABSTRACT 

Emergency preparedness for CALD (culturally and linguistically diverse) communities has been identified as a 

significant gap in DRM (disaster risk management) research and practice. Using a community engagement 

approach, a practitioner in Wellington, New Zealand implemented a citizen translation project to have 45 

volunteers from 15 communities facilitate translations for a new local Earthquake Preparedness Guide, in 

partnership with local Civil Defence and an international crisis translation team, INTERACT. Initial findings 

have shown that consultation with community members over the translation of their language has been a 

powerful way to establish initial links into the community and instigate discussion and feedback about 

emergency preparedness. It has led to further projects including emergency messaging translations. This work in 

progress raises an important and often overlooked discourse on inclusiveness in DRM activities and the 

potential for community engagement to play a role in CALD community preparedness. 

Keywords 

Citizen Translation, Community Engagement, Preparedness, CALD, Diversity 

INTRODUCTION 

Local government and Civil Defence groups are recognising the need to establish better means for 

communication and coordination with community groups during a response. This imperative was confirmed by 

an official review of the emergency response to the February 2011 Canterbury earthquake in the South Island of 

New Zealand (Zorn et al., 2016). International studies have also confirmed that building trust with communities 

is a key element of ensuring successful response and recovery outcomes (Paton, 2007). Furthermore, the 

positive impact from community-led initiatives during the Canterbury response, such as the Student Volunteer 

Army and Christchurch City Council’s Share an Idea Project, highlighted that communities can be and need to 

be included as part of the solution to the aftermath of a major disaster instead of simply being recipients of an 

official response (Zorn et al., 2016).  

The long-term recovery experience in Canterbury has highlighted the significant psychological impact of a 

major disaster. International research has identified ‘Five Essential Elements’ that promote a better recovery 

from traumatic events: safety, calm, connectedness, self and group efficacy, and hope (Hobfoll et al, 2007). 

Community development approaches promote connectedness and a sense of self and group efficacy- all of 

which, when combined with a sense of calm and safety, lead to having hope. It is not surprising that there was a 

high importance and level of involvement in community-led activities during the response and recovery of 

communities in Canterbury, and there remains an ongoing huge investment in the region to developing 

community leadership and partnerships between community groups and local government during the response 

and now recovery. 

There is considerable value in adopting a community engagement approach as an organisation to promote 

preparedness in conjunction with supporting connectedness and efficacy. As opposed to community-led 

development which has a focus on the priorities determined by the community and is community driven, a 

community engagement approach can be utilised by staff when there are predetermined priorities driven by the 

organisation (such as preparedness). A community engagement approach uses community development 

principles of acknowledging the expertise and relying on the assets and talents that exist within a community. 
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By ‘handing over the reigns’ of decision-making as much as possible, community members that do engage with 

an interest in preparedness feel a sense of ownership over the plans that they help develop, and they work 

together (promoting connectedness) to develop the plans and build on their self and group efficacy. This builds 

confidence and relationships that may someday be called upon in the event of an emergency. International 

studies on using a community engagement approach in preparedness have shown considerable success among 

different cultures (Paton, 2013).  

Within CALD communities in Canterbury, there were examples of community-led initiatives that benefitted the 

wider community as a whole. Some examples of support are widely known, such as the Somali women who had 

organised to cook and deliver meals to the National Guard when the troops first arrived to guard the Red Zone, 

and a group of Afghan men who had participated in the digging out of liquefaction wherever it was needed 

(Wylie, 2012). The local iwi (New Zealand indigenous tribe or extended kinship grouping), Ngai Tahu, played 

such an integral part in the response and recovery that a partnership for response work between the iwi and 

Christchurch City Council was written into legislation (Zorn et al., 2016).  

However in many cases within CALD communities, this cohort of potentially resilient community members was 

left particularly vulnerable because they did not have access to information in their language. This included 

critical health messaging such as the instructions for everyone to boil their water, or to avoid swimming in the 

river due to pollution from the event- let alone messages about the response and where they can access or 

contribute to resources and supports (Wylie, 2012). A study looking at refugee background community 

members’ response to the 2011 earthquake in Canterbury highlighted the need to consult with community 

leaders before an event happens and engage with them to develop their own plan for response (Marlowe, 2013). 

The Christchurch Language Information Network Group (CLING) formed after the 2011 earthquake as a 

collaboration of major stakeholders who work together to improve DRM-related information-sharing and 

connections to CALD communities. They published the internationally-recognised ‘Best Practice Guidelines: 

Engaging with Culturally and Linguistically Diverse (CALD) Communities in Times of Disaster’ in 2012. The 

group summarised their findings with one core message: 

“If you want to communicate well with CALD communities following a disaster, don’t wait until something 

really bad happens. Get to know them now – build a relationship with CALD communities based on mutual 

trust, respect and understanding,” (Wylie, 2012, p 37). 

THE WELLINGTON CONTEXT 

Wellington, the capital of New Zealand, is known in the DRM community as the home of the Joint Centre for 

Disaster Research (JCDR) based at Massey University; additionally Wellington is also one of the world’s 100 

Resilient Cities (Wellington City Council, 2017). It is a hub of local innovation and expertise in the DRM field, 

chosen in 2013 to be an International Centre of Excellence in Community Resilience with the United Nations 

Integrated Research on Disaster Risk Programme (Neely et al, 2014). It is also a city that is well-known for its 

high risk of having a strong earthquake or tsunami (Wellington City Council, n.d.). 

It is within this context that our local Civil Defence organisation, WREMO (Wellington Region Emergency 

Management Office) engages communities through their Community Resilience Team. The community 

engagement approach used by their team uses best practice, cutting-edge methods for supporting local 

neighbourhoods to organise their own Community Response Plan for how they will support each other and 

respond in the event of an emergency. Through this work they promote the importance of community 

connectedness for a more positive recovery, and they actively seek partnerships with local organisations and 

groups who can support everyone to grow stronger relationships where they live. Some community-driven 

initiatives, such as painting tsunami blue lines on the streets to show people where it would be safe to evacuate, 

were a result of community engagement and support by the Community Resilience Team (Neely et al, 2014). 

The Kaikoura earthquake in November 2016 significantly affected Wellington residents and businesses. It 

served as a wake-up call for local government and the wider community to realise how much additional work is 

needed to prepare Wellington for the likely event of an even-more severe earthquake. Among many issues that 

were identified, local non-governmental organisations (NGOs) working with diverse groups and CALD 

community members noticed the obvious lack in awareness about preparedness especially in these community 

groups as well as access to important messaging in their own languages. 

In August 2017, WREMO initiated a new project in partnership with New Zealand Red Cross, who has 

established connections into CALD communities as well as a prominent role in DRM activities. WREMO’s 

Community Resilience Team Manager proposed to engage community volunteers to facilitate 15 community-

based translations for their new Earthquake Preparedness Guide. The aim of this Community Translation Project 

was not only to reach the end goal of having WREMO’s new guide available in 15 languages, but importantly to 
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engage with CALD communities in a consultative process that uses their expertise in language and cross-

cultural factors to enable the opportunity for a discussion about preparedness. 

THE PROJECT PROPOSAL AND DEVELOPMENT 

The proposal included brief guidelines for the Community Development Worker (CDW) at New Zealand Red 

Cross to design and coordinate the Community Translation Project: 15 different languages are to be translated, 

with each language having 3 volunteers on a team, and each volunteer to receive a $150 gift card at the end of 

their involvement (funded by WREMO). Additional funding was allocated for training and catering.  The 

translations were anticipated to be completed in about six weeks, but as neither the Community Resilience Team 

nor the Community Development Worker had experience in coordinating translations, the timing was initially 

an unknown factor.  

 

Table 1. List of Languages selected for the Community Translation Project 

1. Arabic 

2. Spanish 

3. Traditional Chinese 

4. Simplified Chinese 

5. Burmese 

6. Assyrian 

7. Tamil 

8. Khmer 

9. Amharic 

10. Russian 

11. Samoan 

12. Korean 

13. Vietnamese 

14. Somali 

15. Hindi 

16. Farsi 

 

Notes:  1) Te reo Māori is one of the three official languages of New Zealand (along with Sign 

Language and English); a separate process is underway to develop an appropriate guide in te 

reo.  

2) The Assyrian translation was not completed due to the inability to identify appropriate and 

available translation volunteers.  

3) Languages were selected according to data that identified the languages used in the 

Wellington Region that have the highest numbers of people who are not literate in English. 

INTERACT: International Network on Crisis Translation 

During the initial design phase of the project, the CDW linked in with the INTERACT team, a group of 

internationally-based researchers with a background in crisis translation work. It was through this incredibly 

fortunate third partnership that a robust process and training for citizen translation was designed specifically for 

the project, by researchers with translation expertise and international experience in mobilising citizen 

translators. The CDW has ongoing contact and advice from the team, and they have been able to use the local 

project to look at implications for crisis translation to be used in other parts of the world. Members of the 

INTERACT Team have published a case study about the WREMO/ New Zealand Red Cross translation project 

that goes into further detail about translation pedagogy and the training that they developed for this project 

(Federici & Cadwell, 2018). [More information about the INTERACT team can be found at 

https://sites.google.com/view/crisistranslation/home Part of the INTERACT project received funding from the 

European Union’s Horizon 2020 Research and Innovation programme under the Marie Skłodowska-Curie grant 

agreement No 734211.] 
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Process and Training Design 

The researchers from the INTERACT team developed a process for each three-person team of volunteers to 

divide up the work, as well as a detailed training to provide a baseline of understanding about translation 

techniques that would promote relative consistency across the translation teams. They recommended to give 

volunteers four weeks’ time to complete the work, and suggested how much time should be allocated for each 

step. The process was much more complicated than simply dividing the 2500-word guide into three parts; 

instead there would be three separate roles: a reviewer, a translator and a community liaison. 

The reviewer volunteer would start the work by picking out all the ‘rich points’ (the words or phrases that are 

hard to translate in their particular language; common examples are a ‘grab bag’ or a ‘community emergency 

hub’). Their first job was to find ‘solutions’ to each of these challenging words or phrases. The translator would 

then have to translate the entire guide so as to keep a consistent tone, dialect, and phrasing for the translation, 

incorporating the already-translated rich points. Then the reviewer would use a specific process to review the 

translation. When the three volunteers agreed on a final draft, the third volunteer, the community liaison, would 

take the translation out to the community, preferably 10 community members who do not speak English. They 

would review only the translation (not the English version), and answer four key questions about the guide in 

their own language to make sure they understood the most important messages from the translation.  

From a translation perspective, this process means that the text would have a bilingual review when the three 

volunteers ensure that all of the content from the original English guide is effectively translated into the target 

language, and then the monolingual review by community members ensures that the key messages are clearly 

articulated in their language. From a community engagement perspective, this process means that both the 

volunteers and community members get to have a sense of ownership over the translation- that they are 

consulted as the experts for their own language for their community in Wellington. 

It is important to note that we did not expect or imagine that a ‘perfect’ translation would result from this 

process. The INTERACT team stressed that a translation will never be perfect for any one person if it is going to 

be a translation that can be read and understood by the largest number of people- who all come from very 

different backgrounds and speak very differently within the same language group. The volunteers were 

challenged with the task of determining the best ‘solution’ for a translation that will reach the most people in 

Wellington who are not literate in English. 

Translation volunteers were given the freedom to change expressions in the guide that would not translate well 

from a cultural perspective. For example, in the guide, there is advice for families to “try camping at home” for 

a weekend- meaning to try living in your house for a weekend without power. This activity would help you to 

see what would be involved and if you need to buy additional torches, cooking or other equipment to get you 

through the first few days in the event of an actual emergency. Camping is a very culturally-relevant Kiwi/ New 

Zealander activity that most families from New Zealand would be familiar with. However this is not the case in 

some cultures for community members now living in New Zealand, and so volunteers could come up with 

alternative phrases that translated the meaning of the phrase in a culturally-appropriate way, rather than a 

straight-forward literal translation.  

Similarly, the phrase ‘Drop, Cover, Hold’ that is commonly used in English to teach people what to do during 

an earthquake, can be taken to be too commanding or authoritative if translated literally into some languages. 

Sometimes, to translate this three-word command, volunteers used longer phrases or ways of explaining the 

same advice in a culturally-appropriate way, with the aim that if an earthquake happened, the same behaviour 

would result from someone who read their translation as from someone who understood the English version. By 

recognising the volunteers’ own expertise in how messages should be culturally translated as well, the process 

that INTERACT developed served to increase the sense of ownership that volunteers could have over their 

translations. 

The feedback from volunteers about INTERACT’s contribution to the training was consistently positive and that 

it was highly valued: for example a qualified translator and interpreter who attended the training remarked that 

he learned new techniques that he will use in his work; another linguistics lecturer gave feedback that the 

training was excellent and she learned from the training as well. Other volunteers who were new to the 

translation sector felt that they had learned very practical skills that would be a significant step towards 

developing their qualifications, potentially leading to new job possibilities. Overall the significant input from 

INTERACT not only ensured that the quality of translations would be as high as possible, but also they offered 

an opportunity to be upskilled and to gain valuable translation experience- volunteers were getting something 

out of the experience as they gave their contribution. 
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Recruitment and Training  

The CDW used existing networks and their extended networks- universities, embassies, community groups and 

existing staff and volunteers- to find suitable volunteers to be Citizen Translators. To our surprise, professional 

translators, linguistics professors, interpreters and other bilingual professionals were eager to join as volunteers 

for some of the languages. A recent project by the New Zealand Society of Translators and Interpreters (NZSTI) 

had translators from 30 different languages volunteer to translate the Treaty of Waitangi, called the ‘Treaty 

Times Thirty’ project, and we found several highly-qualified volunteers through that network (NZSTI, 2016). 

For two of the language groups, it was very difficult to find anyone who could write fluently in their language as 

well as read fluently enough in English. 

The training was delivered to most of the volunteers on 15 August, 2017 (three teams began after the training 

and underwent the training informally when they met with the CDW). The first part of the two-hour session was 

facilitated by a member of the Community Resilience Team from Civil Defence, who went over the content of 

the guide and made sure everyone was very clear about the key messages and had a chance to clarify any 

questions. Then the second part covered the technical translation training that was designed by the INTERACT 

team. This included translation techniques, how to use translation technology, and how to do background 

research. The session ended with everyone making a clear choice of their role for each team (reviewer, 

translator, or community liaison), with a role description and role agreement form that they signed agreeing to a 

basic code of conduct for their participation in the project.  

IMPLEMENTATION: CHALLENGES AND LEARNINGS 

There were challenges with certain characteristics of individual languages, cultural dynamics, interactions 

between volunteers, and unexpected events that arose throughout the initiative that resembled managing 15 

different, loosely linked projects, rather than following one universal progression of tasks. For example, in 

Vietnamese, apparently there is a written and spoken language used by the older generation that is starkly 

different from the younger version. Both were represented on the team, and as there was no middle ground for 

this particular division in the language and not enough resources to do both, they were tasked with choosing 

which version would benefit the most Vietnamese speakers in Wellington who cannot read in English. In the 

Somali community, who can be tasked with translation is a very culturally-sensitive issue and this presented 

significant challenges with finding the right volunteers who fit both the desired skills required in the role 

description as well as meeting the acceptance of the community. The Somali community consultation was 

provided by the local library where the librarian has connections to the community; this provided a neutral space 

where community members could come regardless of tribal background to be able to read the guide and provide 

input. 

Nevertheless, a majority of the teams were able to complete their process and have a final version ready for 

typesetting within the four-week period. Conflict management skills, volunteer management, and a significant 

background in cross-cultural work and community development were essential skills for the CDW to manage 

relationships and facilitate problem-solving with teams and on an individual basis. By having the role 

descriptions and agreements signed at the initial training which included a basic code of conduct, the ground 

rules and expectations were clearly set from the beginning and much easier to reinforce when needed. 

Citizen translators came back from the community consultations with the consistent feedback that community 

members were eager to be consulted and provide feedback about their language, as it is an integral part of their 

culture. Many of the volunteers reported their plans for different ways to distribute the guides and promote the 

information within their community. 

Some groups also reported significant concerns coming out of the discussions that were held: for example while 

community members were understanding what the guide meant by ‘Drop, Cover, Hold,’ some were not agreeing 

to follow that advice because, where they are from, buildings collapse, and they know that running outside is 

their best chance of survival in that context. Other apprehensions from the volunteers revolved around 

emergency messaging and how communities access information if they cannot find a bilingual community 

member during an emergency. From the 15 teams that completed the community translations, at least one 

member from each group expressed an interest in volunteering further to work on these concerns that they had 

brought to our attention. 

No font is created equal: we were taken aback by the exceptional difficulty in typesetting each translation, 

which was submitted in Word format, into the graphic design tool that was used for the guide, InDesign. 

Characters for some languages would get distorted when they were transferred over, and for other languages a 

font didn’t even exist for the graphic design software. Volunteers for many of the language groups had to come 

in to the office to sit with the staff at WREMO to ensure that the text was not distorted and was placed in the 
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right position on the guide. This process took months of additional time, and we had to readjust the volunteers’ 

expectations of when they would be able to have a printed copy of their guides to distribute. 

After almost a year of coordinating the project, the 15 translations are complete. The official community 

translation launch took place on 4 August 2018. In attendance were many of the volunteers, representatives from 

WREMO, New Zealand Red Cross, and INTERACT, as well as the Minister for Civil Defence and Emergency 

Management. The guides are available online at getprepared.nz/guides. 

 

IMPLICATIONS 

Volunteers who wished to continue with further work are now in the process of translating 13 pre-prepared 

emergency messages (about 800 words total) chosen by Civil Defence, and edited for easy translation through 

the INTERACT team. Local community radio and videographer colleagues are recording the volunteers saying 

the messages in order to have the messages ready to use on the radio and in video format on social media in the 

event of an emergency anywhere in New Zealand. The skills and relationships that the volunteers have gained 

through the initial guide translation are now being utilised in this new capacity, with the expectation that the 

work will continue to evolve after the emergency messaging. Additionally, our team members from WREMO, 

New Zealand Red Cross, and INTERACT are linked in to coordinate alongside ongoing work in Christchurch 

regarding preparedness messaging in other languages. 

Involvement in the Community Translation Project has also led to many translation volunteers helping out with 

invitations in other languages to social activities that do not require a high level of English, such as women’s 

swim groups, community barbeques, sewing and other opportunities- with a few volunteers even taking part in 

some of the activities to help guests navigate the language barrier. This focus on connectedness has helped 

bilingual community members play an increasingly important role in the wider lens of community resilience 

work, establishing their role and relationships with both organisations as well as community members.  

CONCLUSION 

The project is still officially a work in progress as the guides are just now getting promoted out in communities, 

and the CDW is currently completing the initial evaluation report and feedback that will inform future 

initiatives. The Community Translation Project in Wellington has achieved its initial aims to engage in 

preparedness discussions with CALD communities, and produce translated earthquake guides for distribution in 

the region. Despite not having prior examples and ‘roadmaps’ to work from, the guidance from crisis translation 

experts from INTERACT as well as the combined experience of community engagement and established 

community relationships played a large role in the successful outcomes. Further work is recommended to 

explore if this model could be adapted for other places, and if the community engagement model can be used to 

facilitate preparedness for CALD communities in more ways beyond translations. The CDW is specifically 

interested to explore the potential for building on these newly-established relationships in diverse communities 

that are based on preparedness, to be able to facilitate the much-needed connection between CALD community 

members and the place-based Community Response Plans initiated by WREMO’s Community Resilience 

Team. 
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ABSTRACT 

Emergency management organisations across the world routinely use social media to reach out to populations 

for preparedness and response to extreme weather events. In this paper we present a preliminary analysis of 

social media strategies towards vulnerable populations in the State of Victoria (Australia). Using the notion of 

vulnerability in an emergency management context (e.g. older persons, socially/geographically isolated persons, 

people with disabilities, refugee/recent migrant communities) we explore whether and how organisations 

address vulnerable groups with targeted messages. Our initial findings suggest that organisations do not tend to 

interact directly with these groups. Rather, reliance on ‘information brokers’ (intermediary organisations and 

individuals with an expected duty of care) seems to be a preferred strategy. 

Keywords 

Social media, vulnerable populations, extreme weather events, emergency management organisations. 

INTRODUCTION  

The impact of disasters, emergencies and extreme weather events on human populations is rarely homogeneous. 

In recent years, research has repeatedly shown that vulnerable groups— typically encompassing older, disabled, 

lower socio-economic and marginalized persons (IFCR, 2004), suffer disproportionately from disasters and 

emergencies (Deacon, 2018; Gibson & Hayunga, 2006; Nakahara & Ichikawa, 2013). Yet, these groups tend to 

be neglected in the literature on emergency-related information. Likewise, in the effort to reach the broadest 

population, formal emergency organisations usually provide general warnings that may segment populations by 

where they live (e.g. geotagged SMS) but not necessarily by their more nuanced potential vulnerability with 

regard to the particular event. This introduces a tension for information managers as the persons most vulnerable 

to that particular event often have specific information needs that may go omitted (Luna and Pennock, 2018).  

This research in progress paper explores how formal organisations and informal community-based organisations 

involved in emergency and disaster management address the informational needs of vulnerable populations 

during extreme weather events. In particular, it focuses on the use of mainstream social media --Facebook and 

Twitter--during severe weather events such as floods and fires. Using a case study that covers several formal 

and community-based organisations in Victoria (Australia) it shows that organisations' use of social media is 

now pervasive, but demonstrates how there remains challenges when it comes to adapting information to 

vulnerable populations. Rather, on the occasions where vulnerable groups are mentioned, the information 

released tends to target the general population as carers of these groups rather than the groups themselves. This 

informational strategy is therefore based on a ‘duty of care assumption’ that adopts different expressions. 

The structure of the paper is as follows. Section 2 briefly focuses on the conceptualisation of vulnerable persons 

used in this research. Section 3 presents the case study and the social media analysis. Section 4 reports the 
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preliminary findings of the analysis. Section 5 offers some concluding remarks and guidelines for further work. 

SOCIAL MEDIA AND EMERGENCY MANAGEMENT ORGANISATIONS 

Evidence suggests that social media can strengthen community resilience by changing the information 

dissemination pathways and providing access to relevant, timely and reliable information (by self-regulating 

misinformation in emergencies) and the ways in which events are tracked (Bunce et al. 2012; Simon et al. 2015; 

Tim et al. 2016). Research following the 2011 Japan tsunami showed that Twitter, Mixi, Facebook and Google’s 

Person Finder provided a way for survivors to seek and share information, locate friends and family and let 

people know that they had survived (Appleby 2013). There is also evidence of social media being linked to 

protective action against a hazard (Reuter et al. 2018) and allowing segments of the community that have not 

participated in traditional way to connect with emergency response organizations and government agencies 

(Kavanaugh et al. 2012). This literature also recognizes challenges arising from reliance on social media. For 

instance, the volume of social media data has introduced challenges around reliability and veracity of 

information, thus, diminishing people's ability to find the information needed to organize relief efforts, find help 

and potentially save lives (Caragea et al. 2016; Hiltz et al. 2014). Social media is also is used to inform decision 

making and enhance situational awareness of emergency response organizations and government agencies 

(Hughes and Palen, 2012; Hughes and Tapia, 2015; Reuter et al., 2018).  

A unique challenge to social media is that information seekers often find that they have access to information 

first—rather than the source first—and have to make differently engineered judgments about its viability (Palen 

et al., 2011). Some research suggests a mismatch between use of social media by response organizations and the 

expectations for their use held by the general public (Reuter et al., 2018). Significantly, research points to 

institutional challenges such as lack of integration with emergency response protocols, insufficient resources, 

and lack of training by communicators—all of which can prevent emergency responders from effectively 

engaging with those in need via social media (Hiltz et al. 2014; Hughes et al. 2014; Reuter et al. 2018). 

Overall, the literature on disaster and crisis response and the use of social media typically treats individuals and 

communities as homogenous. However, there is mounting arguments that different groups—in particular 

vulnerable and at-risk groups–often have unique information needs (Luna and Pennock 2018). Likewise, others 

have argued that emergency response organizations and governments need to take into account the specific 

information needs and how social media can be used by vulnerable groups (Bertot et al. 2012; Luna et al. 2018). 

REACHING OUT TO VULNERABLE PERSONS  

Post-disaster reports across the globe—e.g. Australian bushfires, tsunamis in Indonesia and Japan (Deacon, 

2018; Nakahara and Ichikawa, 2013; Rofi et al. 2006)—have highlighted the disproportionate fatalities amongst 

groups defined as ‘vulnerable’ persons.  

The notion of ‘vulnerable’ persons in the crisis literature typically encompasses older, disabled, lower socio-

economic and marginalized individuals (Zakour and Harrell, 2008). In addition, the umbrella of vulnerability 

also includes meta-categories such as lack of access to resources, services, isolation and temporal dimensions. 

Vulnerable persons suffer repeatedly from disasters for a number of reasons, including the lack of mitigating 

actions and informed decisions (IFRC, 2013). This is not limited to the threat of a disaster itself. For example, 

the International Federation of Red Cross found that certain groups such as the elderly, disabled, widowed and 

tenant women endure multiple discriminations when attempting to access information, relief assistance and 

reconstruction subsidies (IFRC 2005, 2013). As recent hurricane events in the US also reveal, low-income 

families, minority communities, and people with language difficulties (as opposed to other categories) are not 

benefitting from recovery aid by the Federal Emergency Management Agency (FEMA), thus aggravating their 

socio-economic situation (Vinik, 2018). 

In terms of institutional responses, despite their increased risk, these groups are often given low priority and 

little attention before, during, and after disasters and few government agencies, NGOs or guides are dedicated 

specifically to their unique needs (IFCR 2013). Governments and aid agencies often assume individuals are 

looked after by their community or family (Ripley 2008) and that mass distribution of information will reach 

them. However, this is not necessarily the case and information services, such as mobile messaging and the 

Internet, may also be disrupted by the disaster. Consequently, vulnerable individuals may find it hard to obtain 

information and economic and social support (IFCR 2005, 2013). 

An additional issue with the notion of ‘vulnerable’ persons, especially when linked to information practices, is 

the implicit consideration of these groups as homogeneous cohorts. This tendency may obfuscate the 

understanding of their information needs and, consequently, hinder the work of organisations and practitioners. 

In contrast, research over the last few years has shown that groups usually labelled as ‘older adults’ or ‘+65 
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years’ have varied perceptions and attitudes about social media, depending on age sub-groups (e.g. Lee et al., 

2011), knowledge, functional capacity, or exposure (e.g. Xie et al., 2012, Leist, 2013). Studies also found that 

older adults exhibit a vast range of online activities and skills, providing ample space for different educational 

interventions (e.g. Jaeger and Xie, 2009; Leist, 2013, Quan-Haase et al., 2018). 

CASE STUDY AND SOCIAL MEDIA ANALYSIS 

In Australia, the literature on how emergencies and extreme weather events impacts vulnerable populations is 

still limited to some groups. Boon offers two case studies in two rural Australian communities where ‘the 

elderly and the unemployed reported social isolation and less access to mobile phone and internet 

communications’ (Boon, 2014). Brockie and Miller (2017) analyse old adults’ experience with floods in 

Queensland and highlight “how notification and practical support had changed significantly in their lifetime 

evolving from being a ‘chat to a text, friends to friendly strangers’” (Brockie and Miller, 2017). 

Our case study examines social media contents from different actors providing information about emergencies 

and extreme weather events in the state of Victoria. The case study is part of a larger study that aims to examine 

how vulnerable persons and emergency management organisations use social media during extreme weather 

events. The core research question for the case study examines whether these actors and organisations provide 

social media information that engage vulnerable groups or, rather, they focus on delivering general information 

to the wider population.  

The social media analysis included Twitter and Facebook feeds with contents related to extreme weather events 

(tweets and Facebook posts). Data collection for Twitter consisted of a sample of tweets containing the hashtags 

#vicfires, #vicfloods, and/or #vicstorms during the period 22/11/2017 to 28/02/2018. These three hashtags are 

commonly used in Victoria by emergency organisations—and social media users—involved in the management 

of fire emergencies and weather events and usually become trending topics on Twitter during these periods. A 

total of 3,468 tweets were collected using TAGS,1 a free Google Sheet template which allows automated 

collection of search results from Twitter. We then filtered these tweets with keywords potentially indicating 

specific information related to vulnerable populations (‘look after’, ‘look out’, ‘take care’, ‘elderly’, ‘living 

alone’, ‘neighbour’, ‘older people’, ‘people with medical condition’, ‘over 65’, ‘illness’, ‘deaf’, ‘vulnerable’, 

‘asthma’). As table 1 below shows, only 3 tweets from the total sample contained one of these expressions.  

Table 1.  Tweets filtered with hashtags 

 Total tweets Tweets mentioning vulnerable groups 

#vicfires 2559 2 

#vicfloods 796 1 

#vicstorms 113 0 

Total 3,468 3 

 

The low incidence of tweets containing expressions related to vulnerable groups in our sample reveals that 

Twitter is not the preferred social media channel when it comes to disseminate specific information to or about 

these groups. This is consistent with our own qualitative research about the use of social media by emergency 

response organisations (EROs) in Victoria (Karanasios et al., 2019). Our interviews with managers show that, in 

most cases, EROs tend to refrain from providing very tailored information on social media. Instead, the 

preferred strategy is to push out information to the wider community—including links to trusted sources—and 

then relay to the citizens the task to contextualise the contents and, ultimately, reach the population segments 

most at risk (idem). The few examples found in our analysis, in this line, show that those messages are targeted 

not to vulnerable groups themselves but to third persons that may act as their caregivers. 

                                                           
1 https://tags.hawksey.info/ 
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Figure 1.  Example of a Tweet Targeting Caregivers of Vulnerable Persons 

 

As for the analysis of organisations with online presence at Facebook, we collected data from the public pages 

of thirteen emergency organisations based in Victoria. Three of them –Country Fire Authority (CFA),2 Vic 

Emergency3 and Victoria State Emergency Service (SES)—4 are formal, state-wide organisations dealing with 

emergency and extreme weather events. The other ten organisations are unofficial community groups from 

different regional areas in Victoria. These informal groups use their Facebook pages to share alerts on weather 

events with their local communities. Both official organisations and communities typically post weather 

forecasts and emergency updates with links to original sources, photos, and video posts. 

 
Figure 2.  Example of a Facebook post by an emergency organisation 

 

The post above illustrates one of the most frequent types of messages issued as a Facebook post by formal 

emergency organisations. Similar messages retrieved from the three Victorian formal organisations analysed are 

summarised in Table 2 below. 

                                                           
2 https://www.cfa.vic.gov.au/home  
3 https://emergency.vic.gov.au/  
4 https://www.ses.vic.gov.au/  
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Table 2.  Examples of Facebook posts from formal organisations 

Org. Post Event Type of warning 

SES With temperatures expected to soar over 40 degrees 

tomorrow, make sure you stay hydrated and take 

precautions to avoid heat stroke. Look out for those most 

at risk such as the elderly, and never leave children or pets 

in cars. And remember, stay cool! 

Heat Specific warning with a signal 

that particular groups are more 

vulnerable. Not directly aimed 

at vulnerable but rather 

persons close to them. 

 CFA It's another hot day across Victoria today so 

#SurviveTheHeat with these 5 tips: • Drink water, even if 

you don't feel thirsty.  • Never leave kids, adults or pets in 

hot cars. The temperature inside a parked car can double 

within minutes.  • Keep cool. Seek out air-conditioned 

buildings, draw your blinds, use a fan, take cool showers 

and dress in light and loose clothing made from natural 

fabrics.  • Plan ahead. Schedule activities in the coolest 

part of the day and avoid exercising in the heat. • Check-in 

on others. Look after those most at risk in the heat – your 

neighbour living alone, the elderly, the young, people with 

a medical condition and don’t forget your pets.  

Heat Specific warning including a 

hashtag, tips, and a reminder 

to exercise the duty of care 

towards vulnerable groups 

VicEm Smoke may be present in Cheltenham and surrounding 

areas following this afternoon's grass fire.  If you need 

medical advice for exposure to smoke, call the Nurse on 

Call on 1300 606 024. Anyone experiencing wheezing, 

chest tightness and difficulty breathing should call 000.  

People with heart or lung conditions (including asthma), 

children, pregnant women and the elderly are more 

sensitive to the effects of breathing in smoke. People with 

existing heart or lung conditions (including asthma) 

should follow the treatment plan advised by the doctor.  

Fire Specific warning addressing 

directly population with 

heart/lung/asthma conditions 

VicEM A Thunderstorm Asthma ADVICE message has been 

issued for NORTH CENTRAL and NORTH EAST 

Districts to advise of an increased possibility that a large 

number of people may develop asthma symptoms due to 

the combination of high grass pollen levels and 

thunderstorm activity.  See http://go.vic.gov.au/VeWgBe 

for detailed information.  Remember: - An asthma attack 

can vary in severity and can be life threatening. - If you 

develop asthma symptoms, follow your asthma action 

plan, or if you don't have one yet, follow the four steps of 

asthma first aid: http://go.vic.gov.au/YJHasC - Call Triple 

Zero (000) immediately if someone is not breathing, if 

their asthma suddenly becomes worse, or if someone is 

having a severe asthma attack.  - Be alert to and act on the 

development of asthma symptoms including wheezing, 

breathlessness, a feeling of tightness in the chest or a 

persistent cough. 

Storm Specific warning targeting 

people at risk of developing 

asthma, including a reminder 

of steps to follow; reminder to 

persons close to this group to 

check on them 

SES If you have friends or relatives who need information in a 

#language other than English, call the Translating and 

Interpreting Service on 131 450 (freecall) and ask them to 

telephone the VicEmergency Hotline - 1800 226 226   

People who are deaf, hard of hearing, or who have a 

speech/communication impairment can contact 

VicEmergency Hotline via the National Relay Service on 

1800 555 677.   #emergency #information #multilingual 

- General advise to the 

population to relay unspecific 

emergency information to 

non-English speakers and 

groups with language/hearing 

disabilities. 
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Using Netvizz5—an application that extracts data from public Facebook pages and groups for research 

purposes—we collected a total of 1,864 posts from the CFA, VicEmergency and SES Facebook pages (713, 828 

and 323 posts respectively) for the period 03/01/2018 to 28/02/2018. Likewise, we collected a total of 3,246 

posts from the 10 community groups. As we did with tweets, we also filtered these Facebook contents using the 

same set of keywords potentially related to vulnerable populations. With this filtering, we retrieved a total of 35 

posts from formal organisations, and 10 posts from community groups.  

As the examples above show, the information posted by the three official emergency organisations consists of 

standard messages that highlight the need to check on immediate neighbours and vulnerable groups within 

families and communities. The 10 posts from community groups follow the same pattern (‘look after, ‘keep an 

eye’, etc.). With the exception of people with heart/lung/asthma conditions (addressed using the first person) 

messages are targeted to the general population rather than to specific groups. This may be consistent with the 

expectation that social media contents will be shared across networks and, perhaps more importantly, will be 

relayed offline to the relevant individuals. The task of filtering, contextualising, and translating these messages 

is explicitly left to social media users as ‘information brokers’ with a duty of care. In this regard, the fact that the 

posts tend to use similar and repetitive formulas across organisations and platforms (‘look out’, ‘look after’, etc.) 

may help to reinforce the message about the expected duty of care towards vulnerable groups.  

FINDINGS AND FUTURE RESEARCH 

Our preliminary findings clearly show the low incidence of targeted information to vulnerable persons and 

groups on social media. The only exception found are messages directly aimed at groups suffering heart, lung, 

or asthma conditions. Ultimately, the contents analysed suggest that social media, whenever used, are utilised to 

raise awareness about the need to check-in on others and provide some general guidelines rather than providing 

more specific information, assistance, or specific advice through these channels. This may be because 

emergency organisations, in addition to push out information addressed to wide populations, assume that 

vulnerable persons are not likely (or are unable) to use information on social media directly during extreme 

weather events. Existing research on uses of social media by ‘vulnerable populations’ caution against 

considering such groups as homogeneous cohorts, so additional research in the area of emergency management 

might usefully investigate the legitimacy of such an assumption. 

The strategy used by formal organizations often points to the reliance on intermediaries or ‘information brokers’ 

(Hughes and Palen, 2012). Research has shown information brokers play an important role in emergency 

management by reducing the hindrances resulting from the lack of interoperable systems, the lack of contractual 

agreements, and legal incompatibilities (i.e., different responsibilities and range of authority as barriers) (Kuehn 

et al, 2011). Yet the role of information brokers in the context of social media and in particular the context of 

vulnerability is still not well understood. One possible explanation for the lack of targeted information to 

vulnerable persons is that the line that divides delivering information from providing advice can sometimes be 

difficult to draw and, from a legal point of view, keeping messages clearly within the information sphere 

mitigates potential liabilities. An alternative explanation might be that there is a need for more inter-disciplinary 

approaches.  For example, literature in social work highlights that if social workers are able to act as effective 

information brokers then the connectedness of smaller, informal organizations might be improved to better 

support vulnerable persons during disasters (Zakour and Harrell, 2008).  

Future research might identify how social workers, emergency management professionals and information 

managers might better collaborate and draw on their respective disciplinary expertise to recognise if and how 

information on social media might be better targeted towards vulnerable persons. Gaining a more granular 

knowledge of these different groups and their local environments is crucial in co-designing trusted, effective, 

and multilayered information channels (leveraging different platforms and tools) during extreme weather events. 

In this regard, the next stage of our study examines a range of actors (interviews with stakeholders across 28 

organisations, and with senior citizens from different areas in Victoria) with the aim to (i) focus on the co-

creation of information between vulnerable persons and the range of formal organizations; (ii) understand how 

community organisations and use and adapt information from formal organizations to reach out to vulnerable 

persons; and (iii) examine the translation processes that take place between the formal and information 

organizations.  

                                                           
5 https://apps.facebook.com/107036545989762/. See also Rieder (2013). 
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ABSTRACT 

Official policies, socioeconomic and demographic factors of the area and population impacted by an extreme 

event influence the way that individuals use social media to cope with and respond to a disasters. It is difficult to 

untangle the impact of these factors in social media crisis communications and users’ behaviour. This paper 

focuses on convergence behaviour of Twitter users in response to an earthquake event in an environment where 

the access to commercial social media platforms is highly restricted. This study analyses 41,745 Tweets and 

retweets communicated within two weeks after the Iran–Iraq border hit by a 7.3-magnitude earthquake in 2017. 

This research indicates the impact of political factors affecting the region on social media users and their reaction 

to extreme events. Analysing the content of the Tweets showed response to government policies as well as the 

social difficulties of ethnic groups affected by the event reflected in the use of Twitter as an example of social 

media platforms in crisis communication. This behaviour was not expected and has been underreported in the 

current body of knowledge.  

Keywords 

Social Media Crisis Communication, Convergence Behaviour, Political Communication, Earthquake, Natural 

Disaster  

INTRODUCTION 

Social media communication during extreme events has become a revolutionised way of crisis communication 

and has had a tremendous impact on societies and organisations (Li 2017; Raisinghani 2012). These platforms are 

used by individuals to reach a large number of people in a short period of time and have become an essential 

source of information and communication channel for crisis management (Fischer et al. 2016).  

 

Online users engagement on social media during natural extreme events has been studied, and it is revealed that 

agencies and individuals play different roles in these online networks (Carter et al. 2014; Ross et al. 2018). For 

instance, during the 2016 flood in Louisiana, individuals actively shared emergency information with their friends 

on Facebook and Twitter, while, organisations actively played the role of "gatekeepers" to connect a network of 

the city of Baton Rouge with external social groups or online communities (Kim and Hastak 2018a). Similarly, 

other studies highlighted the importance of agencies in information diffusion during an extreme event and  how 

crisis-related information should be published on Facebook to reach as many people as possible (Ross et al. 2018). 

It is also reported that government officials seek to leverage user-generated content as an important source of 

information to improve their services and communication with citizens (Kavanaugh et al. 2012).  
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Social media platforms, however, are not freely accessible anywhere in the world; many countries have 

implemented laws to censor the content and access to such networking sites. For instance, access to Facebook, 

YouTube, or Twitter is currently blocked in North Korea, China, and Iran. Figure 1 outlines a map of countries 

which consolidate their filtering system and enforce Internet content standards. It also indicates the location of 

the 2017 Iran-Iraq Earthquake which we are using as the case for this study (see map cut-out). 

 

 
Figure 1 Countries which restricted Social Media platforms that contain political content1  

Regarding the role of social media in crises management; one of the indirect consequences of blocking public 

access to online social communication platforms, as well as regulating the Internet, is the limitation of the role 

that emergency management organisations can play in the crisis communication network, as well as restricting 

official responses to the extreme event. This has an impact on the communication patterns between community 

members and emergency management organisations as well as affecting the behaviour of individual online users 

in utilising the platforms during an extreme event. As can be seen in Figure 1, the 2017 Iran–Iraq earthquake 

mostly affected the area where residents restricted to access social media platforms such as Facebook and Twitter 

through technical measures.  

 

Our research explores social media crisis communication where the access to social media platforms is highly 

restricted.  For this study, we use Twitter as an example of social media platform. By analysing the content of the 

messages shared on the platform during an extreme event, we disclose disaster convergence behaviour archetypes, 

shaped in response to the 2017 Iran–Iraq earthquake.  

 

Social media interaction in disaster management can be separated in three dimensions; the interaction between 

emergency service agencies, the interaction between an emergency service agency and the public, and the 

interaction within the general public (Ahmed 2011; Ehnis and Bunker 2013). We focus on the third dimension of 

use, which is the communication between members of the general public enabled through social media. We use 

the microblogging service Twitter as our source of data. Twitter was launched in 2006 and is for research a 

prominent microblogging service because of its simple privacy setting structure (Bruns and Stieglitz 2013). which 

enables its users to post short messages (Riemer et al. 2010). The paper is designed as a case study (Piekkari et 

al. 2009) in which we analyse Tweets which are related to the Iran-Iraq earthquake. This earthquake occurred on 

the 12th of November 2017. The purpose of this study is to better understand online convergence behavior patterns 

shaped in response to a crisis impacted an environment where social media is highly restricted.  

 

The remainder of this paper is structured as follows: in the next section, we provide an overview of the existing 

literature describing and presenting convergence behavior archetypes exhibited by social media users in extreme 

events. We also define the concept of crisis exploitation or political interpretation of extreme events in this section. 

Next, we provide an overview of the 2017 Iran-Iraq Earthquake case study. This is followed by a description of 

the research methodology, which shows our process of data collection and analysis. Lastly, we outline our results 

and discussion where we disclose our findings and explain their contribution to social media crisis 

communications.  

 

                                                           
1 Figure adopted from: http://onimap.citizenlab.org/filtering-pol.html Accessed on 13th of June 2018 
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LITERATURE REVIEW 

Social media is a group of Internet-based applications built on the ideological and technological foundations of 

Web 2.0, which allows the creation and exchange of User Generated Content (Kaplan and Haenlein 2010). Social 

media includes a vast array of different technologies and platforms such as Social Networking Sites, 

Microblogging Services, Wikis, Collaborative Web Maps, Media Content Sharing platforms, etc. {Kane, 2014 

#48}. Social media contributed enormously in disaster management to the process of finding collaborative 

solutions to complex problems (Bruns and Stieglitz 2013; Underwood 2010). Social media platforms influence 

the process of information diffusion in society. The general public and emergency service agencies use social 

media and in particular Microblogging Services to interact and communicate information at all stages of an 

extreme event (Ehnis and Bunker 2013). Users employ social media as a low-cost source of information to reach 

a large number of people in a short time and for sense-making and crisis management (Bunker et al. 2017; Fischer 

et al. 2016). Studies have shown that people use online communication platforms for self-organisation of help, 

diffusion of information, expression of anger or empathy, and to mitigate the effects of an extreme event (Ehnis 

and Bunker 2013; Procter et al. 2013; Shahid and Elbanna 2015). For instance, reports have highlighted that social 

media enables people to find their families and friends and to know if they are safe, also, to accurately report an 

incident and to send requests for assistance (Wendling et al. 2013). It is also stated that social media helps people 

to identify survivors and victims and to solicit donations for them. Contrary to this, various types of undesirable 

use of social media has also been observed during extreme events e.g. spreading rumours, exploiting victims, 

exploiting donations, et cetera. 

Convergence Behaviour Archetypes  

Social-technical milieu enables individual and collective action; researchers have attempted to reveal these 

patterns of action in a crisis setting (Starbird and Palen 2011). When an extreme event happens, convergence 

behaviour occurs and in consequence there is a mass movement of people, resources and assets towards the area 

that is impacted by the disaster. This can be explained by the concept of collective behaviour which was first used 

by Franklin Henry Giddings (1908) to refer to social processes and events which emerge in a spontaneous way, 

and do not reflect existing social structures.  

 

Scholars have categorised online social media user convergence behaviour during a disaster by analysing the 

content of the messages that were created and communicated during and related to the extreme event. Social 

media interaction amongst community members have been studied by disaster researchers, and various 

convergence behaviours archetypes have been observed and outlined (Bunker et al. 2017; Fritz and Mathewson 

1957). Researchers have reported seven major types of collective behaviours during extreme events. These 

convergence behaviour archetypes includes returners, anxious, helpers, curious and exploiters recognised by Fritz 

and Matthewson (1957), Fans and supporters by Kendra and Wachtendorf (2003), the detectives by Subba and 

Bui (2010) and behaviours of manipulators recognised by Bunker & Sleigh (2016). Table 1 explains nine online 

convergence behaviours that occur during extreme events and which are recognised by disaster researchers. 
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Table 1 Convergence behavior archetypes (Bunker et al. 2017) 

Authors Convergence 

Behaviour Archetypes 

Characteristics 

Fritz and 

Matthewson, 1957 

The Returnees Users showed a strong sense of legitimacy to return to the area 

that impacted by the disaster. The motivation for this 

behaviour could be to evacuate residents, friends and family, 

or they might be property owners etc.  

Fritz and 

Matthewson, 1957 

The Anxious Divided into two categories: 1) those directly 

impacted by the disaster and/or anxious about those affected 

by the disaster. 2) Information seekers and responders. 

Fritz and 

Matthewson, 1957 

The Helpers Volunteers to help victims who could be sub-categorised as 

formal (PSA) volunteers and informal (everyone else) 

volunteers. 

Fritz and 

Matthewson, 1957 

The Curious Sightseeing with minimal personal concerns. 

Fritz and 

Matthewson, 1957 

 

The Exploiters Looking for personal gain, detachment from or non-

sympathetic identification with the victims. Intentionally 

spreading misleading information, deceiving, stealing, 

looting, giving etc. 

Kendra and 

Wachtendorf, 2003 

The Fans or Supporters Encourage or express appreciation to helpers and rescuers. 

Kendra and 

Wachtendorf, 2003 

The Mourners  Expression of sympathy and mourn the dead. 

Subba and Bui, 2010 The Detectives Official and unofficial intelligence collectors who watch over 

activities and take appropriate action. 

Bunker and Sleigh, 

2016 

 

The Manipulators Looking to promote self and project personal characteristics of 

power. Manifests in attention seeking behaviour and creating 

or seeking roles of perceived importance in the management 

of the disaster. 

Bunker et al., 2017 The Furious Users who express their anger/annoyance 

about the situation and/or organizations/other people 

Bunker et al., 2017 The Impassive People who don’t take part in the crisis communication and 

mostly tweet about personal things or just share their location 

Bunker et al., 2017 The Promoters Mainly advertisement and other unrelated content 

Bunker et al., 2017 The Informers Mostly news organisations, they don’t show any emotion and 

only share news about the crisis 

Crisis Exploitation: The Political Interpretation of Extreme Events 

Extreme events and their substantial impacts on society and environment have become an exciting topic for 

interdisciplinary researchers in areas such as climatology, ecology, earth sciences, engineering, hydrology, social 

sciences and political science. A study showed that when disasters happen, government and their critics compete 

to interpret events, the severity of a crisis, its causes, the responsibility for its occurrence, and implications for the 

future, in ways that best serve their political purposes and visions of future policy directions (Boin et al. 2009). 

Utilizing computer-mediated communication and social media tools in the political discussion, have seen the 

creation of unique arenas and locations for online discourses, for instance, in Facebook, several thousand groups 

with a political focus exist (Kushin and Kitchener 2009; Williams and Gulati 2007). Social media has become an 

information platform to share public opinion on policies and political positions which plays a vital role in shaping 

political communication around the world (Benkler 2006). These platforms are increasingly used in a political 

context by individuals and policy institutes which has also been reflected in online communication and users' 

microblogging activities during extreme events (Stieglitz and Dang-Xuan 2013).   
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The application of social media in managing extreme events has been studied in detail, however, some aspects of 

the phenomena have received less attention. This study explored the influence of politics, socioeconomic and 

demographic features of the population affected by the crisis in shaping convergence behaviours in the online 

space which is the topic deserves more attention than it has historically received. We contributed to closing this 

research gap by focusing on a case of an extreme event that occurred in an area inhabited by an ethnic group with 

unique social, cultural and spiritual characteristics. 

RESEARCH BACKGROUND - CASE STUDY DESCRIPTION 

A 7.3 magnitude earthquake struck around 32 kilometres (20 miles) south of the Halabja and Kermanshah 

province on the border of Iraq and Iran on Sunday 12th of November 2017 at 9:18 pm. According to the Red 

Crescent, following the initial quake close to 200 aftershocks occurred (Cross 2018). Figure 2 shows the location 

and areas that were affected by Iran-Iraq earthquake.  

Iran's Press TV reported that 445 people were confirmed dead and more than 7,000 were injured on Monday 

afternoon (13th of November 2017). The Red Crescent also reported ten people killed and more than 425 injured 

in northern Iraq by the Sunday (12th of November 2017)  evening earthquake (Khosaii 2017). The earthquake 

affected approximately 70,000 people, and the Iranian government declared three days of national mourning. 

Other countries' officials such as the US sent a message of condolence and offered help; however, Iranian officials 

declined offers of foreign assistance. Authorities in Iran and Iraq initiated rescue operations and military 

assistance, and civilians also offered to be dispatched to quake areas to assist, however, survivors of the disaster 

complained of a slow aid effort and slow response to requests for food and shelter. 

 

 
Figure 2 location of the earthquake (Adopted from Masters 2017) 

Ethnic enclaves and religious and political characteristics of the case 

The Iran-Iraq earthquake was chosen as the case for this study because of the unique ethnic enclave that was 

impacted and political characteristics of the event.  

 

Considering ethnicity as an explanatory factor, helps this study to understand the behaviour of a group of social 

media users who vented their anger via the online platform Twitter during a disaster. The Iran-Iraq earthquake 

had a catastrophic effect on a geographic area with a high Kurdish ethnic concentration. The Kurdish or the Kurd 

people, are an ethnic group, mostly inhabiting a mountainous region straddling the borders of Turkey, Iran, and 

Syria. Distribution of the Kurdish population is estimated at around 14.3 to 20 million in Turkey, 8.2 million to 

12 million in Iran, 5.6 to 8.5 million in Iraq and 2 to 3.6 million in Syria. Kurd people are the fourth-largest ethnic 

group in the Middle East, however, they have never obtained a permanent nation-state, and during the past 80 

years, Kurdish separatist movement efforts to set up an independent state have been quashed. These people also 

have counterparts across each of the countries’ borders which increase the potential for ethnic separatism or to 

fuel civil wars (Sanasarian 2000).  

 

Ethnicity is the crucial factor beyond socioeconomic and demographic characteristics which have differentiated 

the Kurds from other ethnic populations in the region (Sirkeci 2000). According to Nagel (1980) Kurds suffer 

from a lack of recognition in Turkey and limited political influence in Iran and Iraq and they have a resistance to 

local government authority. Nagel also stated that Kurdish separatist movements have formed due to various 

reasons including unequal economic and political relations between the ethnic periphery and the dominant groups 
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within the Kurdish populations (Nagel 1980). Recently the presence of Kurds in global media networks has 

increased due to their important position in the struggle against Islamic State (IS) which changed the role of 

Kurdish movements in the region from fighting for autonomy, to being part of global union against a ‘common’ 

threat (Smets and Sengul 2016).  

 

Religion is another factor of differentiation which has influenced the self-concept of the Kurdish community and 

its boundaries of inclusion and exclusion. The majority of Kurds are Sunni Muslims alongside minority 

communities of Kurdish Alevis, Jews, Christians, and ancient Iranian groups such as the Yāresān and the Yezidis 

(Foltz 2017).   

 

The earthquake occurred on the Iran–Iraq border, just inside Iran, in Ezgeleh, Kermanshah Province which is 

mostly inhabited by Kurds. Iran is home to over 80 million people who are religious, ethnically, and linguistically 

diverse. The central authority is dominated by the Persian population which is estimated as being nearly 51 per 

cent of the total population, and the state religion is Shia, Islam (Hassan 2007). Ethnic movements are closely 

supervised by the Iranian government, and the state policies protect national identity and impose unity even 

through force if necessary. In this regard, Persian nationalism, and Shi’a Islam are used as unifying factors. In 

Iran, Kurds and other ethnic groups extend beyond the borders, therefore, border security has been a very sensitive 

matter for the Iranian central government. Kurd people are considered as one of the ethnoreligious minorities in 

Iran, and according to Saleh (2013), Iran's ethnic groups such as the Kurds blame the government for their 

deprivation. In addition, Tehran's ethnic policies, economic inequality, political isolation, social marginalisation, 

and in general, the government’s failure to meet the rising expectations of the ethnic minorities have disenchanted 

these groups with the government (Saleh 2013). 

RESEARCH METHODOLOGY 

This is a qualitative research case study (Piekkari et al. 2009) where the utilisation of  a social media platform 

(Twitter) by users in response to an extreme event is analysed. The data source is social media data collected from 

the microblogging platform Twitter (Stieglitz et al. 2018) between the 12th of November 2017 date and the 26th of 

November 2017 date which provides a critical crisis communication ‘window’ for analysis. A content analysis 

methodology is used to determine the presence of certain words in communication between the platform users 

and also to identify their online convergence behaviours in response to the crisis. We also analysed the genres and 

linguistic features of Tweets to classify them in appropriate genre chains. “Genre” particularly refers to purpose 

and text prototypicality (Johns 2015) and Genre Analysis (GA) thus is the production of meaning through the use 

of linguistic with some attention paid to the professional context it is situated in, and the communicative purposes 

it tends to serve (Bhatia 2012). The following subsections explain the research approach which has been taken.   

 
Data Collection 

With over 300 million monthly active users, Twitter is a social media platform that is highly integrated into the 

daily life of western societies (Whiting and Williams 2013) and which influences how people communicate with 

each other (Burke et al. 2011) as well as track events and news (Pentina and Tarafdar 2014). Twitter is built upon 

the rationale of the ‘follower' principle, and its microblogging services enabled users to post, share and retrieve a 

short message, which appears publicly on the platform. Both crisis management agencies and the general public 

have used Twitter microblogging services for communication and cooperation during crises events. Twitter offers 

an API for collecting data; This includes tweets and retweets as well as information about the authors of tweets 

(Bruns et al. 2011).  

 

For this study, we collected 70504 tweets and retweets during the first two weeks of the 2017 earthquake which 

happened at the border of Iran and Iraq. A self-developed Python tool was used to connect to the Twitter API and 

download messages by keywords. Since Twitter is technically restricted in the region, we couldn’t identify and 

disclose the location of the users. We crawled the content of Farsi and English tweets as well as their users’ ID 

and timestamps and stored them in .csv files. We used the following keywords for the data collection: 

Kermanshah; Azgeleh; SarePolZohab; Sar_e_Pol_Zohab; #PolZohab; SarePolZohab; #Kermanshah; 

IranEarthquake; #IranEarthquake; Iran_IraqEarthquake; Iranquake; #Iranquake; #Maskan_Mehr. 

 
Keywords have been chosen and codified by one of the authors, who is a native Farsi speaker and fluent in English, 

through observing the communication and tracking hashtags.  

 

The automatic export setting downloaded 70504 Tweets and retweets which have been cleaned with keyword 

searches, and by manually skimming through the content of tweets in order to reduce spam and unrelated content. 
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28559 Tweets of the initial dataset were removed because they were either spam or did not directly relate on the 

event. The final dataset contains 41745 messages including 26085 tweets and 15666 retweets (a sample of tweets 

downloaded is available at Appendix). 

Data Analysis 

Two datasets were created according to the languages of Farsi and English. These final datasets were imported 

into Microsoft Access. The Tweets were grouped and labelled based on the shared keywords reflected on the 

motivation or/and interest of the origin of the Tweet. Keywords were chosen to codify Tweets into convergence 

behaviour categories. The keywords were re-assessed and re-codified by an academic who is also a native Farsi 

speaker as well as being fluent in English but not familiar with the context of the study, to reduce the influence of 

researcher bias and increase the accuracy of the results. In a final step, the content of the Tweets within each 

category were manually analysed and Tweets re-coded where it was necessary.  

FINDINGS AND DISCUSSION 

The content analysis of Tweets and Retweets in Farsi and in English revealed five different convergence behaviour 

patterns: The Helpers, the Mourners, the Fans and Supporters, the Informers, and the Political Proponents. The 

first four are already found in the literature (Bunker et al. 2017). The fifth, the Political Proponents, have not yet 

been reported in the convergence behaviour social media literature. The frequency of convergence behaviour 

archetypes observed from analysing both Farsi and English data sets are shown in Figure 3. Table 2 shows the 

number of Tweets by convergence behaviour archetype. It can be observed that the distribution of Farsi and 

English tweets among the identified behaviour archetypes do not follow a similar pattern, however, tweets 

containing political concepts have been broadcasted more compare with other tweets in both Farsi and 

English.  
 

The context of the Tweets which were classified as Helpers mostly provide updates on the victims’ circumstances 

and their need to genuinely request relief items including blankets, tents, hygiene items, ground sheets, and food 

items. The Helpers also monitor the distribution of relief items and communication of related information to the 

public.  

 
Table 2 Convergence behaviour of Twitter users during the crisis 

 

The propagation rate of Mourners tweets stands at the fourth spot in our ranking and contain Tweets and Retweets 

expressed users’ feelings and emotions regarding the crisis and its victims. Celebrities, Non-Iranian government 

officials, organisations and interest groups were identified in Tweet analysis as well as individuals who shared 

these Tweets to express their sympathy or condolences and pray for victims of the crisis.  

 

The Fans and Supporters used Twitter to express their gratitude and appreciation in the form of Tweets of praise 

for the services provided to the victims by public individuals including; celebrities and famous people as well as 

official and unofficial groups such as the National Army and The Iranian Red Crescent Society named “Helal e 

Ahmar”.  
 
Tweets from the Informers consisted of the second largest group of Tweets broadcast by curious users mostly to 

defuse the information related to the event. For example, these Tweets consisted of text regarding technical 

information about seismology and earthquake engineering and its effects and damages.  

 

The analysis exposed that the most widely shared Tweets and retweets contained political keywords. These 

Tweets were classified under the convergence archetype of Political Proponent. These Political Proponents often 

blamed government policies including foreign relations with other governments. These messages also indicated 

Tweets and retweets The 

Political 

proponents  

The 

Helpers  

The 

Informers  

The 

Mourners  

The Fans and 

Supporters  

Farsi  16695 8555 8424 4445 933 

English  989 241 556 812 95 

Total = 41745 17684 8796 8980 5257 1028 
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condemnation towards the government in regard to collapsed buildings in cases where homes were built under an 

affordable housing scheme initiated in 2011. Moreover, since the disaster was focussed in the region inhabited by 

ethnic minorities, these Tweets also showed a tendency of calling attention to racism. The user ID of the source 

of these Tweets where mostly anonymised by the user; hence, it is presumed that the origin of these Tweets was 

generally from the general public or unofficial groups and less from official opposition members. Twitter is 

blocked by the Iranian government due to political reasons; hence, the official response from the government or 

any official group has not been observed in this study. The Political Proponents use the communication around 

an event for political gain; they indicate similar characteristics in comparison to the exploiters and the 

manipulators. The exploiters are looking for personal gain (Bunker et al. 2017), the manipulators are aiming to 

promote themselves and project personal characteristics of power (Bunker et al. 2017); both of these archetypes 

are hijacking crisis communication for individual gains. The Political Proponents hijack the crisis communication 

as well, however, these archetypes use the communication for political influence, and not just personal gain, and 

are, therefore, in the social media literature an unreported convergence behaviour class.   
 

 

 
Figure 3 Frequencies of Twitter users Convergence Behaviour Archetypes  

 

Looking deeper into the context of the Tweets it is revealed that; in this event, those who directly were 

impacted by the disaster rarely used the Twitter platform as a tool for emergency response, communication 

or spread of information. For instance, it was generally not used to evacuate residents or search for their 

friends or family, and generally the majority of Tweets were shared by third-parties. Most of the messages 

were generated by observers and helpers and mostly spread by users who were not located in the affected 

area. This can be explained by poor infrastructure in the region and difficulties to access the Internet for 

residents. For the rural regions affected by the earthquake cell phone coverage might get more and more 

patchy until it possibly entirely disappears. 

 

 
Figure 4 Returners travelling to the area affected by the disaster. Adopted from (Khosaii 2017). 

 

Moreover, as opposed to Fritz and Matthewson (1957) and Bunker and Sleigh (2016), this study did not observe 

noticeable online activities from Detectives or Returners during the event. Although, the official Iranian police 

website reported that massive numbers of Helpers physically travelled to the region mostly to assist victims and 

this caused a severe distraction in emergency agency responses (see Figure 4) 

 

Similar to the Bunker et al. (2017) observation of online convergence behaviours during the Munich Shooting on 

22 July 2016, this study classified the Manipulator who planned formal responses versus ad-hoc and emergent 

responses, and this study observed immense anger in responses about the situation and organisations who mostly 
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targeted the government's agencies. While, the earthquake was a natural disaster it was entirely dissimilar to the 

2016 Munich Shooting which was a human-made disaster involving human intent. Furthermore, unlike their 

observation, the Impassive or Promoters archetypes were not observed. During this event Exploiters which were 

defined in Bunker & Sleigh (2016), widely used Twitter for political gains, hence, they were reclassified as 

Political Proponents.                   

 

The findings showed a vast influence of political tendencies in convergence behaviours of online platform users 

during a natural disaster. This result is in contrast with the Kim et al. (2018b) observation of comparable research 

conducted on a nearly similar extreme event, the 2016 flood in Louisiana, which affected an area with different 

political and socioeconomic characteristics (Kim and Hastak 2018b). Kim et al. (2018b) reported that 77% of the 

posts during emergency responses had a positive sentiment, and the most common keywords shared during the 

events were related to flooding, the disaster recovery team and disaster debris removal in the city.  

 

A significant feature of our case study in contrast, are the policies of the government in Tehran against social 

media platforms such as Twitter, Facebook and YouTube. Iranian authorities technically outlawed access to many 

social media tools and Twitter has been blocked since 2009. Many Iranian users bypass state-imposed filters by 

using virtual private networks (VPNs) or circumvention tools, and log into the online platforms which is 

considered as an illegal act. Considering this, it can be expected that the majority of messages shared in Farsi by 

Iranian users express a degree of users’ resistance against government policies. Furthermore, Tehran's 

complicated relationship with the Kurdish ethnic group, which were victims of the disaster, was vastly reflected 

in social media users' convergence behaviour. Users condemned and blamed the government for having repressive 

policies against ethnic groups.  

CONCLUSION, LIMITATION, AND FURTHER RESEARCH 

In this study, we analysed Twitter data which was related to the 2017 Iraq-Iran earthquake to better understand 

social media crisis convergence behaviour in environments where the utilisation of social media is highly 

restricted. The findings showed that in our case some of the communication resulted in some similar convergence 

behaviour patterns as in other social media convergence behaviour studies (e.g. Bunker and Sleigh 2016; Bunker 

et al. 2017); The convergence behaviour archetypes of the Informers (Fritz and Mathewson 1957), the Helpers 

(Fritz and Mathewson 1957), the Fans and Supporters (Kendra and Wachtendorf 2003), and the Mourners (Kendra 

and Wachtendorf 2003) were present and active in social media participant groups. Nevertheless, there were also 

a lot of unexpected results. We could not find much indication of other convergence behaviour archetypes on 

social media such as the Returnees (Fritz and Mathewson 1957), the Anxious (Fritz and Mathewson 1957), the 

Curious (Fritz and Mathewson 1957), the exploiters (Fritz and Mathewson 1957), the Detectives (Subba and Bui 

2017), or the Manipulators (Bunker and Sleigh 2016). The most unexpected result was the high amount of political 

communication present. This political communication resulted in our study reporting on the archetype of the 

Political Proponents. This group of social media users used the crisis communication for political influence or as 

a critique of the government. These Political Proponents were exhibiting other features found in the Exploiters or 

the Manipulators and therefore represent a different type of convergence behaviour.  

 

The restriction of social media in the context of the study a limitation on the interpretation of the results. As 

mentioned previously, the data sets used for the purpose of this study are drawn from a social platform which is 

legally restricted to access by the local community. Hence, users' details such as their location and identity were 

restricted, so that to distinguish between bystanders and active actors in the way that the Bunker et al. (2017) 

study was able to do was impracticable. For the same reason, we were unable to analyse the sociocultural factors 

such as lifestyle and values of users in shaping convergence behaviours during the earthquake event.  

 

The findings of this study highlight the importance of the potential impact of official policies and socioeconomic 

and demographic factors on social media crisis communication. In further research, we intend to extend the study 

to compare the dataset to a similar event that occurs in an area dominated by western culture to compare and 

highlight the influence of cultural differences on online users' convergence behaviours during extreme events. 
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APPENDIX: A sample of Farsi and English tweets collected for the purpose of this study* 

• Farsi Tweets: 

• RT @ XXXXX: و عراق و  رانیو مجروحان حادثه زلزله مرگبار در مرز ا انیخود را با خانواده قربان یهمبستگ رانیسفارت فرانسه در ا

  زین
• RT @ XXXXX: داره هر  رساختیو ز یبه بازساز ازیکشور هم ن هیخسارت داده و بق نهمهیمملکت که #زلزله ا ی#بحران طیشرا نیتو ا

از یکس  

• RT @ XXXXX: ✅ #زلزله یدر آوره ها یشعرخوان  \n  \n  خوننیم یدرسرما با چه شور نینیرا بب رانی#ا یسرود ا ی#ازگله ا یبچه ها  
\n  \n دیوصفاکن دینیبب   

• RT @XXXXX: از  یگرید امی... پلیدل کیکرد؟ فقط به  یپزشک یکمک ها شنهادیپ رانیلرزه در غرب ا نیزم انیبه قربان لیچرا اسرائ

 نخست 
• RT @ XXXXX: تمامی کلمات معنای خودشون رو از دست دادن! \n ۲۰۰۰ بر اساس  ... نفر کشته در زیر آوار یعنی یک والیت در سوگ

آوار گزارشهای دریافتی   \ 

• RT @ XXXXX:  زلزله اخیر#پیام #مریم_رجوي درباره: \n  ویژه #جوانان دلیر برای است که هموطنان ما در غرب #ایران به ضروری

…نجات مردمی که زیر آوار م  
• RT @ XXXXX: تواند چندین برابر بیشتر از رقم اعالم شدهتعداد قربانیان می  :گلف تایمز بسیاری از این  .توسط وزارت کشور باشد  

…ها قبل از ایکشته  
• RT @ XXXXX : و سرپل ذهاب خبر  نیریقصرش یهازلزله زدگان شهرستان یمردم #عراق برا یهااز ارسال کمک نیریفرماندار قصرش

 داد
• RT @ XXXXX :  در حالی که کودکان زلزله زده کمبود شیر و پوشاک دارند میلیاردها تومان هزینه اجالس سه روزه محبان اهل بیت و

…مهمان خارجی شده 500  

• RT @ XXXXX : بخاري هاتان روشن جایتان خوب است و ! \n # كرمانشاه زیر برف و باران در چادر است. #كانكس_میخواهند

 #زلزله

• RT @ XXXXX: ما... یخال یسرما...لعنت به دست ها نیا یها...تو یچند روز گذشته؟!؟...از زلزله میگما...هنوز پتو ندارن بعض  

• RT @ XXXXX :  سردترههواى مناطق زلزله زده كرمانشاه از این هم  \n مردم در این سرما در چادرند  

• RT @ XXXXX : که مردم  دینیخود را از دست دادند. اما بب زانینفر از عز500منطقه حدود  نیاست که مردم ما در ا یبتیداغ و مص نیا

چطور همه رانیا  
• RT @ XXXXX:  یبزنند که بعدها سرپناه خیمردم #زلزله_زده از سرما  یعنیجناب #نوبخت فرمودند کانکس کمک بالعوض است 

…ضمنا #کان رندیبگ یصدقه ا  

• RT @XXXXX: یک استان ایران ویران شده و مردمش نیازمندن 

 
• RT @ XXXXX: # ٦زلزله ای به بزرگی   ریشتر  1.

• RT @ XXXXX: ادیکشور ما ن یبرا شتریقدرت ر نیبا ا ییزلزله ها میخوایصبح جمعه ازت م نیخداوندگارا در ا  

• RT @ XXXXX: کذب در  ریفرصت طلب با انتشار مطالب و تصاو یرو امروز نشون داد گفت پس از زلزله عده ا تییتو نیشبکه خبر ا

:(((…نظام بودن  بیصدد تخر  
English Tweets: 

• I would like to extend my gratitude to our friends in France for their solidarity with the victims of the 
earthquakâ 

• Weâ€™re hosting a drive to support victims of the #IranEarthquake &amp; local refugees from the 
Womenâ€™s Initiative by ourâ€¦  

• RT @ XXXXX: There was a party going on here. So sad :( \n #Iran \n #iranEarthquake \n #Earthquake 

• RT @ XXXXX : Ground motion visualization of the waves from the M6.0 earthquake in Iran. Our sensitive 
instruments can detect these waves bâ€¦ 

• The #Earthquake destroyed some houses in eight villages but so far there has been no #fatalities 

• RT @ XXXXX: This beautiful Persian child thanks everyone for their help for the survivors of the earthquake. 

• RT @ XXXXX: #Iran - I will never repeat it enough :  rain is worsening the situation of ppl affected by 
#KurdistanEarthQuake  

• RT @ XXXXX: #Iran:More than one week pass of mass earthquake in west of Iran survivals in most efected 
eareas have no water  

• RT @ XXXXX: #IranEarthquake survivors are in need of your help. 

• RT @ XXXXX _SyIFRC: In #Iran to launch an operational plan and support Red Crescentâ€™s work after 
#IranEarthquake.  

• #IranEarthquake Death toll rises to 483.   

• RT @ XXXXX: #KurdistanEarthQuake: Politics create roadblocks to relief response to the crisis along 
#Kurdish western border 

• RT @ XXXXX: #Iran: People without basic resources in areas hit by quake. people live on the street in cold 
without any shelter.  

• RT @As_ XXXXX: Witnessing the aftermath and arriving in Sar-e-pol Zahab to meet the brave first 
responders of the Iranian Red Crescent. 

 

*In order to protect the privacy of Twitter users the accounts IDs have been deleted.   
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ABSTRACT 

Crisis informatics researchers have taken great interest in methods to identify information relevant to crisis events 
posted by digital bystanders on social media. This work codifies the information needs of emergency dispatchers 
and first responders as a method to identify actionable information on social media. Through a design workshop 
with public safety professionals at a Public-Safety Answering Point (PSAP) in the United States, we develop a 
set of information requirements that must be satisfied to dispatch first responders and meet their immediate 
situational awareness needs. We then present a manual coding scheme to identify information satisfying these 
requirements in social media posts and apply this scheme to fictitious tweets professionals propose as actionable 
information to better assess ways that this information may be communicated. Finally, we propose automated 
methods from previous literature in the field that can be used to implement these methods in the future. 

Keywords 

Human factors, Dispatch, Public Safety Answering Point (PSAP), Social Media, Qualitative Coding. 

INTRODUCTION 

Researchers interested in utilizing social media to improve situational awareness have grappled with techniques 
to identify information that will be most relevant to emergency response. This study focuses on the information 
needs of public safety telecommunicators that dispatch emergency responders based on information provided over 
9-1-1 phone calls answered at public safety answering points (PSAPs) in the United States.

First responders continue to seek out actionable, situational awareness information on social media that meets 
their specific information needs (Tapia et al. 2011). These needs vary depending on the roles and responsibilities 
of response agencies, and the particular emergency or crisis situation (Vieweg, Castillo, and Imran, 2014). 
However, recent research has tended to focus on identifying information available during a crisis at hand rather 
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than focusing on information that addresses the specific needs of responders. Using various qualitative coding 
approaches, this research has identified situational information posted on social media during emergency events 
(Mazer et al., 2015; Olteanu, Vieweg, and Castillo, 2015; Saleem, Xu, and Ruths, 2014; Starbird, Palen, Hughes, 
and Vieweg, 2010; Vieweg, Hughes, Starbird, and Palen, 2010). These qualitative content analyses have, in turn, 
allowed the development of machine learning classifiers that can be used to automate the filtering of situational 
information (Herndon and Caragea, 2016; Imran, Castillo, Diaz, and Vieweg, 2014; Li, Caragea, Caragea, and 
Herndon, 2018).  

Automated techniques have included methods to identify relevant tweets lacking keywords or hashtags related to 
a crisis event (Herndon and Caragea, 2016; Li et al., 2018). Techniques have also been developed to filter bots 
and other irrelevant information (Wang et al., 2014; Varol et al., 2017). As researchers have recognized that a 
great deal of information generated about crises are shared by news sources and external observers (Olteanu et 
al., 2015; Starbird et al., 2010), several studies have turned their attention to identifying eyewitness accounts that 
may be useful to first responders (Caragea, Squicciarini, Stehle, Neppalli, and Tapia, 2014). However, despite the 
extensive development of techniques to identify and filter event-relevant information, the question remains—what 
information do emergency dispatchers and first responders really need? 

In this paper, we present criteria that would comprise a “golden tweet”- a post on Twitter containing actionable 
information for emergency dispatch and supporting the immediate situational awareness needs of first responders. 
We describe the two-stage process by which we elicited criteria characterizing actionable information from 
emergency dispatchers and responders, and then used these criteria to develop a qualitative coding scheme that 
can be used by researchers to identify actionable information posted on social media. We present these criteria 
and coding scheme as the main contributions of this paper and hope they will guide the development of automated 
methods to classify and filter information that can support the work of emergency dispatchers and first responders. 

To understand criteria that would comprise a “golden tweet,” we began by speaking with administrators, 
telecommunicators, and first responders about the way they themselves would create such a tweet in the face of 
an emergency. After asking them to create fictitious “golden tweets,” we discuss the criteria they used to compose 
each message and held a conversation to evaluate one another’s tweets. From this activity (and additional 
observations and interviews) we came to better understand protocols used to gather information from 9-1-1 calls, 
and gained insight into how criteria outlined in these protocols might be used to identify and filter actionable 
information on social media.  

Using these criteria, we develop a qualitative coding scheme to identify actionable information posted on social 
media and apply the coding scheme to the “golden tweets” composed by professionals during the design 
workshop. We subsequently refine our coding scheme to develop a preliminary understanding of how this type of 
information typically gathered from phone calls could be represented in a social medial post. After describing the 
coding scheme and content analysis of this dataset, we suggest computer-assisted methods based on existing work 
that might deploy and develop coding schemas to identify and filter information that more closely matches the 
information needs of professionals. Lastly, we identify challenges that point to opportunities for future work. 

EXAMINING TELECOMMUNICATORS INFORMATION SEEKING NEEDS AND ACTIVITIES 

This section describes two concatenated methods and results sections that further our goal of identifying 
actionable information on social media. These methods include a design workshop activity to understand the 
information seeking needs of emergency dispatchers and first responders, and the development of a qualitative 
coding scheme for identifying information posted on social media that addresses these needs.  

Methods: Information Seeking Needs 

To better understand the information seeking needs and activities of public safety telecommunicators, our research 
team held a design workshop at a PSAP in an urban, highly populated county in the United States that is 
responsible for 9-1-1 call-taking and emergency dispatch. This work was motivated by an interest on the part of 
the PSAP director to begin using information on social media to better respond to local requests for service. The 
workshop focused on helping to define criteria that can be used to identify “golden tweets” that contain both useful 
and actionable information. The activity was held in three sessions. The first included PSAP administrators 
(director, deputy director, and operations manager), the second was held with telecommunicators (floor 
supervisors, call takers, and dispatchers), and the third was held with first responders (police, fire, and emergency 
medical services).  

Rather than requesting criteria directly, we began with an activity instructing participants to reflect on a recent 
incident in their community that they are familiar with, for example, an incident that they experienced or that they 
had direct interaction with in their job. Based on that incident they were asked to construct a 280-character 
Tweet 
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(Twitter’s current character limit) that they perceived was descriptive enough for someone in their professional 
position to take action on. An emergency scenario was not assigned to allow variety in criteria used to create a 
post. After the session, participants were asked to describe the criteria they used for inclusion of information in 
their post. Further, participants were asked to read the tweets that they constructed and others were asked to 
comment on how they might attempt to address this type of information (how they would take action) or whether 
additional information is necessary in order to address the incident. A list was made of information that was 
missing and thought to be important.  

Other activities in the workshop anecdotally supported findings, these include interviews with the administrators, 
telecommunicators, and information technology staff (IT manager, CAD supervisor, and CAD technicians), as 
well as approximately twenty hours of combined observation. During observation periods, the authors more 
closely examined the individual and cooperative workflows of 9-1-1 call takers, dispatchers, and resource 
managers, including the Computer-Aided Dispatch (CAD), GIS, radio, and associated systems used by 
telecommunicators for call-taking and dispatch.  

Results: Information Seeking Needs 

In writing a golden tweet, the majority of participants reflected on a recent storm, mall shooting, or traffic accident. 
When discussing criteria used to create an actionable social media post, participants began by communicating that 
location is key. As one participant stated, “obviously we can’t respond if we don’t know where.” All agreed that 
they included location information when constructing their post. Following some discussion of location 
information, further descriptors of the number of people injured, direction that perpetrators fled when they left the 
scene, and other follow up questions came naturally to the telecommunicators. Eventually, the conversation turned 
to the protocol that telecommunicators typically use to intake information—what is asked first, what is asked 
second, and so forth. Based on discussion of criteria that is most important to telecommunicators, we learned that 
many call centers across the United States utilize the 5W’s (also referred to as the 6W’s) to request information 
from 9-1-1 callers. This was described to us by participants as “the 5W’s plus weapons.” Simply, the W’s are: 
Where, What, When, Why, Who, and Weapons (Figure 1 Left). After some additional discussion, 
telecommunicators indicated that the priority of this information is: Where, What, Weapons, When, Who, and Why 
(Figure 1 Right). 

Many call centers today use computer generated protocols, such as ProQA 
(https://prioritydispatch.net/discover_proqa/), which integrates with computer-aided dispatch (CAD), GIS, 
Smart911, and associated systems used by telecommunicators. These tools provide emergency-specific question 
scripts and caller instructions in standardized text entry forms. These scripts assist call takers in determining the 
chief complaint or incident code, the emergency classification that determines the type and level of emergency, and 
in turn, the police, fire, or EMS resources that will be dispatched. Prior to computer-aided software, call takers 
simply used the 5W’s, which remains the default for many centers when computer systems are down. 

Figure 1.  The “5 W’s + Weapons” shown in order of protocol (left) and preferred order (right) 
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Methods: The Coding Scheme 

To learn more about the 5W’s and develop a coding scheme for each, we requested telecommunicators training 
manuals from the PSAP that we worked with, reviewed information available on the web created for 
telecommunicators in other areas (Craven County, n.d.; Telecommunicator I: Basic Caller, 2011), and reviewed 
information used to educate the public about the types of questions that 9-1-1 call takers will ask (Mundelein, 
n.d.; Office, n.d.). In each instance, there was general consistency among the descriptions of each of the 5W’s.
Because the purpose of this coding scheme is to identify information relevant to emergency dispatchers and first
responders, we have adapted all W’s into the coding scheme that will be henceforth referred to as the 6W’s.

After translating the properties of each of the 6W’s into a coding scheme (see Table 1) to be used for content 
analysis, we analyzed the content of the 34 fictional posts generated by administrators, telecommunicators, and 
first responders. Our analysis adopted the content analysis research process employed by Neuendorff (2002) 
which includes evaluative criteria, reliability as measured by intercoder agreement, and relevance. The fictional 
posts created in our design workshop were used to test relevance of the coding scheme because they were intended 
to be actionable tweets based on the participants’ professional experience and were more likely to contain the 
6W’s. It was our interest to use these posts to recognize how the 6W’s would be represented in a post to develop 
a qualitative coding scheme that can be applied to qualitative analysis of actual social media posts generated in 
emergencies in the future.  

To develop the qualitative coding scheme, a preliminary codebook was created based on a review of materials 
written about the 6W’s. The preliminary codebook was then applied to the 34 fictional posts by two researchers 
to ensure inter-coder reliability. As with other qualitative coding schemes (Kropczynski, Cai, and Carroll, 2015; 
Stromer-Galley, 2007), the code is applied in two phases. The first phase involves identifying words and phrases 
that communicate a line of thought; a line of thought may be communicated in a word, a set of words, or a complete 
sentence. Coding at the thought-level is an approach that has been adopted in qualitative analysis of social media 
posts to draw clear boundaries around portions of text. The second phase involves labeling relevant lines of 
thought with one of the 6W’s according to the coding scheme. Since the purpose of this approach is to identify 
actionable information, other thoughts and phrases were not coded.  

103 thoughts were identified and coded as relating to one of the 6W’s, the two researchers found 86% agreement 
upon initial coding. After initial coding, the two researchers met to discuss items that were coded differently and 
discussed each until agreement was reached. The differences of opinion were used as an opportunity to elaborate 
on coding schemes to prevent error due to ambiguous phrasing of the codebook. Below is the Coding Scheme 
used to identify the 6 W’s in the tweets along with representative examples from the fictional tweets. 

Table 1.  6W Coding Scheme 

Label 
(the W) 

Coding Representative Examples 

Where Place where help is needed; where an incident 
occurred; location of victim/suspect/witness; 
Directional guides/points of reference 

“Northland Mall parking garage”; “in the 
corridor at univ high”; “@ st philip & george”; 
“headed west on I-26 at Ashley Phosphate” 

What Type of incident; indications of severity “car accident”; “boat on fire lots of flames” 
Weapons Indication of whether weapons are present and 

if so, the type of weapons present 
“#shooting”; “assault rifle”; “gun” 

When Time the incident occurred; indication of 
whether incident is still occurring; time lapse 

“just now”; “7:32am” 

Who Number of people injured, or number of 
people armed; Description of 
victim/perpetrator/vehicle ; nature of observer 
(firsthand vs. secondhand account) 

“3 injured”; “2 armed men”; “tall skinny white 
guy in blue jeans and a white v-neck tee.. 20 
yrs old-ish.. Brown hair”; “we” 

Why Chain of events that led to emergency; 
Rationale for occurrence that may be helpful 
to an investigation 

No examples 

Results: The Coding Scheme 
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This section first discusses frequencies of observation in the primary coding scheme and then describes the use of 
the 6W’s in social media posts by participants. In the next section, we will interpret these findings and relate them 
to a refined coding scheme for further qualitative analysis. We will also review methods to automate these methods 
and discuss their implications for design rationale.  

By employing the coding scheme, we were able to identify and count the use of each W in a tweet. 

Table 2.  Count of Tweets Containing Each of the 6W’s 

Label (the W) Count (N = 34) Percentage 
Where 34 100% 
What 34 100% 
Weapons 12 35% 
When 6 18% 
Who 17 50% 
Why 0 0% 

None of the posts went beyond the 280-character limit, three of the posts indicated the inclusion of a picture or 
video (either hand drawn or a notation). Content analysis using the coding scheme reveals that participants 
perceived where and what information as most important to creating a social media post that would produce 
actionable information. The priority of this information was evidenced by the finding that every tweet composed 
by dispatchers and responders included some form of where and what information. Where information was written 
as intersections, buildings (i.e. points of reference), and in some cases, specific street addresses were added. What 
information was clearly articulated in tweets, but few included many details beyond the nature of the incident and 
did not discuss the severity of the incident. All posts that related to a shooting incident gave some indication if 
weapons were present. Few posts indicated when information, but, as the telecommunicators and responders 
expressed, we can often assume that events described in a social media post likely occurred just before the post 
was written, additionally, messages posted on social media include timestamps. Moreover, a few posts used the 
word “just” indicating that the event had happened at that moment, while others included a specific time that the 
incident occurred. Of posts that did not include who information, the large majority were related to a storm incident 
that occurred. In other posts that did not include who information, it might be assumed that the user posting the 
information is the who is involved in the incident, however, our coding scheme focused on the content of the 
tweets rather than extracting profile information. None of the tweets included why information. We might assume 
that this is because that information is either unnecessary for action to be taken or difficult to explain quickly 
within a 280-character post. The next section reflects on these findings and methods to automate qualitative 
content analysis. 

DISCUSSION 

The ISCRAM community has worked for many years to find new ways to make better use of social media data 
to aid responders. Over the last few years, several computational methods have been proposed to automate the 
processing of social media data for emergency and crisis management. These techniques aim to solve various 
challenges ranging from parsing unstructured and brief content, to handling overload by filtering noisy content, 
and the summarization of relevant information (Castillo, 2016; Imran, Castillo, Diaz, and Vieweg, 2015). 

Following from the results, we discuss the implications of our preliminary coding scheme for automated methods 
to detect each W within real time social media streams. Information scientists have long worked to automate 
qualitative coding schemes as a method to scale coding techniques to large datasets and make use of coding 
schemes in real-time (Crowston, Liu, and Allen, 2010). Our interest in developing this coding scheme is no 
different. We do this by first reiterating the emergency dispatch and response activity associated with each of the 
W’s, and then review prior work utilizing automated methods to uncover this type of information. In this section, 
we have identified existing work that relates to each of the 6W’s. Lastly, although, much work in this area has 
been accomplished, we acknowledge outstanding challenges and future work needed to better match automated 
methods for classifying and filtering information posted on social media with the information needs of emergency 
response.  

Table 3 provides a summary of this section. This is not intended to be a comprehensive summary of existing 
resources, but rather a suggestion for starting points to develop automated methods that can identify actionable 
information posted on social media associated with each of the 6Ws. We further discuss the aims, 
existing 
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resources, and future work for each W below. 

Table 3.  Aims, existing, resources and challenges summary of each of the 6W’s 

Aim Existing Resources Challenges/Future Work 

W
H

E
R

E 

Latitude/Longitude of incident, or 
specific boundary box 

Geotags (Intagorn & Lerman, 
2010; Daly & Thom, 2016); NLP 
entity extraction and gazetteer 
databases (Bilhaut et al. 2003; 
Quercini et al. 2010; MacEachren 
et al. 2011); Social Triangulation 
(Grace et al. 2017); Location 
Indicative dialect (Han et al. 2012; 
Han et al. 2014) 

Large portion of messages do not 
contain geographic metadata; those 
that contain geotag may provide a 
location different from the location 
of the incident; multiple "where" 
descriptors may or may not appear 
together in text 

W
H

A
T Associate incident with incident 

code used by PSAP 

NLP, extracting activity; intensity 
(Halse et al. 2016); classification 
based on images (Mouzannar & 
Awad, 2018) 

Use of emojis, incident 
classification and categorization; 
detection of event scale 

W
E

A
PO

N
S 

Specify type of weapon or at least 
identify presence of weapon 

Bag of words; Convolutional 
Neural Networks (Caragea et al. 
2016) 

Any object may be a weapon; 
image recognition 

W
H

E
N

 Understand if it is a current, 
ongoing emergency that requires a 
first responder 

Typically now; Day/time rules; 
tense; metadata such as timestamp 

Most tweets don't include time, so 
we might assume that "just now" is 
implied 

W
H

O
 

Full description of victims and/or 
suspects and/or vehicles; know 
how many people are 
injured/armed; understand if 
information is posted by an 
eyewitness 

Bag of words; NLP; NER; Name 
in Twitter Profile; @mention 

Includes a variety of information 
that may be difficult to predict with 
NLP alone, such as the entity 
varying from a person to a vehicle, 
it may also include a count of 
people, and detailed descriptions 

W
H

Y
 

Information typically used for a 
police investigations 

Information contained in pictures 
and videos 

Twitter privacy policy does not 
allow use of API to monitor 
individuals; many posts do not 
include "why" information 

WHERE: Information Aims, Existing Resources for Automation, and Automation Challenges 

Aim: Location information is critical to emergency response. Simply put, without an incident location it is very 
difficult to provide a response. Consequently, the aim of discovering where an incident has occurred is the priority 
of responders. Location identification first attempts to identify specific latitude and longitude coordinates 
indicating where resources should be dispatched. If precise coordinates are unavailable, a secondary attempt 
involves identifying an area in which the incident has occurred, often in relation to a point of reference (i.e. such 
as a building or intersection), in order to dispatch a response to that area.  

Existing Resources: Geographic metadata (e.g. geotags) have provided a useful source of location information to 
the crisis management community (Intagorn and Lerman, 2010). Geographic metadata has also been obtained 
through mining and classifying image posts for its EXIF data (Daly and Thom, 2016), however, Twitter has 
adopted a policy of scrubbing images of this information. In addition to quickly changing policies that make 
harvesting geospatial knowledge from social metadata difficult, it also known that on average, 1-3% of all tweets 
are geotagged (Morstatter et. al., 2013).  
As a result, a number of other tools have been developed to geolocate the precise location of a tweet, or identify 
a particular geographic region from which it likely originates. Natural language processing tools (NLP) have 
been 
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used to extract entities that identify geographic points of reference (Yin et al., 2012) through named entity 
recognition (NER). Studies have also used these geographic references with gazetteer databases, to infer users’ 
locations (Mahmud, Nichols, and Drews, 2014), and have built on these approaches with rule-based (Bilhaut, 
Charnois, Enjalbert, and Mathet, 2003) and machine-learning methods (Quercini, Samet, Sankaranarayanan, and 
Lieberman, 2010). Senseplace2, for example, extracts named entity information from twitter data and geocodes 
locations with coordinates of the best matching location returned from the Geonames.org web service 
(MacEachren et al., 2011).  

General location information has also been deduced using users’ social networks, including geo-location 
inferencing based on the number of local organizations a user follows known as Social Triangulation (Grace et 
al., 2017). Additionally, the use of location-indicative dialect, such as the words “yinz” and “dippy” used in 
Pittsburgh, or semi-local words that refer to some features of a relatively limited subset of cities (Han, Cook, and 
Baldwin, 2012, 2014), have been deployed to identify users in a geographic area.  

Challenges/Future Work: From our review of actionable tweets composed during the design workshop, it is clear 
that even a geotagged tweet may provide the wrong location information for the purposes of emergency dispatch. 
One participants’ tweet, for example, indicated that anyone headed to the mall should turn around due to an active 
shooter there. General location references such as “mall” can point to multiple locations, and, require analysts to 
make further inferences to ascertain the location of an incident. Such challenges fall under the where category. As 
the coding scheme notes, several conditions help describe types of where information and each could utilize a 
different method to automate coding: where help is needed; where an incident occurred; where are the locations 
of victim/suspect/witness; as well as directional guides (i.e. direction a vehicle is moving in) in relation to points 
of interest. 

WHAT: Information Aims, Existing Resources for Automation, and Automation Challenges 

Aims: The what category, as it applies to the work of dispatch, identifies the type of incident but also associates 
that type with the appropriate resources and personnel needed for response. As we learned in our fieldwork, 
computer-aided dispatch (CAD) software helps call takers and dispatchers associate information obtained from 
9-1-1 callers with emergency-related incident codes that first responders use to understand the nature and response 
requirements of an emergency. Future systems stand to improve this categorization work by gathering information 
related to an emergency that can assist the determination of incident codes, and provide additional, contextual 
information that can guide first responders’ decision-making processes.

Existing Resources: Prior research has utilized keywords associated with particular emergencies in order to detect 
incidents such as traffic accidents (Gu, Qian, and Chen, 2016), or, for disasters, developed lexicons to assist in 
the collection and filtering of social media to identify crisis-related information (Olteanu, Castillo, Diaz, and 
Vieweg, 2014). In addition, NLP can be used to extract activity words associated with emergencies using language 
models based on social media users’ communication patterns (Kumar, Jiang, and Fang, 2014). Other techniques 
include sentiment analysis measures of language intensity that can indicate information posted on emergencies 
(Halse, Tapia, Squicciarini, and Caragea, 2018). Most recently, scholars have begun extracting this type of 
information from images embedded within posts (Mouzannar and Awad, 2018). 

Challenges/Future Work: One challenge raised by a participant was that individuals wishing to express unfolding 
events quickly may use emojis rather than text to express, for example, that a shooter is present, or use “praying 
hands” to indicate that they are in need of help. Researchers are working on new methods to conduct search and 
information retrieval based on these words, but little work has been done to categorize emojis most often 
associated with emergency incidents.  

WEAPONS: Information Aims, Existing Resources for Automation, and Automation Challenges 

Aims: Participants consider this an important category because it directly relates to the type of response that will 
be dispatched, and provides first responders with critical situational information about potential hazards. The 
minimum critical information is to know if a weapon is present, however, it is ideal to know the exact kind of 
weapon present on the scene.  

Existing Resources: Some cities in the United States utilize audio-based gunshot detection systems to alert 
authorities to the use of weapons in an area (Valenzise et al. 2007). Few papers have addressed this issue, and this 
issue may be more apparent in some countries than in others. One potential direction is to utilize a bag of words 
approach may work for identifying potential weapons. ProQA and other computer-aided systems have developed 
codes for PSAPs to classify weapons to be entered into these systems and these lists might be used to develop a 
bag of words.  
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Challenges/Future Work: One  challenge with automated detection is that anything can be used as a weapon and 
the way that people describe the presence of weapons will evolve over time. Researchers (Caragea, Silvescu, and 
Tapia, 2016) have shown that Convolutional Neural Networks can show significant improvement over the bag of 
words approach for detecting information during a major event and that approach may be applicable here.  

WHEN: Information Aims, Existing Resources for Automation, and Automation Challenges 

Aims: This information is used by dispatch to determine if the incident is an ongoing emergency that requires a 
response.  

Existing Resources: In many studies, the timestamp of the tweet is used to indicate the time of the incident. 
Day/time rules could be applied to attempt to find this type of information in a tweet. The tense of the tweet might 
also be used to indicate whether the tweet is actively taking place or if it is something that happened in the past. 
Our study showed that some professionals working in this field indicated when the incident had taken place, but 
this may have been based on their own knowledge of the 6W’s and an interest in including as much relevant 
information as possible. 

Challenges/Future Work: In our experience, many tweets did not contain a time, so it is an assumption that the 
incident is still ongoing. 

WHO: Information Aims, Existing Resources for Automation, and Automation Challenges 

Aim: This category has many aims depending on the response context. From the design workshop, the most 
common aims for this category were to obtain descriptions of victims and/or suspects at the scene of an incident, 
to know the number of people injured or armed, and to discern whether the post originated from an eyewitness or 
a secondary source. In cases such as the storm events participants created posts about, who information was not 
necessary used to take action. Moreover, we also found that the who can refer to a person or, in some cases, a 
vehicle (see notes in coding scheme). These layers of complexity are why the who category may be the most 
complex, and one that finds limited related research in the literature.  

Existing Resources: Qualitative content analyses find that eyewitness remain limited among social media users 
during crisis (Starbird et al., 2010). Analyzing information posted on social media across multiple disasters, 
Olteanu et al. (2015) find that eyewitness reports- direct observations of events- account for only 9% of all 
disaster-related posts collected from Twitter. Consequently, identifying eyewitness information remains a 
challenge for automated methods required to classify sparse reports within large datasets of derivative or unrelated 
information.  

Several recent studies attempt to use machine learning and other methods to detect whether a post originated from 
an eyewitness or another source (Caragea et al., 2015; Tanev et al. 2017). In our coding of tweets, we identified 
who language such as “I” or “we” that can suggest the post originated from an eyewitness. Similarly, bag of words 
approaches have been adopted to identify eyewitness accounts, including methods that take into account 
accompanying information. 

Named Entity Recognition models may also be used here to identify names in the tweet and simple tags within 
the tweets such as @mentions. It could be an indication of someone involved. However, we believe that it would 
be somewhat unlikely that an @mention would be used to direct link to a victim or perpetrator. Another simple 
technique would be to simply extract the name of the poster from profile information since they may be the person 
involved and it could be helpful to identify them by name when responding to the incident.  

Challenges/Future Work: As previously mentioned, this category contains a variety of information that may be 
difficult to categorize using NLP models alone because an entity may vary from a person to a vehicle or includes 
numbers of people involved in an incident or warrant a complete description of the individual. As suggested for 
the where category, it would be important to develop classifiers for each type of who information mentioned in 
the coding scheme: Full description of victims and/or suspects and/or vehicles; know how many people are 
injured/armed; and understand if information is posted by an eyewitness.  

WHY: Information Aims, Existing Resources for Automation, and Automation Challenges 

Aim: From our review of literature describing the 6W’s, it would appear that this is not often used on the scene, 
but rather it may support police investigations after a first responder has addressed the situation.  

Existing Resources: Information contained in pictures and videos as well as the content of the tweets have been 
used to support police investigations in the past.  
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Challenges: An immediate challenge of this category, is that from our small sample of fictitious tweets intended 
to provide actionable information, no tweets included why information. More pressing is that the Twitter Privacy 
Policy does not allow companies that utilize their API or Firehose to monitor individuals for investigation. This 
type of information may create conflicts in data gathering. 

CONCLUSION 

This work is guided broadly by the overarching research question—what information do emergency dispatchers 
and first responders really need when it comes to using social media data for situational awareness? We take steps 
to answer this question through concatenated methods to inquire into public safety telecommunicators information 
needs when dispatching emergency responders, and then utilizing knowledge of information needs to understand 
how this type of information would be represented on social media. 

The primary contribution of this paper is the development of a qualitative coding scheme that can be used to 
identify actionable information posted on social media for emergency dispatchers and first responders. 
Significantly, this coding scheme matches the protocols for information seeking and gathering that  are commonly 
used by PSAPs in the United States.  We also help to identify existing automated methods to gather this data in 
order to point to directions for future work.  

A limitation of this preliminary work is that the coding scheme has only been utilized to evaluate fictitious tweets. 
Future work in this area will apply the coding scheme to posts extracted from Twitter to develop more specific 
classifiers. Other efforts to extend this work involve developing an interface to view social media data separated 
by the 6Ws. Just as we have worked to identify information that best meets the information needs of public safety 
telecommunicators, future work would attempt to present the information in a way that can be best integrated into 
the established work flows of emergency dispatchers and first responders.  

While a great deal of work has been done over the past decade to prove the relevance of social media in emergency 
and crisis management by identifying social media posts that may be relevant to situational awareness, these 
methods have not been specifically tailored to the information needs of emergency dispatchers and first 
responders. By considering the 6W’s we present a more nuanced approach to identify actionable information that 
supports the information needs of emergency response.  
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ABSTRACT 

Citizens and Emergency Managers need to be able to distinguish “fake” (untrue) news posts from real news 

posts on social media during disasters. This paper is based on an online survey conducted in 2018 that produced 

341 responses from invitations distributed via email and through Facebook. It explores to what extent and how 

citizens generally assess whether postings are “true” or “fake,” and describes indicators of the trustworthiness of 

content that users would like. The mean response on a semantic differential scale measuring how frequently 

users attempt to verify the news trustworthiness (a scale from 1-never to 5-always) was 3.37. The most frequent 

message characteristics citizens’ use are grammar and the trustworthiness of the sender. Most respondents 

would find an indicator of trustworthiness helpful, with the most popular choice being a colored graphic. 

Limitations and implications for assessments of trustworthiness during disasters are discussed.  

Keywords 

Crisis, fake news, social media 

INTRODUCTION 

Most of the studies on social media use during crises focus on Emergency Managers (EMs) in governmental or 

NGO organizations. For example, Reuter et al. (2018) found that papers on social media presented at ISCRAM 

meetings through 2017 were “mostly written with the aim to facilitate the work of first responders and 

emergency managers.” The trustworthiness of posts from the public is a major issue for EMs in terms of its 

limiting the perceived usefulness of social media during a crisis (e.g., Hiltz et al., 2014). However, citizens often 

use social media (SM) during disasters to inform one another of conditions and events, and to coordinate citizen 

responses in their communities, which can increase resiliency. They need to be able to tell “real” from “fake” 

news posts. Beyond citizen to citizen information sharing, response agencies and NGOs are monitoring citizen 

postings to inform aspects of their decision making. If these postings are to provide real value for situational 

awareness, they too must be able to distinguish “real” from “fake” news. So, this issue is pervasive and affects 

all participants in crisis SM communications. In this paper, we focus on citizen assessment of the “truth” of 

social media posts. It is exploratory research with an emphasis on describing the current thinking and self-

reported behavior of users of social media related to what is real and what is “fake,” and what software 

enhancements they might use to help them tell the difference.  

Fake news in social media refers to video, audio, and/or text content that spreads false information [Ordway, 

2017]. This paper presents a study of the use of social media and behavior related to “fake news” conducted in 

early 2018 in the U.S. and examines general news that is not specifically related to disaster situations. However, 

the general behavior of SM users in this regard is relevant to crisis situations; it is likely that the user behavior 

patterns followed in everyday life also hold even more for crisis situations as people are eager to share and to 
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share quickly. Although not directly related to fake news, Hughes and Palen in a study concerning Twitter, 

suggest that more broadcast-based information sharing activities happen during crisis events [Hughes and Palen, 

2009]. Furthermore, Gupta and colleagues showed that social media is subject to fake news in emergency 

situations, causing panic and chaos [Gupta et al. 2013]. Nevertheless, the assumption that “everyday” behavior 

related to assessments of the trustworthiness of posts carries over to crisis situations needs further research.  

As exploratory research, we began with research questions rather than theories and hypotheses about what we 

might find. The research questions addressed in this paper are: 

RQ1: To what extent and how do citizen users of social media assess whether postings are “true” or “fake”?  

RQ2: What kinds of indications of the trustworthiness of postings would users like to have?  

This paper begins with a brief review of the use of social media by citizens during disasters and of the concerns 

about “fake news.” A description of the online survey conducted and of the participants is followed by results 

related to the research questions and a discussion of their implications for disaster response and social media 

design features.  

LITERATURE REVIEW 

Citizens’ Use of Social Media During Crisis 

The most frequent use of social media by citizens during disasters is to search for (and post) relevant 

information about an evolving situation, as it affects them and their friends and families in a specific location. 

After the terrorist attacks of 11 September 2001, before the era of Facebook, wikis created by citizens were used 

to collect information on missing people (Palen and Liu, 2007). An early study of “back channel” information 

sharing among citizens (which do not go through or involve directly, official EMs) was of the 2007 Southern 

California Wildfires, which lasted for 19 days, destroyed about 1500 homes, burned over 500,000 acres, and 

caused massive evacuations (Sutton et al., 2008). California, like many areas, has an official and hierarchical 

command and control system (Incident Command System or ICS) that is supposed to oversee the one-

directional communication of disaster information from the formal government agencies to the media, and 

thence to the public. The “back channel” is (unofficial) response activity, among the victims, observers, and 

responders themselves. As one San Diego County resident explained: 

The only way we all have to get good information here is for those who have it to share it. We relied on others 

to give us updates when they had info and we do the same for others. (Sutton et al., 2008) 

A particularly striking quote is, 

“What we learned… is that there is no ‘they.’ ‘They’ won’t tell us if there is danger, ‘they’ aren’t coming to 

help, and ‘they’ won’t correct bad information. We (regular folks) have to do that amongst ourselves.” (Sutton 

et al., 2008, p. 627).  

Besides general information exchange as a disaster unfolds, social media are also used by citizens to organize 

and cooperate various types of actions. Often official organizations cannot meet the demand for first responders 

during a large-scale disaster, due both to limited personnel and problems with damaged or inaccessible 

equipment. Informal citizen-led rescue groups often form during major disasters, such as Hurricane Harvey in 

the Greater Houston area in 2017. Citizens used diverse apps and SM related platforms to coordinate and carry 

out rescues (Smith et al., 2018). Likewise, in anticipation of Hurricane Sandy, online pet lovers established a 

Facebook page to cooperate and organize their work to assist pets displaced or abandoned as a result of the 

storm (White et al., 2014).  

In all of these disaster response social media uses, credibility of the postings is an issue. Users may post and 

share untrue information either because they mistakenly believe it to be true, or because they deliberately want 

to spread fear and misinformation. An example is a post of a picture supposedly of a shark swimming down a 

New York street during Hurricane Sandy. In studies that included Hurricane Katrina in 2005 and the 2010 

volcano Eyjafjallajökull in Iceland, Endsley et al. (2014) studied how different factors (strength of social ties 

and sources of crisis information) affect perception of the credibility of crisis information about natural 

disasters. They found that the perceived credibility of SM information by users was less than that of printed, 

official online or televised news, or information from family, relatives or friends. In order for information to be 

considered “actionable,” it must first be considered trustworthy and not “fake news.” 
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Fake News and Echo Chambers 

A broad objective of this research project is to investigate the human practices and perceptions behind 

information seeking and opinion formation in the context of fake news as well as “echo chambers.” Echo 

chambers in social media refer to a relatively homogenous social space that reinforces/echoes beliefs and views 

within one’s likeminded network while omitting or censoring opposing beliefs and views from other individuals 

or media sources (Wohn and Bowe, 2016). It is widely accepted that fake news and echo chambers increase the 

risk of misinformed personal, social and political decision-making. While factors such as social media design 

and underlying algorithms have been shown to influence formation of echo chambers (Pariser, 2011), other 

research has suggested that human cognition and biases result in people accepting and making decisions based 

on fake news and ideas reinforced by echo chambers (Pentland, 2013). Yet others suggest that this is very much 

a result of people’s personal choice and behavior (Hosanagar, 2016; Baranuik, 2016). People seek resonance, 

and hence become friends with and interact with, likeminded people while “unfriending” those who aren’t. That 

is, they seek information and news spread by those within their echo chambers without independently 

conducting due diligence. Our goal is to understand how to design social media technologies that can help 

people detect fake news and mitigate its negative effects. This paper represents a preliminary analysis of some 

of the data relevant to this objective, as it relates to citizen use of social media during crises. We will look at the 

extent to which people try to obtain views from categories of people or sources of information that are 

“different” from their own, rather than communicating within homogeneous echo chambers; this is a way of 

assessing the tendency to believe “fake news” within their social media networks.  

False rumors and misinformation often persist by being transformed and resurfaced on partisan news sites that 

repackage the rumors as “news”; readers then share this “news’ with their Twitter followers or on other social 

media (Shin et al., 2018). In a recent study (Barthel et al., 2016), 64% of 1002 US adults surveyed believed that 

fake news stories cause “a great deal of confusion” regarding basic facts in current issues and events; 78% say 

they often or sometimes see inaccurate information; and 23% say that they have at sometime shared fake news. 

Understanding how and why individuals adopt such behavior can help us design features and mechanisms 

within social media to minimize such actions and mitigate their effects. This in turn can help people to make 

more informed and unbiased decisions in all walks of life.  

In the realm of crisis events related to terrorism, Starbird et al. (2014) conducted a study of fake news following 

the Boston Marathon bombing in the northern spring of 2013. As information spread via social media, it was 

filled with rumors (unsubstantiated information), and many of these rumors contained misinformation. Their 

exploratory research examined three rumors, later demonstrated to be false, that circulated on Twitter in the 

aftermath of the bombings. Their findings suggest that corrections to the misinformation emerge but are muted 

compared with the propagation of the misinformation. 

Tools and Practices for Filtering and Assessing Social Media 

There are now scores of studies in the literature that describe possible software enhancements and systems that 

could improve the usability and usefulness of social media for disaster management. See Imran et al. (2015) for 

a complete survey of these technologies. Building on this research, Plotnick and Hiltz (2018) conducted a 

survey of U.S. county level emergency managers that included their perceptions of the usefulness of 

technological enhancements in existence or currently being developed. The idea behind some of these tools, as 

well as practices described in other literature on techniques for assessing the trustworthiness and validity of 

social media posts, were used to develop questions for the survey described in this paper. 

METHOD 

Data Collection 

In the Northern hemisphere spring of 2018 we deployed an online survey using SurveyMonkey to a university 

community (students and employees of a liberal arts institution in New England) and the general public through 

social media (Facebook). After the Institutional Review Board, the project procedures were approved, and 

participants were recruited through snowball sampling method with the authors requesting people to share the 

survey link widely with family, friends and colleagues. Participants were not offered any compensation for their 

time. However, for every 25 completed surveys, up to a maximum of 500, a random drawing took place offering 

a $25 gift. A total of 377 responses were collected. After data cleaning, the total number of usable responses 

was 341. Data cleaning removed unusable responses (e.g. those that only responded to the consent form). 
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Survey Instrument 

The survey included several open-ended text questions as well as structured questions using nominal, ordinal, 

and interval measures to explore people’s practices of assessing trustworthiness of social media posts as well as 

people’s sharing practices. Our survey included modified questions from Morris et al. (2012), in particular 

questions focused on the posting characteristics used by respondents to assess trustworthiness, as well as our 

own items culled from previous research. The modified questions from Morris et al. (2012) were used with 

permission from the authors (Morris et al. 2012) and had been deployed in a Microsoft survey. The final set of 

items for assessing trustworthiness of a post is shown in Table 4 below. Appendix 1 shows the question near the 

beginning of the survey defining social media and listing systems that we specifically wanted respondents to 

bear in mind when answering other questions. In this paper however, we report specifically on the following 

questions asked in the survey. In deciding how trustworthy information you receive from social media is, how 

often do you consider the following factors?  

• Are there any types of news / information you are most likely to try to verify for trustworthiness on 

social media? 

• If a social media allows users to rate the trustworthiness of news sources, how willing are you to take 

the time to rate various news sources? 

• To what extent do you try to verify the trustworthiness of news from social media or other sources on a 

regular basis? 

• If you could view a trustworthiness indicator for the information you are reading on social media, how 

would you like the indicator to look? 

• Would seeing an indicator of trustworthiness influence how much you trust the news/information? 

• To what extent do you consider the trustworthiness of news/information before you share it on social 

media? 

• To get a different point of view, how often have you followed, friended, or otherwise connected to a 

person or source with whom you would probably disagree? 

DATA ANALYSIS AND RESULTS 

Characteristics of Respondents 

We obtained usable responses from 341 people. Unusable responses, which we did not use in the analysis, 

include those that just responded to the Informed Consent but didn’t respond to questions. Note, however, that 

some respondents did not answer all questions so the N for any one test may not reflect responses from all of our 

subjects. Our respondents are diverse. Roughly half (53%) are full or part-time students, while the remaining 

47% are not in school. Despite that distribution, 77% (N=264) are employed which suggests that many of our 

respondents carry the responsibilities of both employment and academic work. While the majority of our 

respondents are female (58%, N=196), the gender of the respondents is nearly equally distributed with 41% 

(141) male and 1% (4) identifying as “other”. The distribution of respondents by age is shown below in Table 1: 

Table 1. Distribution of respondents by age 

AGE GROUP (in years) FREQUENCY Percentage 

18-24 138 40.46 

25-34 61 17.88 

35-44 38 11.14 

45-54 48 14.07 

55-64 34 10.00 

65+ 22 6.45 

N 341 100.00 

 

Tables 2 and 3 below show the distribution of respondents by highest academic degree earned and by reported 

ethnicity: 
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Table 2. Distribution of respondents by highest academic degree earned 

Highest Degree Frequency Percentage 

High School 101 29.62 

Associates 35 10.26 

Trade School 2 0.59 

Bachelor 64 18.77 

Master 59 17.30 

Doctorate 71 20.82 

Other 9 2.64 

N 341 100.00 

 

Table 3. Distribution of respondents by ethnicity 

Race/Ethnicity Frequency Percentage 

American Indian/ Alaskan Native 3 0.9 

Asian/ Pacific Islander 41 12.01 

Black or African American 21 6.16 

Hispanic 18 5.27 

White/ Caucasian 232 68.04 

Prefer not to answer 9 2.64 

Multiple Ethnicity/ Other 17 4.98 

N 341 100 

 

Of the 334 respondents who answered the question on what state or country they are from, 87% (289) are from 

the U.S. and the remaining 13% (45) hail from countries around the world. Of the U.S. respondents, 60% (173) 

reside in the northeastern state in which one of the authors works and thus was a focus for deploying the survey. 

Thus, while most of our respondents are Caucasian, young, and are employed, they are diverse by other 

measures of respondent characteristics. Important to note is that 95% (324) of the respondents use social media 

(5% do not). We suggest that may be a result of the sample being primarily young and the ubiquitous nature of 

social media, and of course the fact that Facebook and other social media were a prime means for recruiting 

respondents.  

Methodology for Analysis 

Our survey contained nominal, ordinal, and interval data. Frequencies were taken and reported for the nominal 

items. Tests of normality (Kolmogorov-Smirnov) were done on the other data and it was found that our data are 

not normally distributed. Therefore, we used non-parametric tests (e.g. Kruskal-Wallis, Mann Whitney U) for 

our statistical analysis. Kruskal-Wallis is a non-parametric “version” of ANOVA but, unlike ANOVA, cannot 

tell you where differences in means are – just that there are significant differences. ANOVA requires normally 

distributed data because with non-normally distributed data it is not as sensitive (robust). That is, with non-

normally distributed data it will not give a result of significance where there is none but might miss a significant 

relationship. Therefore, in our tests, if Kruskal-Wallis test found that there are significant differences, we then 

ran ANOVA with Tukey’s post hoc tests to try to determine where that difference is. 

Results and Discussion 

We first present the overall results for the questions of interest for this paper, and then look at whether or not 

results varied by characteristics of the respondents.  
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Current Techniques to Assess Trustworthiness 

We asked the respondents to assess how often they consider various factors to determine trustworthiness of data 

they receive from social media. The question was a semantic differential from 1 (never) to 5 (always) with an 

option for “don’t know”. For this analysis, we did not include “don’t know” responses. Below is a sorted table 

of results from highest mean (most used) to lowest). 

Table 4. Characteristics considered when assessing trustworthiness of information 

Characteristic N Mean 
Standard 

Deviation 
Skewness 

Grammar 269 4.08 1.17 -1.01 

Sender is trustworthy 271 4.04 1.13 -1.15 

Content mentions the source of information 271 3.94 1.09 -0.95 

Sender has verified expertise 266 3.88 1.14 -0.86 

Sender is affiliated with a trusted organization 272 3.80 1.17 -0.81 

Know sender 274 3.77 1.19 -0.68 

Contains a URL 255 3.55 1.30 -0.48 

Content of responses to the post 271 3.01 1.29 -0.07 

Several other similar posts have been shared 266 2.94 1.24 0.01 

The type of profile picture sender has 264 2.86 1.45 0.13 

Sender’s location is relevant to the topic 252 2.81 1.28 0.07 

Sender is a frequent poster 253 2.67 1.40 0.29 

Position of the post in search results 245 2.58 1.36 0.36 

Sender’s location 240 2.42 1.32 0.49 

Sender is an infrequent poster 244 2.41 1.36 0.62 

 

The results suggest that there is a wide range of responses to characteristics that our respondents consider to be 

indicators of trustworthiness of social media posts. While the grammar and trustworthiness of the sender are 

deemed as important, the location of the sender, for example, is not a critical characteristic. That the 

trustworthiness of the sender is important is not a surprise. That the grammar of the post is equally important is 

somewhat surprising. We postulate that grammar suggests other characteristics such as the sender being 

informed, discerning, careful in creating the post, etc. Additionally, it may be misleading to rely on grammar as 

an indicator as during the stress of crisis, grammar may suffer. It would be interesting in the future to explore 

this. 

Frequency of verifying trustworthiness of social media data 

Related to the above, we asked in a semantic differential question (from 1-never to 5-always) how frequently the 

respondent does try to verify the trustworthiness of news from social media or other sources. The mean response 

was 3.37 (N=262, std. dev. = 1.08, skewness -.305). In another semantic differential question (from 1-never to 

5-frequently) the respondents were asked to what extent they consider the trustworthiness of news/ information 

before sharing it on social media. The mean response for sharing news (=4.15, std. dev. = 1.14, skewness = -

1.26) was significantly higher than for consuming news (Mann Whitney U test results of z=-2.3, p=.022). These 

results suggest that the respondents are more cautious about the social media posts they share than content for 

only their own consumption. 

Given that respondents are cautious about the social media posts they share which suggests (with other results 

reported here) that they care about trustworthiness, we wonder how willing they would be to devote time to rate 

trustworthiness of news sources. Knowing this can give an indication of how important trustworthiness is to 

them. Our survey asked if how willing our respondents were to take the time to rate various news sources 

(semantic differential from 1 not willing to 5 very willing). The mean response was 3.30 (std. dev. = 1.26, 

skewness = -.312). As the scale ranged from 1 to 5, it is designed so that responses below the midpoint of the 
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scale are not very willing (with the degree of reluctance dependent upon how close to the midpoint the response 

is) and those responses at the midpoint and above are increasingly willing. Thus, the results suggest that 

respondents are willing, overall, but perhaps not enthusiastically so. 

Trustworthiness is, in some sense, a subjective judgment. We have seen that our respondents do care about the 

trustworthiness of the content they read and share on social media. We have also seen that the respondents 

believe some of the characteristics of the posts (Table 4) indicate levels of trustworthiness. However, we do not 

know if the respondents are open to learning about and perhaps trusting content that is contrary to their current 

beliefs. That is, how confined are the respondents to their echo chambers? This is a big research question that is 

too broad to be explored in depth in our study. However, to glimpse into possible answers, we asked “To get a 

different point of view, how often have you followed, friended, or otherwise connected to a person or source 

with whom you knew you would probably disagree?” The question asked for responses from 1-never to 5-many 

times. As above, this semantic differential scale was designed to be a continuous rating from the left endpoint 

(never) to the right endpoint (many times). The results ( = 2.40, std. dev. = 1.21, skewness = .44) suggest that 

respondents are reluctant to explore ideas outside of their echo chambers. This finding confirms what has been 

suggested in the literature, that people tend to connect with those with similar values and views (Hsieh et al., 

2012; Munson and Resnick, 2010; Wang and Mark, 2017).  

Perceptions of usefulness of possible indicators of trustworthiness 

We also explored how respondents would feel about an indicator of trustworthiness attached to content. The 

frequencies of respondents who would like a proposed indicator are shown in Table 5. Note that respondents 

were free to choose as many indicators as they wished. 

Table 5. Preferences for indicators of trustworthiness 

No 

indicator 

A number 

from 0 to 100 

Colored 

graphic 

Dial with 

numbers from 0 

to 100 

Sliding scale 

from 0 to 

100 

Flashing 

stop light 

36 82 102 40 61 60 

 

The results indicate that the respondents, by and large, would find an indicator helpful, and that display in the 

form of a colored graphic is the most popular choice. 

We also asked the respondents whether seeing an indicator of trustworthiness would influence how much they 

would trust the news/information. The results, as shown below, are less clear, although one can note that few 

(11%) believed that under no circumstances would there be an influence. That there were so many (almost half) 

who responded that “it depends” is of interest; further data collection and analysis could lead to insights as to 

what it depends upon. 

Table 6. Perceptions of influence of indicator on belief of trustworthiness 

Response N Percentage 

It depends 117 45.5 

Yes 94 36.6 

No 28 10.9 

Not sure 18 7.0 

Total 257 100.0 

Differences in willingness to rate trustworthiness between groups of respondents 

To what extent are our results generalizable across different demographic groups? While the results in Table 6 

suggest that respondents overall are willing to take the time to rate the trustworthiness of news content if they 

are given the opportunity, we were curious to see if respondent characteristics affected their willingness. For 

example, are younger respondents more, less, or equally willing than older respondents? To explore this, we 

used Kruskal-Wallis (nonparametric) tests to compare groups based on some of the characteristics data we 

collected. 

445



Plotnick et al. User Behavior Regarding Fake News on Social Media 
 

Full Research Paper– Social Media and Community Engagement Track 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

Kruskal-Wallis tests did not find a significant difference in the willingness to take the time to rate content by age 

(H = 3.74, p=.588), by gender (H = 2.01, p = .367), by whether or not the respondent is a student (H = .87, p = 

.351), by whether or not the respondent is employed (H = .29, p = .592), or the highest academic degree 

obtained (H=4.11, p = .662). That is, the demographic characteristics of the respondent do not appear to affect 

their willingness to take time to rate the trustworthiness of news content on social media. Next, we looked at the 

differences by characteristics of respondents of the extent respondents try to verify the trustworthiness of news. 

Differences in the extent respondents try to verify the trustworthiness of news between respondent groups 

We then ran Kruskal-Wallis tests to compare how respondents grouped by the same demographics rated their 

willingness to try to verify the trustworthiness of news. The tests did not find any significant differences when 

the respondents were grouped by age (H = 8.24, p = .144), nor when grouped by gender (H = .05, p = .976), nor 

whether or not the respondent is a student (H = 2.05, p = .152), nor whether or not the respondent is employed 

(H = .01, p = .925). However, when the respondents were grouped by highest academic degree earned, the 

Kruskal-Wallis test did find that there is a significant difference between groups (H = 17.42, p = .008). As noted 

above, Kruskal-Wallis does not show between which group(s) there are significant differences, so we then ran 

an ANOVA with Tukey’s post hoc tests. The results suggest that there is a significant difference.  

The ANOVA with Tukey’s post hoc tests suggest that there is a significant difference between the associate’s 

degree group and the “other degree” groups such that the associates degree group rated their willingness higher; 

and that there is a significant difference between the high school diploma group and the associates degree group 

such that, again, the associates degree group rated their willingness to try to verify trustworthiness higher. No 

other significant differences were found. However, it is of note that not only were the associates, bachelor’s 

degree, master’s degree, and doctoral degree groups not statistically different from one another in their ratings 

but the significance of p = 1 suggests they were the same. In addition, note that only 9 respondents said they had 

some “other” type of degree (Table 2) so the statistical difference is not very meaningful. We posit that those 

respondents who have post-high school degrees (e.g. those with associates degrees and above) spent time in 

academia learning to research topics and so are more comfortable with, and willing to, research/verify the 

trustworthiness of news content. 

Differences in the frequency respondents connect with others to gain a different point of view 

Although the findings reported above suggest that respondents are reluctant to go outside of their echo chamber 

to hear another point of view, we explored whether this is ubiquitously true or differs by demographics by 

running Kruskal-Wallis tests. 

The tests did not find any statistically significant differences by age (H = 1.84, p = .871), gender (H = 3.26. p = 

.206), whether or not the respondent is a student (H = .54, p = .463), or the highest degree earned by the 

respondent (H = 3.67, p = .721). However, the Kruskal-Wallis test did detect significant differences for the 

grouping of respondents by whether or not they are employed (H = 4.13, p = .042). Because there are only two 

groups, it is not necessary to run ANOVA in this case. We ran a Mann-Whitney U Test that found a statistically 

significant difference (z = -2.033, p = .042) such that those respondents not employed (mean rank = 129.55) are 

more willing to go outside of their echo chamber than are those who are employed (mean rank = 109.26). This 

result is a conundrum. It is, however, possible that those who work spend most of their time with like-minded 

people (echo chamber) and therefore do not have the opportunities those who do not work have to be exposed to 

different points of views. Seeking alternate points of view may cause discomfort for the employed respondent.  

In summary, for the majority of demographic characteristics that we collected data for, there are no statistically 

significant differences between groups when the responses to the variables of interest are compared. 

LIMITATIONS AND FUTURE RESEARCH 

As with any research project, our study has some limitations. First, the questions were about general behavior 

and attitudes related to discerning “fake news” postings and did not explicitly ask about how this might change 

during a disaster. Secondly, we were unable to obtain a random sample of users of social media and relied, 

instead, on a snowball convenience sample. Our respondents did not have the level of diversity that would be 

ideal – most were Caucasian, young, and employed. However, the fact that there were few significant 

differences in responses related to age, gender, educational level, or whether or not the respondent was a 

student, suggests that the results would be similar for a more representative sample of social media users. Third, 

we employed a single instrument (survey) and thus were unable to achieve triangulation. Nonetheless we were 

able to gain insights into the issue of fake news that not only inform but can provide suggestions for future 

research efforts. 
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In future research, we will endeavor to use sampling methods to have better representation of the population 

affected by fake news. We will use other research instruments, such as interviews and perhaps focus groups. 

Some questions should focus specifically on assessments of trustworthiness during disasters, not just on 

everyday use of social media. An element of scenario driven questions, using a disaster scenario such as perhaps 

a shooting on a local university or high school campus, would help us refine the focus of our investigation. And 

of course, future research should aim at theory building and testing, not just descriptive analysis. There is much 

more to learn, and we intend to continue to pursue this investigation. 

SUMMARY AND CONCLUSION 

The issue of fake news has been trending lately. Nowhere is it more important than during crisis. The public 

relies on news, including in social media, to inform them of what steps to take to be safe and proactive during 

crisis. This study provides insights that can help us understand better the perceptions of fake news and how to 

better design technologies to promote assessment of the trustworthiness of news and other information. If users 

can assess the veracity of social media posts related to a crisis, this can add to situation awareness, give them 

confidence in suggested actions to maximize their safety and minimize their losses, and thus contribute to 

resilience.  

Our findings suggest that the trustworthiness of social media and other sources of information is important to 

the public. This is particularly evident in our finding that our respondents are less cautious about trustworthiness 

when the news is for personal consumption than when they are sharing the news. We also found that, in general, 

respondents are reluctant to go outside of their echo chambers to get a different point of view. They are 

concerned about spreading rumors and take more care when disseminating content than when using it for their 

own purposes. It is also shown in the high level at which participants would like to see an indicator of 

trustworthiness to help them assess content trustworthiness that trustworthiness is a concern. The finding that 

users would most like to see an indicator of the trustworthiness in the form of a colored graphic or a number 

from 0 to 100 is of practical importance for designers for systems like Facebook who are working towards 

providing such information to users.  

Especially during crises, when time is limited and indicators such as the grammatical correctness of posts may 

not be as reliable as during “ordinary” times of less stress, some sort of graphical indicator of the computed 

trustworthiness of posts on the topic of the crisis appears to be a tool that would be very useful for citizens (as 

well as emergency managers). Such an indicator could be constructed from a combination of information about 

the poster obtained from a system’s data (e.g., how many followers or friends; frequency of posting in recent 

past; sender’s location) and an automated sentiment analysis of replies to the post that looks for agreement vs. 

disagreement with the post (see, e.g., Halse et al., 2018).  

Finally, in our study, there were few differences in responses of groups determined by demographics. This has 

implications for design of social media platforms. If this finding is also shown in future research, there may be 

“one size fits all” solutions to technological design of indicators and applications targeted at helping users assess 

trustworthiness. 

There is much to explore, but our study provides a good foundation for moving forward in this area. As noted 

above, subsequent studies should explicitly focus on assessments of trustworthiness of social media posts during 

crises and should begin to build and test a theoretical model of the determinants of whether and how users 

engage in this process.  
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ABSTRACT 

Japanese society is aging rapidly, so an increasing number of households currently consists of only elderly 

single people or couples. To notify local information to elderly or physically disabled people, local governments 

use brochures, circular notices, bulletin boards, and radio broadcasts, to notify people of local information, such 

as daily notices, announcements of events, and emergency alerts. However, these means of communication are 

weak in terms of immediacy and reliability. Furthermore, the confirmation of the safety statuses of elderly or 

disabled people is currently dependent on telephone calls or visits by social workers and volunteers who are 

becoming increasingly overstretched, so it is necessary to improve this situation. In this paper, we propose a 

system that uses LINE (a mobile communication application) for sending notices containing information from 

local governments to elderly or physically disabled people, as well as for efficient monitoring by local 

government and social workers of the health conditions and statuses of such people. The system can be used by 

anyone who has a smartphone with LINE installed. The system can improve the reliability of the notification 

and safety confirmation, reduce the workload of the workers, and therefore mitigate the problems. We have also 

conducted an operational test of a prototype of our system.  

Keywords 

Care, Application, Social media 

INTRODUCTION 

Japanese society is aging rapidly, so an increasing number of elderly people (65 years of age or more) who live 

alone or as couples (Cabinet Office, Government of Japan, 2017). Traditionally, people living in close-knit 

communities helped each other. Today, such social ties are becoming weaker, particularly in urban areas, 

making it difficult to confirm the well-being of elderly or physically disabled people on a daily basis. In Japan, 

local governments use brochures, circular notices, bulletin boards, and radio broadcasts, to notify people of local 

information, such as daily notices, announcements of events, and emergency alerts. However, these means of 

communication are weak in terms of immediacy and reliability. It is easy for people to miss the information. 

According to a survey, although people read brochures or magazines for information on administrative services, 

they have difficulty in asking for information at their local government offices (Minato City, Tokyo, 2011). 

Therefore, a novel system is required to enable local governments to provide information easily to those people 

who have difficulty in obtaining such information. On the other hand, the confirmation of the safety statuses of 

elderly or disabled people is currently dependent on telephone calls or visits by social workers and volunteers 

who are becoming increasingly overstretched, so it is necessary to improve this situation (Minato City, Tokyo, 

2011; The Mainichi Newspapers, 2017). Hence, we must facilitate a way of using smart devices to provide local 

information and confirm the safety statuses. 
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In Japan, many people currently use smart devices, such as smartphones and tablets. In 2011, the percentages of 

smartphone users were 14.6% for all ages, 10% for people in their 50s, and about 0% in their 60s or older. The 

number of users has been increasing rapidly. In 2016, the percentages became 56.8% for all ages, 66.0% in their 

50s, 33.4% in their 60s, and 13.1% in their 70s (The Ministry of Internal Affairs and Communications, Japan, 

2017). According to a survey, about 53.0% of people 50–79 years of old use smartphones and the number of 

users of LINE has been increasing rapidly with 41.5% of smartphones users currently using the application 

(Impress Corporation, 2017). LINE is a popular communication application in Asian countries, such as Korea, 

India, and Japan (LINE Corporation, 2018). The service provides instant messaging, telephone calls, etc. LINE 

is user-friendly, thus even smartphone novices can use it. We expect the number of smartphone and LINE users 

among the elderly to continue increasing. 

In this paper, we propose a system that uses LINE for notifying elderly or disabled people of local information 

from local governments and for monitoring their health conditions or statuses by the governments or social 

workers. The system can improve the reliability of the notification and safety confirmation, reduce the workload 

of the workers, and therefore mitigate the problems. We also discuss our prototype and operational test of the 

system. 

EXISTING SERVICES 

Several care services to support elderly people do exist already. The “Kiduna” project in Kita City, Tokyo, is 

one such service (Evidence-Based Healthcare Council, 2011). A supporter sends a message via email, which is 

received on the tablet devices of elderly people who live alone and who can reply via email or smartphone 

applications. Moreover, a similar smartphone application has already been provided for families (Tsunagu 

Network Communications, 2017). Furthermore, a system using smartphones, illuminance sensors, and Twitter 

(Hamasaki et al., 2015), a system based on the usage of electricity (Nakano et al., 2015), a system based on the 

usage of an electric pot (Zojirushi, 2016), and a system using portable sensors for the status monitoring of 

elderly people (SOLXYZ co., 2017) already exist. In the field of medical care, a system using a private SNSs 

(Social Networking Services) and an application (Zhang et al., 2017) also already exist. An application has been 

provided for supporting medication (Jointly, 2017). A common problem with these services are that they require 

dedicated applications and/or equipment. Some users reluctant to install the applications because they are not 

used the applications frequently. Smartphones and their applications, which are used daily, are preferable 

because of their availability during natural disasters. In Japan, the supposedly well-known services for disaster 

situations and the Emergency Message Board Web171 (NTT East, 2006) are provided by telephone companies. 

However, service adoption was poor during the Great East Japan Earthquake in March 2011 and the Kumamoto 

Earthquake in April 2016 (Impress Japan, 2011) because many users were not acquainted with these services, as 

they were not used on a daily basis. 

Taking into account the above problem, a care service using applications that the user uses on a daily basis is 

preferable. Today, many Internet users use social media and applications, such as Twitter, Facebook, and LINE, 

on a daily basis. Recently, major local governments have been providing local information using SNSs. LINE is 

often used to communicate with close relations, such as family and friends. In addition, major local governments 

use it to provide local information (Higashide, 2018). For example, the official account of Shibuya-ku, Tokyo, 

uses an AI (artificial intelligence) system to accept questions about childcare (Shibuya-ku, 2017). The official 

account of Fukuoka City, Fukuoka Prefecture, provides information about disaster prevention, garbage 

collection schedules, child care, and public relations (Fukuoka City, 2017). The official account of Kumamoto 

City, Kumamoto Prefecture, also provides such local information (Kumamoto City, 2018). However, these 

SNSs are used daily, so far, they have not been applied to the status monitoring of elderly or disabled people, 

because such services are normally provided for communications among users who have common interests or 

belong to specific communities. Furthermore, there are no case where the SNSs are used for social care and 

mutual help. 

We interviewed government workers at Minato city, Tokyo, and developed a system (Manaka et al., 2015). 

With this system, the government can send local information and questions with answer choices. The recipients 

reply using choices to the system server. If somebody were to reply that they were undergoing a health problem 

or difficulty, the local government or social workers would be able to help. This system can improve the social 

help and reduce the workload of the workers. In addition, we focused on the fact that major local governments 

provide local information with Twitter and proposed a Twitter-based status monitoring system (Utsu et al., 

2016). With this system, local governments can send local information and questions with answer choices, as 

similar to the previous version. The recipients reply using the answer choices, which are shared their followers 

via Twitter. This system can encourage the mutual help. However, there is a problem with this system. To 

answer a question, the user must access a hyperlink on a Twitter post published by the local government. Those 

who are not familiar with smartphones experience difficulty using this system. To solve this problem, it is 
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necessary to adopt LINE that is widespread in Japan. 

PROPOSED SYSTEM 

We propose a notification and status monitoring system that uses LINE to support local communities. The 

system can satisfy required use case in the previous version and improve the usability at the same time. The 

reasons why our system adopts LINE are as follows. First, LINE is user-friendly, widespread in Japan, and the 

number of users is increasing. Furthermore, several local governments already provide local information via 

LINE. Second, users who already have LINE installed on their devices do not need to install dedicated 

applications to use our system. Therefore, it is necessary to adopt LINE to our application. 

Outline of the system 

We assume that the proposed system is introduced by local governments. There would be three types of users:  

⚫ Supported users: such as elderly or disabled people who require support. 

⚫ Supporting users: such as family members, local government and social workers who support the 

supported users. 

⚫ Administrator: government workers who manage the system and send local information and surveys to the 

supported users. 

The proposed system was developed with PHP5 scripts and a MySQL database deployed on an Internet server. 

The administrator must create a proposed system’s LINE account on the LINE Messaging API service website 

(LINE Corporation, 2018). The name of the system is “T-care” while the name of its LINE account is “T-care 

(test)" in this paper. The supporting and supported users must have smartphones or tablets with LINE installed 

and must have registered with the proposed system’s LINE account as a “friend”. 

Figure 1 shows the use case of the system. The main operation of the system is as follows. 

1. The administrator registers supporting user(s) who can check the answer by each supported user 

beforehand (Figure 1a). 

2. The administrator enters an announcement message (local information) (Figure 1b). Message examples are 

introduced later.  

3. The administrator enters a question and answer choices (Figure 1c). Examples are introduced later. 

Usually, the question and answer choices are sent immediately after sending the announcement message 

(process 2). 

4. These messages are notified to both supported and supporting users. Then, the supported user checks the 

messages (Figure 1d) and replies to the question by selecting from the answer choices on the LINE 

application (Figure 1e). 

 

d. Check the messages

e. Reply to the question

g. Check the answers by
the supported user on the DB

c. Send a question and answer 
choices

b. Send an announcement message

Proposed system

Supported user

Supporting user

Administrator

LINE application

f. Check the answer by 
the supported user

a. Register supporting user(s) for 
each supported user on the DB

 

Figure 1. Use case of the proposed system 
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The answer can be received and checked by the supporting user on the LINE application, as shown in (Figure 

1f). If somebody were to reply that they were undergoing a health problem or difficulty, the supporting user 

would immediately contact to him/her. We assume that the processes 2-5 are held at least once a day. Here, the 

administrators can check the answers received from the supported users (Figure 1g). They can provide the 

information to the supporting users when needed. 

Examples of messages, questions, and answer choices 

Below are some examples of announcement messages and questions/answer choices. 

 

⚫ Example #1: A general notification 

➢ Announcement message: In Minato City, the temperature will exceed 35 deg C (95 deg F) today. 

Please be careful about heat stroke. 

➢ Question: How is your current health condition? 

➢ Answer choices: Good. /Not good. /I need a consultation. /Somebody nearby is in trouble. 

 

⚫ Example #2: An announcement of an event 

➢ Announcement message: In Minato City, X festival will be held at X Park at 10:00 a.m. today. Please 

come and visit.  

➢ Question: How is your current health condition? 

➢ Answer choices: Good. /Not good. /I need a consultation. /Somebody nearby is in trouble. 

 

⚫ Example #3: A weather alert 

➢ Announcement message: A typhoon is coming soon. Please refrain from going outside. 

➢ Question: How is your current health condition? 

➢ Answer choices: Good. /Not good. /I need a consultation. /Somebody nearby is in trouble. 

 

⚫ Example #4: An emergency notification 

➢ Announcement message: We have just experienced a large earthquake in Minato City. A tsunami is not 

expected to follow.  

➢ Question: How is your current health condition? 

➢ Answer choices: Safe and uninjured. /Minor injuries but mobile. /Too injured to move. /Somebody 

nearby is in trouble. 

 

Here, the examples #1-3 have the same question and answers. Since the main purpose of the function for the 

question and answer is checking the well-being of the supported users, the administrator should not frequently 

change the question and answer choices to avoid confusion. 

We assume that if somebody were undergoing a health problem or difficulty, or his/her neighbors were in 

trouble, he/she would press “I need a consultation” or “Somebody nearby is in trouble,” and then the supporting 

user would immediately contact to him/her. Then, if it is an emergency, the supporting user takes appropriate 

actions (e.g. calling emergency specialists when required). 

System operation and screens 

The section shows the screens and operations of the system. The screenshots of the administrator pages were 

captured on a Google Chrome web browser operating on Microsoft Windows 10. The pages for the supporting 

and supported users were captured on a LINE application operating on an Android 7.0 smartphone (L-01 

LGV20PRO).  
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(1) An announcement message sent by administrators 

An administrator presses a “Send a notification” link on the administrator index page, as shown in Figure 2, to 

send an announcement message to the supported users. The length of a piece of text of information must be 

2,000 characters or less. 

Send an announcement message

Send a question

Register supporting user(s) who can check 

answers from each supported user

List question and answers by the 

supported users

List the answers of a specific user

 

Figure 2. Administrator index page 

 

(2) Questions and answer choices sent by administrators 

When an administrator presses a “Send a question” link on the administrator index page shown in Figure 2, the 

link sends the administrator to a page, shown in Figure 3, where the administrator can enter questions and 

answer choices. The length of a question must be 60 characters or less. A total of four answer choices must be 

provided. The number of answer choices is limited to up to four in the LINE services. The length of each answer 

choice must be as short as possible, within 20 characters or less, because some devices omit long sentences. 

 

Enter a question

(must be 60 characters or less)

How is your current health condition?

Not good.

Good.

I need a consultation.

Somebody nearby is in trouble.

Send

Enter answer choices for the above question

(must be four choices)

 

Figure 3. Page for sending questions and answer choices 

 

(3) Announcement message and questions checked by supported users 

After an administrator sends an announcement message and questions/answer choices, the supported users can 

see a push notification on their devices, as shown in Figure 4. When the supported user presses the “View” 

button, the LINE application appears and the supported user can check the announcement message as shown in 

Figure 5 and the question as shown in Figure 6.  
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New question from T-Care.

ViewClose
 

Figure 4. Notification on smartphone of supported user 

In Minato City, the temperature will reach 
35 deg C (95 deg F) today. Please hydrate 
yourself, and be careful of heat stroke.
[Test message]

 

Figure 5. Announcement message on LINE application on supported user’s smartphone 

[Question]
How is your current health condition?

Not good.

Good.

I need a consultation.

Somebody nearby is in trouble.
 

Figure 6. Question and answer choices on LINE application on supported user’s smartphone 

 

(4) Questions answered by supported users 

The supported user can answer the question by pressing one appropriate choice from the four answer choices, as 

shown in Figure 6. Then, the selected answer is sent to the system. Even if the supported user presses a choice 

by mistake, they can still choose and press a different answer. 

 

(5) Supporting users notified of answers of supported users 

After a supported user chooses an answer, both the question and the answer are sent via LINE to that user’s 

registered supporting users, as shown in Figure 7. The supporting user can be notified if the supported user 

requires assistance. 
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[Reply notification]
Question: How is your current health condition?
Answer: Not good.

Supported user’s name

 

Figure 7. Example of notification sent to supporting user  

 

(6) Questions and answers checked by administrators 

When an administrator presses the link to “History of questions and answers,” the page shown in Figure 8 will 

be loaded. On this page, the administrator can check the questions and answer choices sent back by the 

supported users. The administrator can also check the answers to a specific question by selecting a radio button, 

as shown in Figure 9, in which the usernames have been masked to protect the privacy of their users. Moreover, 

the administrator can check the history of the answers of a specific supported user by entering their username on 

the page shown in Figure 10, after which the page shown in Figure 11 will load and display the history. Using 

these pages, the administrator can provide the information to the supporting users when needed. 

 

Question Date time

Answer choices

Name

How is your current health condition?

Answer No.

Not good.Good. I need a consultation.

Somebody nearby is in trouble.
The supported user answered “2: Not good.”

 

Figure 8. History of questions sent by administrator 

 

User name Question Answer Date time

How is your current health condition?

Good.

Not good.

 

Figure 9. List of answers to a question 
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Find
 

Figure 10. Page to search for supported users  

 

Question Date time

Answer choices

Name

How is your health condition?

Answer No.

Not good.Good. I have a matter to consult.

Nearby people are in trouble.
The supported user answered “2: Not good.”

 

Figure 11. Answer history of a specific supported user 

Discussion 

The reasons why we selected the functionalities are to solve the following issues. First, to notify local 

information to elderly or physically disabled people, local governments use brochures, circular notices, bulletin 

boards, and radio broadcasts. However, these are weak in terms of immediacy and reliability. Second, the 

confirmation of the safety statuses of elderly or disabled people is currently dependent on telephone calls or 

visits by social workers and volunteers who are becoming increasingly overstretched. Therefore, the potential 

contributions of the system is that it can contribute to improve the reliability of the notification and safety 

confirmation and reduce the workload of local governments and social workers. 

In contrast to the existing similar systems, the existing system provides one-way communication therefore it 

cannot support social care and mutual help. On the other hand, our system provides bi-directional 

communication and can support social care and mutual help. A limitation of our system is that the number of 

answer choice and the length of the massages are limited by the LINE application. This limitation may be a 

problem to be solved in providing the service in countries outside Japan. 

Operational test 

We conducted an operational test of the system’s ability to send announcement messages and questions/answer 

choices by an administrator and receiving responses from the supported users. The function of notifying the 

supporting users of the answers by the supported user had not been installed, we did not test this function in the 

operational test. The test was conducted every day, except Saturdays and Sundays, from 24 April to 2 May 

2018. A student who developed the system at Tokai University, Japan, acted as the administrator and sent out 

announcement messages and questions/answer choices between 10:00 a.m. to 12:00 p.m. Seven people (a 

lecturer and six students) acted as supported users for receiving and checking the notifications and questions, as 

well as responding. The results of this test showed that the functions of sending and responding were successful. 

CONCLUSION 

We proposed the system that uses LINE application for notifying elderly or disabled people of local information 

from local governments and for monitoring their health conditions or statuses by the local government or social 

workers. This paper describes a prototype and an operational test of the system. The test had been conducted 

only among the members of our laboratory and without the function of forwarding notifications and 

questions/answer choices to supporting users. For future study, we plan to conduct an operational test with the 

participation of local residents. Further expansions to this system could include the ability to detect a user’s 

457



Otaka et al. Notification and Status Monitoring System Using LINE 
 

 

Work in Progress Research Paper- Social Media and Community Engagement Supporting Resilience Building 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

 

current location, which would make the application useful as a hotline during an emergency. 
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ABSTRACT 

We developed a web application for location recording and rescue request using Twitter (T-Pl@ce). This 

application helps supported users (e.g., older adults, persons with disabilities, and children) who require support 

to share their location coordinates via Twitter. Supporting users (e.g., families, relatives, or neighbors) of the 

supported user can then check the location coordinates of the supported user when required. When the supported 

user needs to be rescued, he/she can post a rescue request on Twitter by pressing the “Rescue request” button on 

the application. This paper reports the introduction of additional functions to the application. We introduce the 

e-mail notification function to reliably notify a rescue request to a system administrator or rescue experts. In 

addition, to track the location of the supported user, we introduce a location tracking function. Then, the 

administrator, the rescue experts, or the supporting user can refer to the request and the location tracking page 

and execute the support and rescue activities.  

Keywords 

Location information, Rescue request, Disaster 

INTRODUCTION 

Large-scale disasters occur frequently in Japan. The search for missing people occasionally becomes difficult 

because of the lack of information regarding their locations. Many people went missing after the Great East 

Japan Earthquake of March 11, 2011. Although more than seven years have passed since this event, 

approximately 2,539 people still remain missing in the hardest-hit areas (Sankei News, 2018).  

Since the Great East Japan Earthquake, social media has played an important role during and after large-scale 

disasters. Numerous posts (tweets) giving safety information and rescue requests were posted and shared on 

Twitter; this helped rescue a number of victims. In the 2016 Kumamoto earthquake, victims were rescued based 

on Twitter posts that requested rescue (Sankei West, 2016). Similar situations have occurred in recent disasters, 

such as the 2012 Hurricane Sandy and the 2017 Northern Kyushu Heavy Rain Disaster (Neppalli et al., 2016; 

Sato et al., 2018). In the 2016 Kumamoto Earthquake and the 2017 Northern Kyushu Heavy Rain Disaster, a 

hashtag “#救助” meaning #rescue was used on Twitter to request for rescue (Sato et al., 2018). To achieve the 

rescue based on tweets, the victim was required to post a tweet that included detailed information about his/her 

current location. However, the victims who were not familiar with information devices and social media had 

difficulty in sending their location coordinates. To enable users to easily send disaster-related information or 

rescue requests using smartphones, we have developed two web applications: Disaster Information Tweeting 

System (Kosugi et al., 2017) and Twitter-based Safety Confirmation System (Abe et al., 2017). 
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Besides natural disasters, the Japanese society is facing the problem of a rapidly aging population. It is common 

to hear of accidents involving older adults who have gone missing (The Japan Times, 2014). Such persons had 

difficulty in sending their information or rescue requests using existing applications, particularly during and 

after disasters. Several studies reported the difficulty in using the social media for elderly people (Leist, 2013; 

Xie et al., 2012). 

Given the above background, we decided to develop an application based on the rescue potential of social 

media. In our application, the location coordinates of the supported users (e.g., older adults, persons with 

disabilities, and children) who require daily support are automatically recorded on the social media, and these 

users can easily send a rescue request when required. Then, an administrator and rescue experts can refer to the 

request and execute the support and rescue activities. To realize the application, we developed a prototype of the 

web application T-Pl@ce (Nishikawa et al., 2017). Using this application, the supported users could share their 

location coordinates periodically and automatically on Twitter. There are no skills required to operate the 

application for the supported users. Then, the supporting users (e.g., families, relatives, or neighbors of the 

supported user) can check the location coordinates whenever required. In addition, the supported user can easily 

use the application to send a rescue request on Twitter by pressing the “Rescue request” button. 

In this paper, we introduce additional functions to improve the proposed application. To reliably notify the 

rescue request to a system administrator or rescue experts, we introduce an e-mail notification function. In 

addition, to efficiently track the supported user, we introduce a location tracking function. These functions will 

be helpful for assisting oneself and others in both daily life and emergency situations. Then, the administrator, 

the rescue experts, or the supporting user can refer to the request and the location tracking page to execute the 

support and rescue activities. 

RELATED STUDIES AND APPLICATIONS 

There are several smartphone applications that can search for the supported persons or the rescue activities for 

missing people. Hibeacon (INTERPRO Inc., 2018) and AirTalk (OFF Line Co., Ltd., 2018) can share a user’s 

location with the smartphones in the vicinity of the user. Using Bluetooth technology, these applications can 

transmit a user’s current location to the smartphones around the user. MIMAMORUME (MIMAMORUME Co., 

Ltd., 2018) can be used to track the movements of older adult people; it can also track school children as they go 

to and return from school. The system can display the location of the supported person on the map. The 

supported person must carry a dedicated Global Positioning System (GPS) terminal so that the supporting 

person can find his or her location. Moreover, using e-mail, the system can automatically notify the supporting 

person when the children leave school. The service uses the location information service provided by a mobile 

communication carrier company. Life 360 (Life 360, 2018) is an application that runs on the supported person’s 

smartphone without using dedicated devices. The application provides an instant messaging service also. Ohno 

et al. and Kanazawa et al. proposed a total life support system called TLIFES (Ohno et al., 2013; Kanazawa et 

al., 2014). This is an integrated system to share information in the local communities. In this system, the data 

obtained from the GPS on the smartphones are sent to a server, and the location information is communicated to 

a community of participants. Matsuoka et al. proposed a system that aims to support older adults who have a 

tendency to wander (Matsuoka et al., 2011). The system allows the supported person to use a wearable device 

with a microphone for transmitting emergency signals. When the supported person moves outside a preset area, 

his or her location information and the sounds around him or her, which are recorded by a microphone, are sent 

to a server. This information is simultaneously notified to a caregiver via an e-mail. Me-MAMORIO is a service 

to track people who wander off because they suffer from dementia (Eisai Co., Ltd., 2016). The system uses 

Bluetooth tags and smartphones with dedicated applications. The persons who need to be tracked fit the tags to 

their personal belongings. Using the Bluetooth beacon device, the location information is sent to the server via 

the neighboring people who have smartphones with the application installed in them. The location information 

is then notified to the families of the concerned persons. This system may prevent people with dementia from 

going missing. 

However, to provide the services for the supported person who do not have smartphones, several services using 

low-power wide-area (LPWA) networks have been provided recently in Japan. Liveair (LiveRidge, 2018) is a 

system that uses a GPS-equipped device that can communicate by LPWA. The device sends the position 

information of the supported person to the receiving terminal. When the supported person moves from the 

specific point to another specific point (e.g., from home to the school), the system notifies the smartphone of 

his/her family. Mima-mo-ra (Mimamora, 2018) is a system that uses a GPS-equipped wristband, which can 
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communicate by LPWA. In this service, the supported person wears a wristband. The battery capacity of the 

wristband is five years. The coverage for the systems using LPWA is still smaller than that for the systems using 

cellular networks.  

PROPOSED APPLICATION, T-PL@CE 

This section explains the operation of the proposed application and introduces additional functions. 

The advantages of the proposed application are as follows. First, the proposed application uses Twitter unlike 

Facebook, Google+, and LINE (a famous communication application in Asia). Twitter is an open social media. 

Therefore, an application that uses Twitter is most helpful for mutual and public assistance. In the system 

proposed in previous studies (Ohno et al., 2013; Kanazawa et al., 2014), the location information of the 

supported users is shared with the community participants. However, using our proposed application, supported 

users can share their location with people of their choice and can send a rescue request whenever needed. In 

addition, Twitter has many daily users who are already familiar with the application. The use of Twitter may 

overcome the inherent problem of most existing systems—that of not being used on a daily basis. Our 

application can be a solution to this problem. Second, our application is a web application. Unlike a native 

application, the users need not download the application before using the service; therefore, the user can use the 

application immediately when needed. Moreover, the users do not need to update the application when it is 

renewed. 

Operation of the proposed application 

The prototype of the application was developed using PHP and JavaScript and deployed on a general rented 

web server. The Geolocation API (W3C, 2017) was used to obtain the location information from a user’s device.  

To use the application, the service provider must have an e-mail address for receiving rescue requests. In 

addition, the supported users must create their own Twitter account. The account should be protected (only 

approved followers of the account are allowed to read the timeline) to ensure privacy protection. By this 

protection, strangers who are not approved to follow the supported user’s account are hard to find the supported 

user’s location. We assume that the supporting user creates the supported user’s Twitter account and sets it up 

to the supported user’s smartphones. Therefore, the supported user is not required to have the skill to operate 

the application and Twitter. The supporting user does not need to have a Twitter account. If the supporting user 

has a Twitter account, he/she should, if necessary, follow the supported user’s account. 

The supporting user uses the application in the following manner: the supported user accesses the application on 

the server via a web browser. Then, the supported user presses the “Start” button on the home page shown in 

Figure 1. Then, he/she enters the ID and password to log into Twitter. After logging in, the supported user can 

see the location recording page as shown in Figure 2. When the screen appears, the location coordinates 

obtained by the location information service on the user’s smartphone are periodically sent to the supported 

user’s Twitter account and to the location database (DB) on T-Pl@ce system, as shown in Figures 3 (a) and (b). 

Figure 4 is an example of a periodical tweet. The supporting user can check the location on the Twitter timeline 

of the supported user by using a web browser or a Twitter client application (see Figure 3 (c)) or the location 

tracking page (see Figure 3 (d)). In this paper, we introduce the location tracking function. The details of the 

location tracking page are given in the next section. Here, the tweet includes the time when the location 

coordinate was obtained to exactly clarify when the data was obtained. The tweet takes a few seconds to appear 

on the user’s timeline. Moreover, the tweet includes a hyperlink to the Google map based on the obtained 

location coordinates to help the supporting user.  
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Start

Track a user

 

Figure 1.  Home page of the proposed application 

Current location obtained by GPS

• User screen name

• User ID

• Latitude

• Longitude

• Obtained date and time

Send a rescue request

 

Figure 2.  Location recording page of the proposed application 

Twitter

Account of supported user

Periodical tweet 1

Supported user Supporting user

Periodical tweet 2

Periodical tweet i

T-Pl@ce system

Location 

recording page

(a) Post the location

…

Location 

DB

(c) Check the tweet

(b) Record the location

Location

tracking page

(d) Track the location
 

Figure 3.  Outline of the location recording in the proposed application 
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In case of any emergency, by pressing the “Rescue request” button shown in Figure 2, the supported users can 

send a rescue request to their Twitter account and a location DB on the system, as shown in Figures 5 (e) and (f). 

Figure 6 shows an example of a rescue request posted on Twitter. The post includes the current location of the 

supported user and the hashtag #救助 meaning #rescue. If the supporting user favorites the supported user’s 

Twitter account, Twitter notifies the rescue request tweet to the supported user, as shown in Figure 5 (g). The 

supporting user can check the rescue request tweet on Twitter, as shown in Figure 5 (h).  

E-mail notification 

In the earlier version of the application, the rescue request notification had been held by a @mention tweet on 

Twitter. However, the use of @mention tweet has been limited by Twitter. In this paper, we introduced the e-

mail notification to improve the reliability of the rescue request notification. When the supported user presses 

the “Rescue request” button, it is sent to the administrator or the rescue experts by an e-mail, as shown in Figure 

5 (i).  

 

Latitude and Longitude

This is a test post

Date and time

Hyperlink to a Google map
 

Figure 4.  Example of a periodical tweet 

Twitter

Account of supported user

Supported user Supporting user

T-Pl@ce system

Location 

recording page

(e) Post the rescue req.

Administrator or rescue experts

(j) Track the location

Location 

DB

(g) Notify by twitter

(f) Record the location

Location

tracking page

(j) Track the location

Periodical tweet 1

Periodical tweet 2

Rescue req. tweet 
…

(i) Notify by e-mail

(h) Check the tweet

 

Figure 5.  Outline of the rescue request in the proposed application 
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This is a test post

Hashtag #Rescue

Latitude and Longitude Date and time

Hyperlink to a Google map
 

Figure 6.  Example of the rescue request tweet 

 

Location Tracking Function 

In the earlier version of the application, to track the supported user’s location, the supporting user, the 

administrator, and the rescue experts had to check several tweets posted by the supported user on Twitter. To 

enable the supporting user, the administrator, or the rescue experts to efficiently track the supported user’s 

location, we introduced the location tracking function on Google map, which is an online map service. By 

pressing the “Track a User” button on the home screen (Figure 1), the user can access the location tracking page. 

The supporting user can track the location of the supported user by entering the Twitter ID. In addition, the 

administrator and the rescue experts can track the location information of all the supported users who use the 

application on the location tracking page. When needed or when a rescue is requested, the administrator and the 

rescue experts can also track a specific supported user by using the map display. 

Figure 7 shows an example of the location tracking page for tracking a specific supported user. The page 

contains a map and table, which displays the supported user’s current and previous locations, which were 

submitted by the supported user. Table 1 explains the meanings of the marker icons on the tracking map. By 

clicking the marker on the map, the user can see the Twitter screen name, the ID, the latitude, and longitude of 

the supported user’s location, the rescue request (whether the supported user requested the rescue or not), and 

the date and time of the information. All this information is displayed beside the marker icon, as shown in 

Figure 8. 

 

LatitudeUser idScreen name Rescue request Date and timeLatitude

 

Figure 7.  Example of the location tracking page for tracking the specific supported user 
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Table 1.  Marker icons on the tracking map 

Marker Meaning 

 
The previous location of the supported user 

 
The latest location of the supported user 

 The place from where the supported user sent a rescue request 

 

• User screen name

• User ID

• Rescue is not required

• Date and time

 

Figure 8.  Descriptions on the tracking map 

 

OPERATIONAL TEST 

In our previous paper, we showed the operational tests for the location recording operation (Nishikawa, 2017). 

This section shows an operational test of the location tracking function and the e-mail notification function of 

the rescue requests in addition to the location recording operation. 

We used iPhone SE, produced by the Apple Inc, as a testing device. The application submits the location 

coordinates every 45 s by default. The reason for the default time interval is as follows. Twitter accepts up to 

2400 tweets from each account per day (Twitter, 2018). Therefore, the time interval should be greater than 

approximately 36 s (3600 s × 24 h/2400 tweets). We, therefore, set a default time interval of 45 s. In addition, to 

save the battery of the supported user’s device, the application checks if the supported user’s position changes. 

If the position does not change from the position when the user had sent his or her rescue request, the time 

interval is set to 90 s (i.e., twice 45 s). If the position changes after increasing the time interval, the time returns 

to 45 s. 

The test was conducted on the morning of August 30th, 2018. The distance covered was from Shirokane-

Takanawa Station to Tokai University Takanawa campus building Minato city, Tokyo, Japan. The candidate 

walked approximately 1 km along the street wearing the device on which the application was running. For 

approximately five minutes, eight sets of coordinates were posted on Twitter and recorded to the location 

database, as shown in Table 2. The table shows the coordinates without rounding to show the obtained location 

coordinates accurately. In the operational test, the candidate pressed the “Rescue request” button at 9:48. Figure 

9 shows an output example of the location tracking page for the candidate. As shown in the figure, the locations 

of the candidate were displayed on this page successfully, and we could track the movement of the candidate 

while walking on the street. However, the mapped icons also included errors of several meters. This was 

because of the errors in the positions obtained by GPS on the candidate’s device. Figure 10 shows the e-mail 

sent to the administrator. The e-mail includes hyperlinks to the rescue request tweet and the location tracking 
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page on the T-Pl@ce system. 

 

Table 2.  Recorded location coordinates on the operational test  

 
Latitude longitude 

recorded time 

(hh:mm:ss) 

 

1 35.64231872558594  139.73397531475885 09:44:38  

2 35.642295837402344 139.73396407127427  09:45:24  

3 35.642337799072266 139.7338395556745  09:46:10  

4 35.64158248901367  139.73344177862265 09:46:56  

5 35.64094161987305 139.73310045371693 09:47:41  

6 35.64048767089844  139.73280582987178 09:48:27  

7 35.64048767089844 139.73280582987178 09:48:31 “Rescue request” button was pressed 

8 35.639434814453125 139.73304705032993 09:49:17  

9 35.639276891725004 139.73338972580473 09:50:04  

10 35.63910675048828 139.73374823902637 09:50:50  

11 35.638526916503906 139.73451072483567 09:51:36  

 

 

Figure 9.  Tracking map of the operational test 

A rescue request has been sent.

• User screen name

• User ID

• Latitude

• Longitude

• Rescue requested

• Date and time

Hyperlink to the rescue request tweet  
 

Figure 10.  Rescue request mail sent to the administrator on the operational test 
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CONCLUSION AND FURTHER WORK 

We developed a web application for location recording and rescue request using twitter (T-Pl@ce). This 

application assisted supported users who required daily support to share their location coordinates via Twitter. 

In this paper, to reliably notify the rescue request to the administrator, we introduced the e-mail notification 

function of the rescue request. In addition, to track the supported user efficiently, we introduced the location 

tracking function.  

We showed the operational test of the location tracking page. As the test result, the candidate’s locations were 

displayed and the e-mail notification of the rescue request was sent successfully. However, there are certain 

additional concerns, which we will investigate in our future studies. First, we need to study the privacy 

protection of the location tracking page. In the current prototype, the location tracking page has not been 

protected by a password or an authentication system. Therefore, we plan to improve the privacy aspect in the 

location tracking page for practical uses. Second, we plan to introduce a function to automatically detect 

abnormalities based on the coordinates and submit the notification on Twitter and the administrator or the rescue 

experts. Then, we will conduct an operational test of the application with actual users such as elderly, physically 

disabled people, or children. Lastly, we plan to use this application along with the Twitter-based safety 

confirmation system for disaster situations called T-@npi (Abe et al., 2017). 
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ABSTRACT 

There are growing concerns that future Atlantic hurricane seasons will be severe and unpredictable due to 

underlying factors such as climate change. The 2017 season may offer a range of lessons, especially to small 

island developing states (SIDS), who are looking to build community resilience and heighten community 

engagement to cope with disaster. While many SIDS utilise a range of media and technology for these purposes, 

there has been a recent uptake in the use of social media, which may have further potential to support their 

goals. This paper scopes the use and users of social media in the case of Antigua and Barbuda during the 2017 

Atlantic hurricane season. Through a series of qualitative interviews it explains the role that social media 

currently has, and concludes with suggestions for its improvement in future seasons that are contextualized over 

the disaster lifecycle phases.   

Keywords 

Social Media, Hurricanes, Resiliency, Community Engagement, SIDS. 

INTRODUCTION 

In the past decade, social media are being relied upon for a number of issues during natural disasters. This has 

become more prominent due to a rise in the number of global hazards (Huang et al., 2010). As a result of 

various underlying issues, such as climate change, these are becoming more severe and frequent than previously 

expected (Kappes et al., 2012). Many of these issues can be linked to the intensification and unpredictability of 

the Atlantic hurricane season, for example fluctuations of the El Niño phenomenon and variations in the state of 

the tropical Atlantic (Lim et al., 2018). In particular, small island developing states (SIDS) in the Caribbean 

have experienced record-breaking seasons in recent years: the 2017 season being the most destructive to date 

(Shultz et al., 2018). During the 2017 season ten hurricanes formed, six of which were categorised as being 

major (i.e. a hurricane that reaches sustained surface winds of at least 50 m/s, labelled as category 3-5 on the 

Saffir-Simpson scale). The named hurricanes Irma, Harvey and Maria were infamous not only in their collective 

damages and mortalities (exceeding $US477.5 billion and 400 deaths at a current estimate by the UNISDR), but 

also because of their quick succession which affected disaster response and recovery efforts in a range of 

countries.   

The use of social media and wider Information Communication Technologies (ICT) has proved to be valuable in 

many disaster literature case studies (see for example Reuter & Kaufhold's history of significant disaster studies, 

2017). They offer a range of benefits for individuals: most notably they are free to access with an internet 
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connection, require little authentication to use, and can be used in a real-time setting (Luna & Pennock, 2018). 

Especially in SIDS, the increased uptake of social media has been a significant development. This has come as a 

result of investing and improving communications infrastructures with the aim to build better connections 

within communities, as well as wider connections to surrounding SIDS (Thompson, 2015). This is particularly 

important for SIDS in the Caribbean as the islands feature compressed spatial scales, meaning that local level is 

often no different from national level (Krüger et al., 2015). Furthermore, the uptake of social media in such 

areas has naturally led to the expansion of resilience and preparedness information online (Demchak et al., 

2010). The potential for social media as a tool to facilitate hurricane resilience, as well as encourage and enable 

community engagement throughout all phases of the disaster lifecycle, is therefore a priority for SIDS (Pelling 

& Uitto, 2001; Shultz, 2018).  

The use of social media for disaster management still however faces barriers. These are often complex and 

multi-faceted, and may depend on a range of underlying factors such as political landscapes, socio-economic 

development, population demographics and structural design of social media platforms themselves (Olteanu et 

al., 2015). Expressly, given the annual reoccurrence of the hurricane season, the functions that social media may 

offer resilience and community engagement need to be continually reassessed given the evolution of digital 

technologies (Battistoli et al., 2018; Chacowry et al., 2018; Shultz et al., 2016). This is paramount to the 

continued development of SIDS, as well as ensuring that risk from the hurricane season is managed effectively – 

an important consideration given the unpredictable nature of future seasons (Zolnikov, 2018). This paper seeks 

to explore the role of social media in SIDS during the 2017 Atlantic hurricane season, focusing on its current 

roles for community engagement and resilience building. It employs a mixed methods approach that uses data 

from multiple online sources, which includes Twitter, blogs, news/TV media and radio content. It additionally 

draws qualitative interview data from the Recovery of Caribbean Community from Hurricanes project 

(RECCOH) funded by the HEIF Research Collaboration Stimulus Fund (2017). Using these, the paper scopes 

the role that social media had in resilience and community engagement in Antigua and Barbuda as a case study 

example of a Caribbean SIDS, as these islands experienced some of the highest damages during the 2017 

season.  

SOCIAL MEDIA FOR BUILDING RESILIENCE 

The concept of resilience can be traced back to disaster management literature during the 1980s. Resilience to 

disaster may now be defined in a number of ways. Individual resilience is the ability one has to “bounce back” 

after a disturbance (Houston et al., 2015). Community resilience however, while following the same premise, 

can be more complex. This is often defined by how well structures and networks may return to normal life after 

disruption (Demchak, 2010). Houston et al. (2015) go on to explain that community resilience encompasses 

more than resilient individuals alone, and should instead be viewed as a network of adaptive capacities and 

activities that is not static end-state. There are four key considerations for community capacity argued by Norris 

et al. (2008): information and communication, community competence, social capital and economic 

development. Pfefferbaum et al. (2013) stipulate that community resilience includes four additional 

considerations: connection and caring, resources, transformative potential and disaster management. 

Furthermore, the National Research Council (NRC) contend that community resilience needs to incorporate 

social subsystems (such as economics and civil society) and sectors also (such as business, healthcare, media 

and religious organisations) (Houston, 2015).  

The considerations for building community capacity have been supported in the past decade by the use of social 

media and other similar technologies (Alexander, 2013; Huang, 2010; White, 2014). These have enabled a range 

of beneficial features that are well-documented in wider disaster literature. Dufty (2012) posits that social media 

have already illustrated their value in emergency management, and are steadily becoming more apparent in the 

specific fields of resilience and community development in recent years also. This, in part, is due to the fact that 

social media can easily form “communities of practice” (Wenger et al., 2002) or “relational communities” 

(Paton & Johnston, 2017). Within these networks, individuals are connected by similar concerns and seek out 

information, as well as further ways of learning from their experiences (Wenger, 2002). Further insight into 

social media’s beneficial attributes has been scoped in other notable case studies. The degree to which social 

media constitutes a resilient information conduit was tested during the case study of the Australian wildfires in 

2013, and found that the speed of online communication influences the level of resilience a network has (Dufty, 

2012). This was also highlighted in (St. Denis et al., 2014) study of the Colorado floods.  Comparing the 

resilience of two communities who experienced wildfires in Canada revealed that social capital and underlying 

factors create a complex dynamic for social media networks that have the power to shape the resilience and 

engagement a community has (Cox & Perry, 2011). Finally, studies such as (Baharmand et al., 2016) emphasize 

the importance of tailoring community resilience using the case study of Nepal after the earthquake in 2015. 

Case studies in smaller countries and SIDS have found that the use of social media for building resilience and 
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community engagement differs from larger geographical areas for a number of reasons. SIDS are more 

vulnerable to disasters due to their small size, remoteness, environmental factors, limited resources, politics and 

insular demographics (Pelling, 2001). A study in Barbados highlighted that efforts to improve community 

resilience must be mainstreamed into governmental policy in order to be more effective, and that an emphasis 

needs to be placed on international efforts that reduce the effect of economic and environmental pressures 

stemming from changes in climate change and tourism (Pelling, 2012). Similarly, studies in the Cayman Islands 

revealed that institutional networks and resiliency had a larger role to play in wider community resilience than 

previously expected, and should seek methods of supporting networks both within their hierarchies as well as 

nationally (Tompkins, 2005). Furthermore, a case study in San Juan encourages SIDS to incorporate and 

develop other channels of communication that can be used to build resilience in the pre-disaster phase of the 

Atlantic hurricane season, as well as a range of other functions in the during and post-disaster phases: this is 

vital to islands where phone networks suffer damages from hurricanes (Bui, 2018).  

THE STUDY 

Antigua and Barbuda: Rationale for Analysis 

There is a growing need to understand the role that social media has in SIDS, particularly in the area of 

resilience and community engagement during disasters (Shultz, 2016). Predominantly the issue of climate 

change is a driver for this as the IPCC stated in 2001 that small low lying islands will be increasingly exposed to 

vulnerability from hazards caused by climate change. Furthermore, there is question as to the severity of future 

Atlantic hurricane seasons as the 2017 season was unpredictable and intense. One country that was particularly 

badly affected by the 2017 season was that of Antigua and Barbuda. Situated in the Atlantic Ocean where it 

meets the Caribbean Sea, Antigua and Barbuda are a part of the Lesser Antilles and are subject to the annual 

Atlantic hurricane season. Consequently, the country can be considered to have a fairly high level of resilience 

(Lam et al., 2015). 

This case is valuable to study for a number of reasons. Firstly, sociological issues such as its small population 

size, mean that disaster response and recovery volunteers are drafted in from neighboring islands and countries. 

This means that community engagement is more complex, and must take into account the relationships between 

individuals from many different Caribbean islands (Thompson, 2015). While traditionally media such as phones 

have been used for this purpose (Cottle, 2014), the increased use of digital technologies and social media on the 

islands are now being relied upon more heavily due to ease of access, and the ability to share information in 

multiple formats (Mackay et al., 2018). Secondly, economic issues such as low development and self-

sufficiency, mean that methods of community resilience and engagement are often through face-to-face 

interactions or free technologies. This means that the utilization of social media as a further channel for 

communication is an interesting and original phenomenon to study. Thirdly, the islands are subject to a shifting 

political landscape, which is an observed factor in the effectiveness of building resilience. This is especially 

prominent as the country’s government is beginning to invest more in hurricane resilience and preparedness 

information hosted online, as well as setting up Facebook pages, groups and other resources for crisis 

communications (Friedman & Look, 2017). Finally, the isolated nature of the islands results in logistical issues 

during disasters, as well as representing a valuable study into the use of social media in SIDS specifically.    

METHOD 

Data collected in this paper was funded by the HEIF stimulus fund as part of a larger project entitled “The 

Recovery of Caribbean Communities from Hurricanes” (the RECCOH project). This is an interdisciplinary 

project (i.e. employing expertise from varying departments such as Public Policy, Oceanography, Social 

Sciences, and Data Science) based at the University of Southampton UK, which gathered qualitative interview 

data from a range of individuals who experienced the 2017 Atlantic hurricane season in Antigua and Barbuda.  

Qualitative Interview Participants and Procedure 

The RECCOH project has a partnership with the Antiguan High Commission, which were the first source of 

expertise for sourcing interview participants. Through consultations with relevant representatives who had local 

knowledge of Antigua and Barbuda, and of communities of interest, a shortlist of potential interview 

participants was created. Inclusion criteria dictated suitable interviewees must be over 18, were residents of 

Antigua and Barbuda, had experienced the 2017 Atlantic hurricane season, and had used social media during at 

least one stage of the disaster lifecycle. Exclusion criteria for participants was being under the age of 18, not 

being present during the season at all, or subject to any mental or physical illness that may cause anomalous 
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results. According to the World Bank Group (2018), 73% of the population of the country has access to the 

internet, with some 63% of citizens owning a mobile device. This provided an appropriately large pool from 

which to source interviewees.  

Snowball sampling was then employed on the shortlist where individuals were asked one by one to take part: 

this was done via email or face-to-face which were deemed the most appropriate for small island communities in 

an isolated region (Marpsat & Razafindratsima, 2010). Snowball sampling was used as a means to ensure that 

the most relevant individuals were contacted, and that the researchers had control over the data saturation point 

(Baker & Edwards, 2012). The individuals approached were from a range of different backgrounds and 

vocations, which allowed for a broader picture of the hurricane season to be revealed. Interviewees were invited 

to participate in a qualitative interview, lasting between 30-60 minutes, by either word of mouth or email (if this 

information was publicly available). This ensured that high quality data was collected from the most relevant 

individuals who originated from a variety of backgrounds. It is important to note however that the data collected 

is not treated as a representative sample of the Antiguan and Barbudan total population. Interview questions 

included “In what ways did you personally use social media during the 2017 hurricane season?”, “Did you 

create or disseminate any resiliency or preparedness information on any social media platforms during the 

season?”, and “In what ways do you feel that hurricane resiliency can be improved by the use of digital 

technologies?”. 

Sampling increased the likelihood that individuals were a part of networks of interest who engaged with disaster 

preparedness and response. Members of the public were included to ensure that a commentary of the users of 

social media could be recorded to reflect how organisations and government were using digital technologies 

during the disaster. Finally, sampling allowed control over the data saturation point, and for interviewees to 

recommend other individuals who may be important for the project. It is important to note however that this data 

is not treated as a representative sample of the Antiguan and Barbadian total population. Interviewees included, 

but were not limited to, humanitarian aid workers and volunteers, governmental employees, civil servants, local 

business owners, governmental ministers, ex-politicians, religious representatives, and general members of the 

public. Interview questions were open ended, which allowed for individuals to convey their own personal 

experiences and emotions towards the hurricane season. Due to the large volume of rich data, interview results 

were processed initially by using keyword identification techniques to highlight popular areas of discussion 

(Ryan and Bernard, 2003). Once popular keywords had been identified, a cutting and sorting method was used 

to find thematic data tied to the keywords, and to sort responses by theme accordingly.  

RESULTS 

A total of more than 90 individuals took part in qualitative interviews. These originated from more than 20 

different vocations, including general members of the public. During the interviews participants scoped out the 

way in which social media was used during the 2017 Atlantic hurricane season – specifically throughout the pre-

disaster, during, and post-disaster phases. A focus was placed on the use of social media as a means of 

supporting community resiliency, as well as a tool for public engagement during crises itself. This was shaped 

by open-ended interview questions such as “did you create or share any information on social media which 

could be used for preparedness or resiliency efforts?” and “please describe any groups or networks that you are 

a part of which supported the sharing of information during the hurricane season”. A summary of interviewees 

is shown in Table 1.  

Interview results indicated that the role of social media itself in SIDS must first be understood before it can be 

analysed in the context of community resilience and engagement during the hurricane season. Antigua and 

Barbuda have in recent years been expanding the number of phone networks and quality of communications 

infrastructures as a result of the government placing more emphasis on communication. Therefore, in the past 

five years more individuals have access to the internet, and by extent social media - throughout the year as well 

as during the hurricane season. This is an important consideration for SIDS who must invest in pre-disaster 

functions such as preparedness, resilience and mitigation efforts in order to reduce risk in future seasons. While 

social media is evidently having a more prominent role for these purposes, there remain several issues that can 

be built upon to ensure that social media can be used more effectively as a tool for disaster management 

purposes.  
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Table 1. An overview of the interview participants interviewed regarding the 2017 Atlantic hurricane season, 

their vocation, and the number of participants for each of these. 

Organisation Brief Overview No. interviewed 

The Antigua and Barbuda 

Meteorological Centre 

The National Meteorological Centre for the Country.  
1 

The National Solid Waste 

Management Authority 

A service to provide residents with an integrated, cost effective solid waste management 

system that follows the guidelines of environmentally sound principles. 5 

The University of the West 

Indies 

The main university of the Caribbean islands with four landed campuses, and many open 

campuses. 8 

Ministry of Agriculture, 
Lands, Fisheries and 

Barbuda Affairs 

A service for the application of modern and emerging practices designed to strengthen food 
security initiatives, efficient land use management and sustainable development of natural 

resources. 

9 

The Ministry of Education A service to offer the highest quality education possible to children and young people, from 

pre-school to post graduate level. 4 

ZDK Radio Station A local radio station available to the residents of Antigua and Barbuda.  
1 

ABS Radio Station A local radio station available to the residents of Antigua and Barbuda. 
2 

The Observer Radio 

Station 

A local radio station available to the residents of Antigua and Barbuda. 
2 

The Barbuda Council The Council runs the internal affairs of Barbuda. Members are elected by the registered 

voters of Barbuda, with the Parliamentary Representative (MP) and the Senator, who is 

nominated by the Council, as ex-officio members. The council administers and regulates 
agriculture, forestry, public health, public utilities and roads as exclusive powers, and raises 

and collects revenue to meet expenses incurred in the performance of its functions. 

9 

Red Cross Antigua The Antiguan branch of the Red Cross which provides services in the areas of health, 
welfare, disaster relief, first aid and youth development. 1 

The WAITT Institute  The institute endeavours to ensure ecologically, economically, and culturally sustainable 
use of ocean resources. The Institute partners with governments committed to developing 

and implementing comprehensive, science- based, community-driven solutions for 

sustainable ocean management. 

5 

The Community 

Development Project 

A branch of the Ministry of Social Transformation of the government dedicated to 

supporting individuals and communities who are vulnerable in society.  4 

The Antigua Lions 

Organisation 

The Antigua Lions Club is a non-profit service organization helping people in Antigua & 

Barbuda and the surrounding communities. 1 

Antigua Public Utilities 

Authority 

The Antigua Public Utilities Authority is a tripartite government statutory agency set up 

under the Public Utilities Act No. 10 to ensure that consumers receive the best possible 

value in Telecommunications (including mobile & internet), Electricity and Water services. 

3 

Digicel 

Telecommunications 

One of the major telephone and internet communication providers in Antigua and Barbuda. 
5 

Antigua and Barbuda 

Individual Politicians 

A collection of individuals from various governmental departments. 
6 

Antigua and Barbuda ex-
politicians 

A collection of individuals who were once in office in the country, including the ex-prime 
minister. 3 

The High Commission The High Commission for Antigua and Barbuda affairs. 
4 

Local Business Owners A range of individuals that own business across Antigua and Barbuda, ranging from Taxi 

drivers to shop owners. 12 

Members of the Antiguan 

and Barbudan Public 

A collective of individuals who experiences the 2017 Atlantic hurricane season in Antigua 

and Barbuda. 20 

Social Media for Hurricane Resilience  

Antigua and Barbuda have a high overall community resilience, primarily due to the fact that the Atlantic 

hurricane season is an annual phenomenon. This predates the incorporation of social media, where, due to the 

remote nature of SIDS, expertise was exchanged in face-to-face settings and handed down over many 

generations (Krüger, 2015; Shultz, 2018). The gradual addition of social media as an emerging channel for 

communications within Antigua and Barbuda has presented many new potential services and resources for 

disaster management.  During the pre-disaster phase (where in this context the season begins in June) there are a 

range of media disseminated to the public on multiple channels. These provide step-by-step disaster 

preparedness information in case of a hurricane, and are generally considered a good way to support community 

resilience. Overall awareness of the hurricane season is similarly high, with organisations, departments and 

bodies who manage issues relating to hurricanes began their warnings in advance. Furthermore, there is a 
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growing concern present during all interviews which has stemmed from the unexpected severity of the 2017 

season. It is evident that both individuals and communities alike now have an even more heightened awareness 

of future seasons due to the unpredictability of underlying factors such as climate change.  

“We just don’t know how severe the next hurricane season will be. We hear it will be worse, then we hear that it 

will be better. Having a bad season again is scary, but the not knowing is scary too.” – Local hotel owner in St. Johns, 

Antigua. 

During the 2017 season interviewees explained that particularly on the social media platform Facebook a range 

of groups, pages and communities were formed that sought to share the same preparedness information. In the 

during disaster phase the uses and users of social media shifted: instead, WhatsApp (as well as satellite phones) 

were more extensively used as opposed to Facebook due to phone networks being cut-off for several days after 

the landfall of hurricane Irma. Despite their value however, it was the local radio stations that remained at the 

center of community resilience. Interviewees explained that preparedness information as well as real-time 

updates created by organisations who were managing hurricane Irma (i.e. the MET office, the national office for 

disasters, humanitarian aid organisations) directly communicated via walkie-talkie, WhatsApp or phone calls to 

the radio stations. Radio stations in turn provided a 24 hour broadcast service to the Antigua and Barbuda public 

which relayed the information with the hope of supporting individual and household resilience. This is an 

important distinction separate from community resilience, as during the landfall of the major hurricanes citizens 

were confined to their own homes and were essentially isolated. 

“We all listen to the radio once the storm has hit. You have no idea what’s going on out there but you can hear 

the winds and the sounds. People ring in if the phones aren’t down and share their own stories and its 

comforting you know – it’s comforting to hear that you’re not alone” – Local resident in Sweete village, Antigua.  

The geography of the islands impacted the management of the hurricane season, as although the residents are 

familiar with the topology and oceanography, there is a lack of official maps and data that would have been 

valuable to teams sent out for repairs (Lam, 2015). For example, the flatness of Barbuda meant that 

communications infrastructure was destroyed by hurricane Irma, having no physical resilience. Consequently, 

repairs and substitute technologies needed to be placed in areas that would be more sheltered from subsequent 

hurricanes in the season – however this was lacking, and so manual scouting of areas and local knowledge was 

relied upon instead. In the post-disaster phase of hurricane Irma, repairs were made to the damaged 

communications technologies and networks which allowed for social media use to gradually increase once 

again. The expected uses of social media during this phase scoped by previous studies such as (Gray et al., 

2016; Houston et al., 2012), for example re-connecting with loved ones or sharing personal experiences, became 

the main role of social media. This was mainly categorised by citizen to citizen communications, summarised by 

a citizen who stated:  

“As soon as the internet came back we were straight on Facebook, straight on WhatsApp, straight on the 

phones. I borrowed someone’s phone to WhatsApp my family, and when mine was finally working again I lent it 

to others too. We were trying to find out what happened to everyone on Barbuda.”  

Alongside citizen-to-citizen crisis communications, interorganisational communication also become one of the 

biggest uses as bodies managing the disaster then began to communicate between themselves, rather than 

feeding all information directly to the radio stations. Local government employees from the Department of 

Social Transformation stated that “We began using WhatsApp and direct Facebook messages between 

governmental departments because it was a simpler solution.”  Government employees went on to explain that 

communications to the surrounding islands and other SIDS in the Caribbean was of paramount importance as 

well as interorganisational communications, considering the level of damages sustained. This is a function of 

social media unique to SIDS experiencing disaster, who are more isolated and resource-starved than most other 

communities in more accessible regions (Thompson, 2015).  

“We had no contact with Barbuda for two days. We tried all communication we had access to but it wasn’t until 

the prime minister actually flew over in a helicopter that we actually knew what the situation was” – National 

Office for Disasters (NODs), Antigua.  

Social Media as a Tool for Community Engagement 

The community engagement of Antigua and Barbuda was affected in a number of ways: the sociological, 

political, and economic spheres each shaped the flow of community engagement on social media. These in turn 

shaped how social media channels were used, and by whom, throughout the disaster lifecycle phases. For 

example, interviewees from the Department of Education noted that students, who had more of a reliance on 

digital technologies compared to the rest of their families, tended to rely on these channels for communication. 

This was further evidenced by interviews with the University of the West Indies who explained that due to this, 
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hurricane updates and campus closures were announced via social media as a priority method of communication 

to students. Sociological issues that shaped online community engagement were also apparent in the structure 

and nature of offline community networks. In Antigua and Barbuda community networks have close bonds, 

especially considering the small population of the islands. This means that a positive community attitude 

towards helping one’s neighbors is fostered, and is subsequently transposed into crisis situations also. 

Interviewees explained that this community nature is the most prominent in the post-disaster phase where local 

representatives from communities communicate to wider networks in order to share knowledge, aid with 

emergency response, and communicate wider disaster management efforts. 

“The whole community bonded together. We had people bringing food from all over – to the point where we had 

too much food to know what to do with it!” – The Department for Social Transformation, Antigua.  

Political factors affected community engagement also. Tensions between the Antiguan and the Barbudan 

council reached a boiling point after the landfall of hurricane Irma on Barbuda. The damages to the island were 

so severe that the entire population had to be evacuated to Antigua, and is still in the midst of the recovery and 

rebuilding phase with just 400 citizens out of 1800 returned to living on the island as of June 2018. Many 

Barbudans feel victimized by the manner in which the Antiguan government have responded to the disaster: 

likewise, many Antiguans feel that their efforts to aid the island have been undermined by Barbudans. Nearly a 

year after hurricane Irma these political tensions are still present, with little chance of being solved in the near 

future. As a result of the shifting political landscape social media became a lens for community engagement 

where individuals shared personal opinions, questioned the political motives, and probed the socio-technical 

responsibilities of organisations and departments responding to the disaster. Social media provided a function 

that allowed communities to engage with other individuals in order to discuss these factors, but most 

importantly still enables this function in the present-day.  

“I still use WhatsApp to stay in contact with friends and family who have moved back to our island. It allows us 

to stay in contact and still feel close while we are still going through the process of re-building our lives” – 
Barbudan citizen who was evacuated to Antigua during hurricane Irma.  

Finally, similar to many disaster case studies, the economics of the islands have had an effect on community 

engagement and resilience. Static economic resilience does not completely restore damaged capacity and 

subsequent full recovery of a community. The recovery process is dynamic and depends heavily on the nature 

and relationships of stakeholders and other economic influences, as well as on public policy. Certainly in the 

case of Antigua and Barbuda there has been a need for both adaptive and inherent resiliency, where the balance 

between these has yet to be struck. Inherent resiliency is built into the system (for example building up 

emergency supplies and import planning) which is the result of community engagement with other SIDS and 

suppliers. Adaptive resiliency is a result of improvising under extreme conditions, for example coping with a 

lack of resources after disaster. In the case of Antigua and Barbuda these have fed into one another. After the 

levelling of more than 80% of the buildings in Barbuda, timber and other building materials were a necessity for 

rebuilding. Through inherent capacity the government had access to a small stockpile of these, however more 

was needed. Adaptive capacity was then undermined by a lack of communication and community engagement 

with other SIDS in the Caribbean. This meant that other islands, similarly affected, had bought out all other 

building resources. This resulted in Antigua and Barbuda waiting for several months after the hurricane before 

they could begin to rebuild, having lacked the capital to import resources from further afield. It was also noted 

by employees of  the National Office of Disaster Services (NODs) that improved interorganisational crisis 

communications may have been valuable in keeping up-to-date with the level of resources available – with some 

events suggesting that direct messaging on social media would have been a preferable method of 

communication if the networks had still been unavailable.   

“By the time we began to scope what resources we needed to import we found that no one had any stocks left. 

We hadn’t had much communication with the other places affected like Puerto Rico and Dominica because we 

were focusing on our own issues, and because of that lack of engagement we had to cope without those 

resources for longer than we would have hoped.” – NODs, Antigua.   

BUILDING RESILENCE: USING SOCIAL MEDIA AS A TOOL IN FUTURE SEASONS  

The case of Antigua and Barbuda have highlighted several key areas where the use of social media could 

potentially be improved as a tool for building resilience and community engagement during the Atlantic 

hurricane season. These can be focused on each of the disaster lifecycle phases. Firstly, during the pre-disaster 

phase, developing a set of educational resources hosted across different websites and social media channels 

could be used to heighten community and individual resiliency. Secondly, in the during disaster phase, protocols 

for improving crisis communications could be introduced or invested in during normal times. Finally, in the 

post-disaster phase, methods of facilitating community engagement could result in supporting different types of 
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resilience.  

Developing Social Media Resources for Hurricane Education  

Education has been identified as a priority for the further development of community resilience in Antigua and 

Barbuda by a range of organisations, departments and institutions. These authorities have recognized that social 

media is increasingly becoming a part of every day life in the country, thus they have the opportunity to 

intervene and to improve the online content and information available – especially to the younger generations 

who are now being brought up with smart phones and other technological devices. In a range of interviews these 

authorities independently stated that the following actions would be beneficial in supporting hurricane resilience 

especially during the pre-disaster phase: 

1. Compile a series of educational videos hosted on social media pages and groups (created by authorities and 

shared to relevant online networks), as well as organisational websites, that use a range of different types of 

visualizations (Becker et al., 2013). This is designed to maintain interest on a topic that has a high awareness in 

the community already. 

2. Tailor these educational videos to specific age brackets of the population so that a demographics’ background 

knowledge can be accounted for, i.e. younger generations should be more technologically interactive (Stewart et 

al., 2008).  

3. Ensure that the core message for the educational videos remains the same despite what audience or age 

bracket it has been targeted at, avoiding issues such as misinformation and building trust in authorities 

management (Becker, 2013; Chandra et al., 2011, 2013). 

4. Make sure that each of these resources has the ability to be downloaded or stored in an offline format in case 

of the collapse of networks in the future (Springgate et al., 2011). 

5. Ensure that each authority that collaborates to manage the hurricane season hosts these resources on any 

online channel that they use uniformly (Springgate, 2011). This reduces the risk of making safety-critical 

decisions for the public as no matter where they seek information they are guaranteed the correct and relevant 

information (Chandra, 2011).  

Social Media for Improving Crisis Communications  

In light of the communications issues that were revealed during the 2017 season, the interviewees unanimously 

agreed that crisis communications within communities, between the islands of Antigua and Barbuda, and 

between the country and other SIDS needed improvement. This in turn may support both adaptive and inherent 

resilience, as well as fostering better areas for collaboration and information exchange in online communities 

during disasters. Interviewees explained that during the disaster phase in particular, the following actions would 

be beneficial for continuing to support resilience and community engagement during crises: 

1. Developing a clear inter-agency communications plan and enforced protocol between the relevant 

organisations who respond to the events of the hurricane season (Kapucu, 2006). This should involve 

contingency methods of communications such as satellite phones or VHF radio systems in the case that 

networks collapse (Hagen et al., 2017).  

2. Appointing a few select organisations to act as communicators to other SIDS and countries pre-event 

(Kapucu, 2006). These should employ teams dedicated to communication throughout the event to disseminate 

information (Palttala & Vos, 2012), and to stay informed about other areas of the Caribbean which are likely 

experiencing the same hazards.  

3. Creating a “consolidation of lessons” methodology during each hurricane season. This compiles the most 

important and unexpected lessons learnt from organisations and the public, and should be shared 

interdepartmentally in order to be taken into account in future crisis communications to reduce risk (Jin et al., 

2011). 

Social Media to Facilitate Community Engagement  

Finally, it has become apparent that communities are increasingly using online communication channels, 

alongside more traditional means such as radio, to facilitate engagement. With the increased use of online 

resources an importance needs to be placed on online spaces to support the resilience and community 

engagement already being fostered in real-life. Particularly in the post-disaster phase, there are a number of 

suggestions that interviewees put forward to achieve this: 
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1. Communities in real-life have representatives to liaise between the public and organisations during disasters 

(Becerra-Fernandez et al., 2008). This needs to be supported in the online channels as well as in the offline, for 

instance selecting a local community volunteer who tracks the proceedings of relevant social media channels 

who disseminate real-time hurricane updates.  

2. The creation of online spaces specifically designed to act as public forums for the discussion of disaster-

related topics, such as organisational responsibilities or voicing personal experiences (Simon et al., 2015). This 

allows channels dedicated to the dissemination of information to be kept clear of irrelevant engagement 

information. 

3. Maintenance of suggested online forum spaces by governmental representatives who may then crowdsource 

ideas, voice concerns for the consideration of policy makers, and engage in two-way communications with the 

public to ensure that a sense of full community engagement is fostered (Soden & Palen, 2016).    

CONCLUSIONS 

The management of the Atlantic hurricane season is a challenge for many Caribbean SIDS. For Antigua and 

Barbuda in particular, there are a range of issues that affect the resiliency the population has to hurricanes as 

well as the community engagement during such crises. In recent years, social media have shown potential as an 

additional channel for a range of disaster related functions and services: Facebook groups and pages are offering 

preparedness information, WhatsApp has been relied upon for coordination and planning, and to an extent 

Twitter has been used for real-time weather updates. However, there remain barriers to the effective use of 

social media. Predominantly, the damages and collapse of phone networks and infrastructure undermined social 

media communications during hurricane Irma, subsequently shaping community resilience and engagement in 

the later stages of the disaster lifecycle. Similarly, political tensions, economic investment and relationships, and 

environmental data all represent issues with the potential to shape future hurricane seasons.  

In response to these issues, social media can be utilised in several key areas to support future resiliency towards 

hurricanes, and to ensure continued and heightened community engagement. The creation of educational videos 

and resources, hosted online and across a range of channels, may support this in the pre-disaster phase. The 

development of communications protocols that take into account the variability of services may similarly 

achieve this in the during disaster phase. The creation and maintenance of online public spheres on social media 

may contribute to voicing and discussing concerns in the post-disaster phase and upholding community 

engagement. Ultimately, the lessons learnt from the 2017 season are important for the management of future 

seasons. The unpredictable and severe nature of the 2017 season has the potential to be replicated due to 

underlying issues such as climate change, which makes preparedness and resiliency efforts for SIDS a priority. 

Social media can be used in conjunction with existing disaster management plans to reduce the risk posed to 

SIDS, which may offer such communities better ways to mitigate, manage and respond to future Atlantic 

hurricane seasons.   
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ABSTRACT

Many machine learning and natural language processing approaches, including supervised and domain adaptation
algorithms, have been proposed and studied in the context of filtering crisis tweets. However, the application of these
approaches in practice is still challenging due to the time-critical requirements of emergency response operations,
and also to the diversity and unique characteristics of emergency events. To address this limitation, we explore the
idea of building “generalized” classifiers for filtering crisis tweets, classifiers which can be pre-trained and ready to
use in real-time, while generalizing well on tweets that will be posted during future disasters. We propose to achieve
this objective using a simple feature-based adaptation approach, where tweets are represented as dense numeric
vectors of reduced dimensionality using either word embeddings or sentence encodings. Given that several types
of word embeddings and sentence encodings exist, we compare tweet representations corresponding to different
word embeddings and sentence encodings with the goal of understanding what embeddings/encodings are more
suitable for use in crisis tweet classification tasks. Our experimental results on three crisis tweet classification tasks
suggest that the tweet representations based on GloVe embeddings produce better results than the representations
that use other embeddings, when employed with traditional supervised learning algorithms. Furthermore, the
GloVe embeddings trained on crisis data produce better results on more specific crisis tweet classification tasks
(e.g., tweets informative versus non-informative), while the GloVe embeddings pre-trained on a large collection of
general tweets produce better results on more general classification tasks (tweets relevant or not relevant to a crisis).

Keywords

Word Embeddings, Sentence Encodings, Reduced Tweet Representation, Crisis Tweet Classification

INTRODUCTION

The value of social media during crisis situations has been well established among researchers and emergency
response practitioners (Castillo 2016; Homeland Security 2014; Imran et al. 2015; Reuter et al. 2018). Social
media represents an important crisis communication tool (Palen and Hughes 2018), and also a gold mine of critical
first-hand information for situational awareness. However, given the fast accumulated user generated data, and easy
spread of rumors and misinformation on popular platforms such as Twitter and Facebook, information overload is a
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big technical challenge preventing extensive adoption of social media in practice (Plotnick et al. 2015; Reuter et al.
2015; Tapia and Moore 2014). Furthermore, the time-critical requirements of crisis response make the identification
and processing of situational awareness information in real-time even more challenging.

To reduce the information overload, we need automatic tools to identify social media information that is relevant to
disasters, informative, reliable, and actionable, and to categorize such information into specific situational awareness
categories. Significant progress has been made in this direction by employing machine learning and natural language
processing (NLP) techniques, such as traditional supervised machine learning (Caragea et al. 2014; Imran et al.
2013; Starbird et al. 2010; Verma et al. 2011), deep learning (Nguyen et al. 2016a,b), and domain adaptation (Imran
et al. 2016; Li et al. 2017b, 2015). Systems and other crisis-related resources have been developed as well, e.g.
(Terpstra et al. 2012), AIDR1 and EU COMRADES project2.

However, there are still challenges in applying such methods in real-time, especially during the early hours of
emergencies (Reuter et al. 2018). First, supervised machine learning algorithms, especially the data hungry deep
learning methods, often rely on large amounts of in-domain labeled data, which is usually human annotated and
hardly available in the early hours of a crisis. Second, models trained on past disasters may not generalize well to an
emerging target disaster (Imran et al. 2015). While domain adaptation approaches represent better alternatives
as compared to supervised learning, they usually have more hyper-parameters that need to be tuned, and some
guidelines need to be provided to enable their application in real-time in crisis situations (Li et al. 2017a).

A very attractive solution to these problems consists of ready-to-use “generalized" crisis classifiers that can be
used directly on future disasters, with high accuracy. In this paper, we study a simple domain adaptation approach
based on pre-trained word embeddings and existing sentence-level encoding which are used to produce a dense,
reduced representation of crisis tweets classifications. In this context, “simple” means that the domain adaptation
between prior crisis data (training, or “source") and current crisis data (test, or “target") is based just on generalized
feature representations obtained either through simple averaging of the embeddings of the words in the tweet, or
through the use of pre-trained sentence embedding models on the whole tweet. As the vocabulary of a target crisis
is somewhat different from the vocabularies of prior crises, the traditional bag-of-words representation obtained on
a prior crisis does not include all the keywords that appear in the target crisis, and can result in poor performance.

Vector representations through word embeddings or sentence-level encodings can capture the semantic meaning
of the text, and therefore can be used to address the limitation of the bag-of-words representation. When using
embeddings to represent vocabulary words, words with similar semantics are close in the word embeddings vector
space. Thus, similar texts from the source and target domains (i.e., texts which use different words but have similar
semantic meaning to human), can be captured through similar word embeddings. Word embeddings that are
pre-trained on large news or Wikipedia corpora are available, and can be used directly to represent tweets from
a new emerging crisis. It is also possible to train the word embeddings specifically on a corpus of crisis tweets.
Furthermore, more sophisticated pre-trained models that produce sentence-level encodings have also shown good
performance on various NLP tasks (Conneau et al. 2017). We can directly use such sentence-level encodings to get
reduced representations for crisis tweet classification tasks. Such adaptation framework, based on word embeddings
or sentence encodings, is not only extensible to future crises, but also flexible, in the sense that after the reduced
tweet representations are obtained, supervised or other domain adaptation approaches, such as (Mazloom et al.
2018), can be applied on top of the reduced representations.

In this paper, we focus on two classification tasks, which represent essential first filtering steps in the process of
extracting useful information from social media data posted during a crisis, specifically, the task of classifying crisis
tweets as relevant versus irrelevant, and the task of classifying crisis tweets as informative versus non-informative.
We experiment with three commonly used types of word embeddings, both pre-trained and trained on our own crisis
tweet corpus, along with different average/maximum/minimum approaches for aggregating the word embeddings.
We also experiment with pre-trained sentence-level encoding models, to directly obtain vector representations for
crisis tweets. We use the resulting representations to train supervised tweet classification models, and evaluate the
models in a realistic setting, where the training of the model is done on tweets from prior crises, and the testing of
the model is done on a new crisis.

We experiment with different types of word embeddings and sentence encodings, and different types of supervised
classifiers, with the goal of understanding what embeddings are most suitable to use with crisis data, and also what
supervised models produce better “generalized” classifiers. Experimental results suggest that, in general, GloVe
word embeddings, either pre-trained on Twitter data or trained on our crisis tweet corpus, work better with the
simple methods for aggregating word embeddings. Furthermore, we observe that the tweet representations based

1http://aidr.qcri.org/
2http://comrades-project.eu
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on sentence encodings can significantly improve the accuracy of some classifiers (e.g., Gaussian Naive Bayes) as
compared with the representations based on simple word embedding aggregations, suggesting great potential for
sentence encodings. To our knowledge, research in this direction is still limited, especially in the area of crisis
informatics. Our study is the first to apply recent state-of-the-art pre-trained sentence-level encoding models to
crisis tweet classification, and also the first one that evaluates three different types of word embeddings (most of the
existing works use just one type of word embedding, e.g., Word2Vec). Thus, our work can be seen as an important
step towards building “generalized" crisis classifiers that are ready-to-use in a new crisis situation.

To summarize, our main contributions are as follows:

• We explore the idea of “generalized" classifiers for real-time filtering of crisis tweets, and propose a simple
feature-based adaptation framework for building generalized classifiers using word or sentence embeddings.

• We study different representations of crisis tweets, using different word and sentence embeddings, as well as
different supervised learning algorithms on top of the representations, as described in Section 2 (Methods).
In addition to using pre-trained word embeddings, we also train crisis specific word embeddings with our
own crisis tweet corpus. The resulting embeddings can be used for other crisis tweet classification tasks.

• We perform extensive experiments with the representations generated from word and sentence embeddings to
understand what representations are more suitable for crisis tweet classification tasks. We also experiment
with different supervised learning algorithms to understand what classifiers generalize well from embeddings.

The datasets used in the experiments are described in Section 3 (Datasets), the experimental setup is described
in Section 4 (Experimental Setup) and finally the experimental results are presented and discussed in Section 5
(Experimental Results and Discussion).

METHODS

Similar to the deep learning concepts, the ideas of distributed word representations are not new, but they have
become more popular given the more powerful computing resources available nowadays and the accumulation of
large datasets in many application domains.

Tweet Representations Using Word Embeddings

Currently, research on word embeddings is still one of the most popular topics in the NLP area. Here, we adopt
three types of word embeddings widely used in the NLP community:

1. Word2Vec (Mikolov et al. 2013a,b);

2. GloVe (Pennington et al. 2014);

3. FastText (Bojanowski et al. 2017; Mikolov et al. 2018).

With each type, we use both existing embeddings pre-trained on Wikipedia or Twitter data, and also crisis word
embeddings trained specifically on our crisis tweet corpus. Subsequently, we use several simple ways to combine
the word embeddings into reduced tweet representations, as described below:

a) Mean: We average the embeddings of each word in the tweet along each dimension. Thus, a tweet vector will
have the same dimension as a word vector/embedding.

b) MinMaxMean (MMM): In addition to mean, we also take the minimum and maximum over all the words in a
tweet, along each dimension of the word vectors. Each aggregation, min/max/mean, will produce a vector that
has the same dimension as the word vectors. We concatenate the vectors corresponding to min/max/average,
respectively, and obtain a tweet vector whose dimension is three times the dimension of the word vector.

c) Tf-idf-Mean: We assign Tf-idf (term frequency - inverse document frequency) weights to the words in a tweet,
and calculate the weighted average of the word embeddings along each dimension (where the contribution of
a word is proportional to its Tf-idf weight).
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Tweet Representations Using Sentence Embeddings

Given that tweets resemble sentences as they are relatively short, we also experiment with recent approaches on
sentence-level embeddings/encodings. Specifically, we use the following models to get tweet representations:

1. Smooth Inverse Frequency (SIF) (Arora et al. 2017): The representation produced by this approach can be
seen as the weighted average of the word vectors, modified by removing the projections of the average vectors
on their first principal component (“common component removal’) (Arora et al. 2017). This simple method
has been shown to beat more sophisticated models, such as Convolutional Neural Networks (CNN) and
Recurrent Neural Networks (RNN), on semantic textual similarity tasks.

2. InferSent (Conneau et al. 2017): This approach consists of universal sentence representation models trained
with natural language inference data, using different network architectures such as Long Short-Term Memory
(LSTM) networks, Gated Recurrent Units (GRU), or Bi-directional LSTM networks (BiLSTM). We use the
pre-trained model published by the authors to generate tweet representations with this approach.

3. Universal Sentence Encoder on TensorFlow (tfSentEncoder) (Cer et al. 2018): The universal sentence encoding
models are trained with the same data as the InferSent models, but with different model architectures.

The reader is referred to the original articles, which introduced the above-mentioned sentence encoding approaches,
as such details are beyond the scope of this article. But in general, the purpose and usage of the universal sentence
encoders are similar to purpose/usage of the word embeddings, as the pre-train universal sentence encoders can
help with NLP and text classification tasks that rely on sentences (Cer et al. 2018).

Tweet Classification Using Supervised Learning

Finally, once we obtain the vector representations for tweets, any supervised learning algorithm (or even more
complex domain adaptation algorithms) can be used to learn classification models using the tweet reduced
representations. Here, for the sake of simplicity, and also to satisfy the real-time prediction requirements, we choose
to experiment with four traditional supervised machine learning algorithms:

1. Gaussian Naive Bayes (GNB);

2. Random Forest (RF);

3. K Nearest Neighbors (KNN);

4. Support Vector Machines (SVM).

We included the Naive Bayes algorithm in our study as it doesn’t require hyper-parameter tuning, and can be trained
in linear time. The other algorithms, Random Forest, KNN, and especially SVM, all have been extensively used in
text classification tasks. More complex models based on deep learning will be used in future work.

DATASETS

We used three datasets in our study, specifically: 1) CrisisLexT6 (Olteanu et al. 2014); 2) CrisisLexT26 (Olteanu
et al. 2015); and 3) 2CTweets (Schulz et al. 2017). CrisisLexT6 and CrisisLexT26 are available from the CrisisLex
project website3. We obtained the 2CTweets dataset directly from the authors.

The first dataset, CrisisLexT6, is a collection of English tweets collected during six disasters that occurred between
October 2012 and July 2013 in USA, Canada and Australia, as shown in the first part of Table 1. Tweets were
collected using the Twitter Streaming API based on disaster-related keywords and geo-locations of the affected
areas. There are approximately 10,000 tweets for each disaster, all manually labeled as on-topic (i.e., relevant) or
off-topic (i.e., irrelevant) using the crowdsourcing platform CrowdFlower (currently, renamed FigureEight).

The second dataset, CrisisLexT26, is a collection of tweets posted during 26 crisis events that happened in 2012 or
2013, with most events having between 2,000 and 4,000 tweets. These tweets were also collected using filtering
keywords, and labeled by CrowdFlower workers according to informativeness (i.e., informative or non-informative),
information types (e.g., caution and advice, infrastructure damage), and information sources (e.g., Governments,

3http://crisislex.org/data-collections.html
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Table 1. Statistics about the datasets (CrisisLexT6, CrisisLexT26, and 2CTweets), before and after cleaning

Before Cleaning After Cleaning

CrisisLexT6 On-topic Off-topic Total On-topic Off-topic Total

2012_Sandy_Hurricane 6138 3870 10008 5443 3757 9200
2013_Queensland_Floods 5414 4619 10033 3324 4530 7854
2013_Boston_Bombings 5648 4364 10012 4824 4301 9125
2013_West_Texas_Explosion 5246 4760 10006 4123 4711 8843
2013_Oklahoma_Tornado 4827 5165 9992 4101 5111 9212
2013_Alberta_Floods 5189 4842 10031 4550 4745 9295

CrisisLexT26 Informative Non-Inf. Total Informative Non-Inf. Total

2012_Colorado_wildfires 685 268 953 665 252 917
2013_Queensland_floods 728 191 919 681 183 864
2013_Boston_bombings 417 512 929 397 489 886
2013_West_Texas_explosion 472 439 911 444 390 834
2013_Alberta_floods 685 298 983 665 284 949
2013_Colorado_floods 768 157 925 736 147 883
2013_NY_train_crash 904 95 999 684 88 772

2CTweets Yes No Total Yes No Total

Memphis 361 721 1082 333 699 1032
Seattle 800 1404 2204 739 1293 2032
NYC 413 1446 1859 373 1411 1784
Chicago 214 1270 1484 202 1254 1456
San Francisco 304 1176 1480 290 1146 1436
Boston 604 2216 2820 586 2123 2709
Brisbane 689 1898 2587 667 1746 2413
Dublin 199 2616 2815 189 2574 2763
London 552 2444 2996 490 2287 2777
Sydney 852 1991 2843 832 1947 2779

NGOs). As we used English word embeddings, we only selected 7 events from the 26 events in our study, as shown
in the middle part of Table 1, and only focused on the task of classifying tweets as informative or non-informative.

The third dataset, 2CTweets, is a collection of tweets about incidents, such as car crash, fire or shooting, which
happened in 10 different cities, as shown in the last part of Table 1. Tweets were labeled as incident related (Yes) or
not (No). Given that incidents in different cities most likely involve local named entities, such as local street names,
adaptation is needed to enable generalization of classifiers between different cities (Schulz et al. 2017).

To benefit the most from pre-trained embeddings, ideally, one should preprocess the data to be embedded the same
way as the corpus that was used for training the embeddings. However, for the pre-trained Word2Vec and FastText
embeddings, the original preprocessing performed is not well documented, and we used directly the raw tweets to
obtain the corresponding word embeddings representations. As opposed to that, the preprocessing script used when
training GloVe word embeddings on Twitter data is available from the GloVe’s website4. Thus, we applied the same
preprocessing for all our datasets when using pre-trained GloVE or crisis-specific word embeddings. Specifically,
we used a Python version of the GloVe’s Ruby preprocessing script, which consists of the following main steps:
1) replacing URLs and user mentions with placeholders <url> and <user>, respectively; 2) replacing different
emoticons with placeholders such as <smile>, <lolface>, <sadface>, <neutralface> and <heart>, respectively; 3)
replacing numbers with a placehoder <number>; 4) changing uppercase words to lowercase words, and tagging
them with the tag <allcaps>, for example, “HURRICANE” becomes “hurricane <allcaps>”; 5) similarly, tagging
punctuation repetitions, elongated words and hashtags, for example “!!!” becomes “! <repeat>”, “soooo” becomes
“so <elong>” and “#HurricaneSandy” becomes “<hashtags> hurricanesandy”; 6) converting all tweets to lowercase
and tokenizing them based on whitespace using the Stanford Tokenizer. Finally, duplicate tweets identified after
preprocessing were removed. The statistics of each class in each event dataset, before and after the preprocessing,
together with the total number of tweets in the dataset, are shown in Tables 1 for the three datasets, respectively.

4https://nlp.stanford.edu/projects/glove/preprocess-twitter.rb
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Our crisis tweet corpus for training crisis specific word embeddings are also processed the same way. Besides, the
three datasets described above, the corpus also includes tweets that we collected through the Twitter Streaming
API during several disasters that happened in Fall 2017, specifically Hurricane Harvey, Hurricane Irma, Hurricane
Maria, and also Mexico Earthquake. The total corpus contains approximately 5.8 million tweets. Most of these
tweets are crisis related, but there is also some inherent noise due to the fact that the streaming was keyword-based.

EXPERIMENTAL SETUP

For each of the three datasets, we experimented with three types of word embeddings, both existing pre-trained
embeddings, and custom embeddings trained on crisis tweets, as well as three sentence embedding models, for a
total of 9 different representations for the tweets. The notations and details of the embeddings used are as follows:

• Word2Vec: denotes the pre-trained Word2Vec embeddings. Specifically, we used the set of embeddings
trained on Google news. The dimension of the Word2Vec embeddings is 300.

• CrisisW2V: denotes the Word2Vec embeddings trained with our crisis tweet corpus. We used the Gensim
implementation of Word2Vec, and trained a CBOW (Continuous Bag Of Words) model, also with dimension
300. We used the default values for all the other Gensim parameters.

• GloVe: denotes the GloVe embeddings pre-trained on Twitter data. We also experimented with GloVe
embeddings pre-trained on Wikipedia data, but the results were worse than those obtained with the Twitter
embeddings, and will not be shown. Furthermore, there are four different sets of pre-trained GloVe Twitter
embeddings, corresponding to four dimensions: 25, 50, 100 and 200. Our preliminary results showed that 50
or 100 dimensions give similar results, generally better or comparable with the results obtained with 25 or
200 dimensions. We only show the results obtained with embeddings with 100 dimensions.

• CrisisGloVe: denotes GloVe embeddings trained on our crisis tweet corpus. We use the GloVe original
package to learn the embeddings, minimum word frequency count is 10, maximum iterations is set to 100
and window size is 10. We only show the results obtained with the 100 dimensional embeddings with same
reason as GloVe setting.

• FastText: denotes the pre-trained FastText embeddings. We experiment with the 1 million word vectors
trained on Wikipedia 2017, UMBC webbase corpus and statmt.org news dataset. The dimension is 300.

• CrisisFastText: denotes the embeddings trained on the crisis tweet corpus with the FastText original package.
We used CBOW as in CrisisW2V, with dimension 300, and default values for all the other parameters.

• SIF: denotes the SIF approach, which is considered to be a baseline for sentence embeddings. The original
paper used GloVe embeddings pre-trained on the Common Crawl data. However, we used GloVe embeddings
with 100 dimensions, pre-trained on Twitter data, for consistency with the GloVe setting.

• InferSent: denotes the universal sentence representation model trained with natural language inference data.
We used the pre-trained model (Conneau et al. 2017), which encodes tweets into 4096 dimensional vectors.

• tfSent: denotes the universal sentence encoder from (Cer et al. 2018). We used the encoder available from
TensorFlow TF-hub, which encodes tweets into 512 dimensional vectors.

As discussed in Section 3 (Dataset section), all experiments are running on processed tweets except experiments of 
Word2Vec and FastText which are on original raw tweets corresponding to the cleaned tweets due to preprocessing 
steps are not explicit for these two type pre-trained embeddings5. For each type of word embedding, we further used 
the three aggregation approaches mentioned in the previous section, specifically, Mean, Min/Max/Mean (MMM) 
and Tf-idf-Mean (Tf-idf) to convert the word embeddings into reduced tweet representations. Furthermore, for 
each word-based or sentence-based representation, we experimented with four supervised learning algorithms 
from the scikit-learn library: 1) Gaussian Naive Bayes (GNB); 2) Random Forest (RF), where the number of trees 
(n_estimators) was set to 100 (and default values were used for the other parameters); 3) K Nearest Neighbors (KNN), 
for which the default number of neighbors was 5; 4) Support Vector Machine (SVM), with default parameters, 
including cost parameter C = 1 and RBF kernel.

Leave-one-out: We focused on three classification t asks, c orresponding t o t he t hree d atasets i n o ur study: 
CrisisLexT6, CrisisLexT26, and 2CTweets. We evaluated different tweet representations based on word embeddings

5We also run these experiments on the cleaned tweets but the results are slight better or worse depending on the datasets, and therefore not 
showed here.
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or sentence embeddings, on each of the three datasets. A leave-one-out setting was used for evaluation to simulate a
real scenario. Namely, for each dataset, in a particular experiment, we selected one event as the target test data, and
used the rest of the events from that dataset for training. For example, when Hurricane Sandy from CrisisLexT6
was selected as test, the other 5 disasters from CrisisLexT6 were used for training. Each disaster was left out in one
experiment, therefore, the number of experiments conducted for one dataset is given by the number of events in the
dataset. The results reported for a dataset are averaged over all experiments conducted on that dataset. Intuitively,
the averages should provide an indication of how well the models built generalize to future events.

EXPERIMENTAL RESULTS AND DISCUSSION

Given the variety of word embeddings that are available in the machine learning and NLP communities, we aim
to understand how the performance of traditional classifiers vary with different types of word embeddings, and
whether re-training the embeddings on crisis data is necessary or not. Furthermore, given that text classification
tasks (e.g., sentiment analysis) have been shown to benefit from sentence-level embeddings pre-trained on data from
other NLP tasks, we also aim to understand how different sentence-level embeddings perform when used for crisis
tweet classification tasks. Finally, towards the ultimate goal of building “generalized” classifiers, we aim to gain
insights into how different classifiers handle different types of embeddings, and what algorithms best handle the
embeddings, in general. The observations that we seek to draw from our experiments could be used to provide
guidelines for future studies that need to choose among different types of embeddings and supervised classifiers, as
well as guidelines for the adoption of the framework for domain adaptation through embeddings in practice.

The results of the experiments that used tweet representations based on word embeddings are shown in Table 2,
and the results based on sentence embeddings are shown in Table 3. We analyzed the results of the experiments
presented in Tables 2 and 3 driven by several research questions, as described below.

• Among the pre-trained word embeddings (i.e., Word2Vec, GloVe and FastText), which embeddings and
aggregations work better, in general, with different supervised classifiers?

By analyzing the results in Table 2 by column, we can compare the performance of different types of
embeddings and aggregation methods (i.e., Mean, MinMaxMean or Tfidf weighted averaging), when used
with different algorithms. For each dataset and each classifier, we underscore the best value obtained
with that classifier on the dataset to observe which types of embeddings/aggregations perform well for
specific classifiers and across different classifiers. The more underscored values in a column, the better the
corresponding embedding performs. From Table 2, we can see that the GloVe embeddings work better for
two datasets out of three. Specifically, for CrisisLexT6, GloVe pre-trained Twitter embeddings work the best,
while for CrisisLexT26 dataset, CrisisGloVe embeddings are better. However, for the 2CTweets dataset,
the Word2Vec embeddings (either pre-trained or trained on crisis data) are better across several supervised
classifiers, although the performance of the GloVe embeddings is very close or even better in some cases
(e.g., with Random Forests). One possible explanation for this may be that the 2CTweets dataset is mostly
about incidents that appear as local news in a city, as opposed to large-scale disasters. Intuitively, the GloVe
embeddings pre-trained on Twitter may capture well disasters such as Hurricane Sandy (given that tweets
about disasters may be part of the training set), but may not capture well the local incidents.

Regarding the different approaches to aggregate word embeddings, the performances vary with the aggregation
approach, and it cannot be claimed that one approach is better than the others, in general. However, if we focus
on the best types ofword embeddings for each dataset (CrisisLexT6, GloVe column; CrisisLexT26, CrisisGloVe
column; and 2CTweets, Word2Vec, CrisisW2V columns), it can be observed that the MinMaxMean (MMM)
is generally better than or very close to the other two aggregation approaches, although sometimes the best
values are achieved by Mean aggregation.

• Given the existing pre-trained embeddings, do crisis tweet classification tasks benefit from embeddings trained
specifically on a crisis tweet corpus?

When comparing the pre-trained embeddings with the embeddings trained on the crisis tweet corpus, we can
see that for CrisisLexT6 the embeddings pre-trained on a general corpus are better, while for CrisisLexT26
and 2CTweets the embeddings trained on the crisis tweet corpus are better. In particular, for CrisisLexT26,
the results with CrisisW2V and CrisisFastText are better for almost all classifiers, as compared to the results
obtained with the corresponding Word2Vec and FastText pre-trained embeddings. While the CrisisGloVe
embeddings are not always better than the pre-trained Twitter GloVe embeddings, they can still achieve
competitive performance when used with Random Forest or SVM classifiers.
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Table 2. Average accuracy values (and standard deviation) for three datasets, CrisisLexT6, CrisisLexT26, and
2CTweets, using the leave-one-out evaluation strategy, with six types of word embeddings and four supervised
classifiers. For each dataset, the best value of each column is highlighted in bold font. Furthermore, underscored
values represent the best values among those corresponding to a particular classifier. Themore underscored values
in a column, the better the corresponding word embedding performs as compared to other embeddings. Also, the
more bold values one type classifier has for a dataset, the better that type of classifier is for that dataset.

CrisisLexT6 Word2Vec CrisisW2V GloVe CrisisGloVe FastText CrisisFastText

GNB Mean 0.808±0.079 0.757±0.073 0.834±0.076 0.783±0.085 0.825±0.072 0.764±0.059
MMM 0.797±0.062 0.798±0.058 0.828±0.067 0.791±0.065 0.798±0.060 0.774±0.060
Tf-idf 0.687±0.047 0.753±0.088 0.831±0.059 0.785±0.103 0.662±0.046 0.752±0.065

RF Mean 0.841±0.087 0.833±0.092 0.875±0.074 0.835±0.107 0.847±0.093 0.815±0.085
MMM 0.824±0.091 0.832±0.088 0.859±0.096 0.816±0.116 0.808±0.095 0.819±0.074
Tf-idf 0.824±0.087 0.821±0.101 0.872±0.071 0.827±0.121 0.824±0.094 0.805±0.097

KNN Mean 0.847±0.041 0.820±0.060 0.838±0.034 0.825±0.082 0.823±0.035 0.779±0.048
MMM 0.863±0.058 0.821±0.067 0.848±0.059 0.829±0.099 0.850±0.059 0.746±0.043
Tf-idf 0.801±0.037 0.801±0.051 0.819±0.035 0.800±0.069 0.791±0.034 0.751±0.044

SVM Mean 0.846±0.077 0.863±0.102 0.894±0.047 0.826±0.125 0.829±0.081 0.847±0.110
MMM 0.873±0.066 0.858±0.095 0.890±0.059 0.833±0.131 0.862±0.078 0.837±0.083
Tf-idf 0.872±0.057 0.795±0.112 0.888±0.043 0.828±0.124 0.875±0.054 0.792±0.104

CrisisLexT26 Word2Vec CrisisW2V GloVe CrisisGloVe FastText CrisisFastText

GNB Mean 0.807±0.058 0.796±0.060 0.821±0.061 0.817±0.066 0.798±0.062 0.785±0.058
MMM 0.787±0.067 0.796±0.062 0.841±0.046 0.832±0.048 0.793±0.060 0.773±0.051
Tf-idf 0.806±0.056 0.814±0.053 0.812±0.053 0.811±0.066 0.808±0.057 0.815±0.050

RF Mean 0.836±0.045 0.849±0.046 0.850±0.046 0.858±0.040 0.843±0.047 0.841±0.048
MMM 0.838±0.046 0.853±0.043 0.856±0.045 0.861±0.046 0.844±0.050 0.843±0.042
Tf-idf 0.824±0.046 0.850±0.042 0.830±0.046 0.845±0.047 0.816±0.046 0.842±0.040

KNN Mean 0.823±0.060 0.830±0.050 0.836±0.056 0.834±0.055 0.813±0.070 0.826±0.044
MMM 0.805±0.063 0.800±0.039 0.838±0.058 0.822±0.057 0.809±0.065 0.769±0.062
Tf-idf 0.797±0.061 0.830±0.048 0.830±0.052 0.821±0.067 0.796±0.074 0.845±0.044

SVM Mean 0.703±0.148 0.862±0.039 0.857±0.045 0.863±0.042 0.702±0.148 0.855±0.042
MMM 0.797±0.082 0.857±0.038 0.861±0.046 0.861±0.041 0.712±0.143 0.841±0.048
Tf-idf 0.844±0.046 0.838±0.045 0.841±0.063 0.841±0.060 0.839±0.043 0.838±0.048

2CTweets Word2Vec CrisisW2V GloVe CrisisGloVe FastText CrisisFastText

GNB Mean 0.881±0.046 0.785±0.058 0.850±0.053 0.829±0.053 0.849±0.047 0.737±0.056
MMM 0.877±0.051 0.801±0.057 0.844±0.056 0.828±0.061 0.838±0.053 0.744±0.059
Tf-idf 0.825±0.054 0.818±0.048 0.852±0.053 0.854±0.050 0.786±0.055 0.791±0.054

RF Mean 0.896±0.042 0.886±0.039 0.890±0.037 0.891±0.033 0.886±0.043 0.877±0.045
MMM 0.905±0.036 0.905±0.036 0.906±0.033 0.903±0.032 0.905±0.038 0.883±0.045
Tf-idf 0.864±0.056 0.885±0.040 0.884±0.043 0.876±0.046 0.857±0.059 0.876±0.044

KNN Mean 0.901±0.032 0.891±0.036 0.880±0.039 0.887±0.043 0.879±0.041 0.869±0.046
MMM 0.900±0.033 0.882±0.041 0.871±0.049 0.885±0.042 0.881±0.028 0.822±0.047
Tf-idf 0.884±0.032 0.881±0.041 0.875±0.040 0.876±0.044 0.870±0.044 0.866±0.044

SVM Mean 0.859±0.045 0.907±0.036 0.893±0.036 0.898±0.034 0.777±0.082 0.912±0.031
MMM 0.890±0.037 0.921±0.025 0.904±0.037 0.902±0.036 0.840±0.052 0.892±0.040
Tf-idf 0.903±0.038 0.889±0.047 0.900±0.039 0.906±0.034 0.892±0.041 0.876±0.060
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One possible reason that the GloVe crisis-specific embeddings perform better than the pre-trained embeddings
on CrisisLexT26, but not on the CrisisLexT6 dataset, may be the fact that the CrisisLexT6 classification task
(relevant to disasters or not relevant) is more general, and thus its vocabulary may be better covered by the
general Twitter corpus used for the pre-trained embeddings. As opposed to that, the CrisisLexT26 tasks are
more specific to crises and benefit more from crisis embeddings.

• Among the sentence encodings (i.e., SIF, InferSent, tfSent), which encodings work better, in general, with
different classifiers? How do the sentence encodings compare with the word embeddings?
By comparing columns in Table 3, we can see that the InferSent sentence encoder is better for CrisisLexT26
and 2CTweets, while the simple SIF encoder is generally better for the CrisisLexT6 dataset. InferSent
generates sentence encodings with 4096 dimensions, a significantly larger number of dimensions as compared
to the SIF sentence encoder (which uses just 100 dimensions), and the tfSent encoder (which uses 512
dimensions). Based on our prior experimentation with CrisisLexT6 and CrisisLexT26, a relatively small
number of features is needed to discriminate between relevant and non-relevant tweets in CrisisLexT6, while
a larger number of features is needed to discriminate between crisis informative and non-informative tweets
in CrisisLexT26. Our prior observations match with the current study which suggests that a sentence encoder
that produces vectors with a small number of dimensions (SIF) is useful for CrisisLexT6, while an encoder
that produces vectors with a large number of dimensions (InferSent) is useful for CrisisLexT26. Thus, in
general, the choice of the sentence encoder may be related to the choice of the number of dimensions used by
the encoder, which in turn depends on difficulty of the classification task at hand.
To evaluate word embeddings versus sentence encodings, we compared Tables 2 and 3, and observed that the
best values for a dataset are generally obtained using word embeddings. This result is counter-intuitive, as one
would expect the sentence-level encodings to better capture the content of a tweet. The reason for this result
may be related to the fact that we do not perform hyper-parameter tuning for classifiers such as RF and SVM.
For CrisisLexT6, the Gaussian Naive Bayes (GNB) classifier, which does not have any hyper-parameters,
the tfSent model produces an average accuracy of 88%, which is a 5% improvement of the best accuracy
obtained with word embeddings. Thus, sentence encoders have great potential for crisis tweet classification
tasks, but more experimentation and hyper-parameter tuning is needed to better evaluate their benefits.

• Among the classifiers studied, GNB, RF, KNN and SVM, which one benefits more from embeddings?
When using word embeddings, the SVM classifier performs the best overall, regardless of the type of
embedding and aggregation employed. The results of the RF classifier are sometimes the best for a dataset, or
very close to the results of SVM. When using sentence encodings, both RF and SVM classifiers work well for
the CrisisLexT6 dataset, while for the other two datasets, the RF classifier works better. However, we believe
that hyper-parameter tuning might improve the results of SVM, making this classifier more competitive also
when using sentence encodings. Gaussian Naive Bayes doesn’t work well with simple word embedding
aggregations, but performs well with sentence encodings on the larger CrisisLexT6 dataset. The results of the
KNN classifier are better than the results of Gaussian Naive Bayes, but worse than those of RF and SVM, in
general. The less-competitive performance of KNN may be due to the differences between the events in a
dataset. Given that we are using several disasters to train a model, and then we test the model on a left-out
test disaster, the different disasters used in training may bring in noise with respect to the test disaster. Even
though the word embeddings or sentence encodings are meant to bridge the semantic gap between tweets,
KNN is still sensitive to noise as it is making its classifications based on the nearest neighbors selected. If the
nearest neighbors are noisy, the classification can be wrong. Thus, overall, our study suggests that SVM or
RF are good choices as traditional supervised learning classifiers, but hyper-parameter tuning may be needed
to achieve best performance.

RELATED WORK

In NLP, word embeddings are used either to represent the features for a standard traditional classifier, o r  as 
initializations in a deep neural network, which will subsequently tune the initial values through backpropagation. 
Existing NLP works that compare different word embeddings aim to evaluate the quality of the embeddings across 
different NLP tasks (Baroni et al. 2014; Nayak et al. 2016; Schnabel et al. 2015). Evaluation approaches can 
be grouped into two categories: intrinsic evaluation and extrinsic evaluation (Schnabel et al. 2015). Intrinsic 
evaluations measure the quality of word embeddings by directly computing the correlation between semantically 
and geometrically related terms, usually through pre-collected inventories of query terms (Schnabel et al. 2015). 
For instance, Word2Vec is evaluated on a word similarity task in the original paper which introduced it. Baroni et al.
(2014) and Faruqui and Dyer (2014) are also focusing on intrinsic evaluations using a variety of query inventories.
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Table 3. Average accuracy values (and standard deviation) for three datasets, CrisisLexT6, CrisisLexT26, and
2CTweets, using the leave-one-out evaluation strategy, with three types of sentence embeddings and four supervised
classifiers. For each dataset, the best value of each column is highlighted in bold font. Furthermore, underscored
values represent the best values among those corresponding to a particular classifier. Themore underscored values
in a column, the better the corresponding word embedding performs as compared to other embeddings. Also, the
more bold values one type classifier has for a dataset, the better that type of classifier is for that dataset.

SIF InferSent tfSent

CrisisLexT6 GNB 0.834±0.065 0.806±0.060 0.881±0.061
RF 0.885±0.057 0.883±0.048 0.879±0.065
KNN 0.856±0.035 0.873±0.048 0.877±0.052
SVM 0.896±0.042 0.870±0.061 0.893±0.050

CrisisLexT26 GNB 0.800±0.020 0.821±0.049 0.800±0.053
RF 0.813±0.070 0.853±0.044 0.847±0.041
KNN 0.810±0.060 0.822±0.052 0.818±0.071
SVM 0.810±0.085 0.702±0.148 0.702±0.148

2CTweets GNB 0.835±0.032 0.859±0.050 0.880±0.050
RF 0.881±0.053 0.898±0.039 0.895±0.046
KNN 0.876±0.030 0.901±0.036 0.887±0.036
SVM 0.880±0.046 0.849±0.055 0.864±0.070

In extrinsic evaluations, word embeddings are used as input features to a downstream task, and the evaluation of 
the word embeddings is done according to the performance metrics specific to that task (Schnabel et al. 2015). 
For instance, GloVe embeddings are evaluated on part-of-speech tagging and named-entity recognition tasks 
(Pennington et al. 2014). Nayak et al. (2016) also proposed to evaluate word embeddings using a standardized suite 
of characteristic downstream tasks, so that the evaluation is more likely to generalize to real-world applications 
of the embeddings. Together, a thorough intrinsic evaluation of word vectors, and a limited extrinsic evaluation 
(Schnabel et al. 2015) showed that the performance on two downstream tasks (noun phrase chunking and sentiment 
classification) is not consistent, and may not be consistent with intrinsic evaluations e i ther. The authors suggested 
that training specific embeddings to optimize a specific objective is generally better for downstream ta sk s. This is 
also one reason we compare pre-trained embeddings with crisis-specific embeddings on crisis tweet classification. 
Schnabel et al. (2015) showed, in the context of sentiment classification of movie reviews, that CBOW (a Word2Vec 
model) is better than GloVe and some other distributed word representations. In their study, the word embeddings 
for sentiment classification were used to generate embedding-only features for each movie review by computing a 
linear combination of word embeddings weighted by the number of times that word appeared in the review.

Other prior studies that used word embeddings on tweet classification tasks also generated the vector representations 
of tweets by averaging the word embedding vectors along each dimension for all the words in a tweet (Boom et al. 
2016; Wang et al. 2015; Yang et al. 2016). The average representation was usually compared with the weighted 
average word embedding representation, and/or with approaches that use the word embeddings in deep learning 
models such as Convolutional Neural Networks (CNN). For example, Boom et al. (2016) focused on learning short 
text representations by averaging each dimension of the word embeddings. They also experimented with averaged 
embeddings concatenated with minimum and/or maximum aggregated embeddings, and proposed a weight-based 
approach that performs better on their semantically related and non-related pairs of words from Twitter data. Yang 
et al. (2016) studied the effect of the configuration used to train and generate word embeddings on a Twitter election 
classification task, where average word embedding representations of tweets, used with the SVM classifier, were 
compared with CNN models. The results suggested that the CNN models outperformed the SVM models.

While many previous studies have focused on text representations through the means of word embeddings or 
sentence encoders, the research on the usability of word/sentence embeddings for crisis tweet representation and 
classification is l i mited. Nguyen et al. (2016) used Word2Vec embeddings to initialize CNN models trained to 
classify crisis tweets. They also used crisis-specific Word2Vec embeddings trained on a corpus with approximately 
60,000 tweets, and showed that the crisis-specific embeddings are slightly better than the pre-trained embeddings. 
While we also compared pre-trained embeddings with crisis-specific embeddings, we experimented and compared a 
bigger variety of word embeddings used subsequently with traditional supervised classifiers. Furthermore, our 
training corpus for crisis-specific embeddings was much larger than the one used by Nguyen et al. (2016). Finally,
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to the best of our knowledge, we are the first to use recent advances in sentence-level encoding models (Cer et al.
2018; Conneau et al. 2017) in the context of crisis tweet representation and classification.

CONCLUSIONS AND FUTURE WORK

In this paper, we study the feasibility of building “generalized” crisis classifiers through the means of word
embeddings and sentence encodings. Towards this goal, we compared three types of word embeddings (Word2Vec,
GloVe and FastText) and three approaches to aggregate the word embeddings into tweet representations (specifically,
Mean, MinMaxMean, and TfidfMean). We performed an extrinsic evaluation, where the embeddings were used
with four traditional machine learning algorithms (Gaussian Naive Bayes, Random Forest, K-Nearest Neighbors and
Support Vector Machines) to learn generalized classifiers for crisis tweet classification tasks. We used both word
embeddings pre-trained on corpora such as Google News, Wikipedia or Twitter, and crisis-specific embeddings
trained on a large tweet corpus. We observed that the crisis-specific embeddings are more suitable for more specific
crisis-related tasks, while the pre-trained embeddings are more suitable for more general classification tasks, where
not all the tweets classified are crisis related. Among the three types of word embeddings (Word2Vec, GloVe and
FastText), the GloVe embeddings performed the best overall on the three datasets used in our study (CrisisLexT6,
CrisisLexT26 and 2CTweets). Specifically, the pre-trained GloVe embeddings worked better for the more general
classification task in CrisisLexT6, while the CrisisGloVe performed better for the more specific classification tasks
in CrisisLexT26. Furthermore, the SVM classifier was shown to make best use of the embeddings in terms of
generalizing to data from future disasters. In addition to word embeddings, we also experimented with recent
models for sentence encoding, and showed that the sentence encoders have great potential for being used in crisis
tweet classification tasks, although they may require more extensive hyper-parameter tuning. In particular, the
sentence encodings worked well with the GNB classifiers which do not require hyper-parameter tuning, and can be
potentially used in real-time in a crisis situation.

To conclude, our study can be used to provide insights into how the proposed “generalized” classifiers can be used in a
real crisis situation. For an emergent disaster, the first classification task to be addressed is the classification of tweets
as relevant or non-relevant to the disaster (similar to CrisisLexT6). Subsequently, relevant tweets can be classified
as informative and non-informative (CrisisLexT26), and further into specific situational awareness categories
such as injured people, damaged infrastructure, etc. Our preliminary results suggest that the relevant versus
non-relevant classification task can be addressed using a “generalized” classifier that employs Twitter pre-trained
GloVe embeddings with MinMaxMean tweet representations provided to the SVM classifier. Furthermore, the
informative versus non-informative classification task can be addredded with a “generalized” classifier that employs
CrisisGloVe embeddings, also with MinMaxMean tweet representations provided to the SVM classifier.

Classifiers for categorizing tweets in specific situational awareness categories will be designed in future work.
Furthermore, hyper-parameter tuning will be performed for all tasks to improve the performance of the “generalized”
classifiers based on word embeddings, and especially the performance of the classifiers based on sentence encodings.
In addition to traditional learning algorithms, we will also experiment with deep neural networks, such as
Convolutional Neural Networks and Recurrent Neural Networks, in future work. Finally, given our goal of building
“generalized” classifiers, we plan to include a bigger variety of crisis events in the training dataset of the classifiers.
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ABSTRACT 

Given the rising trend of natural and technological disasters in recent years, the demands for emergency 

responders are on the rise. One main challenge is how to cost-effectively train emergency responders. In this 

research, we aim to explore of the usage of Virtual Reality (VR) technology in an emergency healthcare training 

setting. We start with the following two research questions: (1) how to implement the VR technology to be used 

in the emergency healthcare training; and (2) how to evaluate the effectiveness of our implementation. To 

address the question (1), we construct emergency healthcare workflows from reference sources, convert them 

into process diagrams, and develop a VR software that allows users to carry out the processes in a virtual 

environment. To address question (2), we design an experiment that collect participants' personal data (features 

such as Age, Technical Background etc.) and the performance data (such as timespan, moving distance, etc.) 

generated during the training sessions. Ten participants were recruited and each performed three training 

sessions. We evaluate the data collected and have the following two main conclusions based on the observation 

of ten participants: (a) despite the different personal features, the participants, after repeated trainings, can 

improve their performance with reduced timespan and moving distance; and (b) the Technical Background has 

the highest impact on the timespan initially and it is reduced most significantly after repeated trainings; 

meanwhile, the Prior VR Exp has the lowest impact on the timespan.  

Keywords 

Virtual Reality, Emergency Healthcare, Training, Workflow, Quantitative Research 

INTRODUCTION 

Given the rising trend of natural and technological disasters in the recent years (CRED 2016), the demands for 

emergency responders are on the rise. One main challenge is how to cost-effectively train emergency 

responders. Recent development of new digital technologies, especially Virtual Reality (VR), could provide a 

solution. VR technology has attracted a huge amount of interests in recent years due to the advancement of chip 

and display 

technology. The wide availability of consumer-level VR products (from companies such as SONY, HTC, 

Facebook, Samsung, etc.) provides low-cost solutions of experiencing VR, and hence is more accessible to the 

public. Compared with the old generation of VR technology, the developing and deploying costs of current VR 

technology are significantly decreased. Additionally, the current VR technology can bring a full-immersive and 

interactive experience to users, thus it can provide an ideal solution to simulate and solve specific problems. In 

this work, we aim to provide a solution of using VR technology to train emergency healthcare responders. 

VR technology has been applied in improving healthcare and emergency response. Some focus on specific 

healthcare and medical problem solving, such as bleeding control (Khnapfel et al. 2000), stroke rehabilitation 

(Yamato et al. 2016; Hilton et al. 2011), treatment for patients with PTSD from the Iraq war (Rizzo et al. 2006), 
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laparoscopic training and evaluation (Aggarwal et al. 2006; Larsen et al. 2009), and trauma healthcare 

telepresence (Soderholm et al. 2008). Some focus on emergency response, such as mining safety (Schofield 

2009; Costa and Stelescu 2014; National Institute for Occupational Safety and Health Office for Mine Safety 

and Health Research Pittsburgh Research Laboratory 2000), nursing response in specific emergency situations 

(Kilmon et al. 2010), and industry safety (Bhide et al. 2015; Burke et al. 2006). Others focus on healthcare 

education. Izard developed a VR-based anatomy software which can be used to analyse and visualise the inner 

structures of human body (Izard 2016). 

We notice that there are a few explorations of using VR technology to train specific emergency healthcare skills, 

but none of them attempted to train with the entire emergency healthcare workflow. Our work will fill the gap 

by an implementation of VR for an entire emergency healthcare workflow. Specifically, we address two 

research questions. (1) How to implement the VR technology to emergency healthcare training? We plan to 

construct an emergency healthcare workflow from reference sources, convert it into program-recognisable 

process diagrams, and develop a VR software that allows users to carry out the processes in a virtual 

environment. (2) What approaches can be applied to evaluate the effectiveness of VR-based emergency 

healthcare training? We will design an experiment that collects participants' personal data (features such as 

Age, Technical background etc.) and the performance data (such as timespan, avatar moving distance, etc.) 

generated during the training sessions. And we will recruit participants, conduct the experiment and evaluate the 

data collected. 

The rest of the paper is organised as follows. We first give the methodology for emergency healthcare workflow 

formalisation, experiment design and VR software implementation. Then we show the preliminary results of ten 

participants on the experiment. Finally, we make the conclusion and discuss future work. 

METHODOLOGY 

In this section, we present the methodological details of our VR implementation. We first define the emergency 

healthcare workflow and convert it to process diagrams. We then build the process diagrams into our VR 

software. Finally, we create and perform experiments, and evaluate the experimental results. 

Emergency Healthcare Workflow (EHW) and Process Diagrams 

The Emergency Healthcare Workflow (EHW) is constructed based on various emergency healthcare training 

reference sources, e.g., St John’s How to assess a casualty. We first separate the emergency healthcare 

procedures into three parts: 

· Initial Assessment is to conduct a rapid assessment of the patient using methods such as consciousness 

level checking and body swiping. Also, some essential information relevant to injury cause is also 

acquired. 

· Secondary Assessment is to conduct a checking process of soft tissue injuries. Once this assessment is 

finished, we expect that patient is allocated correctly to specific recovery position such as a recovery 

trolley or an emergency vehicle. 

· Ongoing Assessment is to monitor the patient’s conditions and is usually conducted by professional 

paramedics. 

As we focus on training first responders (not professional paramedics), we will deal with the initial and 

secondary assessments only. The initial assessment has two major components: Resuscitation and Primary 

Survey, and Secondary Survey. The Resuscitation and Primary Survey uses a rapid assessment method called the 

ABCDEs (St John2013). Specifically, ABCDEs stands for Airway maintenance cervical spine protection, 

Breathing and ventilation, Circulation with haemorrhage control, Disability neurological status and 

Exposure/Environmental control, respectively. Each of the single term in ABCDEs represents a group of 

essential tasks to assess and maintain the baseline of vital signs.  In Figure 1 (left), we specified the tasks of 

ABC. Each task can be further divided into subtasks. We formalise each subtask using a process diagram based 

on techniques from software engineering methodology. Furthermore, particular vital signs or event statuses in 

each task are properly defined as Task Attributes. The attributes will be involved while performing specific 

procedures. Each formalized subtask contains a group of procedures, some attributes, at least one input and one 

output. For the case of A, “Airway maintenance cervical spine protection”, there are 6 subtasks and each subtask 

is further represented as a group of procedures. Figure 1 (right) shows the procedures for the second subtask, 

which intends to decide the level of consciousness for a patient by asking some questions and observing the 

feedback from those questions. First, the attribute “level of consciousness” is identified and the contents of this 
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attribute include various states of consciousness (shown in rectangles with round corners) such as “normal 

consciousness", “confused’,’ and “delirious", etc. Then, different procedures (shown in diamond boxes) which 

may change the “level of consciousness” attribute are identified and connected. Finally, the output of this 

attribute will be recorded. In total, we identified 20 baseline tasks (T1-T20) for the EHW, for which the full 

details are omitted due to the space limit. 

Experiment Design 

One of the main advantages of VR technology is that different environments can be simulated just in software 

without the need to change hardware. So, we design two scenarios for emergency healthcare training. The first 

scenario is a car accident near the landmark Sky Tower in Auckland, as shown in Figure 2 (left). The second 

scenario is an earthquake incident in Christchurch, as shown in Figure 2 (right). 

The first scenario is designed to help participants adapt to the VR training software and learn the EHW 

knowledge. We prepare two training sessions for the first scenario with 5-10 minutes’ break in between. The 

second scenario is designed to test whether they would recall and adapt the knowledge learned from previous 

training sessions for the first scenario. The total estimated time for the first scenario training sessions is 

approximately 45-50 minutes, and that for the second scenario training session is approximately 20 minutes; the 

time gap between the first and second scenario sessions is about a week. 

 

Figure 1. The Workflow of ABCDEs assessment and Procedures of “Check level of consciousness" 

 

Figure 2. Bird’s-eye View of Scenario 1 and 2 Environment 

In this project, we choose Oculus VR hardware for its competitive price and well supported software 

development framework. There are three Oculus devices in use: Oculus Rift VR Headset, Oculus Sensors, and 
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Oculus touch controller. Additionally, we use two cameras to capture videos from participants for analysis 

purposes. 

To achieve the best configuration required by VR sets, the minimal size of the room is set to be 40m². Figure 3 

shows the experiment environment and equipments more precisely and the participants, also known as trainees 

in this research, are asked to wear the Oculus Rift headset and hold two Oculus controllers while performing 

tasks in our VR software. They need to perform the procedures within a circled Performance Area with a range 

of 3200mm diameter approximately. A larger space called the Guardian Area overlaps with this Performance 

Area, and there are no physical obstructions in these areas. If the participant’s body moves out of the 

Performance Area or recording sensors start to lose tracking, the research staff will provide assistance. Three 

Oculus motion capture sensors are at the front-left, front-right and back-left positions respectively (seen as 

numbers 2, 3 and 6 in Figure 3). Those sensors will keep tracking constellations of IR LEDs from the headset 

and controllers and translate participant’s movement and actions in the virtual environment. Two cameras are 

set at the front-central and either front-right or front-left position. 

We use the quantitative research methodology to evaluate the use of VR in emergency healthcare training. 

Quantitative research is the systematic empirical investigation of observable phenomena via statistical, 

mathematical or computational techniques (Given2008). We notice that in (Aggarwal et al.2006), three main 

data items (“timespan”, “distance” and “personal feature”) are collected for evaluating the VR training effects. 

Our 

 

Figure 3. Experiment Environment Set Up and The Multi-view Screen 

evaluation uses a similar approach and collects two kinds of data: Personal Data and Performance Data. The 

Personal Data is collected in the beginning of the experiment, and it includes a trainee’s personal attributes such 

as age, technical background, and education background, etc. We want to explore how these personal attributes 

affect their performance. The Performance Data is collected during the experiment from the Oculus devices and 

the cameras by the VR software we developed. This data includes two main data formats, sensor data and media 

stream data. The sensor data includes various float numeric items which represent current states of the training 

session, such as the movement distance of the participant’s virtual avatar, and left/right controllers, the time 

usage of each tasks and subtasks. The purposes of collecting media stream data is to assist us to analyse the 

participant’s performing behaviours and record if any special actions are performed which could not be 

presented or reflected by the sensor data. The personal data and sensor data are stored in a MS-SQL-Server. The 

media stream data is stored in a dedicated external hard drive. 

VR Software Implementation 

We use an incremental build model as the main development methodology to conduct our progress and ensure 

the quality of the VR software. In this model (see Figure 4), the design, implementation, and test phases from 

the traditional waterfall model should be iterated incrementally until the software finally satisfies the 

requirements. One of the main advantages of this model is that, we can maximize the scales of the software with 

the addition of iterative qualities within a limited development period, and it also give us the flexibility to adjust 

the development progress and quickly responded to any problems as they occur. 
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Figure 4. Incremental model for VR emergency healthcare training software 

We first developed a prototype application to test which development techniques and platforms are suitable for 

this research project in the perspectives of learning and use difficulty, extensibility, stability, compatibility with 

commercial VR hardware, etc. We tested two most popular VR develop engines: Unity Engine and Unreal 

Engine. Based on reviews from (Amiel2015) and our own, we compared advantages and disadvantages of both 

engines and decided to use the Unity Engine due to its lower learning curve and the compatibility with C# 

Language   and .Net Framework. We designed a lightweight system architecture with three major layers (from 

top to down): “Presentation Layer”, in which we defined the components and objects responsible for managing 

all user-end interaction and visual presentation; “Logical Events Layer”, in which we defined the components to 

control the event logic for the upper layer; and “Supporting Layer” which consists of core library and compilers. 

In parallel, we have a central controlling component called “Global Manager”, which controls all task events, 

transmits data and variables between tasks, records the task status and performance data (sensor data). The 

purpose of designing this component is to keep the different layers independent and provides extensibility in 

future development. With the above architecture, we then mapped the EHW baseline tasks as major tasks in the 

VR software. We mapped the 20 EHW baseline task to 10 major tasks which contain 30 subtasks in total. 

Moreover, we included a tutorial task to get trainees familiar with essential interactions such as ‘teleporting’ and 

‘grabbing objects’ in the VR environment. 

EXPERIMENT RESULTS 

 
Figure 5. Sample distributions on five personal features 

In our pilot study, we recruited ten participants. Each participant attended three sessions:  the first two sessions 

are for the first scenario with 5-10 minutes’ break in between and the third session is for the second scenario and 

is typically conducted a week later. Figure 5 gives the sample distributions in terms of five personal features: 

Age, Technical Background, Education Background, Prior EH Training Exp (Prior emergency health training 

experience ) and Prior VR Exp (Prior VR experience). For each feature, we defined five different categories I-V 

(larger means higher). Each category has a predefined meaning, e.g., for Age, Category I refers to 18 - 29 years, 

and Category II refers to 30 - 39 years, etc. As we have a relatively small sample space, not all categories have a 

sample and this is reflected in the figure. We keep all the categories for the sake of completeness and future 

studies.  
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We now analyse the performance data collected on the thirty training sessions and its relation to the personal 

data. Two main performance measures we’ll discuss below are timespan and moving distance. We first show 

how they are affected by repeated trainings, and then we show the relative impact of personal features on 

timespan. Finally we’ll show the influence of language and handedness on the results. 

Effect of Repeated Trainings 

Our system collected the timespan for all subtasks in each session. Below we only use the full timespan, which 

is the sum of all subtasks’ timespan. The average timespan over ten participants in the three training sessions are 

1352.4 seconds, 737 seconds and 502.3 seconds respectively. This suggests that repeated trainings reduce the 

average timespan. We want to see if this also holds for each personal feature. Due to space limit, we only 

demonstrate evaluations on the first two personal features: Age and Technical Background. Further details can 

be found in (Peng 2018). 

Timespan Evaluation on Age 

Figure 6 shows the average timespan by different age categories among all training sessions. A decreasing trend 

can be observed on both age categories. In the first training session, the average timespan of Age Category I is 

1268 seconds, which is 25.1% less than the Age Category II’s 1692 seconds. Both categories’ timespan 

difference in the second session is much less (Age Category I = 728 seconds, Age Category II = 775 seconds). 

In the third session, Age Category I spent 472 seconds on average, which is 24.3% less than that of Age 

Category II (623 seconds). 

From the data, we may conclude that, with repeated trainings, participants in different age categories improved 

their performance with reduced average timespan. The younger age category spent less time than the older 

category, but the VR training is effective to close the gap. 

 

Figure 6. Average Timespan by Age among all sessions 

Timespan Evaluation on Technical Background 

Figure 7 shows the average timespan on Technical Background among all sessions. In the first session, a 

significant gap is shown between Category II and III (733 seconds), while the gap between Category III and IV 

is much smaller (68 seconds). In the second session, the gap between Category II and III is reduced to 18 

seconds, and the Category II spent 59.1% less time than the first session. In the third session, the timespan 

among all categories are reduced as well. From the data, we may conclude that, with repeated trainings, 

participants in different technical background categories improved their performance with reduced average 

timespan. The participants in the stronger technical background category spent less time than the weaker ones, 

but the VR training is effective to close the gap.  
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Figure 7. Average Timespan by Technical Background among all sessions 

Moving Distance Evaluation on Technical Background 

Besides the evaluation on the timespan, we evaluate moving distance of avatar and controllers. Due to space 

limit, we only show the result on Technical Background and refer more results to (Peng 2018). 

Figure 8 shows the average moving distance of avatars by Technical Background among all sessions. Category 

IV increased the moving distance of their avatars during the second session, while the Category II and III kept a 

decreasing trend among all sessions. After reviewing the media stream data and talking with the only participant 

in Category IV, we found that the participant was trying to explore the virtual environment, instead of focusing 

on the tasks. This explains why Category IV increased the moving distance in the second session. 

Figure 9 shows the average moving distances of left and right controllers by Technical Background among all 

sessions. Overall, decreasing trend of controller moving distance is observed for both left and right hands. 

Together with Figure 8, we can see that the increase and decrease trends of the controller moving distance have 

a correlation with that of the avatar moving distance for the same category, e.g., for Category IV, the right 

controller moving distance increases in the second session and the avatar moving distance increases too in the 

same session. The convergence of the moving distance both in the avatar and controllers for the second and third 

sessions in both category II and III shows the effectiveness of our training system. 

From the data, we may conclude that, with repeated trainings, participants in different technical background 

categories improved their performance with reduced moving distance in general.  

 

 
 

Figure 8. Average moving distance of Avatar by Technical Background among all sessions 
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Figure 9. Average Moving Distance of Left and Right Controllers by Technical Background among all sessions 

Relative Impact of Personal Features 

Now we compare the relative impact of personal features on the timespan. For each session, we calculate the 

average of each categories (e.g., see Figure 6 and 7 for Age and Technical background in terms of timespan), 

and its distance to the overall average (i.e., on all participants). Suppose the overall average is v, and the average 

of each category is: s1, s2, ..., sn, then the relative deviation for each training session t is given as 

                       
(1) 

We use the relative deviation as an indicator for the impact of different personal features. In the following, we 

apply the relative deviation on timespan, but it can be applied on moving distance too.   

For the Age feature, we use Formula (1) to calculate the relative deviations rdt on the training sessions: rdt
1
 = 

0.18, rdt
2
 = 0.03 and rdt

3
 = 0.17. It shows that the first training session has the largest relative deviation, and then 

the gap is reduced notably in the second session. The smaller rdt value means the categories’ timespan is closer 

to the overall average timespan. In the third session, the relative deviation is increased again, possibly due to the 

change of scenario and the long recall time (one week). 

All the relative deviations of five personal features are shown in Table 1. We can see that Technical Background 

at the first session has the highest relative deviation. This is consistent with our observation during the 

experiment that different technical background would strongly affect participants' performance in their first 

training session. The technical background affects the participants’ understanding of the operations in the virtual 

world; and in general, the ones with higher technical background adapt to the virtual world quicker, hence 

spending less time. In the second session, the relative deviations for all personal features are reduced, see (rdt
1
 - 

rdt
2 
) in Table 1, as participants are getting familiar with the same training content. The relative deviation for 

Technical Background is reduced most. In the third session, the relative deviations increase again for all 

personal features, as participants are getting a new scenario and there is a longer time gap (1 week) with the 

second session. By comparing the first and last session, the relative deviations are mainly reduced and the most 

notable one is by Technical background, see (rdt
1
 - rdt

3 
) in Table 1. This suggests that the Technical Background 

has the highest impact on the timespan initially and it is reduced most significantly after repeated trainings. On 

the other hand, we see that the Prior VR Exp has the lowest relative deviation among all sessions. This suggest 

that the Prior VR Exp has the lowest impact on the timespan.  

Influence of Language and Handedness 

We found an interesting phenomenon according to the on-experiment observation, that the native English 

speakers preferred to use vocal instructions to acquire task information, while the non-native English speakers 

501



Peng Xia et al.                     VR for Emergency Healthcare Training 

 
 

Work in Progress Research Paper – Information systems for disaster healthcare 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

. 

preferred to read the texts from the Task Helper. This phenomenon happened among all participants in their first 

training session. By listening to the vocal instructions and performing the tasks, the native English speakers 

spent 36% less time than the non-native English speakers in the first session. In the second session, the 

difference of timespan between two categories are reduced to 13.5%, as participants in both categories have 

partially memorised the training content and they did not fully rely on the instructions. In the third session, as 

small changes were made in a few subtasks, and the gap of timespan between two categories is increased to 

29.5%.  

Another interesting phenomenon is the handedness. We found that for each category, the average moving 

distance of the right controller is always larger than that of the left controller (see Figure 9 for the Technical 

Background feature), and their difference is more or less the same. We think that this is likely caused by the fact 

that most people are right-handed.  

Table 1. The relative deviation on three sessions over personal features 

 r dt1
 r dt2

 rdt3  
 (r dt1

 - rdt2
) (r dt1

 - rdt3
) 

Age 0.18 0.03 0.17 0.15 0.01 

  Technical Background 0.27 0.09 0.17 0.18 0.10 

Education Background 0.17 0.08 0.18 0.09 -0.01 

Prior EH Training Exp 0.22 0.13 0.26 0.09 -0.04 

Prior VR Exp   0.16 0.01 0.13 0.15 0.03 

CONCLUSION 

In this research, we explore of the usage of Virtual Reality (VR) technology in an emergency healthcare training 

setting. We first constructed emergency healthcare workflows from reference sources, converted them into 

process diagrams, and developed a VR software that allows users to carry out the processes a virtual 

environment. We designed experiments collecting personal data and the performance data generated during the 

training sessions. Ten participants were recruited and each performs three training sessions. We evaluate the 

data collected and have the following two main conclusions based on the performance of ten participants: (a) 

despite the different personal features, the participants, after repeated trainings, can improve their performance 

with reduced timespan and moving distance; and (b) the Technical Background has the highest impact on the 

timespan initially and it is reduced most significantly after repeated trainings; meanwhile, the Prior VR Exp has 

the lowest impact on the timespan. We also notice the influence of language on time span and the influence of 

handedness on moving distance. Note that as the sample space is relatively small, our conclusions are limited in 

generality, and a larger sample collection would be preferred. Finally, we point out some directions for future 

work: (1) further analysis on current data collection using more complex algorithms; (2) conduct further 

experiments for a lager sample collection; (3) an integration of this VR software in training emergency 

responders with organisations such as St John.  
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ABSTRACT 

In disasters, several national, international, and non-governmental organisations such as police, health, 

ambulance, fire and civil defence services are usually involved in the response process. Therefore, it is crucial 

that responding agencies communicate effectively to avoid fragmentation and duplication in services, to 

harmonise separate activities, and to clarify roles and responsibilities. Central to communication is information 

exchange. Effective information exchange enhances not only the appropriateness and success of disaster 

response, it also ensures timeliness. However, cross-agency communication is extremely challenging 

especially at times when there are high stress levels, incomplete data, and minimum time to make critical 

decisions. This paper attempts to specify a ‘best-practice’ model for cross-agency communication with the aim 

of identifying the specific information requirements of disaster management and disaster medicine agencies. 

The end goal is to design a system that improves the overall quality of healthcare services provided to disaster 

victims. 

Keywords 

Disaster healthcare, communication, connection, collaboration, coordination, minimum datasets 

 

INTRODUCTION 

A disaster is an event with an impact that exceeds the ability of a community or society to deal with the 

incident from within its own resources (IFRC, nd). Accordingly, no single agency can respond solely to the 

complexity associated with disaster preparedness and response Given the mix of roles, responsibilities and 

priorities, effective coordination within and among these different responding agencies is crucial to eliminate 

gaps and duplication in services, determine an appropriate division of responsibility, and establish a 

framework for information sharing, policy agreements, program collaboration and joint planning (IFRC, 

2000). Poor coordination and information exchange on the other hand, can result in failures including 

inappropriate allocations of resources, delivery of relief processes, and delayed evacuations leading to 

escalations and higher numbers of casualties (Bharosa, Lee and Janssen, 2010). Therefore, it is vital to prepare 

for effective cross-agency communication and smooth information exchange that enables agencies to acquire 

the knowledge and tools necessary for a well-coordinated response.  

This paper attempts to model cross-agency communication in disaster healthcare by identifying the most 

important communication activities, their attributes, order of occurrence, relationship with each other, and the 

information required to fulfil them. The end goal of the model is to achieve a significant improvement in the 

appropriateness and quality of disaster healthcare by using information and communication technologies to 

establish meaningful communication channels between the main agencies that provide public health services to 
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disaster victims.  

A comprehensive literature review has been conducted to investigate the obstacles to effective cross-agency 

communication and information exchange in emergencies and disasters. An earlier study (Abbas, Norris and 

Parry, 2018) categorised these challenges into five themes; authority and leadership, culture and trust, situation 

awareness, technology, and legislation. Based on the issues arising from these themes, an initial 

communication model has been drafted and discussed with participants from emergency management and 

health to gather insights and opinions that can lead to refinement of the model. 

METHODOLOGY 

The literature study focused on the information exchange between disaster management and disaster medicine 

agencies and their information requirements. The search covered a number of Databases including TRACIE: 

Healthcare Emergency Preparedness (Information Gateway), Disaster Lit: The Resource Guide for Disaster 

Medicine and Public Health (US National Library of Medicine, 2018), The International Disaster Database 

(EM-DAT, 2018), Google Scholar, Scopus etc. Journals consulted included The American Journal of Public 

Health, International Journal of Emergency Management, American Journal of Disaster Medicine, Disaster 

Medicine and Public Health Preparedness, Prehospital and Disaster Medicine etc. Government reports, policy 

statements, etc were also accessed. The search also covered websites of international humanitarian 

organisations such as IFRC, UNOCHA, and WHO. More than fifty articles were retrieved and the outcome of 

the search was used to draft the communication model. Fifteen semi-structured interviews, about an hour each, 

were then conducted with eight disaster managers and six senior disaster-healthcare experts to gather their 

insights and views about the model and the information required for each of its activities. Participants were 

chosen from the emergency management departments of the main governmental response agencies in New 

Zealand and from international and non-governmental humanitarian response agencies including the United 

Nations, New Zealand Red Cross, and The Salvation Army. Governmental agencies included Police, 

Ambulance, Fire and Emergency Services, Ministry of Civil Defence, Ministry of Health, and a District Health 

Board. Participants are experienced in diverse types of disasters including earthquakes, armed conflicts, and 

epidemics.  

MODELLING DISASTER HEALTHCARE COMMUNICATION  

While disaster management and preparedness has always existed, disaster medicine in the western world is 

attributed to the development of triage in the 1790s, the works of Heinrich Zangger on civilian mine 

explosions in the early 20th century, and to the rapid evacuation and field surgical care which started in WWII 

(Suner, 2015). Both disciplines are concerned with healthcare provision in disasters. The mere definition of 

‘health’ as a state of complete physical, mental and social wellbeing and not merely the absence of disease or 

infirmity (WHO, 2006), highlights the importance of the distinct roles of various response agencies resulting in 

different mandates, organisational structures, and operational modalities that can cause substandard and 

sometimes unavailable healthcare (Abbas, Norris and Parry, 2016). In spite of the existence of emergency 

response frameworks designed to coordinate disaster response, the literature reveals poor communication 

between responding agencies that highlights a knowledge gap between ‘what we know and what we need to 

know’ to improve the overall quality of response in disasters.  

For example, in New Zealand, disaster response is guided by the Coordinated Incident Management Structure 

(CIMS). CIMS is a framework that describes how agencies coordinate, command, and control incident 

response of any scale, how the response is structured, and how the relationships function between the 

respective CIMS roles, and between the levels of response (MCDEM, 2014). However, according to one 

senior health emergency manager interviewed, “It gives guidance about good practice for planning but 

doesn’t own the content of what agencies do, it won’t tell you what to put inside it or how to think outside the 

box of who to talk to”. She continues, “Sometimes you have to have direct contacts with agencies working 

outside the route of information flow described in CIMS”. 

Although, in most cases, formalised vertical information exchange guarantees credibility and relevance, 

informal information exchange is still vital for situation awareness. A mechanism that ensures timely 

horizontal information exchange to manage situations that are not catered for by incident management 

frameworks such as CIMS is needed. In a multi-agency network through which information flows both 

vertically and horizontally, facilitative leadership is more appropriate than one that is based on command and 

control. The management focus is on selecting appropriate agencies and resources, shaping the operating 

context, and developing ways to cope with the strategic and operational complexity (Agranoff and McGuire, 

1999). The following sub-sections discuss current communication scenarios, interviewees’ perspectives, and 
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the suggested cross-agency communication model. 

CONNECTION, COLLABORATION, AND COORDINATION 

To avoid confusion we use the definitions of the terms ‘collaboration’ and ‘coordination’ provided by the 

World Health Organisation and International Federation of Red Cross and Red Crescent Societies. 

Connection 

Connection refers to the establishment of relationships between different agencies through educating them 

about each other’s missions and structures, and their anticipated interactions or cooperation in preparedness 

and/or response activities. Relationship building involves knowledge of each other’s roles, responsibilities, 

equipment and tasks, information requirements, and trust building (Granåsen, Olsén and Oskarsson, 2018). 

Trust facilitates the task of knowing who to talk to in critical times; an issue that has been emphasised 

frequently by the interviewees in our study. “Those who work together well on a daily basis tend to work 

together well in disasters” (Auf der Heide, 1989). Connectedness, although rarely established in practice, is 

paramount to the effectiveness of the other components of communication; collaboration and coordination. 

Collaboration 

Collaboration is more than simply sharing and exchanging information. Collaboration means that agencies 

assess the situation together, share ideas on how to overcome problems and initiate joint practical responses. 

According to IFRC (IFRC, 2000), collaboration covers the following four activities: 

a) Identifying affected population groups and jointly assessing their potential capacities and needs so as 

to determine high priority groups 

b) Coordination of assistance standards of health services, water supply and sanitation, nutrition, food 

aid, shelter and site planning based on the minimum humanitarian standards in disaster response as 

developed by the Sphere project (The Sphere Project, ND). 

c) Mobilisation of relief resources taking into consideration medical supplies, food, communication 

systems, transport and organisation of deliveries, availability of people to render urgent assistance 

(relief), equipment and sanitation 

d) Joint training. Training highlights areas for improved inter-organisational cooperation in 

preparedness, response, and mitigation, and provides recommendations for ensuring unchecked 

assumptions do not become threats (Graham and Stephens, 2018).  

According to several interviewees, disaster responders often lack training in emergency management leading 

to the repetition of old mistakes without making use of the lessons learnt from previous disaster events. Joint 

training reduces the costs of independent agencies, enhances the quality of training, and improves trust and 

relations between disaster response agencies. Relationship building is often established during joint training 

thus facilitating cross-agency communication.  

Coordination  

Disasters are characterised by overwhelming needs, competing priorities, destroyed or damaged 

communication and infrastructure, a rapid influx of humanitarian assistance organisations and an outburst of 

mutual aid from local citizens and highly stressed local governmental and non-governmental institutions 

(IFRC, 2000). In such a situation, utilising existing resources and capabilities is crucial for the effectiveness of 

any response. Coordination is about this effectiveness.  

According to WHO, coordination is defined as the systematic utilisation of policy instruments to deliver 

humanitarian assistance in a cohesive and effective manner. Such instruments include: strategic planning; 

gathering data and managing information; mobilising resources and assuring accountability; orchestrating a 

functional division of labour in the field; negotiating and maintaining a serviceable framework with host 

political authorities; and providing leadership (WHO, 2018). Coordination aims at eliminating fragmentation 

and duplication in services, harmonizing separate disaster actions or activities and clarifying roles and 

responsibilities (IFRC, 2000). In a coordinated effort, people and units know “what they are to do” and “when 

they are to do it” and they see the relationship between what they do and what the coordinated whole achieves 

(Denise, 1999). The greatest challenge to coordination is the inherent difficulty of identifying a common 

purpose and approach among agencies whose mandates, methods, resources and systems are diverse (IFRC, 
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2000). This challenge evidently falls into the Authority and leadership category of cross-agency disaster 

communication.  

In a practical context, it is debatable whether collaboration precedes coordination or vice versa. We believe 

that normally collaboration precedes coordination. Our rationale is that coordination is about knowing what to 

do, when to do it, and how it fits within the whole picture of response, a prelude to action that clearly depends 

on the outcome of the joint assessment of the situation that takes place at the collaboration stage.  

MINIMUM DATASETS FOR MODELLING COMMUNICATION IN DISASTER HEALTHCARE  

Effective information sharing is critical for responding agencies to make well-informed and timely decisions 

with regard to what needs to be done, and when and how, following the occurrence of a disaster event. Hence, 

the quality of the information exchanged between responding agencies in disasters is crucial to the quality of 

response provided to disaster victims. Poor information sharing and coordination during inter-agency disaster 

response has a negative influence on collective decision-making and actions (Junglas and Ives 2007). 

Information sharing builds situation awareness, which is a key requirement for good decision making in a 

disaster situation. Situation Awareness is defined as “The perception of elements in the environment within a 

volume of time and space, the comprehension of their meaning, and the projection of their status in the near 

future” (Endsley, 1988). In a collaborative context, each individual within a team needs to have some level of 

situation awareness in order to perform their tasks as they contribute to the overall objective of the team. Both 

individual and cross-agency situational awareness are of immense significance in emergency response since an 

individual’s situation awareness contributes to the information that needs to be interpreted and built upon in 

the process of decision-making. A common escalation of the lack of individual situation awareness is depicted 

in Figure 1. 

 

Figure 1: Cross-agency Communication: First Respondents’ Attitude Towards Information Sharing 

Information that is not relevant to the situation awareness of team members, other than the sender, results in 

wasted time and is best filtered to avoid unwanted ‘noise’ (Abbas, Norris and Parry, 2018). The challenge here 

is to define the exact needs required for fulfilling individual tasks upon which a holistic picture of what is 

happening is built. Accordingly, we believe the notion of a Minimum Data Set (MDS) could be a viable 

approach to model cross-agency communication. 

An MDS is a set of data elements with uniform definitions that is minimally sufficient to define the 

information (i.e. useable data) requirements for a specific task (The Free Dictionary, 2018). The ‘minimal’ 

aspect is critical for the exchange of healthcare information in disasters where situations change quickly and 

extraneous data could hamper rapid and accurate decision making under highly stressful conditions. The 

notion of Minimum Data Sets has been used previously, sometimes referred to as common operational 

datasets.  The Inter-Agency Standing Committee (IASC), a unique forum involving the key UN and non-UN 

humanitarian partners, has developed Common Operational Datasets in disaster preparedness and response 
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related to the information requirements of national authorities and humanitarian organisations. The World 

Health Organisation MDS determine the items that should be included in reporting by emergency medical 

teams (Benin-Goren, Kubo and Norton, 2017). Turoff et al. (2003) discussed the importance of preventing 

information overload, and searching processes for obtaining relevant information as an important aspect of 

designing a dynamic emergency response management information system. They argue that emergency 

responders work an average of 14-18 hours daily and have no tolerance or time for things unrelated to dealing 

with the crisis. 

Our model envisages an MDS as an assembly of database records defined for an individual agency and, as 

importantly, inter-agency, needs. The records are stored in a structured information system and constructed 

from environmental, demographic, clinical, and other pertinent sources, updated in real time, and maintained 

by the individual agencies. An agency responder can edit and customise the content of an MDS with the 

permission of their manager. The combined data from all agencies are stored in a database and an MDS is 

defined by an agency as the minimum set of those items in the database collection that it needs to discharge its 

role in a disaster. Some of these items will be provided by the agency itself but others will be provided by 

other collaborating agencies and each agency is responsible for updating data items that it owns. When an 

agency is in need of a data item that is not part of its usual MDS, it can automatically issue a request for that 

item to an existing source or route it to a team charged with locating uncommon items.  

This model has the flexibility to define MDS for different circumstances, for example, different types of 

disaster, different resource or infrastructure constraints etc. It could even be used to define an MDS instantly if 

an unusual agency, e.g. Poisons, Information Centre has to be called upon. The model presents a systematic 

but flexible approach to information sharing that has the potential to re-engineer critical communication 

processes in disaster healthcare. The detailed design of such a system is part of our on-going research.  

In emergencies, common health interventions cover a broad range of activities (Figure 2) from setting up 

health facilities to distributing health-related kits. These interventions cannot be achieved by the health sector 

solely and have to be enacted in conjunction with other response agencies that require different datasets to 

fulfil their missions. Thus, datasets need to be categorised to make them manageable. 

 

 

 

 

 

 

 

 

 

Figure 2: Common Health Interventions in Disasters 

 

By examining typical information needs in a diverse range of disasters we currently perceive the need for four 

distinct, but interconnected, MDS as follows: 

Primary MDS 

Data in this MDS describe fundamental needs and services such as shelter, food, water, evacuation priorities 

etc., that although clearly related to health needs also apply when healthcare is not the major consideration. 

Contains a priori data about the geography, infrastructure, and demographics of the region affected by the 

disaster as well as relevant health and epidemiological data. These data may be comparatively static in non-
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disaster situations but can be changeable and dynamic when a disaster strikes. The baseline MDS are key 

elements of resilience planning. 

Situation Awareness MDS 

This MDS comprises dynamic data on the general, current status of the disaster, its severity, impact 

(casualties, damage etc.), prognosis, risks, and general priorities. 

Healthcare MDS 

Healthcare MDS focus specifically on the health situation. A healthcare MDS embraces numbers of casualties, 

types of injury, triage statistics, resource availability and requirements, etc. 

INTERVIEWEES PERSPECTIVES ON CROSS-AGENCY COMMUNICATION AND INFORMATION NEEDS 

The model below (Figure 3) has been presented to the participants to elicit their expert opinions on its 

usability, its strengths and weaknesses, and the concept and composition of the suggested MDS. Participant 

responses were then used to refine the model and realise its potential benefits (Abbas, Norris and Parry, 2018). 

The refined model will be subjected to a Delphi study to gain a higher degree of granularity. 

 

 

Figure 3: The Draft Communication Model 

 

The draft model presented to the participants is a linear one. However, there is consensus that disaster 

communication is never linear in practice and that the order in which these activities are carried out depends to 

a great extent on the context, which can change rapidly. Participants agreed that the components are 

interchangeable and interconnected. One interviewee even went further saying that “… there’s even a potential 

for an additional 4th C, ‘Cooperation,’ which refers to ensuring that all agencies are seeing the same 

picture”. They agreed that information exchange is constantly happening across all three components, 

connection, collaboration, and coordination, and that the need to visit MDS is not going to be restricted to one 

phase or activity. Figure 4 shows possible scenarios of communication flow. 

 

 

Figure 4: Current Communication Scenarios 
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A major issue is ‘unknown unknowns’ That is, groups may well not be aware of what information or 

knowledge they hold which may be of use to other groups, either because they are not aware that this 

information could be useful to the other groups, or is already known to them, or that they do not understand 

that such information exists. An MDS has the potential to solve this problem by giving agencies the ability to 

‘pull’ what they need from the available MDS on demand.  

Another issue describes the extent to which groups are prepared to change their own behaviour or share 

information in order to cooperate. Trust eases the need for control, which in turn reduces transaction costs and the 

need for formal contracting (Dyer and Chu, 2003). Interpersonal trust affects inter-organisational trust, which in 

turn has a significant influence on information exchanges (Abbas, Norris and Parry, 2018). However, Bernstein 

argues that more-transparent environments are not always better and that privacy is just as essential for 

performance  (Bernstein, 2014). This is consistent with views of some survey participants who mentioned that 

total transparency results in an abundance of information, which can either reduce an individual’s ability to 

determine what should be shared or lead to misinterpretation by the recipient.  

Interviewees were curious about the implementation of MDS. When the concept of specifying a structured 

information system that implements MDS was discussed with them, participants had valuable feedback on 

both functional and non-functional requirements for such a system. They suggested that the information 

system that implements MDS should be integrated into existing information sharing systems, rather than be 

used separately as current systems are very useful but not comprehensive. Information systems usability 

features including search capabilities and documents display that need to be simplified, as they are essential to 

decision-making. “Currently, decision-makers as well as responders need to navigate through massive 

documents and situation reports to get simple information that would help make a decision”, said one 

interviewee (Abbas and Norris, 2018). Another important point concerned the needs of disabled emergency 

responders, “When building an information system for emergency management, the needs of people with 

disabilities with regards to text colours and functionality need to be taken into consideration… Visual 

strategies should be developed where possible to minimise the need for text commentary”. 

Many participants agreed with the categorisation of MDS into baseline, healthcare, and humanitarian but 

disagreed that Situation Awareness (SA) should be a separate MDS. The argument was that baseline, 

healthcare, and humanitarian MDS all feed into situation awareness. They argued that SA should be the parent 

of the other MDS because 99% of what is needed to gain that SA actually comes from the other three 

categories. A suggested approach to implementing SA is through identifying elements in the other three MDS 

categories that could be flagged as essential items for the purpose of emphasising situation awareness.  

Data items of each MDS were discussed. Aside from healthcare, participants were mostly happy with the items 

presented. Further granularity of these items will be sought at a later stage. As for healthcare MDS, a WHO-

trained emergency management team member confirmed that the clinical information requirement in the first 

few hours of response is minimal and does not extend beyond identifying a victim by some serial number, 

knowing what drugs they have been given, what they presented with, their discharge disposition, and where 

they will be going to from their current location. One senior emergency manager mentioned that this 

information is saved but is not used except “if something goes wrong” whereas the emergency medicine 

expert confirmed that it would be very useful to be able to marry the clinical data gathered in disasters to their 

respective health records at some point.  

One health person who has been deployed as part of an international medical team highlighted the need to 

have a patient tracking system that informs healthcare providers of where victims have been picked up. He 

argues that knowing this critical piece of information has significant implications from a public health 

perspective. Patient tracking and triage systems do not only improve healthcare provision for victims, they can 

also be conducive to prevent health personnel from experiencing stress-related diseases like post-traumatic 

stress disorder (PTSD) (Donner, Greiner-Mai and Adler, 2012). Interestingly, even healthcare providers agreed 

that situation awareness items do not form a separate category but are in fact updated healthcare data items. 

Further findings (to be published) touch on the importance of simplified emergency response plans, 

community engagement in needs assessment, responders training and the role of personal relations on the 

efficiency of disaster response, and addressing the needs of vulnerable people. There is strong emphasis on 

relationship building and prior liaison between disaster responders. A study (Bateman and Gralla, 2018), that 

evaluated strategies for information management in humanitarian response, found that among several 

strategies, holding regular meetings makes the largest difference in the time it takes to collect sufficient 

information for decision-making. Ongoing analysis will reveal more information about the insights of experts 

about modelling communication and the datasets essential for building it. 
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DISCUSSION  

This paper describes an on-going attempt to model cross-agency communication in disaster healthcare by 

identifying the main communication activities and the information required to fulfil them. The paper uses 

preliminary findings gained through semi-structured interviews with disaster mangers and health personnel. We 

believe the model has the potential to make substantial improvements to the quality of communication and the 

effectiveness of the exchanged disaster healthcare information. 

Participants were highly supportive of the concept of MDS as a means of eliminating excessive data and 

restricting information exchange to relevant and timely data. The fact that an MDS is developed and maintained 

by an agency for its own purposes automatically puts an obligation of accountability on the agencies 

supplementing the data. The ability of agencies to ‘pull’ their unplanned information needs by accessing relevant 

data from MDS ‘owned’ by other agencies was also viewed favourably. This is a fruitful approach because, 

instead of receiving irrelevant information, agencies will take the responsibility of defining what is crucial to 

them. Certain data perceived as not-so-important to one agency may prove to be crucial to others.  

Based on interview feedback, the initial model has been refined in preparation for a more rigorous Delphi 

study. Table 1 below defines the current state of the model, the three activities their attributes, and their 

expected outcomes.  

A visual representation of the model is shown in Figure 5. The model depicts how agencies supplement 

different MDS categories with data, the connections between the model’s components, and how the final 

outcome, which is well-coordinated action, feeds back into the agencies’ operations that in turn updates the 

MDS with data for future use. 

 

Table 1. Components, Definitions, Attributes, and Outcomes 

Activity Definition Attributes Outcome 

Connection The establishment of relationships 

between different agencies through 

educating them about each other’s 

missions and structures and potential areas 

of cooperation. 

1. Simple information exchange 

2. Relationship building (Who to 

contact) 

3. Identification of clear lines of 

communication 

4. Standardised assessment forms  

1. What agencies do 

2. How they do it 

3. Who to contact 

Collaboration The ‘joint’ assessment of the situation 

together, sharing of ideas on how to 

overcome the problem and initiating 

practical responses together 

1. Situation awareness 

2. Identifying affected population 

groups  

3. Jointly assessing their potential 

capacities and needs to 

determine high priority groups 

4. Specifying standards of health 

services, water supply and 

sanitation, nutrition, food aid, 

shelter and site planning (The 

Sphere) 

5. Joint risk assessment 

6. Mobilisation of relief resources: 

Medical supplies, food, 

communication systems, 

transport and organisation of 

deliveries, availability of people 

to render urgent assistance, 

equipment and sanitation 

7. Joint training (Connection) 

1. What is the situation? 

2. High priority groups 

3. Standards of care 

4. Available resources 

5. Risks 

Coordination Elimination of fragmentation and 

duplication in services, harmonizing 

separate disaster actions or activities, and 

clarifying roles and responsibilities 

1. Situation Awareness (Challenges) 

2. High priority groups 

3. Available resources 

4. Risks 

1. What to do 

2. When to do it 

3. How it fits within the 

bigger response 

picture (Who else is 

doing it) 
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Figure 5: Best-practice Model for Cross-agency Communication 

CONCLUSIONS AND FUTURE WORK 

The literature survey reported here has identified and categorised key themes that impact inter-agency 

communication in disaster healthcare. These themes have been used to construct a communication model 

based on minimum datasets and practitioner feedback has refined the model to the point that it demonstrates 

potential for improving communication and the delivery of disaster healthcare. 

Further refinement of the model is projected by assigning weights from practical experience and perceived 

value to the level of importance (low, medium, or high criticality) of MDS items in specific situations 

(Dombois, Bittner and Rüppel, 2018). The weighted items can then be aggregated in way to be determined to 

designate the levels of inter-agency connection, collaboration, and coordination and so used to identify and 

improve upon weaknesses in the communication chain.  

In considering the practical implementation of the model it should be noted that telecommunications and geo-

spatial technologies can automatically generate data based on agency data/information sharing requirements 

and shift the focus from a technology-based approach to a needs-based one. If such a model is realised by a 

structured information system, the system will have the capability to incorporate, display, and share 

information continuously. The target is a single, usable, knowledgebase system that is dynamically updatable, 

and accessible to every disaster agency providing them with customised and interactive data. In a fully-fledged 

form, the system could collect multimedia data from sensors and GIS components, and use adaptive artificial 

intelligence algorithms to route extracted information between appropriate contacts and agencies.  

An approach with such potential inevitably faces challenges. Privacy and confidentiality restrictions related to 

what needs to be shared, system interoperability issues, and the incompatibility of standard operating procedures 

are paramount amongst such challenges. On the other hand, a strength of the model lies in the continuous update 

of MDS data items by their respective agencies as part of their usual operations. This inherent continuity places 

‘connection’ on a semi-permanent basis and increases community resilience by lessening the criticism often 

leveed against disaster preparedness plans that they are out of date when a disaster occurs.  

The ‘attempt’ mentioned in this paper’s title represents a work-in-progress towards a prototype that has 

received practitioner approval and encouragement for further development. 
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ABSTRACT 

Critical Infrastructures (CI) such as electricity, water, fuel, telecommunication and road networks are a crucial 

factor for secure and reliable operation of a society. In a non-emergency situation, most businesses operate on an 

individual infrastructure. However, after major natural disasters such as earthquakes, the conflicts and complex 

interdependencies among the different infrastructures can cause significant disturbances, as a failure can propagate 

from one infrastructure to another. This paper discusses the development of an integrated simulation framework 

that models dependencies of electricity network on the road network. The framework uses a damage map of 

electricity network components and integrates them with road access time to these damaged components for 

estimating the electricity outage time of a region. The results can be used for recovery planning, identification of 

vulnerabilities, and adding redundancies in an infrastructure network. 

Keywords 

Infrastructure, interdependency, electricity, road, restoration. 

INTRODUCTION 

Natural hazards such as earthquakes, volcanoes, tsunamis, landslides and forest fires can severely impact the well-

being and sometimes survival of people within a country (Pondard & Daly, 2011). In densely populated areas 

these hazards have the potential to cause devastating social and economic loss. Accurate and timely acquisition 

of relevant information is important to respond and recover from an event. All immediate response and recovery 

actions have priority to save human lives and to relocate displaced people to some safer places. In this regard, 

critical services, also known as  ‘lifeline utility services’ or ‘critical infrastructures’ (CI) also need to be operational 

as soon as possible (Trucco, Cagno, & De Ambroggi, 2012). CI, which include telecommunication, electricity, 

transportation, water supply, fuel and gas enable everyday activities including business continuity, mobilization 

and access to goods and communication. Unfortunately, hazards produce increased risk of CI service failures 

globally and the risks to CI are further amplified because of the complex interdependencies between modern 

networks, and an array of different failure modes that affect the functioning of an infrastructure (Shoji & Tabata, 

2011; Wilkinson, Dunn, & Ma, 2012). Therefore, when emergency responders and stakeholders like safety 

engineers and building owners need to make decisions, they must have up to date information about any impacts 

of non-functional or damaged CIs and their interdependencies (Fogli & Guida, 2013).  
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Within New Zealand, the Civil Defence and Emergency Management (CDEM) Act 2002 sets out the essential 

infrastructures to be transport, water, wastewater, stormwater, energy and telecommunications services. 

Consequently, all infrastructure network providers have a responsibility to understand and develop resilience to 

hazards across various infrastructures both because of their operational interdependence, as well as their 

legislative responsibilities to function to their fullest possible level of service (Hughes & Healy, 2014). 

Rinaldi et al. (2001) highlight the need to enhance interdependency analysis, arguing that it is impossible to 

analyse or understand the behaviour of a given infrastructure in isolation from the environment or other 

infrastructures. A significant amount of research demonstrates modelling and simulation as a tool to understand 

CI interdependencies. For instance, Agent-based Interdependency Modelling and Simulation (AIMS) is a multi-

agent modelling and simulation suite that allows its users to create models of infrastructure and observe the 

behaviour of the modelled system through simulations (Bagheri, Baghi, Ghorbani, & Yari, 2007). Another 

simulation model is the Critical Infrastructure Modelling System (CIMS) that was developed at the Idaho 

National Laboratory (Dudenhoeffer & Manic, 2006). In CIMS, each physical infrastructure is represented by 

agents which could be both individual or collective entities such as organizations or groups. In the simulation 

framework, interdependencies between infrastructures and their relationships are represented as connected 

graphs. Furthermore, Critical Infrastructure Protection Initiative (CIPI) is a program coordinated by the Open 

Geospatial Consortium (OGC) (CIPI, 2002). The CIPI pilot project explored the possibility of emergency 

management through data sharing at various functional levels. It provided a basis to share geographical 

information and make different data standards interoperable, providing key data for infrastructure analysis. 

Critical Infrastructure Simulation by Interdependent Agents (CISIA) proposed by Panzieri et al. (2004, 2005), 

models the behaviour of various interacting infrastructures through a set of non-linear interdependent agents. In 

CISIA, the agents’ dynamic behaviour is described by fuzzy logic. Within New Zealand, national interdependent 

infrastructure research has been done by Zorn et al. (2016) who analyzed the vulnerability of interdependent 

infrastructures spatially through a system-of-systems based approach.  

Based on the knowledge gained from careful analysis of the works mentioned above, this paper argues that 

although many aspects of an infrastructure such as organisation, behaviour, risks, threats and vulnerabilities have 

similarities, these models address the impact of interdependencies from different viewpoints. The understanding, 

characterizing and modelling of these systems is an immense task and the current efforts in this field are still in 

an early stage. There are multiple ways in which these models can be related, but there is no single taxonomy or 

classification that could suit all purposes and therefore the existing approaches have the following limitations: 

● Most existing models are static and lack the ability to model temporal interactions across systems and 

system evolution over time. Therefore, there is a need for a time-stamped simulation so that stakeholders 

can view the cascading effects of a disaster and analyze regional recovery at different time periods. 

● Most of the simulation approaches focus only on one infrastructure and its impact on the other 

infrastructures, without considering component level characteristics. In the case of interdependency 

analysis, one component can be entirely different from another, and their attributes should, therefore, be 

defined separately. 

● There is a lack of comprehensive datasets and access to the relevant data which are needed to support 

different modelling approaches and analysis workflows.  

● There is also a lack of an integrated methodological approach to model a CI and to assess the impacts of 

disruption while considering a wide range of stakeholder objectives.  

To address these limitations, an integrated simulation framework is required that can deal with natural hazards by 

supporting guided decision-making to minimize the impacts of CI failures. The primary objective for developing 

such a simulation framework is to incorporate the diverse types of infrastructure interdependencies and strategic 

plans for the repair process and to provide a user-friendly environment for stakeholders to make better recovery 

decisions. The simulation framework for this study is a work-in-progress for developing a Decision Support 

System (DSS) through modelling of electricity, road and water networks. Till now, electricity and road networks 

have been modelled successfully, therefore the scope of this paper is only limited to these two networks. For this 

purpose, a case study scenario has been tested using our framework to create outage maps. This test case scenario 

drew on the Wellington region’s electricity network in New Zealand. Road dependency was added during the 

restoration of significant components of the electricity network. 

RESEARCH DESIGN 

To design this research by addressing relevance and enhancing the rigor of research process, we have conducted 

this research using the Design Science Research (DSR) principles and used key recommendations provided by 

Hevner et al. (2004) and March and Smith (1995). DSR is different than philosophy and mathematics that build 

517



Syed et al. Design Science based Simulation Framework for CI 

Interdependency 
 

Work in Progress Research – Enhancing Resilience of Natural, Built, and Socio-economic Environment 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

structures of logical propositions (Lesh & Sriraman, 2005).  DSR states and predicts observable phenomena within 

a field of research to change the state of the world by introducing artificial construct (‘artefact’), which can be 

further described as an artificial object made by humans to solve practical problems (Peffers, Tuunanen, 

Rothenberger, & Chatterjee, 2007). Artefacts are physical entities, drawings, a set of guidelines or an Information 

and Communication Technology (ICT) solution. CIs can also be considered as physical artefacts created by people 

(Hanid, 2014; Kehily & Underwood, 2015; Rickenberg, Gebhardt, & Breitner, 2013; Simon, 1996). 

Application Domain

- Technical Systems

- Organizational  
  Systems

- People

- Problems and 
  Oppertunities

Foundations

- Scientific Theories 
  and Methods

           - Expertise and  
             Experience

           
     - Meta-Artifacts 
       (Design Products 
       and Processes)

Requirements
Relevance Cycle

Field Testing

Additions to KB
Rigor Cycle
Grounding

Build Design 
Artifacts and 

Processes

Evaluate

Design
Cycle

Environment Design Science Research Knowledge Base

 

Figure 1. Design Science Research Cycles (Hevner, 2007) 

As elaborated by Hevner (2007) in Figure 1, DSR consists of three overlapping research cycles. The Relevance 

Cycle connects relative environment of a research project’s application domain with the DSR activities. In the 

context of this research, the application domain is emergency management, and the artefacts of modelled CIs need 

to be designed and evaluated according to the field requirements as specified by the relevant CI utility providers. 

The information gathering from various stakeholders through expert elicitation and field testing of the artefacts 

guided us to understand the problems and opportunities related to the proposed artefacts. The Rigor Cycle connects 

DSR activities with the knowledge base of existing scientific foundations, researchers’ experiences, and expertise 

within the same field of the research project (Griot, 2010; Hasan & Foliente, 2015; Rinaldi et al., 2001). To ensure 

methodological rigor in this research, foundational information is gathered from the academic literature of 

appropriate theories for simulation of CI interdependency. In the middle, the Design Cycle is where the artefacts 

are built and later evaluated through interaction with relevant organizational and technical systems (Hevner, 

2007). The design cycle is considerably dependent on the other two cycles for collecting relevant information and 

designing an artefact according to the needs of the environment. The design cycle starts with obtaining an 

awareness of the problem by engaging with the relevant stakeholders. This process was helpful to gain an in-depth 

understanding of the current state of the art of CI interdependencies in New Zealand that revealed actual problems 

and identification of research gaps in the field. After the identification of problem domain, subsequent research 

artefacts were constructed.  The first artefact was the independent infrastructure model, which included only basic 

parameters, variables and constraints. It shows an outage scenario due to the failure of the individual infrastructure 

components. The next artefact modelled failure impacts of an infrastructure component on the components of the 

other infrastructures. The third artefact used a sectoral approach to identify the interdependencies between all the 

infrastructures to generate an outage map of the whole region. The final output of the three artefacts is evaluated 

to check whether it sufficiently meets the needs and expectations of the relevant end-users. After having specified 

the entire research process driven by the principles of DSR, a simulation framework is developed to accomplish 

the desired research objectives. Figure 2 illustrates the proposed research framework and the objectives of this 

research mapped over the three different cycles of the DSR model.  
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Figure 2. Illustration of simulation framework driven by the DSR’s three-cycle view 
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SIMULATION FRAMEWORK 

The first step in the development of any simulation framework is to gain a complete understanding of the problem. 

To achieve this, information was gathered through the study of existing documents, previous modelling results, 

interviews and questionnaires. A comprehensive review of the literature on the hierarchy of electricity and road 

networks was also carried out and used in the development of the test case scenario for the Wellington region.  

The researchers interacted with relevant stakeholders in the region including lifeline utility providers and 

emergency management organizations. It was found that there was a strong dependency of electricity network on 

the road network during the restoration of the significant components. To expand on this, the next sections 

introduce the underlying architecture of the electricity network, some assumptions about the restoration process 

and how restoration can occur through considering the road network dependency. 

System Overview 

Electricity systems are composed of three primary subsystems; generation units, transmission and distribution 

networks, as shown in figure 3. Generation units are responsible for the production of power. The generated power 

is then delivered to end users via transmission and distribution networks. Transmission networks transport high 

voltage power to distribution substations, and distribution networks supply the low voltage energy to end users 

(Erdener, Pambour, Lavin, & Dengiz, 2014). The electricity model developed in this test case scenario is designed 

to provide a realistic representation of the behaviour of a transmission network (in terms of cascading failure 

effects) when a failure occurs in any of the significant components. Analyzing cascading failures is very 

challenging due to the unexpected sequence of failures. These mainly depend on the initial failure and an 

appropriate restoration methodology is necessary to return the network to an operational state. The most 

significant components in a transmission network for this scenario are Grid Exit Points (GXP), substations, 

transmission structures and buried or overhead cables. 

 

Figure 3. The basic structure of an electricity network 

Wellington’s metropolitan power supply is provided via a hierarchical system of 220kV, 110kV, 33kV, 11kV and 

400V network components. Transpower New Zealand supply a series of grid exit points (GXPs) and from here 

Wellington Electricity (WE) control supply to commercial and domestic users. Different GXPs are connected 

through high power 110kV cables passing through transmission structures, and the supply from GXPs to 

substations is connected through 33kV overhead or buried sub-transmission cables. (Mowll, 2012). Each 

substation has defined regional boundaries or zones in which they supply electricity.  

As mentioned earlier, modern infrastructure systems are vulnerable not only through disruption of components 

within their own system but also because of dependencies with other networks. Among electricity and road 

networks, there are some obvious and clear dependency links. The relative importance of the links can change, 

however, depending on whether we are in a normal operating situation or whether we are in a post-event period 

where the emphasis is on recovery and reinstatement. In normal situations, electricity network is considered the 

primary source for most other infrastructure networks, but in the recovery process, road networks take a higher 

level of importance because road access controls the ease with which repair and reinstatement operations can take 

place. Therefore, to understand the electricity outage time of a region, it is important to first know the road access 

time to access the damaged components.  In figure 4 (a), we have shown a zone map of the electricity network in 

such a way that each zone is covered by a single substation. In figure 4 (b), we have similarly divided the whole 

region into different road access zones.  
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    a)                         b)  

Figure 4. Zone maps of a) Electricity Network and b) Road Network 

The zone boundaries for both of these zone maps are drawn for testing the functionality of this simulation 

framework after the consultation with relevant transport and city council authorities. The division of road zones 

is based on the road structure and accessible locations within a defined area. After defining the zones, a matrix 

was created to include access times from each zone to the other and for this test case scenario, we allocated 

placeholder road access times to simulate an example earthquake scenario. To start the recovery process of 

electricity network components, the road access time is computed from the source, where repair equipment is 

present to the destination, where the damaged components are located. Following this, an aggregated recovery 

time is calculated based on some predefined assumptions for the two networks as explained in the next subsection. 

Restoration Assumptions 

To successfully model the electricity network and to understand the recovery process with the inclusion of road 

outages for each electricity substation zone, assumptions were made to establish a common understanding of 

restoration times. Without these base assumptions, the analysis of the restoration times could become overly 

complicated, to the point where the realistic assessment would become impossible. These assumptions are that:  

● The majority of the expected damage would be caused by the initial fault rupture and earthquake. 

Significant aftershocks would potentially cause further damage and therefore potentially lengthen 

restoration times.  

● The scope of this test case is to model only the transmission network from generation units to the substation 

level. For the recovery of assets in the distribution network that, a predefined restoration time has been 

assigned after recommendations from the experts.  

● The majority of necessary skilled resource and associated equipment would also be locally available, and 

there would be enough repair staff for work to proceed in multiple locations at a time. 

● The repair times and strategies for various types of cables like Paper Insulated Aluminum Sheathed (PIAS) 

and cross-linked polyethylene (XLPE) may be different because some could be solid fluid-filled therefore 

harder to repair (Erdener et al., 2014). If the number of damaged cables exceeds a predefined value, then 

the repair work on those cables could be abandoned and the existing cables could be replaced with 

emergency overhead lines for the continuity of electricity services to the customers. 

● There are different priority substation zones in which the emergency overhead lines are replaced first. 

These priority zones are based on the significance of buildings depending on the services they provide like 

hospitals, fire brigade offices, police stations and other emergency management organisations. 

● The road outage times would be computed based on the assumed number of days between different road 

zones during the response and recovery stages after an event. 

● Every component of the electricity network would be mapped to a predefined road zone to understand the 

road access time to reach the damaged site before starting the repair work. 
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These assumptions are related specifically to the Wellington region for this test case scenario, but the framework 

has the capability to model any city with new assumptions as well. Based on the assumptions mentioned above, 

we developed an integrated research methodology to link electricity and road networks and then tested the 

methodology with some placeholder data to create example outage maps. 

Integrated Methodology for Linking Electricity and Road Networks 

As described in the previous section, the simulation framework in this study is developed to compute the recovery 

times of electricity services through an understanding of their dependency on the road network. To accomplish 

this task, we have developed an integrated research methodology for using one of the models as a subset of the 

other model. As shown in figure 5, both the models have specific inputs and outputs. The road network model is 

integrated into the electricity network model as a subroutine so that electricity model uses the outputs of the road 

access times between various road zones to generate some realistic restoration times. 

 

Integration Module

Road 
Model

Electricity Model Core Block

Road access times 
between different zones

Damage map of 
roads, tunnels 

and bridges

GIS data of GXPs, 
Substations, 
Transmission 

structures and cables

Electricity 
Model

Integrated Outputs
(electricity network outage with 

road zone dependency)

 
Figure 5. An integrated methodology for modelling electricity and road networks 

Further explanation about this integrated methodology is presented through a step by step process. This process 

has been developed on the restoration assumptions defined earlier in this paper. The 6-step integration 

methodology is described below:  

● Step 1: In this scenario, input to the road model is a damage map of the core network components including 

roads, tunnels and bridges. This damage map was developed using an example earthquake scenario using 

placeholder values. The output is a road matrix depicting the number of days required for travelling from 

one region to another in the response and recovery phases of a disaster considering the probable damage 

to each of the road network components.  

● Step 2: The input of the electricity model is represented through a damage map of selected core components 

including GXPs, substations, cables and transmission structures. Again, the damage map was generated 

using an example earthquake scenario. To test the framework, we assigned different damage states and 

corresponding repair times for each of the components to compute restoration time of a substation zone. 

The output is timestamped outage map of a substation zone based on the failure of the different 

components. This conversion of damage data to the restoration time is done within the framework and is 

based on the restoration assumptions defined earlier in this paper. 

● Step 3: Road model is used as source model whose road outage times are used by electricity model to do 

an analysis of the electricity outage due to the dependency on road network. 

● Step 4: The linking parameter to link both the models is the road outage time between different road zones.  

● Step 5: The simulation framework first combines road zones with substation zones and then uses the road 

outage times to determine the amount of time needed for damaged electricity components to recover. 

Different parts of the damaged components e.g. electricity cables can be spread across different road zones. 

Therefore, the recovery time for each part of the damaged component is computed based on its 

corresponding road access time and finally an aggregated restoration time is computed for all damaged 

components within a substation zone. 

● Step 6: After the successful integration of the models, the combined outage map is generated for the 

interdependency analysis between the road network and the electricity network. 
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After applying the above-mentioned methodology, we generated some example timestamped outage maps for the 

Wellington region as shown in figure 6. As mentioned earlier, the region is divided into different substation zones, 

and the zones in red colour need higher number of days to recover and the zones in green colour are either fully 

recovered or need very low number of days to recover. In the initial timestamp, i.e. t0, most of the substation 

zones have damages and the subsequent timestamps show recovery of the whole region gradually. The outage 

maps in figure 6 (a) and (b) reveal a substantial increase in electricity outage time due to the road network 

dependency. The comparison of both the maps show that if there is no dependency on the road network then the 

electricity zones can recover quickly as compared to when there is road network dependency. The reason for this 

delay is that all the repair equipment and repair staff need transportation access to the damaged sites and if there 

is no or partial road access available then definitely the time needed to repair electricity network’s components 

would increase.  

 

Figure 6. Electricity network outage maps on different timestamps (a) with and (b) without road network dependency 

The simulation framework is developed in a way that the electricity and road network of any other city can also 

be modelled in the same manner if the damage information of the components is provided in the proper format. 

The outage times can be seen at different timestamps for any day by moving a timeline bar to understand the 

recovery process and the amount of time needed for the region to recover completely. The resultant outage maps 

not only show the recovery time of a substation zone, but the simulation framework also has the capability to 

show the detailed damage information of all the components that provide electricity to a substation from a GXP. 

This detailed analysis could be useful for identification of vulnerabilities within the electricity network. Moreover, 

the relevant stakeholders who would use this framework could customize the restoration assumptions and repair 

strategies to compare different recovery options and their corresponding outage maps. 
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CONCLUSION 

This study identifies the interactions and dependencies of the electricity network on the road network. To achieve 

this, an integrated research methodology was used to link electricity and road networks during a test case scenario. 

The results illustrate how analyzing two infrastructure systems in an integrated manner can provide valuable 

information about system vulnerability and impact analysis. The electricity network is very much dependent on 

the functionality of a road network for the initiation of repair work. This simulation framework can be used in 

real-world scenarios if damage maps of electricity and road networks are available and appropriate repair 

strategies are incorporated as recovery assumptions. In the future, to extend this work and provide more 

information for the relevant emergency management stakeholders and decision makers, more infrastructure 

network models will be integrated into the simulation framework. Importantly, this work supports the 

development of CI response and recovery actions that help to save lives and ensure people have the necessary 

utilities to survive a disaster or emergency event.   
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ABSTRACT 

In this paper, utilising the core Project AF8 Alpine Fault earthquake scenario, we detail hazard exposure, 

impacts, and recovery of interdependent critical infrastructure networks across the energy, transportation, water 

& waste, and telecommunications sectors across the South Island of New Zealand. Asset failures are simulated 

across each individual network, based on shaking intensities, exposure to co-seismic hazards and estimated 

component fragilities, which have been further refined and validated through expert elicitation. Network 

disruptions are then propagated across an interdependent network framework to quantify and delineate the 

spatial reach of both direct and indirect failures. By incorporating recovery strategies, temporal changes in 

service levels are quantified to offer insights into expected interdependent network performance and the possible 

disconnection of communities from the nationally connected networks, otherwise not apparent when studying 

each infrastructure in isolation. 

Keywords 

Critical Infrastructure; Recovery; Alpine Fault; Risk reduction; Disaster Preparedness; 

INTRODUCTION 

New Zealand lies at the interface of a complex plate boundary between the Australian and Pacific plates: a 

westward-dipping subduction zone along the east coast of the North Island terminates northeast of the South 

Island, where it transitions into mostly strike-slip motion, before transitioning again into eastward-dipping 

subduction south-west of the South Island.  The geological setting means that the country is exposed to a wide 

range of earthquake hazards, some of which are capable of causing widespread national disasters. Recent 

earthquake events in the South Island of New Zealand (2010-11 Canterbury and 2016 Kaikōura) have 

highlighted the need for more hazard-specific preparedness and contingencies planning.  New Zealand Civil 

Defence and Emergency Management (CDEM) are now planning response efforts to specific large-scale 

hazards, based on risk-informed maximum credible scenarios. 

Many of these disasters occur due to critical infrastructure failures, which has led to a focus on increasing the 

resilience of critical infrastructure networks, or “Lifelines” (Brunsdon 2000).  This focus is reflected in New 

Zealand’s Thirty Year Infrastructure Plan (NIU 2015) and further evidenced by: (i) the frequency of regional 

scale vulnerability studies (McCahon et al. 2017; ORC 2014; AELG 2014); (ii) New Zealand’s increasingly 

strong Lifelines culture which encourages collaboration between asset owners/operators, across public and 

private sectors, at regular national and regional forums (New Zealand Lifelines 2007); (iii) annual preparedness 

exercises at national/regional/local scales (MCDEM 2017); (iv) and the number of centrally funded research 

initiatives with streams dedicated to researching natural hazard impacts on infrastructure (including QuakeCoRE 
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(quakecore.nz), Resilience to Natures Challenges (resiliencechallenge.nz), EoRI (naturalhazards.org.nz), and 

DEVORA (devora.org.nz), amongst others). 

Detailed planning for future major earthquakes requires immediate and ongoing coordination, and has 

commenced in the form of Project AF8 (projectaf8.co.nz). Focussing on an Alpine Fault magnitude 8 

earthquake scenario, Project AF8 is a multi-sector, collaborative, multi-year project (commenced in 2016), 

aiming to improve the response ability of Civil Defence Emergency Management (CDEM) Groups, 

infrastructure utilities and welfare organisations within New Zealand’s South Island. To maximize leverage 

from the lessons learned in recent earthquakes, Project AF8 has used a collaborative approach between 

scientists, industry and practitioners.  A 7-day hazard scenario was compiled in 2016 based on decades of prior 

research activity (Orchiston et al. 2016). This project builds on the initial Project AF8 scenario, using an 

extended scenario (out to 10 years) introduced by Davies et al. (2017b), termed the AF8+ scenario. This 

modified scenario allows a shift in focus from reactive short-term response to analyses of longer-term recovery 

resilience. Herein, we present findings based on the AF8+ scenario, informed by preliminary findings from 

ongoing workshops between infrastructure stakeholders (Davies et al. 2017b). 

In particular, this paper seeks to apply this gathered knowledge to investigate societal disruptions due to 

infrastructure damages following the initial AF8+ event and preceding aftershock sequence and resultant 

landslides. We seek to address: (i) the location(s) most vulnerable to infrastructure losses for extended periods 

of time, (ii) the magnitude and extent to which disruptions spread spatially and in magnitude due to the 

interconnected and interdependent nature of the South Islands infrastructure networks, and (iii) temporal 

changes in infrastructure network functionality during the recovery process. 

To address these, we propose an integrated framework for simulating an end-to-end impact assessment of the 

hazard, cascading network disruption, and resulting recovery processes. The main points of interest lie in the 

coupling of hazard models (ground shaking, landslides) with expert-elicited recovery priorities and the further 

simulation of failure, disruption and recovery across national scale interdependent networks. In doing so, the 

aim is to highlight thematic and systemic vulnerabilities and areas that could be considered in the ongoing 

preparation of the wider response plan. 

Following this introduction, we outline our integrated framework for analysis, followed by the application of the 

framework to the earthquake scenario and the energy (electricity, petroleum), transportation (road, air, ferry, 

rail), water & waste (water supply, wastewater, solid waste), and telecommunications sectors (wired and 

wireless networks). An overview of results are then provided, followed by a discussion of the results and areas 

identified for future development. 

INTEGRATED FRAMEWORK 

Our framework for simulating the cascading network disruption and recovery processes comprises five 

components: A: Model Building, B: Hazard Scenario, C: Failure Propagation, D: Disruption Metrics, and E: 

Damage Recovery. Each of these components are briefly outlined in Figure 1 and below with reference to the 

AF8+ earthquake scenario detailed in the next section. 

In the first component, A: Model Build, spatial infrastructure asset data is assembled to produce functional and 

topological geospatial network models where networks are represented as graphs of nodes and edges 

representing discrete single point assets (such as a water pumping stations or reservoirs) and connections (such 

as pipelines between these nodes) respectively. The functionalities of the nodes are identified as: (1) sources - 

where infrastructure resources or services are generated (e.g. power plants, pump stations, airports, etc.); and (2) 

sinks - which signify the final points of delivery of the infrastructure services typically to the customer (e.g. low 

voltage electricity substations, airports, etc.). This allows creation of functional pathways, which emerge from 

the traceability of source-sink connectivity paths both within and between networks that exchange infrastructure 

resources and services. User demands are allocated to each individual source and sink node based on supplied 

statistics or through spatial analyses. Using these network models, initial asset failures or disruptions are 

assumed based on the network assets’ intersection with the modelled hazard extents in B: Hazard Scenario. Such 

approaches are established within the literature and have been recently used in a range of infrastructure risk and 

vulnerability studies globally (Pant et al. 2017; Thacker et al. 2017), including studies of interdependent 

infrastructure vulnerability assessment for New Zealand.  

Components C, D, and E then follow an iterative process for each modelled time step. Firstly, C: Failure 

Propagation enables the propagation of network failures both within a network and between networks where 

dependency connections are broken and no redundancy or rerouting of service flows are possible. D: Disruption 

Metrics then computes various consequence metrics. We define Direct Disruptions as the population/number of 
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users adversely affected due to failed assets within the same network. In comparison, Indirect Disruptions result 

from failures which are initiated beyond the specific network of interest due to functional dependencies on other 

networks, such as an undamaged water treatment plant unable to function due to a lack of electricity supply. The 

spatial outage extent is delineated by the intersection of spatial footprints of failed components and dependent 

user catchments or distribution/reception zones. 

The steps A-D represent the state of the disrupted infrastructure at a particular snapshot of time (t). For the next 

time step (t + Δt), the final component, E: Recovery, reinstates asset functionality of previously failed assets 

(where appropriate) that implies a restoration process or provision of a permanent redundant supply has 

occurred to provide pre-event service levels. 

 

Figure 1. The framework for determining the temporal direct, indirect, and spatial extents of disruptions across 

interdependent networks. The greyed box indicating the iterative process incorporating recovery. 

APPLICATION 

Model Build (A) 

We adopt spatial infrastructure asset data and functional network models across the energy (electricity, 

petroleum), transportation (road, air, ferry, rail), water & waste (water supply, wastewater, solid waste), and 

telecommunications sectors (mobile) with the addition of a further wired telecommunications network. In each 

of these models, major assets are represented, with Figure 2a presenting the combined spatial distribution of 

assets for all networks with respect to mapped faults. For visual clarity, we have not represented each 

infrastructure sector separately. Table 1 summarises the level of granularity used in the model for each 

infrastructure network.  

User demands are allocated to each of the individual nodes and edges presented in Figure 2 using provided 

statistics/catchments/zones and spatial analyses at the smallest publicly available census areal unit (~100 

permanent residents each). For this paper, we consider residential and passenger transportation modes only (i.e. 

freight, and commercial and industrial customers dependent on these networks are not included). The 

dependencies represented within the network models are provided in Figure 3. It should be noted that these are 

assumed for normal network connectivity and are assumed consistent throughout any recovery processes. Where 

specific connectivity pairs are unknown, edges are assumed to the closest appropriate asset either geographically 

or through a shortest path connection route. 

Hazard Scenario (B) 

The AF8+ scenario adopts a northeast-directed 411km rupture progressing from a SW to NE direction between 

Fiordland and Lake Kaniere (F2K) with corresponding ground shaking, as shown in Figure 2b, determined by 

Bradley et al. (2017). Davies et al. (2017b) further extended the scenario out to 10 years (here we adopt the first 

180 days) and reduced additional hazard severities that were previously heightened to emphasise the emergency 

response focus (replacement of a 1-in-100 year rainstorm on Day 3 with historic rain gauge data and an updated 

aftershock sequence). To determine direct impacts from landslides, we adopt the approach of Robinson et al. 

(2016). Based upon experiences from the 2015 Nepal and 2016 “Kaikōura” earthquakes (Roback et al. 2016; 

Dellow et al. 2017), the formation of new landslides after the main shock is only inferred to occur during a large 
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Mw 7.0 aftershock on Day 11.  Reactivation of landslides caused by the main shock were included however, 

using expert judgement. 

Table 1. Network asset representations as nodes and edges with counted values representing the number of exposed 

assets in this scenario. 

Infrastructure 

Sector 

Network Asset Representation 

Node Edge 

Energy Electricity 63 generation sources, 48 

transmission and 289 

distribution substations 

Transmission and sub-

transmission power lines 

 Petroleum 5 bulk storage facilities, 431 

retail petroleum stations 

Connected via State Highway 

Network 

Telecommunications Wired 322 exchanges, 2313 cabinets Fibre and copper connections 

 Wireless 1053 mobile transmitter 

towers 

Connectivity to wired network 

Water & Waste Water Supply 585 source, treatment, 

pumping, or storage nodes 

Major transmission or 

distribution pipelines 

 Wastewater 

Collection 

354 pump station or treatment 

assets 

Major collection pipelines 

 Solid Waste 239 collection, transfer, or 

landfill assets  

Routed via State Highway 

network 

Transportation State Highway 

(SH) 

855 bridges/tunnels State Highway classified roads 

 Rail 16 stations Rail tracks 

 Air 13 Airports Flight routes (41 domestic, 4 

international) 

 Ferry 13 Ferry terminals Ferry routes (10) 

Failure Propagation (C) 

Each individual network asset is assigned one of three initial functionality states as a direct result of the shaking 

and landslide models described above. These correspond to (i) complete disruption, (ii) some interim level of 

functionality, or (iii) no disruption such that normal pre-event service is provided. Disruptions were derived 

from locations where assets intersected the AF8+ scenario modelled fault rupture, shaking intensities, and 

landslide runout footprints, with infrastructure stakeholders providing further input based on recent experiences.  

In applying these failures, where alternative source-sink connectivity paths do not exist, all dependent 

nodes/edges are assumed further disrupted. While we assume no capacity constraints at network edges and 

nodes to reduce data requirements and model complexities, we make further assumptions based on expert advice 

regarding reliabilities of supply (or levels of service) provided by specific networks following an AF8+ style 

scenario.  

Disruption Metrics (D) 

The consequence of asset failures are quantified based on the total user disruptions after allowing for 

redundancies and rerouting. Further, for some  network functions (such as solid waste movements), if rerouting 

is required, potential user disruptions are assumed to be a function of the increase in travel distance. Disruptions 

are defined as being either direct or indirect (Section 2). If indirect disruptions are attributable to multiple 

infrastructures, we make an assumption based on the strength of dependency to determine the initiating 

infrastructure.  
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Figure 2. Spatial distribution of studied infrastructures across the South Island of New Zealand and interisland 

electricity/with respect to (a) the F2K section of the Alpine Fault and other major faults, and (b) MMI shaking 

intensities used in the AF8+ scenario as simulated and converted from PGV by Bradley et al. (2017). 

 

Figure 3. Simplified representation of the directed dependencies. An infrastructure i reliance on infrastructure j is 

represented as i→j. 

Recovery (E) 

For this application, due to current data availability, we have focused on five time steps: 0-1 days (the initial 

impacts in the first 24 hours), 3 days, 7 days, 30 days, and 180 days. Individual asset recovery rates have been 

assumed from a range of Alpine Fault studies (Robinson et al. 2014, 2015), local vulnerability studies 

(McCahon et al. 2017), and preliminary findings from expert-elicitation workshops (Davies et al. 2017b).  

RESULTS 

Figure 4 presents the spatial extents of infrastructure network outages over time. Shading indicates the number 

of infrastructure networks that are providing a complete or interim level of disruption to normal service. Time 

steps of 0 and 3 days are combined as some interim level of service are expected to remain over these times, i.e. 
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no complete recovery to pre-event levels is simulated. 

Recovery (to full pre-disruption service levels) propagates from the north, east, and south-east after day 7. This 

is largely due to the more rapid re-instatement of interim/partial levels of service due to available resources 

(physical and human) located in these areas and less damage to the major assets represented in the models. At 

the larger time steps (30 days / 180 days) the West Coast region still shows substantial infrastructure 

disruptions: either complete or at some interim reduced level of functionality. Much of these can be attributed to 

the requirement for alternative source-sink connectivity paths for petroleum delivery, solid waste movement, 

and wastewater solids disposal, with any deviation from normal pre-event service levels highlighted in Figure 4. 

Updating model simulations with new network arrangements (i.e. the definition of normal, interim, and no 

service) should be a focus in future developments. 

 

Figure 4: Spatial extents and frequency of infrastructure disruptions across the South Island. Darker (red) cells 

indicate a higher proportion of disrupted infrastructure services (either full disruption, or some reduced level of 

functionality/reliability compared to pre-event services) with greyed out cells representing normal pre-event 

functionality (or areas without any permanent residents and hence losses in infrastructure service). 
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Many infrastructure recovery trajectories correlate closely to electricity network function (Figure 5a), which 

shows a significant loss of function in the first few days after the event. As the functionality of the electricity 

network increases, there is a similar increase across a range of networks due to their dependence on the 

electricity network. Networks such as water supply and telecommunications directly follow this recovery 

trajectory due to their strong dependence. While electricity providers advise the potential for “islanding” of 

electricity within the West Coast region within 180 days, if the national grid is unable to be reconnected (Davies 

et al. 2017b), some locations within the West Coast region may remain without, or with intermittent, electricity 

supplies. Regardless of location, in this scenario (or any similar), infrastructures dependent on electricity within 

the West Coast region should continue to consider potentially widespread use of back-up electricity sources to 

aid initial recovery. 

 

 

Figure 5: (a) Infrastructure network functionality for the South Island of New Zealand in terms of users disrupted 

(or passenger-kilometres restored for State Highways) and (b) the attribution of disruptions to direct or indirect 

causes (via interdependencies) combined across networks. A selection of Wellington (ferry/air) and South Island 

bound transport passengers (air) are also included. 

This dependence on electricity is also reflected in Figure 5b, where the majority of user disruptions, across the 

presented time frame, can be attributed to indirect failures – predominantly disconnections in electricity supply. 

At t = 0, direct damages (combined across all infrastructures) accounts for 40% of the cumulative user 

disruptions with 60% externally initiated. With redundant electricity supplies, the proportion of indirect 

electricity-initiated disruptions would be expected to decrease (particularly for the mobile and wired 

telecommunications sectors which represent a combined ~2 million potential user disruptions at peak) and/or be 

reassigned as indirectly-initiated disruptions, due to reduced road, water supply, or petroleum access, amongst 

others. Explicitly incorporating redundancies and their attributes/dependencies into the modelling framework 

(battery life/generator refuelling requirements/road access/supervision etc.) would be a valuable extension to 

work and should be incorporated as data for this becomes available. 

In addition to the highlighted reliance on electricity, upon validation, infrastructure owner/operators further 

suggest that road access (along with petroleum supplies) is often a major limiting factor throughout the recovery 

phase (Davies et al. 2017b, McCahon et al. 2017). Such observations are not entirely represented in the curves 

of Figure 5a/b, as the dependencies represented in our model highlight the connectivity required for normal 

operation as opposed to any new or changing dependencies arising to enable recovery. Similarly, the potential 

indirect disruptions due to petroleum shortages across the West Coast region during the recovery process is not 

immediately visible. This is due to the modelling approach which defines user demands based on private car 

refuelling as opposed to petroleum demands for recovery works. Further supply shortages, for those restoring 
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(%) 

Combined 
User 

Disruptions 

 (106) 

 

(a) 

(b) 

531



Wotherspoon et al. Infrastructure Failures and Recovery Alpine Fault 

Earthquake Scenario 
 

 

Full Research Paper - Enhancing Resilience of Natural, Built, and Socio-economic Environment 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 

 

various infrastructure network functionalities, could substantially impact the curves presented in Figure 5a with 

the potential for cascading setbacks across multiple networks. 

CONCLUSIONS 

In this paper, we have presented an application of an end-to-end assessment framework for earthquake shaking 

and landslide hazards coupled with interdependent critical infrastructure network models and the corresponding 

recovery processes. Whilst this work is preliminary in nature, a number of immediate discussion points are 

highlighted for those charged with forming a response to a similar major earthquake event.  

The vulnerability of the West Coast region of the South Island is clear, as are the expected extended recovery 

times for many dependent infrastructures due to major disconnection from the transportation (predominantly 

State Highway) and electricity networks. Given the mountainous geographic setting, increasing connectivity 

(and therefore redundancy) across the State Highway network is largely unfeasible.  Therefore, 

improving/maintaining asset robustness should be a priority. For electricity, ongoing work to introduce 

embedded generation and backup supplies in critical areas within the West Coast region should prove to 

significantly benefit the local resident populations while aiding timely recovery for dependent infrastructures. 

This paper has highlighted the benefits of end-to-end disaster preparedness assessment, using a scenario-based 

approach. Detailed within this paper are a number of extensions to the work to assess the generalised recovery 

strategies and priorities across a wider range of potential Alpine Fault scenarios that are both in progress and 

proposed, particularly building on the need to focus on recovery, and not just the initial response.  

Firstly, the formal linking of hazard models, such as ground motion (Bradley et al. 2017), landslides (Robinson 

et al. 2016) and liquefaction (Motha et al. 2017), can provide a range of realistic inputs and allow model updates 

to be easily included when available. Improvements are further envisaged across each of the infrastructure 

sector models. In addition to increasing asset data (quality and quantity) and formalising attributes (such as 

whether assets are buried/overhead and if redundant electricity supplies are present), process based sector 

models (i.e. power flow) would be desirable for more accurately modelling user disruptions over our topological 

focused functionality metrics (LaRocca et al. 2015). Building these at a South Island scale proves difficult given 

the extensive data requirements and inherent computation costs – depending on the desired resolutions. Despite 

this, a number of these wider infrastructure network process models are in development through the research 

initiatives discussed in Section 1 (Liu 2017; Wotherspoon 2017). Similarly, there is further opportunity to 

provide a more robust assessment of damage and recovery at local/neighbourhood scales by incorporating the 

highly detailed water supply network fragility and recovery models of Bellagamba et al. (2018), without the 

need for extensive hydraulic modelling.  

Further, population movements (and therefore demands), transportation network behaviours (i.e. origin-

destination pairings), and dynamic changing dependencies will in reality adjust our definitions of ‘normal’ 

service levels. Taking these into account will allow a more accurate representation of the true user disruption as 

opposed to pre-event comparisons which are more suitable to lower intensity events. The temporal resolution of 

any model updates should also be carefully considered. 

Overall, this paper has explored the benefits of the scenario-based approach to integrate knowledge between 

infrastructure stakeholders and communities (Davies et al. 2017b).  The collaborative linking of scientific, 

technical, and community knowledge offers great potential to increase resilience of socio-technical systems in 

preparing for future events such as the discussed Alpine Fault rupture. 
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ABSTRACT 

Nepal is a popular travel destination because of its natural beauty and the Himalayas. The tourism industry 

contributes significantly to the nation’s GDP. However, the 2015 earthquake created havoc by causing the loss 

of more than 9,000 lives, damaging many buildings, World heritage sites and trekking trails. Despite a 

substantial amount of foreign aid, overall recovery programs have not been effective. This empirical study 

focuses on the use of ICT tools for recovery in the tourism industry and uses mixed methods engaging tourism 

associations and organisations. Four ‘areas of concern’ regarding ICT use, are identified by using qualitative 

analysis and are validated through a survey of 198 tourism organisations. The findings show that the earthquake 

has significantly impacted the industry and the government has not adequately used ICTs in recovery activities. 

This study strongly advocates using ICT tools for post-disaster tourism resilience. 

 
Keywords 

Earthquake, Nepal, disaster recovery, tourism, ICT tools, 

 
INTRODUCTION 

Nepal is known for its majestic natural beauty, and tourists primarily visit Nepal for its natural, cultural, 

religious, and social resources. Tourism is a major sector employing a significant number of people (487,500 

people) and contributing almost 9 percent of total Gross Development Product (GDP) in 2014 (World Travel 

and Tourism Council 2015). Tourism is one of the primary sources of foreign income, employment, and tax 

revenues for the government. In 2014, the total contribution of tourism to the country's Gross Domestic Product 

(GDP) was US$ 1.68 billion (NPR 171.6 billion). 

A major earthquake struck Nepal on 25th April 2015, and this has adversely affected the influx of international 

tourists and the tourism industry. Nepal is in an earthquake belt and has experienced several earthquakes in the 

last 100 years; the most notable was 8.4 on the Richter scale in 1934 and 7.8 on the Richter scale on 25 th April 

2015 (Earthquake Track n.d). Scientists predict the tectonic and geological pressure escalating under the surface 

will result in further earthquakes in this region (Mukerjee 2015). In the 2015 earthquake, about 9,000 people 

lost their lives and many buildings were damaged including UNESCO World Heritage sites. Several tourism 

activities ceased, for example, the Mt Everest expeditions were officially abandoned for a period and tourists’ 

arrivals in 2015 slumped to 538,970, which was a 32 percent decline from the previous year (MoCTA 2016). 

Approximately, US$ 5 billion is estimated to be the economic loss for the country (Sharma 2015). Major 

countries and donor agencies started to pledge and give foreign aid (approximately US $4.2 Billion) to the 

government for the recovery work (Associated Press 2017). Since then, many volunteers from different 

countries as well as international organisations such as United Nations (UN), Pacific Asia Travel Association 

(PATA) and Red Cross initiated their rescue and relief activities (Beirman 2016), and some of them are still 

working in the affected zone. Furthermore, international celebrities such as Jackie Chan, Susan Sarandon, 

Prince Harry, David Beckham and others visited to support the earthquake victims (Panthi 2016). 

The government of Nepal commenced earthquake recovery activities but focussed more on the reconstruction 

of buildings and infrastructure (NRA 2017). The government has been criticised by the public, donors, and 

tourism stakeholders, for not being able to complete their recovery initiatives effectively. Only 3.5 percent of 

a total number of damaged buildings (500,000) have been repaired or rebuilt two years after the catastrophic 

disaster occurred (Associated Press 2017). The government’s reconstruction initiatives have been distracted 
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from time to time for various reasons, and no priority has been given to recovery of the tourism industry. Some 

internal political instability has also delayed the reconstruction process. Political parties and minority groups 

were demanding more representation in the new constitution, and these protests caused the blockade of foods 

and shipments at Nepal’s border for around six months in 2015 (Acharya et al. 2015). 

Many researchers state that ICT tools can be helpful to manage post-disaster activities for developing countries 

(Zulu 2008; Ajami 2013; Kutty 2015). Other studies corroborate that a tourism industry can significantly benefit 

from using ICT tools, due to the intangible nature of the services (Buhalis & Law 2008; Karanasios & Burgess 

2008). However, the use of ICT has not been well institutionalised in Nepal in various sectors including tourism. 

In this context, we have formulated the following research objectives: (1) To examine the impacts of the 2015 

earthquake on the tourism industry and the use of ICT tools (2) To assess the usefulness of ICT tools in the 

post- disaster tourism recovery activities. 

This paper is organised as follows. A brief context of tourism in Nepal is introduced by highlighting the impacts 

of the 2015 earthquake on the tourism industry. The following section discusses earthquake recovery efforts 

and the use of ICT tools during the recovery process. Studies on the usage of ICT in disaster management 

specific to the 2015 Nepal Earthquake, are reviewed. The next section details the research methods. Results 

and implications of the empirical study are discussed in the following section. Finally, conclusions are drawn 

from the findings. 

 
2015 NEPAL EARTHQUAKE: IMPACTS ON TOURISM 

The recent earthquake created great havoc in Nepal causing loss of life and property damage. The tourism 

sector was also significantly affected, and tourism activities were ceased for some months. Although all the 

travel and trekking sites were not affected, the earthquake affected the economic operations of the country, and 

the government had to focus on resilience and the reconstruction process (NRA 2017). In addition to the loss 

of lives, around 22,000 people were injured, 500,000 buildings were destroyed and 280,000 buildings damaged 

in this national disaster (United Nations OCHA 2015). Around 2.8 million people needed humanitarian 

assistance after the earthquake. Economic losses from the earthquake are estimated at around US$5 billion 

which is almost twenty-five percent of GDP of Nepal (Cheong 2015; Sharma 2015). According to a report by 

the National planning commission (2015), tourism is one of the top sectors that suffered income loss and that 

loss amounted to US$ 613 million (Nepalese Rs (NPR) 62.38 billion), and damage of around US$ 186 million 

(NPR 18.86 billion). 

The tourism ministry of Nepal published details summarising the damage caused to the tourism industry by the 

2015 earthquake (see Table 1). 

Table 1:  Estimation of damage/losses in the tourism sector due to the 2015 Nepal earthquake (Source: 

MoCTCA 2015) 

 

Subsector Disaster Effects (NPR Million) Share of Disaster effect 

Damage Loss Total Private/Community Public 

Hotels and Others 16,295 0 16,295 16,295 0 

Home Stays 1,720 495 2215 1720 0 

Eco-lodges 415 0 415 415 0 

Trekking Trails 426 5,711 6137 0 6,137 

Tour Operators 7 4,924 4,931 4,931 0 

Tourism revenues 0 47,013 47,013 47,013 0 

Air Transport revenues 0 4,720 4,720 4,720 0 

Restaurant revenues 0 11 11 11 0 

Total 18,863 62,874 81,737 75,105 6,137 

 

The destruction caused by the earthquake had a significant adverse impact on various sectors of the country. The 

impact on the tourism industry resulted in a low number of tourists arriving in Nepal (MoCTCA 2016). In 

addition to the direct impacts, there were indirect social and economic consequences. The negative impact and 
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lack of concrete programs for recovery have left many unemployed which has triggered a new wave of Nepalese 

migrant workers leaving the country to work in Gulf countries for low salaries in the hope of gaining 

opportunities (Bellman 2015). After the 2015 earthquake, the government of Nepal estimated that it would cost 

around $9.4 billion for the overall recovery process, and foreign governments and agencies have pledged around 

$4.2 billion only (Associated Press 2017).  

Tourism Stakeholders in Nepal 

There are 4,819 organisations registered with the Tourism Department of Nepal. A number of operating 

businesses (956 hotels, 1,636 trekking agencies, 2,112 travel agencies) (MoCTCA 2014) are primarily 

represented by associations such as Nepal Association of Tour and Travel Agents (NATTA), Hotel Association 

of Nepal (HAN) and Trekking Agents Association of Nepal (TAAN). Figure 1 below shows major stakeholders 

of the tourism industry and an overall structure of how tourism organisations fall under these associations and 

are running their operations with guidance from those associations and policymakers. 

Figure 1. Structure of Tourism Organisations 

 

 
USE OF ICT IN DISASTER MANAGEMENT 

The term ‘disaster management’ refers to mitigation, preparedness, response, and recovery from the destruction 

caused by disaster events such as flood, fire, earthquake, and typhoon. The recovery efforts are the activities that 

bring communities back to normal states and meet mitigation and preparedness needs after a disaster 

(Mansourian et al. 2006). 

Several researchers have studied and explored the use of ICTs for various aspects of disaster management. Zulu 

(2008) explained how ICT could be used in Africa not only during a disaster but also for post-disaster 

management and recovery through the creation of management information systems (MIS). Kutty (2015) argues 

that IT tools such as Geographic Information System (GIS), computer simulations and remote sensing can prove 

to be invaluable tools not only for disaster management but also for emergency planning and preparedness. 

Ajami (2013) investigated the need for and effectiveness of Earthquake Information Management Systems 

(EIMS) to collect, record, store, retrieve and analyse information related to a disaster event to help in the recovery 

process. The comparative study was conducted through a survey in India, Afghanistan, Japan, Turkey and Iran, 

and re-iterated that EIMS is reliable and desperately needed, and the up-to-date information can have an impact 

on risk mitigation. 

Li and Rao (2010) studied Twitter posts related to the 2008 China M8 earthquake to investigate how 

microblogging sites such as Twitter can be used to disseminate integrated and timely information during the 

earthquake. They found that Twitter was a faster and more effective tool than traditional media in the critical 

hours immediately after the earthquake. The research found that tools such as Twitter can be an excellent 

supplement to traditional media. 

MoCTCA has prepared a Tourism Recovery Action Plan for the recovery of the tourism industry (TAAN 2017), 

and started some awareness programs to inform tourists from all around the world that Nepal is safe to travel in. 

The Nepal Tourism Board (NTB) also started using a Facebook page (social media) to disseminate information 

(Ketter 2016; Beirman 2016). 

The government introduced ICT tools in the resilience process for some of the affected sectors after the 2015 
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Nepal earthquake. The website of the Ministry of Home Affairs (http://www.moha.gov.np) established a section 

to provide information about fatalities, people injured and buildings and sites damaged which were categorised 

up to local administration units such as municipality and village development committees. The government also 

started publishing data about the number of relief materials distributed by the government in various parts of the 

earthquake-affected regions in their reports. In addition, the government created an online portal called Nepal 

Disaster Risk Reduction Portal (http://www.drrportal.gov.np) with the aim of systematically tracking and 

disseminating information about disasters in Nepal. The system includes information such as location, loss of 

life and property, missing people, description and analysis of the data related to major disasters. 

Table 2: Donations raised through online platforms (Source: Panthi 2016; DirectRelief 2015) 

Website-platform Amount(USD) 

Crowdrise (150 campaigns) $2,983,178 

GoFundMe (1,717 campaigns) $7,445,288 

Indiegogo $3 million 

GlobalGiving $5,141,813 

Using Paypal (422,000 persons) $19 million 

Direct Relief $2 million 

The biggest relief fund in Nepal, the Prime Minister's Disaster Relief Fund, published names of contributors 

online after the earthquake in 2015. The relief fund collects donations from all around the world and uses the 

proceeds for rescue, treatment, relief, rehabilitation of victims and restoration of physical infrastructure damaged 

by natural disaster and calamities (PMDRF 2017). A new provision was also made to assist Nepalese diaspora 

to transfer funds electronically to Nepal after the disaster. As of 1st October 2015, 423 Nepalese and foreigners 

residing outside Nepal donated around $38.55 million out of $67.07 million total collected in the fund (PMDRF 

2017). 

Additionally, various online platforms and ICT tools were used to collect donations for Nepal. Table 2 above 

shows a summary of some of the platforms/organisations and the amounts raised. 

There have been a few studies conducted to analyse the use of social media as ICT tools during the post-disaster 

recovery activities from the Nepal earthquake. Ketter (2016) analysed the information posted on the NTB 

Facebook page to disseminate information and facilitate formal and informal interactions with users. Radianti et 

al. (2016) investigated Twitter posts to detect and determine public concerns during the disaster recovery. 

Radianti et al. also asserted that Twitter was extensively used with 882,563 unique hashtags during the first week 

after the quake. Similarly, Subba and Bui (2017) analysed Twitter data and found that ICT plays an important 

role during the crisis response time. Additionally, PATA (2015) claimed that social media played a strong role 

in the tourism recovery strategy. However, the focus of these studies was limited based on scope (specific ICT 

tool such as social media Facebook or Twitter; and specific organisations), time (short period), and objectives 

(examining specific phenomenon, rather than the potential use of ICT tools during the post-disaster period). 

After the 2015 Nepal earthquake, several other studies analysed the issues related to health, geology, or economy 

of the country, but, they did not investigate the ICT usage. Some studies investigated the geological analysis 

(Collins & Jibson 2015; Fan & Shearer 2015; Lindsey et al. 2015; Wang & Fialko 2015; Yagi & Okuwaki 2015) 

whereas others focused  on the impacts on health and sanitary (Merin et al. 2015; Nelson et al. 2015) and economic 

aspects after the earthquake (Hemant et al. 2017; Itzhaky et al. 2016) 

Considering the limitations of the above studies based on scope, time, field and research objectives, there is a 

dearth of research investigating the potential use of ICT tools in a post-disaster scenario from the earthquake in 

Nepal. This study aims to address those gaps and investigate whether the use of ICT tools can help in post-

earthquake tourism recovery activities. It examines the possible roles ICT tools can play to assist current 

recovery activities and to formulate government policies and procedures in the future. 

 
RESEARCH METHODS 

This research aims to investigate the potential use of ICT tools by stakeholders for post-disaster tourism 

resilience activities. Both qualitative and quantitative methods have been used for this research. The plurality of 

the investigation methodology was adopted following a mixed method in this research as such an approach can 

provide richer information and is more reliable. The ‘triangulation’ which combines various methodologies 

increases the validity and reliability of the study (Mingers 2001). It also helps in broadening the research and 
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providing better results (Creswell, 2013). Since there is a lack of information on the use of ICT in post-disaster 

work in tourism recovery, initially, semi-structured interviews were conducted to explore research questions 

posed after the literature review. The questions for interviews were formulated, and pilot tested with local 

researchers and doctorate candidates. Experts in tourism and ICT were selected for the interviews by using expert 

sampling techniques. Interview data were then validated with a survey of tourism organisations. 

One representative from each of the three major tourism associations NATTA, HAN and TAAN (shown in 

Figure 1) with a large membership of tourism organisations, was selected for the interview. The associations 

were contacted from their respective websites via email. After the initial consent, the researcher travelled to 

Nepal from Australia and conducted the interviews. Two participants who represent government bodies were 

chosen Additionally, three participants from different tourism organisations were selected based on their 

experience of the tourism recovery activities. Finally, one independent Nepalese tour and travel expert was 

interviewed to examine the research objectives. Approximately, 10 to 15 questions were asked of each 

participant during the semi-structured interviews on the topic of ‘their knowledge and experience of ICT for 

disaster management’, ‘impacts from the 2015 earthquake’, ‘their use of ICT for recovery’, ‘government’s use 

of ICT in recovery activities’ and ‘potential use of ICT tools for tourism recovery’. A summary of the participants 

is shown in Table 3 below. 

Table 3: Summary of participants 

 

 Qualitative Quantitative 

Number of 

Participants 

9 (3 - representatives of Associations; 2 - 

government representatives; 3 - tourism 

organisations and one tourism expert) 

198 tourism organisations 

Technique Expert sampling Random sampling 

Most of the interviews were conducted in English language and transcribed. For the anonymity purpose, 

interview participants were coded as P1 to P9. Four major areas linked with research objectives were identified 

through the content analysis of interview transcripts.  

Subsequently, to validate the findings from the interviews, a survey was conducted. The survey questionnaires 

were prepared and pilot tested for this purpose, then the survey was finalised based on the feedback from the 

pilot test. The Likert scale (1= strongly disagree to 5 = strongly agree) was used for each question in the survey. 

The participants for the survey were chosen randomly from the members of NATTA, HAN and TAAN. The 

survey was sent to 250 randomly selected tourism organisations. The researcher and delegates contacted the 250 

organisations and asked whether they wanted to participate in the survey. After verbal consent was given over 

the phone, the researcher or delegate visited the offices of the selected tourism organisations and completed the 

surveys. 206 organisations (approximately 82%) completed the questionnaire. However, some of them left the 

major portions blank, so only the remaining 198 usable responses were analysed. The data collected through the 

survey were processed using statistical software: SPSS. Based on qualitative interview data and validation 

through quantitative surveys, final results are presented in the later section. 

 

 
RESULTS AND DISCUSSION 

The results are presented in two phases. Results from the qualitative interviews are presented below: 

1st Phase: Semi-structured interviews - Through the content analysis of the interviews based on the research 

objectives, four Areas of Concerns (AoCs) emerged. These AoCs are directly linked with research objectives, 

and further analysis was conducted based on those concerns. The AoCs are summarised below: 

• AoC1 Negative impact of the 2015 Nepal earthquake on tourism organisations. Based on the interview 

results, all the participants indicated that the 2015 earthquake has adversely impacted the tourism industry. 

The participants asserted that recovery activities have been slow and the industry has been suffering from 

the disaster. As one participant (P7) quoted, “We have no tourists (as customers), and we are seriously 

considering to close our business, if no tourists are coming, we are not able to pay rent.” Another 

participant P3 corroborated and reiterated “Unfortunately, many employees at hotels have to leave their 

jobs... have heard similar situation in trekking and other travel businesses.” Similarly, P1 stated that the 

effect from the earthquake resulted in the lower number of tourist arrivals.  They also wished and were 

hopeful that the tourism recovery process should be prioritised. 

• AoC2 The government has not used ICT tools in the tourism recovery process. Seven out of nine 
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participants were sceptical and mentioned that the government had not used ICT tools effectively to help 

in the recovery process of the tourism industry. P6 claimed, “Government only cares about from where 

they can get more donations, and least worried about other impacts it has… I have not heard any work 

regarding ICT tools”. P1 inserted, “They (government) are least bothered about using ICT in the recovery 

activities… but more focus on collecting tax from tourism business”. However, P4 (semi-government 

representative) argue that some use of ICT tools had been started specifically for promoting tourism after 

the earthquake, but agree that the effort has not been enough. P9 states that the government can use ICT 

tools for several activities, “They should disseminate information (regarding recovery activities) using 

online tools… they also can provide information through multimedia about the destruction of tourism sites, 

which have not been fully reconstructed.” Some of them mentioned that the government agencies primarily 

used traditional methods of communication such as leaflets and presentations at international exhibitions 

to inform that ‘Nepal is safe’. 

• AoC3 Social media should be used by government and tourism organisations during the tourism recovery 

process. Six out of nine interviewees asserted that social media should be used during the tourism recovery 

activities. They argued that use of social media has been limited to some promotional or entertainment 

purposes. P8 is hopeful about the use of social media by the government in recovery activities and claims, 

“Social media is very helpful to bring more tourists to my business...how come government and other 

bigger organisations cannot work it out for them?” P7 claims the use of social media has provided a new 

avenue and it can be definitely used in recovery activities “the social media can be used to attract tourists 

to Nepal informing that all tourism sites are not affected...It can help to increase internal tourists after the 

earthquake ” but P2 asserts “It (social media) has been used for entertainment purpose by young people 

and businesses have not used for commercial purpose” In contrast, P4, representative from a semi-

government organisation (promotion body of the government), stated that they have started sharing 

information about the various tourism development in Nepal through its official page, and argue that they 

are actively using social media to promote the tourism industry especially through Facebook “...We have 

started updating our Facebook pages regularly, and we are promoting and informing tourists about the 

tourism activities… The results have been inspiring… people are more aware of Nepal now”. 

• AoC4 The role of ICT in the recovery of the tourism industry. All the participants unanimously supported 

that ICT tools have a significant role in the process of tourism recovery after the earthquake. P5 

(government representative) asserts “ICT has a great role to play in the recovery activities...in the 21st 

century, ICT is very useful everywhere... I can see how it can help in the tourism recovery.” P9 adds “I do 

not understand why everyone (stakeholders) do not emphasise on emerging technologies such as ICT for 

the recovery work… I clearly see many benefits… how they can be used for the purpose…” Similarly, P6 

states “There is a great potential for the use of ICT in the recovery process but…most of the stakeholders 

have not been able to utilise it to that extent…” However, P8 is optimistic that the use and impacts of ICT 

tools will increase and says “... the whole world is connecting through the ICT tools, and the recovery 

activities cannot be isolated…” 

The overall analysis is summarised in Table 4 below: 

Table 4.  Summary of the responses from interview participants 

 

 P1 P2 P3 P4 P5 P6 P7 P8 P9  

AoC1 √ √ √ √ √ √ √ √ √ The 2015 earthquake has impacted the tourism 

industry adversely. 

AoC2 √ √ √ × × √ √ √ √ The government has not been able to use ICT 

tools effectively for tourism recovery activities. 

AoC3 × × × √ √ √ √ √ √ Social media are used by some organisations 

but can be done more in the recovery process. 

AoC4 √ √ √ √ √ √ √ √ √ ICT has a powerful role in the tourism recovery 

activities from 2015 Nepal earthquake. 

[√ - agreed on the concern, × - disagreed with the concern] 

2nd Phase: Validation of the results through a Survey - the interview results provided findings mentioned 

above of the impacts on the industry and the potential use of ICT in recovery activities. The results of the 

interviews were further examined using the survey tool which helped to validate and enhance the quality of the 

results. 
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Results from the Survey. 

Out of 198 tourism organisations that participated in the survey, 53 percent of them were owners; 26 percent 

of the participants were managers, and the rest of the survey questionnaires were completed by responsible 

employees. The majority of the survey participants reported that they have good knowledge of information 

technology and have had experience using some ICT tools in their business on a regular basis. 50 percent of 

the organisations surveyed were from the travel industry (members of NATTA), 36 percent were from trekking 

businesses (members of TAAN) and the remaining 14 percent were from the hotel industry (members of HAN). 

Table 5.  Summary of the responses on the areas of concerns 

 

 AoC1 AoC2 AoC3 AoC4 

Mean 4.08 4.30 3.95 4.39 

Standard deviation 0.953 0.642 0.853 0.689 

Agreed Percentage 81% 86% 80% 96% 

The percentages in Table 5 include both strongly agree (scale 5) and agree (scale 4) from the Likert scale of 1 

to 5. The results are discussed and shown in Figure 2 below. 

 

 

Figure 2: Summary of results in areas of concern 

AoC1 – Negative impact from the Earthquake. 81 percent of the survey participants (with a mean score of 4.08 

out of 5) agreed with the findings that the 2015 earthquake has negatively impacted tourism businesses. Even 

almost three years after the disaster, the tourism organisations have not been able to recover well. The findings 

contradict the Nepal government’s claim about the recovery of the tourism industry as they only accounted for 

the number of buildings reconstructed, sites resumed and the districts affected (NRA 2017). A significant number 

of organisations agreed with the negative impact on their businesses which also confirms the need for more 

immediate programs by the government for earthquake recovery. 

AoC2 - The government has not used ICT tools. 86 percent of the participants agreed that the government 

has not been able to use ICT tools in the recovery process. It indicates that the ICT has not been a part of current 

tourism recovery programs in Nepal. Tourism organisations felt that the government has not been able to utilize 

the full potential of ICT tools in post-disaster tourism recover processes. 
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AoC3 - Social media should be used. 80 percent of the participants from tourism organisations in the survey 

agreed that the social should be utilized during the tourism recovery process by major stakeholders. The 

organisations such as NTB and some private organisations were found to be operating Facebook pages to promote 

and interact on tourism issues after the quake. 

AoC4 - Role of ICT. Most importantly, around 96 percent of the survey participants agreed with the statement 

that the ICT tools have a significant role in the earthquake recovery process. ICT can help to connect tourism 

organisations, charity organisations and other players with existing government agencies to cooperate in the 

recovery process. 

The results of the survey corroborated findings from the interviews regarding the use of ICT tools in tourism 

recovery activities. 

 
IMPLICATIONS 

The study investigated and analysed the potential use of ICT and social media tools during post-disaster recovery 

management, and provided useful findings. Firstly, this study shows that the 2015 earthquake has negatively 

impacted the tourism industry of Nepal. It also shows that the majority of tourism organisations are still sceptical 

about the progress of the tourism recovery processes and programs. 

The recovery of the various industries including tourism is continuing through the responsible government 

agency Nepal Reconstruction Authority (NRA). The findings from this research encourage the use of ICT tools 

in the recovery activities of tourism sectors. 

The findings also suggest that the various stakeholders should effectively use social media widely for tourism 

recovery activities. The findings suggest that stakeholders such as government agencies and tourism 

organisations should update their plans and policies to integrate ICT tools and enhance their programs related to 

tourism recovery activities. 

Similarly, the findings from this study can be used to manage a post-disaster situations for those countries where 

tourism is one of the major industries, and countries which are also vulnerable to natural disasters like 

earthquakes. The findings and observations from this research can help to prepare, plan and manage the post-

disaster situation effectively with the help of ICT tools. 

Around 96 percent tourism organisations who participated in the survey assert that the use of ICT tools can play 

a powerful role in the tourism recovery process. This finding endorses the use of ICT tools and advocates the 

need for the broader use of them in Nepal. It also indicates that further research is needed on the use of ICT tools 

to prepare a tourism recovery framework to assist in post-disaster recovery. 

 
CONCLUSION 

The tourism industry is one of the major contributors to GDP in Nepal, and the 2015 earthquake has adversely 

affected various aspects of the tourism sector. The earthquake damaged several tourist attractions such as 

heritage sites, trekking routes, and a trail to Everest Base Camp. Consequently, the total number of tourists has 

declined affecting the operation of tourism organisations. A substantial amount of foreign aid was donated to the 

government for the recovery process, but the overall progress of the recovery has been slow. 

This research highlights the potential use of ICT tools by various stakeholders such as tourism organisations and 

government agencies during post-earthquake recovery activities for the tourism industry. The findings provided 

useful insights into the use of ICT tools in disaster management. However, government use of ICT in recovery 

activities was found to be deficient and tourism organisations voiced that government should embrace ICT tools 

more. The research also found that social media is effective during the post-disaster recovery activities of Nepal 

but such initiatives are still under-utilized. 

In the future, these findings can be used for further studies to create a disaster management framework integrated 

with ICT tools so that the government of Nepal can better manage the situation after a disaster through effective 

programs. Such programs should integrate related stakeholders and their concerns to work towards a disaster 

resilience scenario. It is also anticipated that the framework can give guidance to other countries with similar 

geological and tourism focused economies. 
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ABSTRACT 

In 2015 Wellington joined the 100 Resilient Cities Organization and began a new chapter in its resilience 

journey. This journey has seen a strategic focus on the use of data to enable better emergency response and to 

integrate and inform decision making at all levels. A resilience strategy of integrating data into governance, 

adaptation, recovery and community engagement has helped Wellington manage the effects of the 2016 

Kaikōura Earthquake, lead engagement on sea level rise and integrate resilience building measures into the 

city’s built environment and communities. This strategy has driven the renewal of a city data capability to 

provision the Risk Reduction, Readiness, Response and Recovery of the city. 

Keywords 

City Resilience, Open Data, GIS, Geospatial, Community Engagement. 

INTRODUCTION 

In 2015 Wellington joined the 100 Resilient Cities Organisation and began a new chapter in its long journey of 

improved resilience. Wellington’s Resilience Story over the past three years has seen the production of a 

resilience strategy, the response and ongoing recovery from the Kaikōura Earthquake, renewed engagement on 

preparing the city for further seismic events, and progress on a number of longer term stresses in the city, such 

as climate change and affordable housing 

As this busy programme of resilience building has continued it has been underpinned by the development of a 

data capability within Wellington City Council. This paper details how this capability has developed, the 

advantages it gives the city and how it is helping build resilience by increasing the city’s emergency response, 

recovery, risk reduction and readiness capabilities. 

 

Resilience Strategy 

Set up by the Rockefeller Foundation, the 100 Resilient Cities Organisation has brought together 100 cities into 

a global network to share knowledge, resources and solutions, and ultimately to become more resilient. 

Membership of the network required the establishment of a Chief Resilience Officer role and the commitment 

that the city would produce a Resilience Strategy – a document that would lay out a vision, goals and 

programmes to make the city more resilient. In Wellington’s case this strategy was co-created with city 

communities, businesses, infrastructure partners, central government and surrounding local governments. The 

strategy has the vision of “As Wellington changes everyone here will survive and thrive”. This vision is driven 

through three resilience goals into a number of programmes designed to increase the many aspects of city 

resilience. Key to the city’s success in delivering on the commitments in this strategy has been the recognition 

that the City Council needs to take an active role in a data ecosystem. This approach mandates the opening and 
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sharing of data to engage citizens and organisations in making the city more resilient.   

 

 

Wellington City Council has taken the mandate of open and shared data for resilience of the city to hazards and 

translated that through the Open Data Institutes Open Shared Closed data framework (Open Data Institute). This 

framework divides data into spectrum of: 

• Open: Data which is freely available, without restriction on user identity or intent. 

• Shared: Data which is shared between known users based on understandings of use. 

• Closed: Data which is only accessible by its creator or holder agency – usually data which has privacy or 

other concerns. 

 

 

This method of governing data as applied\by the city to hazards data and research aligns with the more usual 

methods of city management, allowing it to be used in day to day processes within the city. The conversion of 

data so that it is spatially formatted and machine-readable allows meaningful insights to be generated from 

traditionally siloed datasets such as geotechnical and social data. This interactability and use data in day to day 

city management means that city staff are used to dealing with these data and tools, meaning they can quickly 

adapt them to be useful during an emergency. This interactability also allows resilience data to be brought into 

wider city systems such as web GIS, the Virtual Reality Digital City Model and other engagement systems to 

make these concerns relatable for citizens and multidisciplinary teams of professionals. 

Response 

Just after midnight on 14 November 2016 residents of Wellington city were shaken awake by the 7.8 magnitude 

Kaikōura earthquake, centered in the upper South Island of New Zealand. This earthquake event quickly became 

a test of the cities data platform and the ability to transition from resilience building processes to active 

response.  The Kaikōura Earthquake is one of the most complex ever recorded, with 21 faults rupturing over 

545

https://theodi.org/wp-content/uploads/2018/02/Screen-Shot-2018-02-27-at-12.42.42.png


Moore et al.                                                                                                                                           Informing City Resilience 

Work in Progress Insight Paper - Enhancing Resilience of Natural, Built, and Socio-economic Environment 

Proceedings of ISCRAM Asia Pacific 2018 (K. Stock and D. Bunker, eds). 
 

180km. As the energy propagated northwards, it shook Wellington, damaging buildings, but thankfully sparing 

the city any fatalities. The following days to weeks would involve the assessment of over 1600 multilevel 

commercial and residential buildings, the cordoning of streets, the evacuation of residents from affected 

properties and the demolition of the more severely damaged buildings. There was also damage and disruption at 

the city’s port and other critical infrastructure sites, and coincident severe weather presented many additional 

challenges.  

In this dynamic and very complex event the geospatial capability which was developing for the city was put to 

the test. From the beginning of the event the ability to convey a single, unifying picture of the city in an 

Emergency Operations Centre (EOC) became key. This immediately helped unify the response.  

 

The agility of our geospatial approach was enabled by a series of decisions taken early on to manage the spatial 

outputs of this emergency in ArcGIS Online. Migrating the majority of our geospatial functions online was a 

simple task to achieve, but proved transformative in supporting our officials to assist the city’s response by: 

•Creating a core spatial dataset that was accessible across our organisation. 

•Allowing the deployment of web maps and web scenes as common operating pictures tailored to particular 

teams. 

•Improving the speed of delivery of products by using inbuilt base maps. 

•Allowing us to project information out of our Emergency Operations Centre to specialist council teams and 

other organisations. 

•Enabling more experimental and innovative approaches like producing 3D common operating pictures. 

 

By migrating functions online, geospatial capability could be deployed directly to teams looking after welfare, 

building inspections and infrastructure and assist in ensuring information flows continued as these teams 

became larger and more involved in their tasks. 

The online environment also proved invaluable when it came to placing damage into context- with the ability to 

draw on the ARCGIS-Online community of datasets and begin to understand and anticipate the impacts of 

cordoning off buildings and streets. In this regard, geospatial information helped us change stance from being 

responsive to proactive in the management of the event. 
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The online first model also allowed a unified approach to public information – with traditional cordon maps 

being produced, and Common Operating Pictures and public information web maps being updated. This is not 

to say that all geospatial data could be provisioned online, there was still a need for desktop backups of online 

data and more in depth offline analysis of aspects like economic impact. In a stressful 24 hour operation, this 

ability to unify systems and flows, deploy every day tools and gain the efficiencies needed to allow time to 

become proactive is invaluable. 

 

One key thing that we achieved in this event was to deploy Wellington’s 3D geospatial capability to 

communicate what was happening to our city to citizens, government decision makers and other city 

stakeholders. The use of 3D data and scenes became a vital capability to calculate safety zones surrounding 

buildings, place these zones in context and assess the surrounding streets to make logical cordoning decisions. 

The place in which 3D technology really delivered dividends was in the creation of web scenes. These web 

scenes allowed fast, intuitive briefing of leaders. Rather than seeing the abstracted cartography of a map they 

saw a representation of the world they were familiar with – allowing them to orient quickly, concentrate and 

understand what expert staff were talking about and engage effectively to make the decisions needed with 

confidence. The true value of 3D images in this instance was to show decision-makers that the operating scale 

was at a street-by-street level, and that the cordoning and closure of our entire central business district was not 
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necessary. This saved potentially enormous disruption to lives, loss of economic activity, logistical issues and 

more importantly loss of community ownership of the places people live from occurring. 

From Response to Recovery 

One of the most challenging parts of dealing with an event like an earthquake is transitioning from event 

response to recovery. As people change from managing the emergency to a more day to day dealing with what 

has changed, there are challenges in how we take what we learnt forward. In this event, geospatial data has been 

our way of communicating across time and space. As we transitioned the online data core built during response 

to our teams leading the recovery, we have been able to build up layers of information looking at the patterns of 

damage. We have been able to draw on information looking at how the city came to have the shape it has, how 

the different businesses, homes and infrastructures are connected, and how it is changing, both immediately with 

real time traffic, but also over longer time periods. This has allowed continuity between response and recovery. 

The transition from response to recovery is a difficult transition for a local authority as staff are stood down and 

rested from their emergency roles and ongoing work is tasked back into operational units within council. This 

transition was made somewhat easier in the case of the Kaikōura Earthquake by having the Resilience Officer to 

take charge of ongoing work, and a cloud-based system made geospatial data simple to access and use. 

With the shift from response to recovery, the needs of the information systems supporting operational efforts 

changed. The system needed to support a culture of continual improvement and ongoing management as new 

legislation placed new demands on city property owners and the council to manage earthquake-prone buildings. 

Ongoing demolition processes required welfare support for displaced residents and businesses, and the lessons 

learnt transferred into different parts of council to be implemented in ongoing processes. During this phase, our 

geospatial tools were frequently used to automate data input and transfer, and to train staff. This resulted in the 

creation of collector apps which are used by building inspectors to record building inspections, shortening the 

time needed to process this data and allowing the quick production of damage maps for the city. A side benefit 

of this continuity between Response and Recovery is to embed geospatial data into Council functions focused 

on recovery efforts and buildings. This has seen the rapid deployment of digital first information collectors with 

Survey 123, visualisations of data being produced in conjunction with the people collecting it and a general 

embrace of geospatial data and how it can improve both our city and our effectiveness as a local government. 

Risk Reduction 

The insights being generated during the recovery phase have been translated through councils continued 

operations into risk reduction. In terms of information systems, this has taken the form of combining hazard and 

building data with wider datasets used to plan and operate the city. A key part of this process has been the 

conversion of these datasets into interactable and engageable forms. This work has seen resilience data used to 

create a range of webmaps to support public engagement. These webmaps have been supporting efforts to 

engage on what climate change and sea level rise might mean for the city. They are also a step towards helping 

communicate what changes in hazard exposure mean for citizens daily lives and city infrastructure. This data 

has also been inserted into the City’s Digital City Model – a metropolitan scale Virtual Reality system allowing 

users to see the effects of various factors in the city, including ground shaking indices, planning rules, or sea 

level rise. Game technology that adopts the geospatial data has been used as an engagement/planning tool - a 

collaboration medium between adjoining local authorities and a way of understanding how actions can affect a 

variety of disciplines and systems. 
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Key to the city’s risk reduction is the ongoing engagement of communities. The city council has many processes 

which require public input, and officers have actively added a resilience dividend to these conversations to find 

ways of informing, reminding and working with people to reduce their risk. These efforts have been backed by 

additional information infrastructure investment such as the creation of a pedestrian flow measurement system, a 

way of understanding how streets are being used by pedestrians which aids both their design, but also the city’s 

tactical situational awareness in an emergency. The City Council has also worked with communities to develop 

an evacuation checklist – helping guide people what they should and should not take should they have to leave 

their homes. These tools have helped support ongoing resilience conversations and have informed new feedback 

loops in the city council’s data systems for use during emergencies. 

Readiness 

A key component of risk reduction is the understanding of which vulnerabilities cannot be reduced and instead 

addressed through a capability. Much of readiness in the city council’s data systems is created by their ongoing 

use. By using our emergency management tools every day in the course of planning and administering the city, 

staff retain competency in using the tools. By continuing to design with both an everyday value and hazard 

insurance mindset the city has been able to grow an ecosystem of data which, if functioning, delivers value 

throughout the lifecycle of an event. 

Further development 

By adopting city management techniques into emergency management and resilience practices, Wellington City 

Council has developed a number of capabilities. We proved the advantages of working online, but there is work 

to do on developing standard operating procedures and data schema if we are to realise the full benefits as a city 

and as a country. These benefits come from being able to take map services and layers from a number of 

jurisdictions to build regional and national profiles with limited resources. 

There is work to do on operationalising collector and Survey 123 methods across a number of groups. Now that 

officials have seen such technology first-hand and how they can improve lives, we are in a stronger position for 

the next emergency event. This will deliver dividends by speeding the information flow, reducing paper waste 

and improving auditability. 

There is also a question of open data in emergencies; if data flows can be standardised and stabilised, can they 

also be made open to better engage with our community? There is significant of potential in this area to improve 

engagement with communities, grow resilience and empower citizens. 
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ABSTRACT 

While the development of risk modelling has focussed on improving model accuracy and modeller expertise, less 

consideration has been given to understanding how risk models are perceived and used by the end-user. In this 

think-piece, we explore how risk modelling is perceived and used by three different end-user functions for natural 

hazard risk management in New Zealand local government: policy making, land use planning, and emergency 

management. We find that risk modelling is: 

• valued and used by strategic policy makers;  

• less valued within operational land use consent planning and not as widely used, and 

• valued within operational emergency management but not as widely used.   

We offer our thoughts as to why this is the case with reference to focus groups and qualitative interviews held 

with local government natural hazard risk end-users across the Bay of Plenty, Gisborne, Hawke’s Bay, 

Wellington, Nelson, Tasman and Canterbury regions of New Zealand. We conclude with recommendations for 

how risk modelling can be further developed to increase community resilience. 

Keywords 

End-user perception, risk modelling, natural hazards, local government, New Zealand. 

INTRODUCTION 

Researchers and practitioners are increasingly using risk modelling to scope the consequences for natural hazard 

scenarios where there is uncertainty over vulnerability and exposure (UNISDR, 2015; Donovan & Oppenheimer, 

2015; Eiser et al., 2012). However, while research has focussed on developing better risk models, less 

consideration has been given to end-user perceptions and use of risk modelling for natural hazard management 

(Komendantova et al., 2014; Reiter et al., 2017). 

Natural hazard management in New Zealand is achieved through the devolution of central government legislation 

down to local government for application. Three key pieces of legislation coordinate how natural hazard 

management is applied: 
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1. The Local Government Act 2002 (LGA) – provides for local government to meet the natural hazard 

management needs of communities through local infrastructure, local public services, and performance 

of regulatory functions; 

2. The Resource Management Act 1991 (RMA) – land use consent planning assures avoidance or mitigation 

of natural hazards with respect to the use, development, or protection of land; 

3. The Civil Defence Emergency Management Act 2002 (CDEMA) – emergency management supports the 

sustainable management of hazards in a way that contributes to the social, economic, cultural, and 

environmental well-being and safety of the public and also to the protection of property; 

Each piece of legislation and its associated policies and processes are applied through separate local government 

functions. While it is intended that these functions work seamlessly together, it is shown that over time, integration 

remains limited, resulting in different perceptions and reduced effectiveness for natural hazard management 

(Becker and Johnston, 2000; Ericksen et al. 2004; Glavovic et al, 2010; LGNZ, 2014; Saunders et al., 2014; 

Saunders et al., 2015; Basher, 2016; Kilvington & Saunders, 2016; Crawford et al., 2018; Lawrence, 2018;). 

This think-piece explores the differences between how end-users perceive and use risk modelling for natural 

hazard management across the functions of strategic policy making under the LGA, operational land use consent 

planning under the RMA and operational emergency management under the CDEMA. It refers to data captured 

from focus groups sessions and qualitative interviews held with end-users from the Bay of Plenty, Gisborne, 

Hawke’s Bay, Wellington, Nelson, Tasman and Canterbury regions of New Zealand. We discuss the differences 

in how end-users perceive and use natural hazard risk modelling and conclude with recommendations for how 

natural hazard risk modelling can be further developed.  

Through a better understanding of how each natural hazard end-user function perceives and uses risk modelling, 

we can improve the usability of risk modelling, increase its application, and therefore build community resilience 

to natural hazards.  

METHODS 

In the social sciences, risk perception is subjective, involving people’s feelings, beliefs, attitudes and judgements 

(Barnes, 2001). As such, qualitative approaches were used because they “explore the views, experiences, beliefs 

and/or motivations of individuals on specific matters” (Gill et al., 2008. p. 292). Two qualitative approaches were 

used to better understand end-user perceptions towards the risk modelling and its use: focus groups and qualitative 

interviews. 

Focus groups sessions were held with the Bay of Plenty, Hawke’s Bay, Wellington, Nelson, Tasman and 

Canterbury regional or unitary authorities. This method was used because the “explicit use of group interaction 

produces data and insights that would be less accessible without the interaction found in the group” (Flick, 2006. 

p.197). The sessions ranged in size from six to fifteen participants covering functions for strategic policy making, 

land use consent planning and emergency management, and also for engineering, hazard analyst and GIS 

technician roles. Participants were encouraged to discuss their perceptions of the use of risk modelling via a semi-

structured approach framed by guiding questions as set out in Table 1. 

Qualitative interviews were held in Wellington, Hawke’s Bay and Gisborne. Twenty-three participants were 

individually interviewed covering functions for strategic policy making, land use consent planning and emergency 

management, as well as other roles for environmental science, building control, asset management, engineering 

and hazard modelling. As with the focus group sessions, an interview guide was developed to help steer the course 

of the interviews as set out in Table 2. 

Both the focus group sessions and qualitative interviews lasted between 1 – 2 hours with data captured through 

dictaphone recordings and then transcribed. Transcriptions were thematically analysed as it “provides a flexible 

and useful research tool, which can potentially provide a rich and detailed, yet complex account of data” (Braun 

& Clarke, 2006. p.5). The themes identified emerged through iteratively analysing the transcripts via an inductive, 

‘bottom-up’ process (Patton, 2015). The NVivo software package was used to assist with the analysis, 

categorisation, and organisation of the data into main themes with contributing sub-themes. 
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Table 1.  Focus Group Session Guide 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2:  Qualitative Interview Guide 

RESULTS 

The themes identified from the transcriptions are examined across the strategic policy making, land use consent 

planning and emergency management functions in turn. 

Strategic Policy making 

When discussing how natural hazard risk management was achieved within their council, strategic policy makers 

were clear about how it was a holistic approach, incorporating different council roles and external influences: 

You have the engineers and the building consents guys and the planners and they are all 

collectively are fully aware of the hazards, so as an organisation I think we are pretty good with 

it. We are constantly, collectively working on contingency plans. 

Understanding information management: 

• How is this group linked with other departments and wider natural hazards risk 

management within the council? 

• How do you communicate risk and hazard information and make decisions 

across the council? 

• What information do you use? 

• Where does it come from? 

• Do you create or provide your own information? 

• How would you like to receive or share risk and hazard information? 

Discussion based on examples: 

• Do you have any examples of risk-informed decision-making or response? What 

went well in terms of information requirements? 

• What information was missing or what were the information gaps? 

 

Thoughts, feelings and experiences on how natural hazard risk management policy works 

in that Council: 

• Its level of importance 

• How often policy is developed 

• How policy is applied  

• Links across council for natural hazard risk management  

• The local governance environment/mandate for policy development 

• Risk-based policy 

Views on the use of risk modelling software: 

• Whether it changes the way participants perceive natural hazard risk. 

• Whether it better communicates the risk, why and why not. 

• Whether it is better at creating efficacy for developing more risk informed 

policy and procedure. 

• What participants think are the barriers for the communication, perception, and 

efficacy for natural hazard risk. 

• What participants think are the enablers for the communication, perception, and 

efficacy for natural hazard risk. 
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It doesn't always have to look like rules and regulations in a regional plan… you don't have to 

go anywhere near and RMA planning instruments in reality. 

Policy is, in my view, not just about local authority. It is about other industry sectors: very much 

insurance has a role, or lenders have a role to play in this, and they are having more and more 

of a role in this. 

While strategic policy makers were unanimous in supporting natural hazard risk management, they were also 

pragmatic about its relationship with economic development:    

I guess it's how you meaningfully respond to the threat of natural hazards and what you can do 

which doesn't prevent people from living and undertaking their daily life and keeping the 

economy moving and cities growing. 

In line with their holistic, pragmatic view of natural hazard risk, strategic policy makers showed a good 

understanding of risk management concepts: 

At the end of the day, what is a reasonable probability that you are willing to accept as a 

community for risk? [Some policies] would be too onerous to try and work your planning 

framework around, so there needs to be a bit of risk tolerance in every decision that you make. 

Considering this, strategic policy makers presented mixed perceptions of natural hazard risk modelling and its 

use. They appreciated its value for providing science-informed results: 

Looking at what the risks are and establishing priorities… So we have used [risk modelling] as 

part of that with the fragility curves and working out what the assets are at risk.  

If we get a handle on the scale of what is at risk, it is always valuable for policy development. 

I wanted to have something to support me if I’m in a hearing in Environment Court or in a 

consent (Resource Consent) to show that these areas were at risk. 

However, the uncertainties and assumptions inherent within risk modelling meant that they had limited confidence 

in modelled results. 

[Risk modelling] might be entirely valid as a tool to inform your high level strategic special 

planning but not be able to inform a land use regulatory Environment Court appeal kind of 

decision-making forum… It comes back to your policy advisors having an awareness of the 

potential but also the limitations of any of these risk models and also an awareness of the data 

availability. 

Overall, strategic policy makers appreciated risk modelling as a communication tool that informed policy making: 

Modelling produces a visual, spatial map output and if there is one thing I know from many years 

of talking to the community and councils and people is that they can relate to any visual-graphic 

representation of something people can see. So they’re hugely powerful tools for communicating 

risk and impact and disaster risk reduction. 

I'm a firm believer that any model is there to support decision making not to make decisions. 

Only humans can do that in full judgement of the information available. So as a communications 

tool risk modelling is still quite valid.  

Land use consent planning 

While land use consent planners acknowledged the use of other legislation for achieving natural hazard risk 

management, a common thread for discussions was on using the RMA and associated plans to deliver regulation: 

My colleagues think the RMA is the Bible and is the key means of delivering on land use planning 

decisions 

There are two different types of planner; I like to think that we are heading more towards the 

outcome focussed planner but, to be honest, I think we have gone more towards the book version 

[where] ‘the book’ [the District Plan] gives us the answers. 

Considering the land use consent planning focus on using existing rules and regulations, and due to stretched 

resources, there has not been the drive or capacity to learn different approaches for natural hazard risk 

management: 
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That's the problem - sophisticated spreadsheets and sophisticated modelling have never been a 

strong point in planning. 

People are stretched with their workloads and probably find it difficult to develop a new area. 

In conjunction with this, participants reported that risk modelling for less frequent natural hazard events was not 

synonymous with the policy timeframes used within land use consent planning: 

As far as planning is concerned … they're dealing with the here and now, they're dealing with 

people who come in with development proposals, they're looking at a District Plan which maybe 

has a ten-year life  

As such, while there is an appreciation of risk modelling as a tool, it has not been readily adopted within land use 

consent planning:   

I can see that being a really useful tool… there’s a social component to it. 

Some of them know about [risk modelling], but I think it just hasn’t hit the point where people 

see it as a valuable tool as far as how they make decisions. 

Maybe the software approach is just too much effort, with too little flexibility, to be of value on 

the day. 

Emergency management 

An interesting theme that emerged from discussions was how the emergency management function interacted 

with other parts of the council. While natural hazard risk management is a primary focus for emergency 

management, it is a less important focus for land use consent planning and strategic policy making: 

Hazards will be in the mix as part of that upcoming plan review exercise, but we have bigger 

fish to fry. 

Even though hazards and [emergency management] are important … when events aren’t 

occurring it just drops down on the importance list. 

In addition, emergency management is commonly perceived as only an emergency response function, making it 

less relevant to other natural hazard risk management functions across the council:  

[Emergency management] tends to operate much more on the response and recovery side and 

try as you might there's not actually a lot of crossover between and dialogue between the 

emergency management and the planning policy people. 

I still think that the Council think of us as the people that work responding to an emergency. 

[They] don't actually think about the value that can be added from other areas. 

Considering this challenging environment, emergency management has had to rely on influential personalities 

to better enable integration with other natural hazard functions:    

She’s playing the long game, she’s been around for a while doing it, and because of the set of 

circumstances, she’s able now to influence across a wide breadth within the Council, and show 

the value of [emergency management] to them. 

Emergency managers showed a good understanding of risk as part of achieving their function for natural hazard 

risk management.    

So that’s where [emergency management] comes in, so you can’t actually say “well what is the 

risk of developing that land there?”, unless you understand that if that event happens, what is 

the impact and the response? We have to evacuate that, we have to house people, we have to 

this, we have to do that, we have to do planning and that takes resources and time.  

It’s looking at it and saying “well these are the risks, this is what would need to happen for 

response” and therefore we could ‘tutu’ (muck around) with the design to make response easier 

and therefore carry on. Or go well, the chances are pretty low, therefore the risk is acceptable. 

Yes, there is a risk but it is acceptable. 

Given their understanding of risk management, emergency managers saw value in risk modelling: 

It would be very powerful for [emergency] planning, through knowing what the potential impacts 

would be, in other words, what is the end game? If something happens, what’s it going to look 
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like? Then we can go back to the start and say this is our future recovery planning that we are 

going to have to think about. 

Emergency managers also found risk modelling valuable for: 

• communication to the public and decision-makers; 

• real-time event response; 

• exercise development; 

• contingency planning; 

• generic plans such as land use and civil defence plans; and 

• policy development such as Regional Policy Statements. 

However, while emergency managers agree that risk modelling was a valuable tool for natural hazard risk 

management, on the whole, it isn’t used. Emergency managers reported that this is because contributing data is 

not available and because risk models are not suitable for their specific needs:  

In terms of CDEM, we need information that is as up to date as possible. We can use it as a 

response tool as long as the data is available. 

I know that … the [emergency management] people weren't too keen on it. Maybe because that 

is just too hard to use in an event.  

As such, emergency managers have looked to use their own community knowledge as well as other tools for 

assessing and communicating risk: 

The Hazards Portal, you know, that's great, great, and [emergency management] is leading that, 

which is great.  

I can virtually do that myself on GIS by plotting all of our lifelines across it, all the residential 

areas, daytime populations are all going to be in the CBD around this area so we’re going to 

get pretty good loss of daytime in this area. You know these residential areas at night, okay, 

these are the inundation maps we've got and they're not great but they're better than nothing. 

DISCUSSION 

The themes set out in the results section present a complex and differing environment for the perception and use 

of risk modelling across the strategic policy making, operational land use consent planning, and operational 

emergency management functions for natural hazard risk management. We find that risk modelling is: 

• valued and used by strategic policy makers;  

• less valued within operational land use consent planning and not as widely used, and 

• valued within operational emergency management but not as widely used.   

While the data that informs this discussion represents a significant portion of New Zealand local government 

(seven of the seventeen regional and unitary authorities), it is not representative of all of New Zealand local 

government. Perceptions and uses for risk modelling may be different in areas that were not part of the study.      

We offer our thoughts on the differences in perception and use of risk modelling of our case study area in turn.  

Strategic policy making 

Strategic policy making is central to achieving the strategic local government objectives for the social and 

economic development of their communities. While councils see natural hazard risk management as important 

(BOPRC, 2018; CRC, 2018; GDC, 2015; GWRC, 2015; HBRC, 2012), it is only a part of the strategic policy 

making function. Other foci for local government strategic policy making include management of infrastructure, 

environment, social issues and economic development. Strategic policy makers take a wider, holistic view to 

achieve natural hazard risk management outcomes. It is their role to see the ‘big picture’ and think ‘outside the 

box’, straddling all council functions and combining different legislations, policies, plans, tools and processes. 

Strategic policy makers also look to public-private partnerships to develop strategy that meets the current and 

future needs of our communities as per the Local Government Act (LGA) (New Zealand Government, 2002b).  

Due to its importance, strategic policy making can easily connect to and integrate with other council functions in 

order to achieve objectives. It is also more easily able to influence decision-makers to financially support the use 

of methods and tools to achieve those objectives. Furthermore, strategic policy making’s position of straddling all 

council functions, along with private sector business management, has enabled them to develop a more holistic 
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understanding of risk management. For example, ongoing management of ageing and vulnerable infrastructure 

has resulted in more developed risk-based local government policy focussed on asset management than for any 

other council function. Strategic policy makers are then able to transfer this knowledge to other areas like natural 

hazard risk management. 

This understanding of risk, the readiness to use different methods and tools, along with its influence within the 

organisation, has meant that strategic policy makers are using risk modelling the most out of the three end-user 

functions. Examples of its use for natural hazard strategy development include for a cost-benefit analysis of 

residential development within Lower Hutt, impacts assessment as part of the Hawke Bay Coastal Strategy (T&T, 

2016), and mitigation strategies for Gisborne District Council (GNS, 2016). 

Yet even though strategic policy makers use natural hazard risk modelling the most, they show the least confidence 

in its outputs. This correlation makes sense. With greater exposure to the uncertainties and assumptions contained 

within risk modelling, comes a greater appreciation of its limitations. We also think that strategic policy makers’ 

more developed understanding of risk better informs them of how much tolerance they have for risk modelling 

uncertainties and the assurance that risk modelling provides.  

Nevertheless, while strategic policy makers are consistent in saying that risk models are too uncertain for re-

zoning type applications, they are valued for cost-benefit analyses and communicating risk for high-level policy 

making.   

Land use consent planning 

Similar to strategic policy making, land use consent planning is central to achieving the strategic local government 

objectives for sustainable development. District plan provisions (under the Resource Management Act (RMA)), 

applied through land use consent planners, are a useful and wide-ranging legislative instrument. As with strategic 

policy making, natural hazard risk management is only part of the land use consent planning function. Planners 

regulate a number of other community activities including development, industry, transport, water, noise, heritage, 

hazardous substances, and air quality. Due to the similarities between the two functions, land use consent planners 

have a more established relationship with strategic policy makers than with emergency managers.  

Land use consent planning is operationally focussed. It looks to regulate community activities through regional 

and district plan resource consents, monitoring and enforcement. While it is not a strategic function like policy 

making, it is still viewed as important for how councils achieve their objectives. As such, the land use consent 

planning function is a well-established, embedded, process orientated and valued participant in council strategy 

development.  

We suggest that the strength of the RMA is both a benefit and a detriment for how land use consent planners 

achieve natural hazard risk management. It is a benefit because it is able to enforce community compliance and 

therefore more easily achieve natural hazard risk management outcomes. However, it is a detriment because the 

robust and prescriptive legislation means that many land use consent planners choose to use established processes 

rather than exploring new methods and tools to achieve outcomes. In addition to this, the ten-year cycle for district 

plans is considered by some to be too long for flexible responses for natural hazard risk management, and the 

three-year political cycle is too short for consideration of risks emerging over longer timeframes (Lawrence et al., 

2015). While innovative new risk-based approaches for natural hazard management are being developed (BOP, 

2014; CCC, 2017) the results indicate that land use consent planners less inclined to ‘think outside of the box’ to 

better achieve natural hazard risk management outcomes.   

It is interesting to note that the subject of risk management did not enter into many of the discussions with land 

use consent planners. This may be because land use consent planners are less familiar with the subject compared 

to the strategic policy making and emergency management functions. While efforts for land use consent planners 

to think about risk within the RMA have been ongoing (Saunders & Beban, 2012), appreciation for risk 

management has been slow to develop. This could have been because risk management has not been a focus of 

the RMA, however now that Section 6 of the RMA has been amended to include ‘the management of 

significant risks from natural hazards’ as a matter of national importance (Section 6, New Zealand Government, 

1991), there is the potential for comprehensive risk-based planning to be implemented. 

As such, results show that whilst the land use consent planning function is able to use risk modelling for natural 

hazard risk management, it has not generally been adopted. However, land use consent planners are beginning to 

see its value, and with the recent changes to how the RMA manages natural hazards risk, there is greater 

opportunity for it to be used more. 
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Emergency management 

The results suggest that emergency management is not perceived as being as important as strategic policy making 

or land use consent planning as it is commonly viewed as only an emergency response function. This perception 

is supported in the literature (Lawrence et al. 2015; Lee, 2010; LGNZ, 2014; Saunders et al., 2015) and also by 

emergency managers themselves. Many report how they have historically been employed from response focussed 

organisations such as the army or the police, and as such tend to put more effort into response. While emergency 

management also operates across reduction, readiness and recovery to achieve natural hazard risk management, 

these other activities have less visibility across the council than response. Strategic policy makers have some 

interaction with emergency managers as part of policy development, however in many cases, the only interaction 

land use consent planners have with emergency management is during emergency response focussed exercises.  

In addition to this, we suggest that The Civil Defence Emergency Management Act (CDEMA), under which 

emergency managers operate, does not have the same standing for council strategy and management as the LGA 

or the RMA. Where the LGA and the RMA are central to community development and have wide-ranging 

responsibilities requiring community compliance with policy initiatives, the CDEMA is not perceived as being as 

central for community development and has no penalties for non-compliance (New Zealand Government, 2002a, 

DPMC, 2017). This creates a challenging environment for how emergency management achieves its natural 

hazard risk management function, where they are less integrated with council strategy than policy making or land 

use consent planning. While recent events such as the Canterbury Earthquakes have helped increase council 

awareness of emergency management’s broader role, the emergency managers interviewed commonly reported 

being misperceived as only there for emergency response.  

Given the misperceptions of emergency management’s role, along with having less integration within the council 

organisation, emergency management is obliged to be a dynamic function that develops relationships and thinks 

‘outside of the box’ in order to gain influence and achieve its natural hazard risk management function.  

As such, emergency management cannot rest on the strength of legislation and established processes as land use 

consent planning has and is similar to strategic policy making where it looks to use different legislations, policies, 

plans, tools and processes, working across the public and private sectors. Also similar to strategic policy makers; 

emergency managers show a more developed understanding of risk. We think this is more to do with the risk-

based approach that emergency management takes to natural hazard risk management (MCDEM, 2018) than from 

inclusion into council long-term strategy management. 

Given their understanding of risk, emergency managers value risk modelling as a tool. While they can see its 

value across a number of functions, emergency managers are quicker to see risk modelling’s value as a response 

tool than as a risk reduction tool. This could be because of emergency management’s tendency to focus on 

response, but also because emergency managers own the emergency response role, where they would need to 

collaborate with policy and consent planners to achieve risk reduction.       

Even though emergency management is a dynamic function that looks to use different tools to achieve their natural 

hazard risk management function, on the whole, they do not use risk modelling. Emergency managers value risk 

modelling but the challenges associated with being a less integrated and misperceived function mean they are not 

as enabled to use it. Historically, risk modelling was not used due to the limited capability of risk modelling 

software to fit emergency management requirements. However as risk modelling has developed, the issue rests 

more with risk data not being available for emergency management’s use, and challenges for emergency 

management to generate their own data.   

RECOMMENDATIONS AND CONCLUSION 

This think-piece gives our views on end-user perceptions of natural hazard risk modelling across the strategic 

policy making, land use consent planning, and emergency management functions for natural hazard risk 

management within New Zealand local government. We paint a thought-provoking picture of how risk modelling 

is perceived and used. Risk modelling sits within a complex, interrelated environment where perceptions of 

importance; levels of integration; understanding of risk; and willingness to use different methods and tools; 

combine in various ways to influence its use.  

As such, we make the following recommendations to develop end-user perceptions of risk modelling and better 

enable its use for natural hazard risk management:  

• Structured collaboration for natural hazard risk management – By structuring for greater 

collaboration across the strategic policy making, land use consent planning, and emergency 

management functions, a shared understanding of roles and responsibilities can be developed. 

As such, issues relating to misconceptions of roles can be broken down, enabling greater 
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integration across the functions, shared perceptions of risk modelling and improved risk model 

application (Doyle & Paton, 2017). 

• Participatory co-development of risk modelling – Involving strategic policy makers, land use 

consent planners and emergency managers to work together, co-developing risk models 

through a bottom-up, participatory approach. This will enhance understanding of the capability 

of risk models, develop confidence in the information that they provide, and build the value of 

risk modelling across the council for natural hazard risk management (Newman et al., 2017).  

• Regular risk management workshops – Natural hazard risks are constantly changing depending 

on shifts in community vulnerability and exposure. Regular workshops to review the risks and 

what measures can be employed to reduce them can build an understanding of risk management 

for decision support, promote its use across the end-user functions and add value for natural 

hazard management (Saunders & Beban, 2012).    

• Data development – Combine resources to enable greater capacity and capability for natural 

hazard risk data collection, management and use. Natural hazard risk modelling end-users can 

collaborate on standardised controls for data collection, quality, and format so that it is open, 

shared, usable and used.   

In conclusion, this think-piece focusses on the less researched area of how end-users perceive and use risk models. 

We explore how risk modelling is perceived and used by three different end-user functions for natural hazard risk 

management in New Zealand local government finding that risk modelling is valued and used by strategic policy 

makers, less valued within land use consent planning and not as widely used, and valued within emergency 

planning but not as widely used. Through a better understanding of how each natural hazard end-user function 

perceives and uses risk modelling, we have made recommendations for how end-users can work together to 

develop their perceptions and use of risk modelling. With improved end-user perception and use of risk modelling, 

it can be applied more widely, better support decision-making for natural hazard risk management, and therefore 

build community resilience to natural hazards. 
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