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Large-scale Vulnerability and Fire Risk Assessment of the Historic Centre of
Quito, Ecuador
Santiago Granda and Tiago Miguel Ferreira

Department of Civil Engineering, ISISE, Institute of Science and Innovation for Bio-Sustainability (IB-S), University of Minho, Guimarães,
Portugal

ABSTRACT
Risk mitigation is assumed today as a top priority in the international agenda. Recent natural
disasters raised the awareness of governments and scientists and have let to the search for more
efficient and effective strategies to manage and mitigate risk. Such efforts are especially important
in the case of large historic centres, which, by often combining a high heritage value with a high
level of physical vulnerability, are particularly sensitive and relevant. Considering the abovemen-
tioned, the present work aims at presenting and discussing the fire risk in the Historic Centre of
Quito, one of the oldest and most important Spanish colonial settlements in South America.
Taking into account the difficulties inherent to the scale of the case study, the evaluation is carried
out in a neighbourhood scale, through the application of simplified fire vulnerability and risk
assessment methodology. In order to perform the spatial analysis of the outputs, vulnerability and
risk indicators are integrated into a Geographical Information System tool and the results are
presented in the form of vulnerability maps. In a second-order analysis, these maps are subse-
quently combined with pre-existing vulnerability data in order to identify targets and priorities in
terms of risk mitigation strategies.
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1. Introduction

Devastating disaster events occurring all over the world
keep raising the awareness of the scientific, technical and
political communities to the need of identifying assets at
risk and developing more effective and cost-efficient risk
mitigation strategies. This fact has become even more pro-
nounced in urban areaswhere, due to unplanned expansion
and deficient government´s administration, the impacts of
these events are particularly severe. Another aspect that is
contributing to this reality is the fact that city management
is frequently reactive to disasters and prevention is an
undervalued strategy. Actually, most of the technical, insti-
tutional and financial resources are often focused on post-
disasters actions, leaving as a result a lack of knowledge on
pre-disaster plans and preventive actions.

In the framework of prevention actions to reduce risk,
this investigation is focused on the fire risk assessment of
historic centres, which, due to their specificities and intrin-
sic value, are particularly complex to deal with. The unique
features of these areas are clearly distinct from recent urban
areas, favouring the ignition and propagation of a fire. The
combustible materials present in traditional buildings, the
high density of constructions with narrow unobstructed

street widths, the inadequate adaption of buildings for non-
residential purposes and the existence of old electrical
installations are just a few of the many factors that con-
tribute to increase fire in historic centres.

As discussed by Ferreira et al. (2018), fire risk assess-
mentmethodologies currently available are scarce and the
great majority of them have been developed exclusively
for the evaluation of single and recently built buildings,
therefore being unsuitable for application to ancient
buildings or at larger scales. Gretener (Kaiser 1980),
FRAME (Erik 1992), FRIM (Karlsson and Tomasson
2005) and ARICA (Fernandes 2006) are examples of
methodologies that, although they can be approximated
to the historic centres’ context, are only applicable at the
scale of the single building. Nevertheless, thanks to its
flexibility in terms of methodological formulation,
ARICA method presents a clear advantage when com-
pared with the remaining ones. Originally developed and
first applied to the city of Guimarães (Figueiredo 2005),
ARICA method aimed to assess the fire risk of individual
buildings through a series of fire risk factors based on the
requirements of the Portuguese regulation for fire safety
(Portugal 2008). Mindful of this potential, Ferreira et al.
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(2016) have recently proposed a modified version of the
original ARICA method, known as Fire Risk Index
method, which, for being simpler and requiring less
input data, is more suitable to perform large-scale
analysis.

This research takes advantage of Fire Risk Index
method and uses additional sociodemographic, vulner-
ability and accessibility and crisis management capacity
indicators to perform a large-scale fire risk assessment of
the Historic Centre of Quito, which is one of the largest
and oldest Spanish colonial settlements in South America.
Due to the large dimensions of this study area, Fire Risk
Index method is applied herein in a neighbourhood scale,
supported by the identification and characterization of
a set of representative buildings. The level of fire risk
associated to each one of the 14 neighbourhoods that
compose the Historic Centre of Quite is estimated and
a range of possible risk mitigation strategies, with differ-
ent targets, is identified and critically discussed.

2. Fire risk index method

As aforementioned, the assessment was carried out
through the application of the Fire Risk Index method,
which was originally developed by Ferreira et al. (2016)
from a simplification of ARICA method (Fernandes
2006). According to the authors, in essence the Fire
Risk Index method aims at embracing an urban area
beyond a singular building, accelerating the compila-
tion of information and optimizing the risk evaluation
through a “large-scale reworked and redefined assess-
ment tool, performing an initial and reliable estimation,
and highlighting constraints in need of more detailed
assessment methodologies” (Ferreira et al. 2016). Before
it has been applied to the Historic City Centres of Seixal
(Ferreira et al. 2016) and Guimarães (Ferreira et al.
2018), this approach has been thoroughly tested and
validated by Rodrigues (2010) through comparisons of
calculated results with the original ARICA method. For
further details on this point see Rodrigues (2010).

Methodologically, the Fire Risk Index method is com-
posed by two global factors: Global Risk Factor (FGR) and
Global Efficiency Factor (FGE), see Table 1. The FGR has
three sub-factors, related with fire ignition phase (SFI),
fire propagation phase (SFP) and evacuation phase (SFE),
whereas the FGE considers the fire combat with only one
sub-factor (SFC.). The four sub-factors embrace the gen-
eral aspects of fire prevention in old masonry buildings,
following the entire process of a fire incident: from the
ignition to the extinguishing of fire. The same sub-factors
have the same weight in the calculation of the Fire Risk
Index (FRI). Furthermore, the subfactors are composed by
partial factors that assume numerical values in function of

the inspection criteria and are defined according to an
analytical hierarchy process, discussed in detail in Ferreira
et al. (2016). The definition of each one of the four sub-
factors that compose the method is presented below. By
the way of example, the full definition of partial factors
PFC1 and PFD1 is provided. Further information regarding
the definition and corresponding values of the remaining
partial factors can be found in (Vicente et al. 2010).

Sub-factor Fire Ignition (SFI) is related with four
partial factors. First, the building conservation state
(PFA1), which evaluates the conservation state of the
components of the building, such as the facade wall,
horizontal diaphragms and ceilings, as well as the gen-
eral conservation state. The electrical installations
(PFA2) are divided into three classifications: refurbished
installations, partially refurbished installations and
non-refurbished installations. Regarding the gas instal-
lations (PFA3), the methodology considers the type of
gas supplying, its location and the ventilation condi-
tion. Finally, fire load nature (PFA4) considers two
aspects of the building materials: combustibility coeffi-
cient, related to combustion speed and inflammability;
and activation coefficient, related to the ignition sus-
ceptibility of the materials.

Sub-factor Fire propagation (SFP) is related to five
partial factors. First, the gap between aligned openings
(PFB1), considers the number of gaps with a distance
lower than 1.10 m, the minimum admissible distance to
avoid fire propagation, according to the Portuguese
regulations. Then, safety and security teams (PFB2) are
related to the presence of security equipment in the
constructions, following the requirements of the

Table 1. Fire Risk Index method: Global factors, sub-factors and
partial factors definition.
Sub-factors Partial factors

Global risk factor
(FGR)

Fire ignition
(SFI)

Building conservation state
(PFA1)
Electric installations (PFA2)
Gas installations (PFA3)
Fire load nature (PFA4)

Fire
propagation
(SFP)

Gap between aligned openings
(PFB1)
Safety and security teams (PFB2)
Fire detection, alert and alarm
(PFB3)
Fire compartmentalization
(PFB4)
Fire loads (PFB5)

Evacuation (SFE) Evacuation and escape routes
(PFC1)
Building properties (PFC2)
Evacuation correction factor
(PFC3)

Global efficiency
factor (FGE)

Fire combat
(SFC)

Building external fire combat
factors (PFD1)
Building internal fire combat
factors (PFD2)
Security teams (PFD3)
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Portuguese regulations (Portugal 2008). Then, fire
detection alert and alarm (PFB3) considers the existence
of automatic, manual or combined fire detection sys-
tems, related to the use of the building. Regarding fire
compartmentalization (PFB4) it considers the resistance
of the elements of the building to fire. In this partial
factor, the methodology considers four aspects: exterior
and interior walls, slabs and building openings. Finally,
partial factor fire loads (PFB5) evaluate the type and
quantity of fire load present in the construction.

Sub-factor Evacuation (SFE) is related with three par-
tial factors. The evacuation and escape routes (PFC1),
which considers the number of exits, the width of the
door openings, the inclination of the stairs and the exis-
tence of signalling and illumination for emergency routes.
As presented in Table 2, partial factor PFC1 assumes an
initial lower limit value of 1.00, to which it can be added
one ormore coefficients related to the inherent conditions
of the evacuation and escape routes. It is worth noting
that, also in this case, the conditions given in Table 2 were
defined in accordance with the Portuguese fire safety code
(Portugal 2008). Regarding the building properties (PFC2),
three fundamental aspects are considered: fire alert and
alarm, safety teams and the frequency of evacuation simu-
lacrums. The final evaluation of the evacuation character-
istics of the buildings is obtained by considering the partial
factor PFC3, which should be considered when partial
factors PFC1 and PFC2 are not applied according to the
regulation requirements. In practice, when this condition
is not verified, this partial factor acts as a magnification
factor to the values of PFC1 and PFC2. In function of the
number of floors, respectively, for building up to 3, up to 7
and with more than 7 floors, PFC3 assumes the values
1.10, 1.20 or 1.30.

Finally, sub-factor Fire combat (SFC) is related with
three partial factors. The building external fire combat
factor (PFD1), which considers building accessibility,
hydrants location and reliability of the water supplying
system. Accessibility considers all features concerning
building evacuation conditions, from clear widths, hor-
izontal and vertical evacuation and escape routes, to
windows and doors widths, number of available exits,
slope of the vertical escape routes and emergency light
signage systems, when required. Table 3 presents the
features and conditions established to evaluate this
parameter. For the cases not covered by the ranges

defined in Table 3, the accessibility parameter should
be assigned equal to 2.00. The location of hydrants is
also evaluated, considering that should exist at least one
hydrant within 100 m of any building. The water sup-
ply reliability factor is considered as 1.0, as there is no
valid data or information that can be used to determine
its reliability at the necessary moment. Regarding build-
ing internal fire combat factor (PFD2), it evaluates the
fire combat conditions in the interior of the construc-
tion, considering the existence of extinctors, firefighting
systems, dry or humid riser, automatic extinction sys-
tem and water supply reliability. This factor is relatively
simple to evaluate, considering the building use and the
existence of extinctors. In the case of buildings with no-
residential use, the number of extinctors should be
equal to the number of floors of the building, allowing
to combat fire properly on an initial stage. Finally,
Security teams’ partial factor (PFD3), is the same value
considered for fire propagation sub-factor (SFP).

The Fire Risk Index (FRI) is then obtained by the
quotient between the arithmetic average of the four
sub-factors previously described. As shown in
Equation (1), sub-factors SFI and SFP, are affected by
aggravating coefficients equal to 1.20 and 1.10, respec-
tively. The adoption of these two coefficients is justified
by Ferreira et al. (2016) under the premise that inter-
ventions in old city centres should be targeted at redu-
cing both the likelihood of fire occurrence and
propagation. Finally, a reference risk factor (FRR) is
added, depending on the type of building use, see
Table 4.

FRI ¼ 1:20� SFI þ 1:10� SFP þ SFE þ SFCð Þ=4:0
FRR

(1)

3. The Historic Centre of Quito as a case study

The city of Quito is located at a height of 2,815 m above
sea level, in the heart of the Andes, under the slopes of
the Pichincha volcano, bordered by the Panecillo and
the Itchimbia hills. Its foundation dated back to the

Table 2. Description of partial factor PFC1: Evacuation and
escape routes.
Conditions of the evacuation and escape routes PFC1
Widths of corridors/paths and openings lower than 0.90 m 0.25
Number of exits lower than the minimum regulatory required 0.25
Slope of vertical escape routes higher than 45º 0.25
Nonexistence of light-signalling emergency systems when required 0.25

Table 3. Features and values established to evaluate the acces-
sibility parameter.
Accessibility and evacuation route conditions

Height
[m]

Width
[m] Clear height [m] Slope [%]

Accessibility
parameter value

≤ 9.00 ≥ 3.50 ≥ 4.00 ≤ 15.00 1.00
≥ 3.50 ≥ 4.00 > 15.00 1.50

> 9.00 ≥ 6.00 ≥ 5.00 ≤ 10.00 1.00
≥ 6.00 ≥ 5.00 > 10.00 1.50
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Spanish colonization in 1534. Quickly, it became capital
of governance and episcopate and one of the most
important colonies to the Spanish crown. Later in
1830, after a hard independence process, the city
became the capital of the new state Ecuador and had
a fast development process during the 19th century,
promoting a fast expansion in the south-north axis
due to its natural limitations on the sides. Nowadays,
Quito is a modern metropolis holding the largest his-
toric centre in America, see Figure 1. The city covers
a total surface of 422.802 ha, divided into 33 rural and
32 urban parishes, with a population of 2.2 million
people. Owing to its rich cultural and architectonic
heritage, the city of Quito was inscribed on the
UNESCO World Heritage List in 1978.

The urban shape of Quito is an elongated settlement
with an accelerated and dispersed growth. The city has
suffered unbalanced changes due to the rugged topo-
graphy that surrounds the area, poor interventions and
high densification. A demographic increment of 7 times
has been noticed between 1950 and 2010, from 319,000
to 2,231,705 habitants (Programa de las Naciones
Unidas para el Medio Ambiente (PNUMA) et al.
2011). Thus, it is not a coincidence that 70% of the

constructions are illegal, 53% of housing is informal
and the city equipment is concentrated in the core of
the city, leaving the borders as disordered appendages.

The Historic Centre of Quito occupying a total of
376.14 ha. It is a representative area of Spanish colonial
architecture, which arrived at the most important cities
in south America during the first half of the 16th
century. Quito has the peculiar characteristic of main-
taining its evolutionary process without major changes.
In fact, the original layout of the central area, including
streets, urban disposal and architecture imagen has
been maintained until these days.

3.1. The vulnerability context of quito

Due to its geological and geographical characteristics
prone to natural risks, several vulnerability studies have
been carried out in Quito. One of the most relevant
ones was developed in 2004 under the title
“Vulnerability of the Metropolitan District of Quito”
(D’ercole and Metzger 2004a), an investigation carried
out in response to the occurrence of a series of events
that have threatened the city over the past years: from
strong earthquakes to volcanic eruptions, floods and
landslides. The investigation was developed by the
Municipality of the Metropolitan District of Quito
(DMQ) and the Institut de Recherche pour le
Développement (IRD) in France. It was planned as
a “methodological, conceptual and operative program
to impulse the scientific knowledge in risk, contributing
in parallel specific tools to reduce vulnerability in the
district” (D’ercole and Metzger 2004a). The philosophy

Table 4. Reference risk factor, FRR, for different types of build-
ing use.

Reference risk
factor

Building use

Residential
Service or industrial spaces,

libraries and archives

FRR 0:915þ 0:25� Fc � 1:10þ 0:25� Fc *
* FC is a correction factor that can assume the values of 1.10, 1.20 or 1.30,
for buildings with up to 3, up to 7 or more than 7 floors, respectively.

Figure 1. A general view of the Historic Centre of Quito (source: http://www.trilhaseaventuras.com.br/wp-content/uploads/2016/02/
Vista-de-Quito-Credito-Quito-Turismo.jpg).
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of the work was based, not on the identification of
specific risks, but on the idea of a risk reduction
through the identification and protection of the most
important elements in the territory, known as “essential
spaces”. The investigation took six years and was pub-
lished in two volumes related to each one of the stages.
In the first volume, entitled (D’ercole and Metzger
2004a), the main territorial elements are identified,
mapped, ranked and studied from its relationship
with the city. The second volume (D’ercole & Metzger
2004b) addresses the exposure of the essential elements
to potential threats on the DMQ. The study is devel-
oped through several approaches and scales, where the
vulnerability data is processed specifically with geogra-
phical and demographic formats.

3.2. Urban development

As already noted, the Historic Centre of Quito is recog-
nized by the outstanding conservation state of its urban
plot, whose origin dates back to the Spanish colonization
period, in the 16th century. The settlement is character-
ized by a regular urban grid mesh composed by blocks of
100 × 100 rids (83,5 x 83,4 m approximately) that had to
be adapted to existing constructions and hills borders,
typical of the Andean territory. Later, during the 20th
century, the urban planning of the historic city centre
was mostly related to institutional management, and iso-
lated interventions of historic elements (buildings, land-
scapes, equipment) at that time, Figure 2. After being
declared as UNESCO World Heritage Site in 1978, the
initiatives to preserve the Historic Centre of Quito
became the main concern in urban planning.

Nowadays, the Metropolitan Institute of Heritage, in
collaboration with international organizations, manages
the regulations of the historic area. Since the beginning
of the 21st century, municipal policies aim for strength-
ening the Metropolitan District of Quito as a strategic
management centre within the framework of the coun-
try-region’s overall development. Currently, the plan
“Equinoccio 21, Quito hacia el 2025” (Municipio del

Distrito Metropolitano de Quito 2004) proposes an
organization of the heritage areas according to four
main axes: economic, political, social and territorial.

3.3. Building characterisation

The architectural and constructive typologies existing in
the Historic Centre of Quite are intimately related to the
Spanish colonization process of the city. As usual, they
followed the guidelines of the Catholic Church, whose
power dominated the politic, social and spiritual beha-
viour of the 16th century Quito. Religious architecture
was the most important and therefore religious buildings
were built resorting to the most developed constructive
techniques, best materials and high-quality craftsman-
ship. Several sophisticated construction methods were
rapidly learned and applied by indigenous and mestizos
in religious constructions, such as the use of unknown
materials and techniques as lime and bricks in arcs, vaults
and domes. A remarkable example is the church of
Compañía de Jesús with its baroque facade made totally
in volcanic grey stone and its interior covered of gold leaf,
being one of the most significant examples of baroque
architecture in the South-American colonial context.

Besides monumental architecture, housing buildings
have followed a completely different construction logics,
aimed at adapting the Andalusian house to the Andean
context; the central courtyard surrounded by corridors
was the most common house organization. The courtyard
architectural typology quickly became into the traditional
construction system of the historic centres of several
capitals in colonial America (Silva 2001), see Figure 3.
Nowadays in Quito most of the habitants of the historic
centre live in houses of this typology, which dates back to
the 15th and 16th centuries.

3.4. Implementation of the analysis

Due to the dimension and the characteristics of the
case study, the analysis of the fire is in the Historic
Centre of Quite was carried out here resorting to an

(a)  (b) (c) 

Figure 2. Schematic evolution of the Historic Centre of Quito: Urban perimeter in (a) 1975; (b) 1988–1991; and (c) 2008.
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urban scale approach. According to that, neighbour-
hoods are assumed as the “unit of analysis” and sets
of buildings are carefully selected and used as repre-
sentative of such neighbourhoods. Thus, the first
step of this analysis comprised the identification of
the buildings considered typologically representative
of Quito building stock. For such, the book “Quito,
an architectural Guide” (Wilcock 2004), was used
here as a major reference. Aiming at covering the
“most significant example from every historical period
up to the present day (…) considering the system-
atization of historical and graphic information
extracted from different archives, books, magazines
and technical reports together with the interview
with many contemporary architects” (Wilcock 2004),
the book contains a selection of 334 buildings dis-
tributed along Quito, each of which presented and
fully characterized through plans, photography and
historic reviews. For the final selection of the build-
ings, two criteria were considered: architectural
typology and location.

As to the first criteria, the architectural typology, the
presence of a central courtyard house was considered as
the most representative feature. Although some of these
features may have changed significantly over time, fol-
lowing the procedure established in (Ferreira et al.
2016; Granda and Ferreira 2019), only the current
condition of the buildings was taken into account in
the present analysis.

Regarding the second criteria, the location, it was
considered the nearness between the representative
building and the neighbourhood (its centroid). It is
important to note that some neighbourhoods do not
have a representative building inside their limits, or the
only representative building located within their limits
is not evaluable with the fire risk assessment approach
used in this work. This is the case, for example, of La
Libertad neighbourhood, identified in Figure 4 with
number 11, where the only building for which there is
detailed information is a monumental construction. In
these cases, the representative buildings of one of the
adjacent neighbourhoods were assumed as also being
representative of these areas.

Moreover, in some cases, due to the lack of other
examples meeting the first criteria, only one building
was considered as representative. Another relevant
aspect in this regard is the topography of the urban
settlement. The irregular terrain of Quito has created
a sudden reduction of construction density in the per-
ipheral areas. For this reason, there is a lack of repre-
sentative buildings in the neighbourhoods closer to the
mountain borders, see Figure 4.

Following the above-described criterion, the building
used in this work is composed by a total of 20 buildings
for 14 neighbourhoods of the historic centre. Each
building is systematized through a datasheet containing
the building identification (name and location), an
architectonic plan with general use and an external

Figure 3. House of the seven courtyards in Quito (source: http://www.bienalesdearquitectura.es/index.php/es/i-biau/6562-i-biau-
ecuador-finalista-casa-de-los-siete-patios).
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photography. The datasheets are used to obtain part of
the information required to evaluate the sub-factors
that compose the FRI, particularly of sub-factor SFI,
which is closely related with the building characteristics
(see Section 2).

Once the building data is properly codified and
organized, the Fire Risk Index approach was applied
to each neighbourhood using a series of Visual Basic®

routines within a spreadsheet environment and the
outputs were integrated into a Geographical
Information System (GIS) tool. The GIS software
adopted in this study was the open-source suite QGIS
(QGIS 2017), wherein geo-referenced graphical data
(vectorized information and orthophoto maps) was
combined with building parameter information. In the
present case studio, each polygon corresponds to
a neighbourhood to which several features and attri-
butes are associated with, allowing for their visualiza-
tion, selection and search.

4. Fire risk assessment results and data
interpretation

4.1. Fire risk index results

The application of the Fire Risk Index approach
described in Section 2 to the Historic Centre of Quito
has resulted in a level of fire risk ranging from low to
moderate, see Figure 5. In a broader and spatial man-
ner, this indicator allows identifying critical

neighbourhoods in term of fire risk. To do so, FRI

was divided into four levels of risk: low, when 0.60 �
FRI < 1.00, moderate, for 1.00 � FRI < 1.30, high, for
1.30 � FRI < 1.65 and extreme, when 1.65 � FRI

< 2.00.
Following this strategy, neighbourhood González

Suarez resulted as the one with the highest FRI value,
1.27, which represents a level of fire risk close to high.
Considering that this particular neighbourhood
embraces the great part of the most emblematic heri-
tage buildings in the Historic Centre of Quito (more
than one dozen colonial churches, several administra-
tive buildings including the Governmental palace,
museums and monuments) this value was somehow
expectable. However, it is important to point out that
the core of the historic centre has immediate access to
fire combat equipment and emergency facilities;
according to the Crisis Management Vulnerability
map (D’ercole and Metzger 2004a), “González Suarez
and its surrounding areas have a low vulnerability due
to its quick access to fireman station, hospital and prin-
cipal ways of access and communication in the city”.

4.2. Comparative results

In order to better understand the risk exposure in
non-abstract terms, general and partial fire risk
results are compared herein under two scopes.
Firstly, the global Fire Risk Index results are

Figure 4. Neighbourhood boundaries and location of the representative buildings.

INTERNATIONAL JOURNAL OF ARCHITECTURAL HERITAGE 7



compared with pre-existing sociodemographic and
vulnerability information, namely total population,
disabled people, sociodemographic vulnerability and
crisis management capacity. Then, the results of the
Fire Ignition sub-factor (SFI) are compared with two
other vulnerability indicators: crisis Management
capacity and accessibility.

The main objective of the comparative study pre-
sented and discussed herein is to identify weaknesses
and potential intervention areas in the neighbourhoods
of the Historic Centre of Quito.

4.2.1. Fire risk index results versus
sociodemographic data
When combinedwith specific sociodemographic data, the
spatial analysis of the FRI results allows to identify, not
only the zones with higher risk, but also the characteristics
of the population potentially exposed to that risk. For this
purpose, Fire Risk Index results are compared herein with
sociodemographic information taken from the 2010
Censos of theMetropolitan district of Quito (INEC 2010).

Following this logic, FRI values are presented in Figure 6
together with the total population of each one of the

Figure 5. Distribution of the Fire Risk Index (FRI) results over the study area.
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neighbourhoods analysed in this work. As it is possible to
observe, the two most populated neighbourhoods El Tejar
and La Loma present and low level of fire risk (0.60 � FRI
< 1.00), which constitutes a favourable situation.
A different situation was obtained for San Roque neigh-
bourhood, which accumulates a moderate level of fire risk
with the third largest population, with 4768 people (about
10%of the total population of theHistoricCentre ofQuito).

As to Gonzales Suarez neighbourhood, the one with the
highest FRI value, it presents the fifth largest population
(4134 people), which certainly constitutes a situation that
should be taken into account from the strategic point of
view of the city. Moreover, and despite that, the population

density of Gonzales Suarez neighbourhood is relatively low
when compared with the average population density of the
Historic Centre of Quito (71,7 hab/ha versus 121,7 hab/ha),
because it embraces a high percentage of administrative and
monumental buildings. This aspect is certainly highly rele-
vant, particularly for emergency planning and evacuation
purposes.

In terms of disabled population, illustrated in
Figure 7, La Loma neighbourhood has the largest dis-
abled population with 276 people, but a reduced level
of fire risk. On the other hand, San Roque appears as
the second neighbourhood in terms of disabled popu-
lation, with 243 people, and a moderate level of fire

Figure 6. Fire Risk Index (FRI) results versus total population.
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risk. As it is easy to understand, all these aspects are
critical and should be considered when outlining effec-
tive fire risk mitigation strategies at the urban scale.

4.2.2. Fire risk index results versus vulnerability
indicators
Four types of vulnerability indicators were presented and
discussed by D’ercole and Metzger (2004a) for the city of
Quito: “Sociodemographic”, “Accessibility”, “Exposure to
Threats” and “Crisis Management Capacity”. In that
work, vulnerability indicators are expressed in a series of
vulnerability maps in which the level of vulnerability is
presented resorting to a vulnerability index that ranges

from 1 to 7, wherein the higher the index, the higher the
vulnerability of the area for a specific aspect, see Figure 4.
In order to increase the validity of the results and the
value of the vulnerability maps, they were built from
weighted results, making all the outputs directly compar-
able regardless of the type of vulnerability indicator
considered.

From the exposed, the Fire Risk Index results are
compared herein with the “sociodemographic” and “crisis
management capacity” indicators (D’ercole and Metzger
2004a), illustrated in Figure 8, with fundamental aim of
analysing the preparation and the capacity of the popula-
tion to cope with these levels of fire risk. It is worth noting

Figure 7. Fire Risk Index (FRI) results versus disabled population.
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that, like in the present work, the vulnerability indicators
of D’ercole and Metzger (2004a) were also organized and
mapped in neighbourhoods, which allows for its direct
use here. The comparative analyses between the Fire Risk
Index (FRI) results and two abovementioned vulnerability
indicators are presented in Figures 9 and 10, respectively,
and discussed on the following.

When analysing together the Fire Risk Index (FRI) and
the Sociodemographic Vulnerability indicator, in Figure
9, it was possible to identify a potentially threatening
situation with several neighbourhoods accumulating
moderate fire risk levels and high values of sociodemo-
graphic vulnerability. Paradigmatic examples of this are
San Roque, La Tola and San Diego neighbourhoods, for
which a moderate level of fire risk coexists with
a moderate high sociodemographic vulnerability (6 out
of 7). It is worth noting that, regarding San Roque neigh-
bourhood, this situation was somehow expectable taking
into account the already noticed coexistence of unfavour-
able sociodemographic indicators with moderate levels of
fire risk (refer to Section 4.2.1). As to San Diego and La
Tola neighbourhoods, their high sociodemographic vul-
nerability is the consequence of adverse educational (edu-
cation level of the population), infrastructural (access to
electrical service) and social (overpopulated houses) indi-
cators. In contrast, Gonzales Suarez neighbourhood
cumulates low levels of sociodemographic vulnerability
with one of the largest populations of the Historic Centre
of Quite (4134 people) and El Placer presents the most
favourable situation in the whole study area with both low

levels of fire risk and low values of sociodemographic
vulnerability. Regarding the latter, such a favourable
result is largely due to the small population that inhabits
this neighbourhood (only 1712 habitants), the smallest in
the Historic Centre of Quito.

In what concerns Crisis Management Vulnerability,
illustrated in Figure 10, the results indicate relatively
low levels of vulnerability within the study area.
Considering that this vulnerability indicator takes into
account the “distance to hospitals”, the “speed of inter-
vention by the firemen teams” and the “existence of
intervention brigades”, this low level of vulnerability
results in a large extent from the centrally of the
study area in relation to the city centre. This is also
underlined by D’ercole and Metzger (2004a) who men-
tions that “[there is] a marked opposition between the
central and peripheral districts. The crisis management
capacity of the central neighbourhoods is clearly higher
than that of neighbourhood located in the extremes
north and south of the City”. Moreover, regarding the
intervention brigades, it is important to note in 2000
there was more than 278 official intervention brigades
(i.e. organised groups of people working on specific
topics, such as community work, training, etc., in
order to improve community disaster preparedness
and resilience) for the 14 neighbourhoods of the
Historic Centre of Quito, which is an excellent ratio
taking into account the total population.

The above-presented discussion is complemented below
with the comparative chart given in Figure 11, wherein

Figure 8. Vulnerability Index for Quito neighbourhoods, adapted from (D’ercole and Metzger 2004a).
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some further differences between neighbourhoods, not
easily identifiable in the maps, are highlighted. From the
analysis of these differences, namely based on the compara-
tion between fire risk indices (FRI and SFI) and vulnerability
indicators (sociodemographic and crisis management),
allows one to obtain some further conclusions about the
levels of exposure of the evaluated neighbourhoods.

Thus, among other possible observations, as regards
the comparison between the Fire Risk Index, FRI, and the
sociodemographic vulnerability indicator, San Diego
neighbourhood arises clearly as the most risky area with,
cumulatively, the highest vulnerability level in the historic
centre (6 out of 7) and one of the highest FRI values (1.29),
followed by La Tola whose combination between fire risk

and sociodemographic vulnerability should be also con-
sidered. Regarding the comparative analysis between the
FRI and the crisis management vulnerability indicator,
San Diego and La Alameda are the two most concerning
neighbourhoods, with an identical level of global risk,
followed by San Juan, for which a slighter level of fire
risk was obtained – 1.12 versus 1.29 – for the exact same
level of crisis management vulnerability, see Figure 11.

4.2.3. Building vulnerability versus accessibility and
crisis management capacity indicators
Following the same line, the vulnerability of the build-
ing stock, measured through the Fire Ignition sub-
factor, SFI, is compared with Accessibility and Crisis

Figure 9. Fire Risk Index (FRI) results compared with sociodemographic vulnerability values.
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Management Capacity indicators. It is worth noting
that this could be made because this sub-factor evalu-
ates directly the characteristics of the buildings, namely
their overall conservation state, as well as the character-
istics of their electrical and gas installations. By means
of this comparison, it is then possible to identify the
major weaknesses of each neighbourhood and to
understand their relationships with possible causes,
namely with the intrinsic vulnerability of the building
stock itself, accessibility issues in case of fire (measured
in terms of number of streets converging to the neigh-
bourhood, distance to the main urban axes and average
slope of the streets) and capacity to cope with crisis
(i.e., areas of the neighbourhood that can be reached

quickly by fire-fighting crews, distance to hospitals and
organisation and people preparedness).

According to this analysis, San Sebastian emerges as the
riskiest neighbourhood of the Historic Centre of Quito,
accumulating high levels of vulnerability in the three con-
sidered indicators (see Table 5). This resultmakes clear that
the priority in terms of the adoption of risk reduction
strategies must be given to this specific area. From this
analysis, it is further possible to see that any risk mitigation
intervention strategy to implement in El Placer and El Tejar
neighbourhoods should focus either on reducing the vul-
nerability of the building stock or enhancing accessibility
conditions. Finally, it has been possible to perceive that the
sources of vulnerability of La Chilena and San Diego

Figure 10. Fire Risk Index (FRI) results compared with crisis management vulnerability indicators.
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neighbourhoods aremainly related to their capacity to cope
with crisis and, also in these cases, to the vulnerability of
their building stocks. In this sense, future vulnerability and
risk mitigation strategies should be targeted to those
aspects.

5. Final remarks

Given the limitations imposed by the scale of the case study,
more than offering a very accurate estimation of the level of
vulnerability and fire risk associated to each one of the 14
neighbourhoods considered in this work, the present eva-
luation is aimed at providing a comparative estimation
between areas, based on which the most vulnerable urban
spots can be identified and, if needed, reassessed resorting

to more detailed approaches. In this sense, this type of
analysis should not be understood as an end, but as
a necessary and fundamental step towards the development
of more comprehensive and accurate large-scale risk
analyses.

From this work, some conclusions, associated with two
main lines of action, can be drawn. As to the first, the
assessment, it is worth noting that, despite the vulnerability
and risk assessment approach used herein has been origin-
ally developed to be based on in-situ observation, it proved
to be also applicable and useful in larger and less detailed
evaluations, providing that it can be complemented with
some additional information, namely pre-existing building,
urban and sociodemographic data. Following this stream
research, possible future works can be focused on the
development and/or improvement of alternative informa-
tion procurement strategies that consider outside sources of
information, including new technological-based tools.
Regarding the second line of action, related to intervention
management and risk mitigation strategies, this work evi-
denced that, when properly applied and associated with
pre-existing data (like those used in this research), this
simplified vulnerability and fire risk assessment approach
can be a valuable tool, not only to identify the most critical
areas, but also to determine where investment should be
focused and prioritised to achieve maximum effectiveness
in terms of risk mitigation.
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