
ABSTRACT BOOK

 → EO 4 ALPS 
The Alps from Space Workshop

27–29 June 2018 | Innsbruck, Austria

European Space Agencywww.esa.int

©
 C

on
ta

in
s 

m
od

if
ie

d 
Co

pe
rn

ic
us

 S
en

ti
ne

l d
at

a 
20

18
 p

ro
ce

ss
ed

 b
y 

ES
A



ABSTRACT BOOK 
 
 
 
 
 
 
 

The Alps from Space Workshop 
 
 
 
 
 
 

27 - 29 June 2018 
 

Innsbruck 
 

Austria 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Last update: 20 June 2018 





1 
 

 
 
 
 

1 Table of Contents 
2 Organising Committee ................................................................................................................................. 6 

3 Programme ................................................................................................................................................... 7 

4 Abstracts .................................................................................................................................................... 13 

Keynotes ...................................................................................................................................................... 13 

The Virtual Alpine Observatory, VAO ................................................................................................................... 13 

Monitoring Environmental Dynamics in the Alps with Earth Observation - The Sentinel Alpine Observatory ... 13 

Session 1: Alpine Process in Response to Climate and Environmental Change ................................................ 14 

Mapping Snow Depth Variability in Complex Terrain – How Good Can We Get? ................................................ 14 

Operational Snow Cover Monitoring in the Eastern European Alps .................................................................... 14 

EO for Soil Moisture Monitoring Within the BMNT.............................................................................................. 14 

From Long-Term to Near-Real Time: Understanding Alpine Snow Cover Processes from Space ........................ 15 

Glacier Shrinkage in the Alps Continues Unabated as Revealed by a New Glacier Inventory from Sentinel 2 .... 15 

Snow Monitoring in Alpine Areas Using Copernicus Satellites ............................................................................. 15 

Session 2: Combination of Satellite- and Ground-Based Measurements ......................................................... 16 

Ground-Based Soil Moisture Measurements Using Cosmic Ray Neutrons for Validation of Sentinel Monitoring 
Data ....................................................................................................................................................................... 16 

Total GHG Emissions of an Alpine City: Synergetic Inversion of Space-Borne and Ground-Based Total Column 
Soundings .............................................................................................................................................................. 16 

Air Quality Monitoring and Simulation Over Bavaria and Slovenia ...................................................................... 17 

Defining Alps Structure and Dynamics Through Terrestrial and Satellite Gravity. ............................................... 17 

Novel Approaches to Lake Monitoring in the European Alpine Region ............................................................... 17 

Session 3: Natural Resources – Availability and Exploitation .......................................................................... 18 

The AlpMon Project: Near Real-Time Monitoring of Alpine Forests .................................................................... 18 

Copernicus Glacier Monitoring Service for the Alps ............................................................................................. 18 

Exploitation of Sentinel Data for Monitoring Water Resources in the Alps ......................................................... 18 

Analysing the Potential of Multispectral Sensors to Map Vegetation Parameters in Pre-Alpine and Alpine 
Grasslands ............................................................................................................................................................. 19 

Identifying Grassland Management Intensity in Switzerland With High Resolution Satellite Imagery ............... 19 

Advances in Operational Monitoring of Snow Water Resources in the Alps ....................................................... 19 

Session 4: Atmospheric Processes, Pollutants and Meteorological Stress ....................................................... 20 

Integrating Aerosol Measurements from Satellite and Ground-Based In-Situ Measurements by Using 3D UAV 
Observations ......................................................................................................................................................... 20 

Changes and Variability in the Mid-Latitudinal Large Scale Dynamic: Is There a Relation to Extreme 
Temperature Events? ............................................................................................................................................ 20 

file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367644
file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367647
file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367654
file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367660
file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367667


2 
 

Influence of the Alps on the Middle Atmosphere and Vice Versa: Observations, Open Questions, and 
Perspectives .......................................................................................................................................................... 21 

Cloudkite: An Airborne Platform for Resolving Clouds ......................................................................................... 21 

OH Airglow Observations to Characterize Middle Atmospheric Dynamics .......................................................... 21 

AlpAirEO - Pioneering the Environmental Health Risk Assessment in the Alps Integrating Sentinel and 
Copernicus Data .................................................................................................................................................... 22 

Session 5: Natural Hazards ............................................................................................................................ 22 

A Space-Based Operational Snow Avalanche Activity Monitoring System: Assisting Snow Avalanche Forecasting 
Worldwide ............................................................................................................................................................ 22 

Monitoring Avalanche Debris in the French Alps Using Sentinel-1 SAR Observations......................................... 23 

Precursory Motions Before Landslide Failures Detected From Sentinel-2 Satellites ........................................... 23 

Detection and Monitoring of Large Landslides from Optical Satellite Image Time-Series: The Prototype MPIC 
Service Tailored for the Alpine Massif .................................................................................................................. 23 

Semi-Automatic Continuous Monitoring of Slopes Stability Using Sentinel-1 Over Valle d’Aosta Region, Italy . 24 

Potential Contribution of Earth Observation to Landslide Monitoring and Early Warning Systems ................... 24 

Session 6: Economic Development and Ecological Networks .......................................................................... 24 

Assessing Plant Traits from Sentinel-2 Images: A Physical Based Approach in Differently Managed Alpine 
Grasslands ............................................................................................................................................................. 24 

Is Pléiades Stereo Satellite Imagery an Appropriate Data Source for the Generation of Alpine-Wide Canopy 
Height Models? ..................................................................................................................................................... 25 

Space Supporting Security for Alpine Summer Tourism – Demand Case from the Austrian Alps ....................... 25 

Earth Observation for Biotope- and Habitat-Type-Mapping in the Austrian Alpine Zone ................................... 25 

Agricultural monitoring in Alpine Environments .................................................................................................. 26 

Session 7: Infrastructure and Data Analytics .................................................................................................. 26 

AlpEnDAC - Services for Science: Data Analysis Center for Scientific Applications in the Alpine Region ............ 26 

Technology behind the Alpine Environmental Data Analysis Centre (AlpEnDAC) ............................................... 27 

EODC: A Platform for the Exploitation of Multi-Temporal Terrestrial, Airborne, and Satellite Data for the Alpine 
Region ................................................................................................................................................................... 27 

Hosted Processing Tools of the Geohazard Lab Initiative in Support to Geohazard Risks in the Alps ................. 27 

Alpine Land Cover Dynamics from Radar Time Series .......................................................................................... 28 

Continuous Forest Monitoring Based on Variety of Free Optical Satellite Data .................................................. 28 

Poster Session .............................................................................................................................................. 29 

Monitoring Surface Deformation in Alpine Regions at the Country-scale With Sentinel-1: First Results Obtained 
With P-SBAS Over Switzerland .............................................................................................................................. 29 

Monitoring Forest Regeneration With Earth Observation – the Upper Meža Valley Case Study ........................ 29 

Sentinel-2 Semantic Data Cube Austria (Sen2Cube.at) ........................................................................................ 29 

Validation and Enhancement of Theia Snow Cover Extent Products From High Resolution Images ................... 30 

Mapping Tree Species in Complex Terrain Based on Sentinel-2 Time Series ....................................................... 30 

High-Resolution Forest Change Maps for the European Alps .............................................................................. 30 

file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367674
file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367681
file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367687
file://esaad/estec/ADM-ZRC/2018/18C01n%20ESA%20Alpine%20Initiative/Abstract%20Book/Abstract%20Book%20v.4.docx#_Toc517367694


3 
 

Space-Time Patterns of Meteorological Drought Events in the European Greater Alpine Region Over the Past 
210 Years. .............................................................................................................................................................. 31 

Surface Deformation Rates of a Deep-Seated Toppling Slope Failure in Lienz (Tyrol, Austria) ........................... 31 

The Value of the Sentinel-1 6-Day Acquisition Cycle for Process-Scale Landslide Hazard Assessment and 
Monitoring in the Swiss Alps. ............................................................................................................................... 31 

Need for Satellite-Based High-Resolution Wildfire Danger Services for the Alpine Region ................................. 32 

Remote Sensing for Landslide Investigation: Mapping, Monitoring and Modelling the Spatio-Temporal 
Dynamics of Land Surface Morphology ................................................................................................................ 32 

Monitoring Slow Moving Landslides from Space and on the Ground – A Case Study From the Italian Alps ....... 33 

Landslide Monitoring in the Italian Alps Using Sentinel 2 Indicators of Vegetation Dynamics ............................ 33 

Earth Observation to detect climate effect on weather-related hazards in mountainous regions ..................... 33 

Joint SAR/Optical Analysis of the Deformation Pattern of Rapidly Evolving Landslides During Crisis: The Pas de 
l’Ours Landslide – Queyras, French Alps ............................................................................................................... 34 

Mapping Vulnerable Alpine Areas Affected by Slow Moving Landslides Using InSAR Data................................. 34 

Two Decades of Rock Glaciers and Periglacial Slope Movements Analysis in Western Swiss Alps: Results From 
the Hérens Valley .................................................................................................................................................. 34 

Validation of SAR Remote Sensing Data on Wet Snow With In-Situ Measured Liquid Water Contents in the 
Alpine Snowpack ................................................................................................................................................... 35 

Using Sentinel-2 Data to Benchmark Modelled Glacier Evolution in the Western European Alps ...................... 35 

Towards Automated Production of Regional Geomorphological Inventories Based on Satellite Data ............... 36 

Monitoring Alpine Cryosphere Using Sentinel Data ............................................................................................. 36 

Sentinel-1 InSAR Processing System to Support High Mountain Hazard Assessment ......................................... 36 

Mapping the Spatial Distribution of the Alpine Treeline Ecotone with Multi-Temporal Sentinel-2 Images ........ 37 

Remote Sensing of Snow Cover in the Alps. An Overview of Opportunities and Constraints. ............................ 37 

Understanding Spatiotemporal Vegetation Patterns and Phenology over the Alps Based on Medium Resolution 
Satellite Remote Sensing Data .............................................................................................................................. 37 

Mapping Snow Cover Extent Using Optical and SAR Data.................................................................................... 38 

Land Cover Classification and Change Detection in European High-Altitude Regions ......................................... 38 

On the Use of Optical Satellite Data for Snowpack Monitoring in Mountainous Areas....................................... 38 

Observation of Middle Atmospheric Dynamics Above the Alps by Means of SWIR Airglow Spectroscopy ........ 39 

Horizontal Open-Path FTS Measurements for Bridging the Gap Between High Accurate Point Measurements 
and Spatially Averaging Atmospheric Models Using Vertical Greenhouse Gas Retrievals from Satellite (H-OP-
FTS) ....................................................................................................................................................................... 39 

The European Datacube: Standards-Based Timeseries Analytics and Data Fusion.............................................. 39 

Assimilation of MODIS AOD During the Saharan Dust Episode in April 2016 ...................................................... 40 

Measurements of Atmospheric Key Species at the GAW Global Station Zugspitze/Hohenpeissenberg – 
Opportunities for Ground Thruthing and Intercomparison Campaigns ............................................................... 40 

Towards Seamless Validation of Satellite Data..................................................................................................... 40 

Satellite Applications for the Benefit of the Alps (SABA) ...................................................................................... 41 



4 
 

Operational Use of Sentinel-2 Data to Infer Alpine Ecosystems Phenology, Productivity and Responses to 
Climate Variability. ................................................................................................................................................ 41 

Dealing With the Influence of Differences in Measurement Time, Space and Addressed Air Volume of Satellite 
and Reference Measurements on Validation Results: Development and Presentation of an Internet-Based Tool
 .............................................................................................................................................................................. 42 

Low-Cost System to Monitor Ground Deformations Based on Galileo, Sentinel InSAR and Inertial Measurement 
Units: the GIMS Project. ....................................................................................................................................... 42 

Detection of Potential Areas of Surface Motion In Alpine Regions Based on Differential SAR Interferometry .. 42 

Infrastructure for Earth Observation in the Alps: The Perspective from the Eurac Research Sentinel Alpine 
Observatory .......................................................................................................................................................... 43 

Monitoring Alpine Grassland Dynamics With Optical Sensors on Multiple Spatial Scales ................................... 43 

Combination of In Situ GNSS Snow Water Equivalent Measurements with EO and Hydrological Modelling – 
Results of ESA IAP Demo Project SnowSense ....................................................................................................... 44 

GNSS Remote Sensing of Snow Properties at High-Alpine Stations and Potential Applications .......................... 44 

AlpClimNet: A Network for Climate Protection in the Alpine Space .................................................................... 44 

Integrating Ground-Based Seismic Data and Spaceborne Radar to Identify, Locate and Assess Rock Slope 
Failure in Alpine Areas .......................................................................................................................................... 45 

Closing the Gap between Remote Sensing And Snow Hydrological Modelling by Ground Based Cosmic-Ray 
Neutron Sensing ................................................................................................................................................... 45 

Monitoring of Structural Health Monitoring of Critical Infrastructures and Adjacent Areas by Sensor Fusion of 
DInSAR and Ground Sensors ................................................................................................................................. 45 

IRS Satellite Data of More Than 20 Years as Basis for Retrospective, Long-Term Analysis .................................. 46 

Kalideos in the Alps: A Programme of CNES to Accompany and Promote Remote Sensing Use ......................... 46 

The Environmental Research Station Schneefernerhaus | Zugspitze .................................................................. 47 

Quality Check of Water Isotope Distribution from Space to Ground by Vertical Profiling and Altitude 
Dependent In-Situ Records ................................................................................................................................... 47 

Glider-AirCore Analyses Linking Ground-Based and Column Integrated Trace Gas Measurements with Satellite 
Retrievals .............................................................................................................................................................. 47 

 



5 
 

  



6 
 

 

2 Organising Committee 
 
 

Phillippe Bally    
       

European Space Agency,  Italy 

Fabrizio Battazza 
        

Italian Space Agenc, Italy  

Michael Bittner 
        

National Oceanography Centre, U.K. 

Yves Bühler 
        

Swiss Federal Institute for Forest, Snow & Landscape Research, Switzerland  

Gordon Campbell         European Space Agency, Italy 

Eric Doyle                 European Space Agency, Italy 

Diego Fernandez         European Space Agency, Italy 

Thomas Geist 
        

Austrian Research Promotion Agency (FFG), Austria 

Sabina Kolsea 
        

Slovenian Ministry of Economic Development and Technology, Slovenia 

Anne Lifermann 
        

French Space Agency, France 

Jean Philippe Malet         
       

Institut de Physique du Globe de Strasbourg, Austria 

Michael Nyenhuis         German Space Research Centre, Germany 

Anne Lisa Pichler         Nikal Fm, Italy 

Michael Rast         European Space Agency, Italy 

Christian Retscher         European Space Agency, Italy 

Juerg Schopfer         Swiss Space Office, Switzerland 

Espen Volden         European Space Agency, Italy 

Marc Zebisch         Institute for Earth Observation, Eurac Research, Italy 

 
 
 
 
 
 

  



7 
 

3 Programme 
 
 

eo4alps The Alps from Space Workshop, 27-29 June 2018,  
Villa Blanka, 31, Weiherburggasse, Innsbruck, Austria.  

WEDNESDAY 27 June 2018 

    Title Name Affiliation 

8.00 9.00 Registration  

9.00 9.15 Welcome by the host T. Geist FFG  

9.15 9.45 Objectives and Planning of the workshop 
(setting the scene) M. Rast/G. Campbell ESA  

9.45 10.30 Views of the EC (GROW, RTD) A. Tilche (per video)        DG/RTD  

10.30 11.00 Coffee Break 

11.00 13.00 Keynotes       Chairs: M.Rast (ESA), E. Doyle (ESA)  

11.00 11.20 
Research Needs for the Protection and 
Sustainable Development of the Alps – a View 
from the Alpine Convention 
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Convention  A. Littkopf  EEA-ETC Urban, 

Land and Soil  

11.40 12.00 

 AlpSenseBench: Alpine Remote Sensing of 
Climate-Induced Natural Hazards - A 
Benchmark Project in the EU-Strategy for the 
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The Virtual Alpine Observatory, VAO 
Bittner M.1,4,10, Ludewig E.2, Dietrich M.3, Jacobi H.3, 
Neumann M.4, Zebisch M.5, Bergant K.6, Stanic S.7, 
Leuenberger M.8,9, Decurtins S.8,9, Einhellinger B.11, 
Frank A.11, Christoph P.14, Didebulidze  G.14, Gausa M.15 

1German Aerospace Center, DLR, Wessling, Germany, 
2Meteorologisches Observatorium Hoher Sonnblick 
(ZAMG), Salzburg, Austria, 3Observatoire des Sciences 
de l'Univers de Grenoble (OSUG), Grenoble, France, 
4Umweltforschungsstation Schneefernerhaus (UFS), 
Grainau, Germany, 5EURAC Research, Bolzano, Italy, 
6Slovenian Environment Agency, Ljubiljana, Slovenia, 
7University of Otlica, Otlica, Slovenia, 
8Höhenforschungsstation Jungfraujoch Gornergrat 
(HFSJG), Bern, Switzerland, 9University of Bern, Bern, 
Switzerland, 10University of Augsburg, Augsburg, 
Germany, 11Bavarian State Ministry of Environment and 
Consumer Protection, Munich, Germany, 12Leibniz High 
Performance Computing Center, Garching, Germany, 
13German Weather Service, Hohenpeissenberg, 
Germany, 14Abastumani Astrophysical Observatory 
(AAO), Tiblis, Georgia, 15Arctic Lidar Observatory for 
Middle Atmospheric Research (ALOMAR), Andenes, 
Norway 

The alpine region with about 14 million inhabitants 
represents a significant economic region within Europe. 
From an ecological point of view the Alps belong to the 
most complex parts of the “System Earth” and are 
particularly affected by environmental change 
processes: Especially, climate change leaves its mark on 
this system. Consequences are manifold being among 
the greatest threats to the ecosystem of the Alps and 
having far-reaching impacts for economy, traffic and 
environment including health related issues of human 
beings. Initiated in 2012 VAO aims at monitoring, 
understanding and predicting these complex processes 
in the Alps through a transnational and interdisciplinary 
approach. VAO contributes to the European Alpine 
Convention as well as to the Alpine Strategy of the EU 
(http://vao.bayern.de). 
VAO is based on already existing infrastructures 
(observatories, data-, and high-performance computing 
centres), and brings together scientists, engineers, 
medical experts and technicians from various disciplines 
and facilities (universities, large research institutions, 
and public authorities). Synergism is thus created - even 

at an interdisciplinary level - which allows achieving 
results and new knowledge within ever shorter time 
intervals and with comparatively less resources. Cross-
linking these capacities yields a higher outcome than just 
the sum of its individual parts. The motto is: “Joining 
forces instead of duplicating efforts”.  
The overarching scientific challenges that the VAO will 
address in the upcoming decade will be presented and 
comprise the research fields 

(i) Atmospheric and climatic variability 
(ii) Climate impact on Alpine environment, hazards 
and risks 

(iii) Alpine water cycle 
(iv) Environment and human health 

 
 ************************ 

Monitoring Environmental Dynamics in the Alps with 
Earth Observation - The Sentinel Alpine Observatory  

Zebisch M.1, Notarnicola C.1, Marin C.1, Callegari M.1, 
Greifender F.1, Sonnenschein R.1, Steger S.1, Kofler C.1, 
Jacob A.1 

1Eurac Research - Institute for Earth Observation, 
Bolzano, Italy 
The Alps are highly vulnerable and dynamic regions. 
Processes such as snow-melt and the impact on run-off, 
droughts or damage of forest ecosystems need to be 
monitored and better understood in order to to support 
an efficient and sustainable management of natural 
resources in the Alps.   

New Satellite data offer unprecedented opportunities 
for an area-wide monitoring in high temporal and spatial 
resolution. At the Sentinel Alpine Observatory (SAO) of 
Eurac Research, we are exploiting satellite data and in 
particular, the latest ESA Sentinel data from the 
COPERNICUS program for monitoring environmental 
dynamics in the Alps. In this talk, we will present the 
general concepts of SAO and highlight some SAO 
products.   
The fundamental approach is to delineate time series of 
biophysical parameters from Earth Observation data 
and analyze their behavior in time and space. This 
includes studying temporal or spatial anomalies, trends 
or unexpected behavior. Afterwards, the time series of 
biophysical parameters can be analyzed together with 
other data such as meteorological data to understand if 
anomalies or trends can be explained, for instance by 
meteorological events or trends.  

The SAO products comprise preprocessed Sentinel 1 & 2 
data, snow, glacier, evapotranspiration, soil moisture, 
leaf area index, NDVI, landslides, and forest change 
maps. These products are made available to the users 
through a web GIS platform, which simplifies the 
visualization of the data. Moreover, a catalog service, 
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and a dedicated web platform allows users to access and 
perform customized analysis on the data using cloud-
computing services. 
 

************************ 
 
 
 
 
 
 
 
 
 
 

Mapping Snow Depth Variability in Complex Terrain 
– How Good Can We Get? 

Bühler Y.1, Stoffel A.1, Eberhard L.1, Marty M.2, Ginzler 
C.2 

1WSL Institute for Snow and Avalanche Research SLF, 
Davos Dorf, Switzerland, 2Swiss Federal Institute for 
Forest, Snow and Landscape Research WSL, 
Birmensdorf, Switzerland 

The amount and distribution of snow in alpine areas is a 
key variable for hydrology, climatology and ecology. It is 
also an essential information for avalanche warning and 
flood forecasting. The alpine snow depth distribution is 
operationally measured today at automated weather 
stations and by observer networks. However, such 
isolated point measurements are not able to capture the 
high spatial variability present in complex mountain 
topography. Remote sensing technology is key for 
spatially continuous mapping of regions, which are 
otherwise not accessible. Today satellite based mapping 
of snow depth and snow water equivalent (SWE) on a 
large scale is not possible with sufficient accuracy and 
reliability because the terrain is too complex on a small 
scale.  

High spatial resolution remote sensing systems such as 
Unmanned Aerial Systems (UAS) and airplanes have the 
potential to partly fill this gap enabling a more frequent 
coverage of selected high alpine areas. During the last 
three years we were able to gather experience in more 
than 100 flight missions in alpine terrain applying 
different sensors. By processing the imagery applying 
structure from motion (SfM) software, we were able to 
photogrammetrically map snow surfaces and derived 
snow depth with accuracies from 5 to 20 cm (dependent 
on flight height over ground) compared to manual snow 
probe measurements. This is essential training and 
validation data that can be applied for model 
development and the outline of future satellite systems. 
 

************************ 

Operational Snow Cover Monitoring in the Eastern 
European Alps  

Koch R.1, Staudacher J.1, Olefs M.1 
1Zentralanstalt für Meteorologie und Geodynamik 
(ZAMG), Vienna, Austria 

The spatial and temporal evolution of snowpack 
properties play an important role for a wide range of 
applications, especially in mountainous regions. There is 
a great demand for high-resolution snowpack data 
regarding road maintenance, water resource 
management or avalanche forecasting, for example. 
Since the combination of topographic effects and 
climatic conditions mainly determines the local and 
regional snowpack variability, reliable estimates of the 
snow cover are essential. 
The Zentralanstalt für Meteorologie und Geodynamik 
(ZAMG) and  the Hydrographical Central Bureau of 
Austria are together operating around 880 daily manual 
and 169 automatic (10 and 15 minutes intervals) 
ground-based snow observing stations across Austria. 
The meteorological network of the regional avalanche 
warning services includes further automatic snow depth 
measurement stations, particularly in higher elevated 
alpine regions. In addition, the ZAMG runs a very high 
resolution, physically based, distributed operating snow 
cover model (SNOWGRID) over Austria. The model uses 
gridded meteorological data from the Integrated 
Nowcasting Analysis model (INCA) to produce hourly 
analyses of various snow quantities with a spatial 
resolution of 100 m. Since ground-based stations deliver 
meteorological information at irregularly spaced 
locations, SNOWGRID makes an important contribution 
to monitoring snow cover. 
Many efforts are under way to increase the quality of 
the modeled snow fields. Different experiments were 
conducted using maps of the daily fractional snow-
covered area product from MODIS. More recently, a 
snow redistribution procedure was developed, which 
considers drifting snow near the surface. A major 
upcoming change will be the implementation of an 
energy balance snowmelt scheme within SNOWGRID. 

 
************************ 

EO for Soil Moisture Monitoring Within the BMNT 
Schmid F.1 
1University of Porto, Portugal 
Water with its positive and negative impacts to nature 
and people living in or visiting Austria is of central 
importance for the BMNT. Water is our most important 
basis of life. It is an indispensable resource for 
agriculture, the recreation and tourism industries, as 
well as the energy sector, and serves as a habitat for 
fauna and flora. Only by using it in a responsible manner 
we can ensure that our children get to enjoy high water 
quality and will be able to preserve the bodies of water 
as a lifeline for the regions. To guarentee a good and 
continuous overview of the water circle the BMNT is 
starting two funded projects that aim to set up a 
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monitoring system over the whole auf Austria. In 
combination with different terrestrial sensor systems 
COPERNICUS data shall be used to identify critical values 
within the water circle to be able to react as soon and as 
efficient as possible. The presentation will list some facts 
about the water circle will show how the monitoring 
system shall work and give some examples of possible 
actions. 

 
************************ 

From Long-Term to Near-Real Time: Understanding 
Alpine Snow Cover Processes from Space 

Wunderle S.1, Dizerens C.1, Hüsler F.1 
1University of Bern, Bern, Switzerland  
The expected increase in temperature during the next 
50 years will strongly affect Alpine snow cover, its 
dynamics and subsequent processes. Warmer 
temperatures will lead to a reduction in snow cover 
duration caused by later snow onset and earlier 
snowmelt. Furthermore, snow will be limited to areas at 
higher altitudes but with high variability. This will have 
far-reaching consequences on socio-economy (e.g. 
tourism, hydropower generation etc.), local climate, 
vegetation (land cover/land use), hydrology (runoff, 
droughts, streamflow, ground water recharge etc.) and 
many more. Hence, there is a strong need to monitor 
snow cover at different temporal and spatial scales to 
contribute to an enhanced understanding of alpine 
processes and help to define mitigation strategies for 
the future Alps in a warmer climate. 

Earth Observation can significantly contribute to 
retrieve the needed information and to complement 
ground-based monitoring particularly in remote areas. 
Such information might be of interest for many 
applications such as hydrological and climate modelling 
or weather forecasting. We will present examples of 
snow cover time series retrieved from EO data, 
potentially of high interest for the climate community, 
validation options for snow cover extent based on 
publicly available webcams, and NRT snow cover 
applications. We will conclude with key questions and 
suggestions for future activities. 

************************ 

Glacier Shrinkage in the Alps Continues Unabated as 
Revealed by a New Glacier Inventory from Sentinel 2 

Paul F.1, Rastner P.1, Azzoni R.2, Fugazza D.2, Le Bris R.1, 
Nemec J.3, Rabatel A.4, Ramusovic M.4, Schwaizer G.3, 
Smiraglia C.2 
1University of Zurich, Zurich, Switzerland, 2University of 
Milan, Milan, Italy, 3ENVEO IT GmbH, Innsbruck, 
Austria, 4University Grenoble Alpes, Grenoble, France 
The on-going glacier shrinkage in the Alps requires 
frequent updates of glacier outlines to have an accurate 
database for modelling purposes (e.g. determination of 
run-off, mass bal-ance, or future glacier extent) and 
other applications. With the launch of the first Sentinel 
2 (S2) satellite in 2015, it became possible to create a 

consistent, alpine-wide glacier in-ventory with an 
unprecedented spatial resolution of 10 m. Fortunately, 
already the first S2 images acquired in August 2015 
provided excellent mapping conditions for about 95% of 
the glacierized regions in the Alps.  

We have used this opportunity to compile a new alpine-
wide glacier inventory in a collab-orative team effort. In 
all countries, glacier outlines from the latest national 
inventories had been used as a guide to compile a 
consistent update (but glaciers in Germany have still to 
be added). Cloud cover over some glaciers required 
including selected Landsat scenes from 2015 and 2016. 
Due to the intense manual editing required for the 
numerous debris-covered glaciers, uncertainty was 
determined by a multiple digitizing experiment with all 
participants. 

Overall, we derived a total glacier area of 1790 km² 
when considering glaciers >0.02 km². This is 12.7% less 
than for the last alpine-wide glacier inventory derived 
from Landsat scenes acquired in 2003, and equivalent to 
a mean annual area loss rate of 1.1%. The real loss is 
even somewhat larger, as the higher spatial resolution 
of S2 allowed us to map glaciers that are not considered 
in the 2003 inventory, i.e. the 2003 sample is slightly 
smaller. 

 
************************ 

Snow Monitoring in Alpine Areas Using Copernicus 
Satellites  

Nagler T.1, Schwaizer G.1, Ossowska J.1, Fasching U.1, 
Rott H.1 
1ENVEO, Innsbruck, Austria 
The Sentinel satellite series of the Copernicus 
Programme provide comprehensive and timely data for 
operational snow cover monitoring. We developed and 
implemented algorithms and services for deriving snow 
cover products from SAR data of the Sentinel-1 mission 
and multispectral imaging data of Sentinel-2 and -3. In 
this presentation we focus on methods and applications 
for snow products of mountain regions and show 
examples for the European Alps. The product on snow 
area extent exploits the complementary imaging 
capabilities of the Sentinel-2 and -3. The Sentinel-3 maps 
of fractional snow extent, potentially available over the 
Alps in daily time steps with the two satellite formation, 
serve as baseline products for land surface process 
modelling, climate monitoring and large-scale snow 
hydrology. Regionally available Sentinel-2 snow maps 
are nested into the Sentinel-3 snow maps to achieve 
high resolution for basin-scale hydrology and water 
resources management. For mapping the extent of 
snowmelt areas we use dual-polarized Sentinel-1 SAR 
data. We show examples for snow products derived 
from data of the Sentinel missions and report on product 
performance based on intercomparisons of different 
algorithms. We address issues for further improvements 
of snow products in mountain regions. Improvements 
for monitoring snowmelt area at local scale in support of 
hydrology and avalanche hazard assessment can be 
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expected from very high resolution SAR sensors, as case 
studies with TerraSAR-X data show. For optical snow 
mapping improvements are needed for topographic 
correction of illumination on steep north-facing slopes 
and for the detection of snow in forested areas. 
 

************************ 
 
 
 
 
 
 
 
 
 
 

Ground-Based Soil Moisture Measurements Using 
Cosmic Ray Neutrons for Validation of Sentinel 
Monitoring Data 

Mares V.1, Rühm W.1 
1Helmholtz Zentrum München, Neuherberg, Germany 
Soil moisture availability is a fundamental parameter of 
the terrestrial environment. Potential applications 
include flood forecasts, agricultural land use, and 
release of radioactive radon from the Earth crust to the 
near-surface air. 

During the last decades, automated techniques for point 
measurements of soil moisture content have been 
developed to an operational level. Nevertheless, such 
measurements are difficult to use for validation of 
satellite soil moisture monitoring, due to significant 
differences in spatial resolutions. Use of neutrons from 
secondary cosmic radiation can fill the gap, as their 
footprint averages over a radius of several hundred 
meters. 
There are already international efforts to use cosmic 
radiation neutron probes to quantify soil moisture. 
However, so far these probes do not provide much 
information on the energy distribution of neutrons. On 
the other hand, it was recently shown by means of a 
neutron spectrometer operated at the environmental 
research station “Schneefernerhaus” on the Zugspitze 
mountain, Germany, that environmental water and 
snow influence the neutron energy spectrum, due to a 
complex interplay between neutron moderation and 
absorption. It is proposed here to perform neutron 
spectrometer measurements at various places in alpine 
valleys, and in pre-alpine areas, with differences in soil 
characteristics, soil humidity, vegetation, and 
topography, and compare the results to soil moisture 
data obtained by satellites such as the Sentinel-1. This 
project is linked to the SABA proposal also submitted. 

 
************************ 

Total GHG Emissions of an Alpine City: Synergetic 
Inversion of Space-Borne and Ground-Based Total 
Column Soundings 

Sussmann R.1, Mauder M.1, Emeis S.1, Hase F.2, 
Tschabuschnig G.3 
1Karlsruhe Institute of Technology, IMK-IFU, Garmisch-
Partenkirchen, Germany, 2Karlsruhe Institute of 
Technology, IMK-ASF, Karlsruhe, Germany, 
3Zentralanstalt fuer Meteorologie und Geodynamik, 
Wien, Austria 

Why? 
• >70 % of fossil fuel CO2 emissions originate from cites 
- uncertainties unknown 

• Demonstrate benefit of using satellite data for 
quantifying alpine city emissions  
• Ground-validation of satellite measurements above a 
city 

• Input/validation for national GHG emission inventory 
• Verify reduction/mitigation measures 

• Support decision making related to economic 
development (incl. tourism, infrastructure, transport) 
and spatial planning 
• contribute to UN Sustainable Development Goals 9, 
11, 12, 13  

• Develop Virtual Alpine Observatory (VAO, 
http://www.vao.bayern.de) 
How? 

• Satellite soundings of CO2, CH4, and CO (e.g. Sentinel 
5P, OCO-2/OCO-3) plus ground-based FTIR column 
measurements at 5 locations around the periphery of a 
major alpine city (e.g. Vienna)  

• Inverse atmospheric modeling (WRF-Chem/PALM-4U) 
to infer total city emissions of CO2 and CH4: Synergy 
from using satellite and ground-based column data 

• Source attribution (sectoral, spatially resolved) via 
coincident CO column measurements  

Partnership 
• KIT (Germany) and ZAMG (Austria): Members of VAO  

• Synergy with Vienna IoT-measuring network for 
weather and air quality project (ZAMG, surface 
measurements of temperature, humidity, etc.)  

• Use surface data to initialize city model runs and 
support sectorial CO2 and CH4 source attribution 

References 
Hase, F., et al.: Application of portable FTIR 
spectrometers for detecting greenhouse gas emissions 
of the major city Berlin, Atmos. Meas. Tech., 8, 3059-
3068, 2015.  

Hausmann, P., Sussmann, R., Smale, D.: Contribution of 
oil and natural gas production to renewed increase in 
atmospheric methane (2007–2014): top–down estimate 
from ethane and methane column observations, Atmos. 
Chem. Phys., 16, 3227-3244, 2016. 
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Air Quality Monitoring and Simulation Over Bavaria 
and Slovenia 

Bittner M.1, 2, Khorsandi E.1, Baier F.2, Erbertsder T.2 
1Augsburg University, Augsburg, Germany, 2German 
Aerospace Center, Oberpfaffenhofen, Germany 

While the Alps is known for its clean air, but due to 
complex topography and meteorological conditions, the 
trapped transported air pollutant might result in high air 
pollution days in the Alps. In addition to the transported 
air pollutants to the Alps, the local source of air pollution 
from goods traffic and organic pollutants are increasing 
recently in this region, and during an inversion, poor air 
quality episodes can accrue in Alpine cities.  

A chemistry-transport model is a valuable tool to 
investigate the pollutants condition in a complex area 
such as the Alps. Combining results of the model with 
satellite and ground observation to achieve better 
prediction of aerosols concentration, transport and 
transformation is the intention of our study in JOSEFINA 
project. In this project, POLYPHEMUS/DLR model is 
applied and the study area is covering two different 
areas of the Alps including Germany, Austria, and 
Slovenia.  

The first results revealed the sensitivity of model-based 
estimated Aerosol Optical depth (AOD) to the vertical 
distribution of aerosols in the model, particularly in 
higher altitudes. The model results have been compared 
with MODIS and OMI products, which is challenging due 
to low temporal and spatial coverage of satellite data. In 
next stage of the project along the model optimization, 
we need a better satellite/based observation as 
validation and data assimilation. The new products of 
Copernicus program, Sentinel-3 satellite, can reduce the 
gap between satellite and model estimation of AOD with 
a better spatial resolution, new instrument, and 
algorithms. 

 
************************ 

Defining Alps Structure and Dynamics Through 
Terrestrial and Satellite Gravity. 

Braitenberg C.1, Pivetta T.1, Pail R.2 
1Department of Mathematics and Geosciences, 
University Of Trieste, Trieste, Italy, 2 Institute of 
Astronomical and Physical Geodesy, Technical 
University of Munich, Munich, Germany 

The Alpine mountain range is presently subject to uplift, 
as documented by GNSS vertical movement rates. Uplift 
occurs in response to climatic mass loss (deglaciation or 
hydrologic mass loss) or due to the dynamic forces 
(crustal compression or mantle inflow below uplifting 
crust). The uplift generates a mass change, which 
produces a time variation of the gravity field.  The 
deglaciation and changes in the subsurface hydrologic 
budget, also generate a mass change, which sums to the 
tectonic change. The shrinking outlines of glaciers are 
revealed by remote sensing, but the total volume 
budget estimate requires also the thickness variation. 
Remote sensing catches the surface height changes, but 

these must be corrected for the crustal uplift. The 
geodetic measurements of the crustal dynamics of the 
Alpine range in terms of height and gravity changes, are 
therefore in close relation to the estimate of the climatic 
changes inducing glacier and hydrologic budget 
changes. We show that for the Alps the hydrologic 
gravity signal is superposed to the tectonic signal, and 
discuss to which amount the signal can be resolved by 
gravity measurements (Chen et al., 2018). We consider 
the satellite observations of GRACE and GOCE, possible 
future gravity satellites, and their integration with 
terrestrial gravity measurements.  

Chen W., Braitenberg, C., Serpelloni, E. (2018) 
Interference of tectonic signals in subsurface hydrologic 
monitoring through gravity and GPS due to mountain 
building, Global and Planetary Change (in press), 
https://doi.org/10.1016/j.gloplacha.2018.05.003 
 

************************ 

Novel Approaches to Lake Monitoring in the 
European Alpine Region  

Odermatt D.1, Bouffard D.1, Schmid M.1 
1Eawag, Dübendorf, Switzerland 

Lakes in the European alpine region experienced severe 
eutrophication in the past, due to nutrient enrichment 
from agricultural seepage and wastewater. Extensive in 
situ monitoring programs, revised legislature and 
wastewater treatment helped to mitigate these effects. 
After that, monitoring funds and sampling density were 
reduced again. More recent challenges and approaches 
such as climate warming and related geomorphological 
processes, biodiversity loss, water use for heating, 
cooling or hydropower production, ecosystem 
functions, ecosystem services and ecosystem modeling, 
let alone remote sensing were not or only partly 
adopted in the conception of current monitoring 
programs. 
Direct climate responses by temperate lakes include an 
extended summer stratification, a reduction of winter 
mixing depth and consequently a higher incidence of 
anoxic conditions, changes in the carbon cycle and in 
alpine lake ice cover durations. Indirect responses are 
related to new periglacial lakes and modified 
sedimentation and erosion regimes in currently 
glaciated areas. Unlike the eutrophication period, these 
impacts will not be limited to densely populated foothill 
zone, but affect montane to alpine zones with 
subsequent effects on downstream aquatic systems.  

We therefore discuss new lake monitoring requirements 
that are driven by the integration of in situ 
measurements, optical and thermal remote sensing and 
ecosystem models. These requirements arise from the 
lakes’ expected climate responses as well as from the 
data demand and supply of optical or biophysical 
models. Ultimately, such integration enables scenario 
predictions for larger downstream water bodies and 
entire watersheds, and thus a far more comprehensive 
decision basis than point measurements. 
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The AlpMon Project: Near Real-Time Monitoring of 
Alpine Forests 
Deutscher J.1, Schardt M.1, Briese C.2, Mücke W3 
1Joanneum Research, Graz, Austria, 2Earth Obervation 
Data Centre (EODC), Vienna, Austria, 3Catalysts, Linz, 
Austria 
Climatic changes, catastrophic storm events, bark beetle 
calamities and unsustainable forest management pose a 
growing threat to our Alpine forests. Forest 
administrations and forest owners undertake great 
planning efforts and mitigation measures to prevent 
forest degradation and to maximize the economic 
potential of our forests. To do so, these forest entities 
depend on the availability of relevant and timely 
information on the status and dynamics of the Alpine 
forests.  

In the AlpMon project funded by the Austrian FFG we 
are transforming Copernicus Sentinel-2 data into the 
reliable information on forest status that forest owners 
and forest administration require to better manage and 
protect our Alpine forests. The AlpMon consortium of 
Joanneum Research, the Earth Observation Data Centre 
(EODC) and Catalysts combines profound expertise and 
resources in forest remote sensing, high performance 
computing and web-based software solutions 
(https://www.catalysts.cc/projects/alpmon/). 
In AlpMon we are developing two EO-based forest 
services: A near real-time alert system to rapidly and 
continuously map forest changes in the Alpine region, 
and a forest map service that provides improved and 
updated maps on selected forest parameters. The 
services build on the Copernicus Sentinel-2 mission 
which forms an ideal basis for the establishment of a 
large-scale monitoring system of high spectral, spatial 
and temporal resolution. Both services are integrated 
and run in the EODC cloud processing environment that 
provides ample resources for timely production and 
delivery of information. The users will access the 
services through a conventional web browser. 

 
************************ 

Copernicus Glacier Monitoring Service for the Alps 
Rott H.1, Schwaizer G.1, Floricioiu D.2, Krieger L.2, Nagler 
T.1, Nemec J. 

1ENVEO IT, Innsbruck, Austria, 2Remote Sensing 
Technology Institute, DLR, Oberpfaffenhofen, Germany 

The Sentinel satellite series of the European Copernicus 
Programme, complemented by Copernicus contributing 
missions, provide an excellent basis for regular and 
comprehensive monitoring of glaciers world-wide. We 
developed procedures and processing lines for mapping 
basic glacier parameters and apply these tools for glacier 
regions in Europe, Asia and the Americas. We use high 
resolution multispectral imager data of Sentinel-2 for 
mapping glacier outlines, the late summer snowline and 
glacier zones, main parameters for studying 
glacier/climate interactions. Repeat–pass SAR data of 
Sentinel-1 and the German TerraSAR-X mission are used 
for mapping ice motion with the offset tracking 
technique. SAR data are also the main basis for 
monitoring the temporal evolution of snow/ice area 
extent, a key parameter for estimating ice ablation and 
glacier runoff. Repeat measurements of surface 
topography in annual to multi-annual intervals are used 
for deriving volume change and mass balance of glaciers. 
Single-pass SAR interferometry, as realized by the 
German TanDEM-X mission, is a powerful tool for 
mapping surface elevation change as it enables exact 
timing of acquisition dates unaffected by cloudiness and 
illumination conditions. In order to demonstrate the 
performance of the glacier monitoring system we show 
examples of glacier products from the Austrian Alps 
derived from Sentinel-1, Sentinel-2 and TanDEM-X data. 
We address also options for further enhancement of 
glacier monitoring services, as for example the 
realization of a passive SAR system as add-on to 
Sentinel-1, enabling comprehensive measurements of 
glacier surface topography and topographic change for 
monitoring glacier volume change and mass balance. 

 
************************ 

Exploitation of Sentinel Data for Monitoring Water 
Resources in the Alps 
Notarnicola C.1, Castelli M.1, Greifeneder F.1 
1Eurac, Bolzano, Italy 
The Alps are considered to be the “water towers of 
Europe”. Forty percent of Europe’s fresh water 
originates here, supplying tens of millions of Europeans. 
Nevertheless, this region is strongly affected by climate 
change – e.g. increasing temperatures, increased 
frequency of extreme weather events – with 
implications for the entire ecosystem. Remote sensing 
allows observing the spatial and temporal evolution of 
different “water-variables” and supports the 
understanding of related processes. 
Here we will present surface soil moisture content and 
evapotranspiration products based on remote-sensing 
methods, specifically tailored to take into account the 
characteristics of mountain regions. These methods 
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have been developed in the context of international 
projects (e.g. ESA TIGER, H2020 ECOpotential). 

For surface soil moisture content estimation, we rely on 
Synthetic Aperture Radar intensity measurements of the 
Copernicus Sentinel-1 mission and machine learning 
(Support-Vector-Regression) based modelling, to solve 
the retrieval problem. The implementation allows the 
mapping of soil moisture for the entire Alps (available as 
open source Python package PYSMM).  

Regarding evapotranspiration, we adopt two 
approaches. The first is based on energy balance 
modelling driven by thermal remote sensing data, with 
limitations in the Alps due to the low spatial resolution 
of the available thermal sensors (MODIS, Sentinel-3), 
and the long repeat cycle of Landsat. The second is 
based on a simplified water balance model, which 
exploits high resolution Sentinel-2 reflectances.  
Applications of these methods include drought 
monitoring, water resources management for 
agriculture, and support for the calibration of 
hydrological models. 

More information can be found at sao.eurac.edu 
 

************************ 

Analysing the Potential of Multispectral Sensors to 
Map Vegetation Parameters in Pre-Alpine and Alpine 
Grasslands 

Schucknecht A.1, Krämer A.2, Asam S.3, Kiese R.1 
1Karlsruhe Institute of Technology (KIT), Garmisch-
Partenkirchen, Germany, 2WWL Umweltplanung und 
Geoinformatik GbR, Bad Krozingen, Germany, 3German 
Aerospace Center (DLR), Wessling, Germany  
Pastures and natural grasslands are an important part of 
the pre-Alpine and Alpine landscape ranging from 
intensive grasslands in the lower regions to highly 
diverse seasonal mountain pastures and specialized 
natural ecosystems. Despite the economic value and the 
significant role of plants in grassland carbon (C) and 
nitrogen (N) cycling, spatially explicit information on 
grassland management and yields (biomass and quality) 
are rarely available. Within the SUSALPS project, we aim 
to use new Copernicus satellite data to derive spatially 
explicit information (maps) on grassland management 
and biomass production, including cutting frequencies 
and plant N contents. Satellite remote sensing will be 
complemented by unmanned aerial vehicle (UAV)-based 
data acquisition to better bridge the scale gap from field 
measurements to regional assessment, and to validate 
satellite-derived products on larger scales. In April 2018, 
we conducted a field campaign to investigate the 
potential to map biomass, leaf N content, and other 
vegetation parameters with two different UAV-based 
multispectral sensors (Parrot SEQUOIA; RedEdge-M by 
MicaSense). Data over ten different grassland sites in 
southern Bavaria was collected via UAV and field 
sampling (destructive and proximal sensing) and will be 
analyses for correlations between different 
multispectral bands/indices and vegetation parameters. 

This contribution will present the sampling design and 
first results of the field experiment. 

************************ 

Identifying Grassland Management Intensity in 
Switzerland With High Resolution Satellite Imagery 

Pazur R.1, Ginzler C.1, Kolecka N.1, Conedera M.1, Ecker 
K.1, Price B.1 
1Swiss Federal Institute for Forest, Snow and Landscape 
Research WSL, Birmensdorf, Switzerland 
Grasslands are key landscape components for provision 
of biodiversity, carbon sequestration, food production 
and cultural amenity. In Alpine areas grassland 
management is heterogeneous in time and space and is 
often unknown over large areas. In order to understand 
the relationship between grassland management and 
provisioning of the above services, it is important to 
identify management type and intensity. We 
demonstrate the benefits of recent high spatial and 
temporal resolution satellite imagery for the 
identification of grassland management intensity within 
Switzerland. We examine a dense time series of 
PlanetScope images (3m spatial resolution) over one 
growing season and compare their efficiency in mapping 
land use intensity on grasslands with freely available 
Sentinel-2 imagery (10m). Using vegetation indices (in 
particular NDVI) and fitting phenology curves we classify 
grasslands phenology over one year and identify key 
mowing events in 2017 on each grassland plot of a hilly 
test study site in the Canton Aargau (Switzerland). 
Preliminary results show that identification of grassland 
mowing events relies on the density of the images in the 
time series (especially in the peaks of growing season). 
Therefore, Planetscope time series, with a higher 
density of useable cloud-free imagery (79 images), 
provided higher accuracy in identification of mowing 
events than the Sentinel-2 time series (50 images), 
although both data sources provide sufficient results. 
The proposed methodology is an almost fully automated 
classification useful for mapping grassland management 
at national extents. 

************************ 

Advances in Operational Monitoring of Snow Water 
Resources in the Alps 

Jonas T.1, Deems J2. 
1WSL Institute for Snow and Avalanche Research SLF, 
Davos Dorf, Switzerland, 2National Snow and Ice Data 
Center, Boulder, USA 
National services have developed different approaches 
to tackle the challenges of snow water resources 
monitoring. Switzerland can rely on a comparably dense 
network of snow monitoring stations. This is why Swiss 
operational services have successfully adopted methods 
that dynamically assimilate available snow monitoring 
data into snow hydrological models. Today, airborne 
LiDAR acquisitions entail high resolution snow depth 
information not captured by current monitoring 
frameworks. Such data is being used to a) either train 
subgrid parameterizations to deal with unresolved small-
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scale variability, b) for direct data assimilation, or c) for 
model validation purposes. Here we demonstrate all 
three applications in conjunction with the Swiss 
operational SWE monitoring framework using data from 
three airborne acquisitions with a Riegl Q1560 scanner 
along 600 km of flight lines in Eastern Switzerland during 
the winter season 2016/17. The fusion of ground-based 
and airborne data with model and data assimilation 
provides a very detailed representation of the spatio-
temporal snow distribution dynamics enabling ample 
opportunities for validation of EO products in 
development. The approach comprises a valuable test 
bed for EO applications and observation/model 
integrations for the next generation of EO sensors. 
 

************************ 
 
 
 
 
 
 
 
 
 
 

Integrating Aerosol Measurements from Satellite and 
Ground-Based In-Situ Measurements by Using 3D 
UAV Observations  

Popp T.1 
1DLR-DFD, Oberpfaffenhofen, Germany 

Satellite aerosol observations provide large-scale 
coverage while ground-based in-situ particle 
measurements adhere with international standards 
(GAW). So far attempts to integrate those two 
observation types have failed due to missing closure of 
vertical profiles and humidity state (e.g. in ESA 
Aerosol_cci). This gap shall be bridged by using 3D 
ambient in-situ particle measurements onboard 
Unmanned Arial Vehicles (UAV). As first application UAV 
measurements shall be used to validate satellite aerosol 
optical properties around observatories in the Alpine 
area. 
We aim to bring together the Virtual Alpine Observatory 
(VAO) and the Aerosol_cci satellite community with a 
focus on aerosol particle properties (size, absorption or 
composition; also needed as assumptions in retrieving 
total column aerosol optical depth, AOD). The concept is 
based on a requirement analysis for UAV use in satellite 
aerosol validation prepared within a feasibility study at 
the Umweltforschungsstation Schneefernerhaus. As a 
service to ESA, we will also make accessible other 
aerosol measurements in the Apline region (VAO 
observatories through the AlpenDAC portal,  other 
freely available networks). Our long term goal is the roll-
out of UAV aerosol in-situ measurements (with 
associated analysis and integration tools) to 
observatories in the Alps and other mountain regions. 
As a service for the Copernicus, CCI+ and GAW programs 
a long-term 3D aerosol properties climatology shall be 

acquired and analysed. Alltogether, this will foster 
establishing high quality satellite aerosol data products 
in challenging mountaneous regions with their critical 
relevance for environment, climate, tourism, 
economies, transport and health, all eventually affected 
by aerosol particles. 

 
************************ 

Changes and Variability in the Mid-Latitudinal Large 
Scale Dynamic: Is There a Relation to Extreme 
Temperature Events? 

Küchelbacher L.1,2, Landrò C.3, Wüst S.2, Bittner M.1,2 
1DLR, Weßling, Germany, 2University Augsburg, 
Augsburg, Germany, 3Politecnico di Milano, Milano, 
Italy 
Planetary waves (PW) are global scale waves in the 
atmosphere, which considerably impact weather 
patterns in the mid-latitudes. It is widely accepted that 
climate change leads to a change of the meridional 
temperature gradient. This should change the PW-
activity and therewith the mid-latitudinal weather 
patterns.  
To analyze the PW-activity, we use satellite based ozone 
total column measurements, ERA–Interim temperature 
data (0 and 65 km height) as well as temperature of the 
mesopause region (87 km) based on GRound based 
Infrared P-branch Spectrometer (GRIPS) measurements 
at Umweltforschunsstation Schneefernerhaus (UFS), 
Zugspitze. We derive a measure for the PW-activity, the 
so-called dynamical activity index (DAI). Furthermore, 
we developed an algorithm to identify extreme 
temperature events worldwide and for Europe.  
First preliminary results indicate a trend from cold waves 
to heat waves. This is in agreement with the worldwide 
increase of surface temperatures due to climate change. 
It turns out that the link between PW-activity and 
identified extreme events is evident but processes 
behind this finding turned out to be rather complex.  

Moreover, the PW-activity generally increases 
significantly in the stratosphere. Using the empirical 
mode decomposition method (EMD) we extract 
nonstationary signals of the time series. We find that 
longer term oscillations (QBO, ENSO, solar cycles) have 
a noticeable impact on the PW variability in all 
considered heights. We detect a pronounced 20-year 
modulation considerable correlated with the magnetic 
field cycle of the sun, although the physical meaning is 
still unclear. This long-term modulation affects the 
overall trend of planetary wave activity. 

 

************************ 
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Influence of the Alps on the Middle Atmosphere and 
Vice Versa: Observations, Open Questions, and 
Perspectives  

Wüst S.1, Küchelbacher L.1, Bittner M.1,2, Keckhut P.3, 
Hauchecorne A.3, Schmidt C.1, Hannawald P.2, Sedlak 
R.2 
1German Aerospace Center (DLR-DFD), Wessling, 
Germany, 2University of Augsburg, Augsburg, Germany, 
3LATMOS/IPSL, Guyancourt, France 

The atmosphere is a coupled system: tropospheric 
processes influence the middle atmosphere (10 100 km 
height) and vice versa. Atmospheric waves play a crucial 
role here. 

Air flow over mountain ridges is a prominent generation 
mechanism for planetary and gravity waves. Both wave 
types lead to a re-distribution of energy and momentum 
in the atmosphere (coupling troposphere to middle 
atmosphere). Especially in the case of gravity waves, 
these effects are included only in a very simplified way 
in climate and atmospheric models. This is not just due 
to a lack of computing resources, also our knowledge 
about these processes is not sufficient. 
Atmospheric waves do not only couple the troposphere 
to the middle atmosphere, planetary waves in the 
middle atmosphere can also significantly influence our 
weather. Stratospheric warming events, e.g., which are 
triggered by these large-scale wave motions, often 
result in persistent weather patterns linked to warm or 
cold winter periods (in terms of many days to a few 
weeks). Measurements of the dynamical situation in the 
middle atmosphere could act as a precursor for these 
weather situations some weeks in advance. 
In order to address research topics as the ones sketched 
above, especially measurements of temperature and 
wind in the troposphere and middle atmosphere are 
necessary. Ground-based measurements (e.g., NDMC, 
NDACC) already provide a good data basis. Current and 
upcoming satellite missions will help to improve the 
situation. 

 
************************ 

Cloudkite: An Airborne Platform for Resolving Clouds  
Bodenschatz E.1, Bagheri G.1, Nordsiek F.1, Schlenczek 
O.1 
1Max Planck Institute for Dynamics and Self-
Organization, Göttingen, Germany 
We carry out airborne measurements based on a novel 
multi-technique approache in order to resolve cloud 
microphysics and cloud-turbulence interactions at an 
unprecedented level of accuracy. Our two airborne 
platforms, called Cloudkites, are two tethered 250m³ 
helium-filled balloon-kite combination aerostat (15m 
long, 10m wide/high), each carrying a 50kg scientific 
payload designed for simultaneous measurements of 
cloud-microphysics and cloud-turbulence. Each 
Cloudkite is a self-contained platform capable of 
sampling the atmospheric boundary layer and low-level 
clouds within 0.5-1 km above launching altitudes (i.e. 

from sea-level up to 4000m above sea-level) in any 
location on the globe. The scientific payload includes 
instruments to detect cloud particle size, shape, and 
three-dimensional spatial distributions, and the 
atmospheric state (velocity, temperature, and 
humidity). On-board instruments are Particle 
Image/Tracking Velocimetry (PIV/PTV), in-line 
holographic particle imaging, Fast Cloud Droplet Probe 
(FCDP), Laser Doppler Velocimetry unit, hot-/cold- 
wires, 3D Pitot tubes, and humidity, temperature and 
pressure sensors. The main improvements of Cloudkite 
with respect to existing airborne platforms are i) total or 
partial overlapping of measurement volume of most 
instruments, which provide a unique picture of cloud 
microphysics and turbulence at a given sampling 
instance and ii) significantly faster sampling of cloud 
microphysics and turbulence (e.g. sampling rates of 
1.6L/s and 1.7L/s for PIV/PTV and holographic 
instruments, respectively). 
 

************************ 

OH Airglow Observations to Characterize Middle 
Atmospheric Dynamics 

Hannawald P.1, Sedlak R.1, Schmidt C.2, Wüst S.2, Bittner 
M.1,2 
1Institute of Physics - University Of Augsburg, Augsburg, 
Germany, 2German Remote Sensing Data Center - 
German Aerospace Center, Oberpfaffenhofen, Germany  
The Alps are not only important for surface and near-
surface processes; they also influence middle 
atmosphere dynamics (10 100 km). Due to low pressure 
and low density in this height range many effects have 
larger impact here, but are hard to address using in situ 
measurements. However, mainly at 80 100 km height, 
the so called airglow exists which denotes 
chemiluminescent layers and is modulated by different 
types of atmospheric waves (planetary and gravity 
waves as well as infrasound). Ground-based infrared 
spectrometers and camera systems such as GRIPS and 
FAIM make these modulations “visible”. In the Alpine 
region seven spectrometers and three FAIM cameras 
are situated which are part of VAO (Virtual Alpine 
Observatory) and NDMC (Network for the Detection of 
Mesospheric Change). 
These measurements allow us to analyze energy content 
and propagation direction of gravity waves generated, 
for example, by air flow over the Alps or by convective 
areas. These are important information for weather and 
climate models. In order to derive information about a 
large spectrum of atmospheric waves, different 
instrument setups are in operation. The instruments are 
also capable of measuring infrasound as it is generated 
by various natural hazards like, for example, volcanic 
eruptions.  
The capability of our ground-based infrared 
spectrometers and cameras will be shown and the 
advantage of combining satellite- and ground-based 
instruments will be pointed out. 

************************ 
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AlpAirEO - Pioneering the Environmental Health Risk 
Assessment in the Alps Integrating Sentinel and 
Copernicus Data 

Erbertseder T.1, Mühlbacher G.2, Böse-O'Reilly S.3, 
Traidl-Hoffmann C.4, Kutzora S.5 
1Deutsches Zentrum für Luft- und Raumfahrt, Weßling, 
Germany, 2Deutscher Wetterdienst, Offenbach, 
Germany, 3Ludwig-Maximilians Universität, München, 
Germany, 4Technische Universität München, München, 
Germany, 5Bayerisches Landesamt für Gesundheit und 
Lebensmittelsicherheit, München, Germany 
The Alps are the living environment for nearly 14 million 
people and the tourist destination for approximately 
120 million guests each year. Not only does this region 
comprise major urban agglomerations, like nowhere 
else in Europe, settlements, industry and traffic are 
predominantly concentrated and competing in valleys. 
This hinders ventilation, and causes hots spots of air 
pollution, heat stress and increased health risks. By 
contrast the elevated regions are distinguished by low 
pollen and pollutant concentrations but high UV-
radiation and cold stress.  
The unprecedented capabilities of the new Sentinels and 
the Copernicus services have not yet been used to 
further examine environmental stressors in the Alpine 
region. 
AlpAirEO will exploit Earth Observation, meteorological 
and medical data to analyse the impact of air pollutants 
and meteorological stressors on human health and 
deliver innovative science and information services to 
support local stakeholders and to improve the quality of 
life in the Alps. In particular AlpAirEO will: 
1. Perform an Earth Observation-based analysis of 
air pollution trends in the Alps and monitor the burden 
of NO2 and PM by means of  the new Sentinel-3 and 
Sentinel-5P missions 
2. Pioneer the quantification of the exposome of 
the Alpine population by linking EO-based data, 
Copernicus services and homogenizing existing health 
data from the medical sciences and epidemiological 
studies (KORA; NAKO, GABRIEL). 

3. Deliver daily maps and an assessment of the 
integrated health risk by combining Copernicus services, 
the Sentinels and other multiple data sources using the 
Alpine Environmental Data Analysis Center (AlpEnDAC). 

 

************************ 

 

 
 
 
 
 
 
 
 

A Space-Based Operational Snow Avalanche Activity 
Monitoring System: Assisting Snow Avalanche 
Forecasting Worldwide 

Eckerstorfer M.1, Vickers H.1, Malnes E.1 
1Norut, Tromsø, Norway  
On average 250 people die in snow avalanches 
worldwide every year. The majority of fatalities are 
winter backcountry users, who willingly expose 
themselves to avalanche risk. To reduce backcountry 
avalanche fatalities, publicly available regional 
avalanche forecasts are in place in many mountain 
regions worldwide. In daily risk assessments, the 
likelihood of avalanche releasing at a certain size is 
estimated by an expert. An inherent uncertainty in this 
risk assessment is the lack of consistent and reliable data 
on avalanche activity in space and time. To address this 
problem, we have developed an automated processing 
chain whereby a change detection algorithm is 
implemented to detect avalanche debris and store the 
detected features in a geodatabase with location, timing 
and morphological information. We use data from the 
Sentinel-1 radar satellite and utilize the enhanced radar 
backscatter from avalanche debris relative to the 
surrounding undisturbed snowpack for detection. The 
sensor is cloud and light independent, which is crucial in 
mountainous terrain and/or at high latitudes with poor 
light conditions during the winter. During the last two 
winters we have tested our processing chain in 
collaboration with the Norwegian Avalanche Warning 
Service, developing a pre-operational service of 
avalanche activity monitoring for Norway. Avalanche 
forecasters use the additional information layer to 
reduce their uncertainty in issuing daily risk 
assessments. In this work we present results from two 
years of avalanche activity monitoring in Norway, as well 
as near-future plans to extend our services to six 
selected forecasting regions worldwide 

 
************************ 
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Monitoring Avalanche Debris in the French Alps 
Using Sentinel-1 SAR Observations 

Karbou F.1, Lefort M.1, Dumont M.1, Eckert N.2, 
Deschatres M.2, Martin R.3, Coléou C.4, Dufour A.1 
1Cnrm (météo-france & Cnrs)/cen, Saint Martin D'hères, 
France, 2Irstea/ETNA, Saint Martin D'hères, France, 
3RTM-ONF, Annecy, France, 4Météo-
France/DIROP/CMN, Saint Martin D'hères, France. 

Remote sensing of avalanche debris in mountain areas 
offers new opportunities to improve our understanding 
of avalanche activity and to evaluate the physical 
models of avalanche hazard forecasts. The location of 
avalanche debris and the estimation of their sizes are of 
great interest for studies dealing with the stability of the 
snowpack and also for studying the variability of natural 
avalanche activity, which could be related to climate 
change. In addition, time series of avalanche events, 
with relevant time and space resolutions, would be 
highly relevant to better identify avalanche risk zones 
and periods. Such time series would complement some 
other existing database mostly based on visual 
observations (for instance Enquête Permanente sur les 
Avalanches (EPA) database,...). Sentinel-1 satellites offer 
a unique tool to monitor some properties of the 
snowpack using a C-band SAR with a high spatial 
resolution (20m) and with a revisit frequency of 6 days 
over the French mountain massifs. We use a change 
detection algorithm to isolate avalanche debris-like 
features based on the backscatter contrast between 
avalanche debris and the surrounding undisturbed 
snowpack. Our algorithm has been successfully tested in 
the French Alps and Pyrenees. Multi-temporal 
evaluations between Sentinel-1 avalanche masks and 
available in-situ data (EPA) have been performed. An 
overview of the method will be given as well as 
avalanche detection results in the French Alps during the 
2017/2018 season. Some statistics about the method 
performances will also be presented. 

 

************************ 

Precursory Motions Before Landslide Failures 
Detected From Sentinel-2 Satellites 

Lacroix P.1 
1Isterre, Grenoble, France 
In mountainous environments, many examples reveal 
that most catastrophic landslides are preceeded by a 
phase of creep, characteristics of slow-moving 
landslides. As a consequence detecting and monitoring 
slow motions of the ground in slopes is a key objective 
of the research on landslide hazard.  
The recently launched Sentinel-2 optical satellites 
provide a global coverage of land surfaces with a 5-day 
revisit time at the Equator. We investigate the ability of 
these freely available optical images to detect transient 
motions of landslides, including possible precursors for 
rapid landslides. 

We focus on 3 case studies in the French Alps and in 
Peru, to show the high values of Sentinel-2 satellites to 

detect transient patterns of landslide motions revealing 
physical processes of landslides, and their evolution 
toward the failure.  
These results open new perspectives for the early 
warning of large landslide motion from global and open 
source remote sensing data. 

 
************************ 

Detection and Monitoring of Large Landslides from 
Optical Satellite Image Time-Series: The Prototype 
MPIC Service Tailored for the Alpine Massif 

Stumpf A.1, Malet J.1, Michéa D.2, Hibert C.1 
1CNRS / Ecole et Observatoire des Sciences de la Terre, 
Strasbourg, France, 2CNRS / ICube, Strasbourg, France 
Large and permanently moving landslides are 
widespread in many landscapes of the Alpine Space, 
with significant impacts on erosion, sediment transfer 
and human settlements. While in situ geophysical 
methods and terrestrial remote sensing are 
indispensable for a detailed monitoring and 
understanding of individual landslides, their area-wide 
mapping and monitoring is still challenging. SAR 
interferometry has proven useful for the detection and 
monitoring of very slow movements (< 1 m.yr-1) but 
limitations are encountered for the investigation of 
slow-moving landslides (1 m.yr-1 – 30 m.month-1). Such 
limitations can be addressed through the analysis of 
time series of optical remote sensing images. 
We implemented the Multiple Pairwise Image 
Correlation technique -MPIC- for the analysis of nearly 
two years of Sentinel-2 datasets (28 tiles) covering the 
entire Alpine Space. The processing technique generates 
stacks of partially redundant horizontal displacement 
fields and computes multi-temporal indicators for a 
detection and quantification of surface displacement. 
The MPIC service (parallelized algorithm, processing 
chain, user modes) will be presented in detail. Wide-
area (region) and local (slope) examples of processing 
will be presented. The accuracy of the derived 
inventories and displacement time-series and their 
implications for the understanding of the seasonal 
landslide dynamics are discussed.  

The processing technique is implemented as an on-line 
processing service on the ESA Geohazards Exploitation 
Platform (GEP) to allow, for selected users, the analysis 
of satellite optical time-series. 
 

************************ 
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Semi-Automatic Continuous Monitoring of Slopes 
Stability Using Sentinel-1 Over Valle d’Aosta Region, 
Italy 

Bellotti F.1, Novali F.1, Casagli N.2, Bertolo D.3, Thuegaz 
P.3 
1TRE ALTAMIRA s.r.l., Milan, Italy, 2University of 
Florence, Earth Science Department, Florence, Italy, 
3Regione Autonoma Valle d'Aosta, Aosta, Italy. 

SAR data processing by means of multi-baseline 
interferometric approaches is a consolidated tool for 
geohazard-induced displacement detection and 
mapping. For many years, the long revisiting time as well 
as the limited access to satellite RADAR data has 
prevented from moving from a mapping service to a 
systematic ground deformation monitoring system over 
wide areas. 

The Copernicus programme and - especially - the 
systematic 6-days revisiting time acquisition plans 
provided by ESA Sentinel-1 constellation over Europe in 
both ascending and descending passes represent a 
game-changer in this scenario. 
Taking advantage of the Sentinel-1 data availability, an 
operational semi-automatic continuous monitoring 
system based on the processing of S1 scenes with 
SqueeSAR™ over Regione Valle d’Aosta (Italy, 3263 km²) 
has been implemented providing a dynamic assessment 
of slopes stability. Displacement time series, updated 
with the most recent acquisition, are analyzed  in order 
to detect anomalous trend changes: the presence of a 
cluster of persistent anomalies affecting elements at risk 
analyzed taking in to account additional thematic layers 
(geology, geomorphology, land use, etc) determines a 
significant level of risk, yielding to field survey and 
further analysis. 

The projects aims at demonstrating how satellite data, 
acquired with short revisiting time and promptly 
processed, can contribute to the detection of changes in 
ground deformation patterns and can act as a key 
information layer for risk mitigation at a regional scale. 
An insight on the methodology and examples of the 
project results will be presented. 

 
************************ 

Potential Contribution of Earth Observation to 
Landslide Monitoring and Early Warning Systems  

Frey H.1, Huggel C.1, Strozzi T.2, Klimeš J.3, Caduff R.2, 
Cochachin A.4 
1University of Zurich, Zurich, Switzerland, 2Gamma 
Remote Sensing AG, Gümligen, Switzerland, 3Czech 
Academy of Sciences, Prague, Czech Republic, 4National 
Water Authority (ANA), Huaraz, Peru 
Early Warning Systems (EWS) have become an 
increasingly important tool for disaster risk reduction 
(DRR). In a pilot study funded by the European Space 
Agency in the framework of the Alcantara initiative, we 
evaluated the potential contribution of Earth 
Observation (EO) to landslide Monitoring and Early 
Warning Systems. A landslide Monitoring System, 

combining in-situ measurements, geotechnical 
modelling and EO-based information, had been 
implemented at a test site in the Peruvian Andes. 
In a white paper, the contribution of EO to landslide EWS 
has been evaluated. Extensive literature exists on the 
use of EO for landslide monitoring. However, despite the 
increasing importance of EWS for DRR and their rising 
priority on the international policy agenda, the potential 
of EO for operational landslide EWS is currently not 
sufficiently exploited. Constraints concerning delayed 
availability of EO information and complex and time-
consuming processing procedures are some of the 
reasons for this gap. 

Considering the potential of EO information and taking 
into account current and future trends of EO data 
availability and costs, we see a large potential for the 
integration of EO data in EWS. A major advantage of EO 
data is its independency from structures and 
instruments operating on the ground, which are 
susceptible to malfunction or damage, especially under 
the harsh conditions of mountain areas.  
In our contribution, we outline both the potential and 
bottlenecks of EO to make valuable contributions to 
robust multi-component EWS, which are capable to deal 
with the challenging conditions of high mountain 
environments, such as the Alps 
 

************************ 
 
 
 
 
 
 
 
 
 
 

Assessing Plant Traits from Sentinel-2 Images: A 
Physical Based Approach in Differently Managed 
Alpine Grasslands 

Rossi C.1,2, Kneubühler M.2 
1Swiss National Park, Zernez, Switzerland, 2University of 
Zurich, Zurich, Switzerland 
Ecosystem services, such us carbon sequestration, are 
strongly linked to different plant traits, like leaf dry 
matter content (LDMC) and specific leaf area (SLA). 
These traits are strongly affected by land management 
practices and nutrient availability. Therefore, it is not 
surprising to see an increased recognition of plant traits 
as a mean for change assessment along environmental 
and management gradients. However, capturing and 
analysing these plant traits and their variations remains 
challenging. Limited data availability at distinct spatial 
and temporal scales is the major issue.  
Modern remote sensing systems bear the potential to 
close this gap. Optical remote sensing benefits from the 
unique spectral signature of plant traits.                            
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Based on Sentinel-2 images we quantified LDMC and SLA 
in grasslands of the Swiss National Park and agricultural 
landscape in its surroundings. For trait quantification we 
took advantage of the inversion of PROSAIL radiative 
transfer model. Apart from known model issues (e.g., ill-
posed problem of the model inversion), the method and 
optimization of its inversion provided a valid approach 
for the quantification of mean plant trait values (SLA 
R2=0.74 RMSE=15%; LDMC R2=0.45 RMSE=14%). 
Applied to our study area it was possible to distinguish 
the impact of different fertilization and grazing 
intensities on plant traits from space.  

The proposed plant trait assessment produces evidence 
for the evaluation of protective and agricultural 
measurements on extended spatial scales with the 
possibility of mapping trait diversity on a landscape-
scale. Further, due to high revisit frequency of Sentinel-
2, the method is suitable for incorporation into 
monitoring schemes. 

 
************************ 

Is Pléiades Stereo Satellite Imagery an Appropriate 
Data Source for the Generation of Alpine-Wide 
Canopy Height Models? 

Piermattei L.1, Marty M.2, Karel W.1, Hollaus M.1, 
Ginzler C.2, Pfeifer N.1 
1Department of Geodesy and Geoinformation, TU Wien, 
Vienna, Austria, 2Swiss Federal Institute for Forest, 
Snow and Landscape Research , Birmensdorf, 
Switzerland 

Mountain forests represent a relevant element of the 
Alpine region and provide a wide range of ecosystem 
services in terms of protective, productive, social and 
economic functions. For monitoring the dynamics of 
these sensitive mountain ecosystems in both space and 
time, remote sensing technologies are increasingly used. 
This work focuses on the use of Very High Resolution 
(VHR) Pléiades (stereo) Imagery to calculate canopy 
height models (CHMs) and canopy gaps, in order to 
determine the applicability of these data in the planning 
and management of Alpine forests. An important 
precondition for using these data in operational forest 
monitoring is to understand the accuracy of the derived 
forest information. Here we quantify the accuracy of 4-
band pan-sharpened Pléiades CHMs on six different 
sites within Alpine regions of Austria, Slovenia and 
Switzerland. The impact of topographic characteristics 
like slope, aspect and shadow on the accuracies of 
Pléiades CHMs are investigated. We use CHMs derived 
from aerial images and Lidar as references for evaluating 
their agreement with Pléiades CHMs. Results show that 
the accuracy of Pléiades DSMs highly depends on data 
processing, data acquisition, and land cover, ranging 
between 0.5 m and 2 m. We conclude that VHR Pléiades 
imagery provides a sufficient alternative to airborne 
remote sensing for estimating the canopy height over 
large mountain areas with potentially high temporal 
resolution. The only bottleneck is the availability of the 
Pléiades system for civil users. This work is part of the 

PleiAlps project funded by the Austrian Research 
Promotion Agency (FFG, project-number 859774). 
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Space Supporting Security for Alpine Summer 
Tourism – Demand Case from the Austrian Alps 

Walli A.1, Kapelari P.2, Margreiter J.3, Würtl W.4 
1GeoVille Information Systems and Data Processing 
Gmbh, Innsbruck, Austria, 2Alpenverein (Austrian Alpine 
Club), Innsbruck, Austria, 3Tirol Werbung (Tyrolean 
Tourism Association), Innsbruck, Austria, 4LO.LA*Peak 
Solutions, Innsbruck, Austria 

While Austrian public and private stakeholders are 
actively exploiting Sentinel data in fulfilment of land 
monitoring obligations (eg.LISA), usage for information 
demands in alpine region applications are very limited to 
date. This is partly because of the challenges of steep 
slopes, small scale, heterogeneous land cover and uses. 
Yet, key economic activities in the Alps, such as tourism, 
depend on the rich but also volatile environment of 
mountains with increasing vulnerability due to changing 
weather conditions and heavy usage.  Between 2015-
2016 there were 2.077 alpine hiking accidents with a 
record 126 deaths in summer 2017. Most accidents 
were attributed to natural hazards along the alpine trails 
(snow fields, rock falls, icing, etc.) for which no warning 
was available. The Austrian Alpine Club, one of the major 
trail maintenance organisation, along with publicly 
responsible entities, is currently working on the 
development of a trail risk evaluation system. It shall 
allow trail operators to categorize risks along trail 
segments on a daily basis, thereby providing means for 
communicating risks to users via online platforms 
operated by the tourism associations (~15 Mio. trail 
users/year in the Tyrolean Alps). Here the capacities of 
the Sentinels with new concepts in data fusion could 
provide for an operational monitoring solution 
component of the aforementioned hazards enabling a 
decision support ultimately safeguarding mountain 
accidents. The case shall be demonstrated along the BIG 
5 trails (~150.000 users/year) and can serve as a 
blueprint for integration of Copernicus data streams 
with ongoing initiatives in other alpine regions. 

 
************************ 

Earth Observation for Biotope- and Habitat-Type-
Mapping in the Austrian Alpine Zone 

Strasser T.1, Lang S.1 
1University of Salzburg, Department of Geoinformatics - 
Z_GIS, Salzburg, Austria 
The alpine zone above the closed forest line hosts 
habitats for numerous ecological sensitive plant and 
animal communities in natural to near natural 
conditions. Considering the characteristics of the  alpine 
environment (large area, undulating to steep 
topography, fast changing weather conditions, short 
snow free period), field mapping at the level of biotope- 
and habitat-types is cost- and time intensive. In the 
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context of the project EO4BTAlp we are currently 
working on EO-based solutions to meet information 
demands from nature conservation legislation on 
federal and national level in Austria and within the EU 
Habitat Directive, linking multiple mapping keys (federal 
and national biotope types, EUNIS habitat classification 
scheme). 
In this project multi-scale EO analysis combines multi-
seasonal high resolution (HR) satellite imagery 
(Sentinel-2) with commercial, very high resolution (VHR) 
data, as well as derived LiDAR-based terrain derivatives 
to obtain biotope-types or groups of biotopes targeting 
at a mapping resolution of 1:5000 to 1:10.000. A 
stratified habitat mapping strategy is utilizing Sentinel-2 
time series analysis for field mission planning (seasons 
of cloud free satellite imagery, vegetation period, etc.) 
and a so-called master information layer. This 
knowledge is then used for tasking VHR satellite 
imagery and delineating semi-automatically biotope 
groups. Finally, in-field-mapping is carried out on 
specific spots (directed by the EO-derived information) 
to assess the biotope types on finest level, which are 
hard to distinguish, as well as for the validation of the 
satellite derived information. Implementing this 
strategy fosters a more standardized, transferable and 
economically viable solution for biotope- / habitat 
mapping. 

 
************************ 

Agricultural monitoring in Alpine Environments 
Storch C.1, Richter R.1 
1GAF AG, Munich, Germany 
In alpine regions where access is difficult and pastures 
are extensive, the analysis of EO data can play a decisive 
role in agricultural monitoring. EU regulations include 
the specification of a maximum tree density in 
agricultural grassland of 100 trees per hectare and 
define standards for canopy cover and allowed species.  
To provide administration authorities with substantial 
information on alpine land cover, GAF developed 
automated workflows for the derivation of potential 
forage areas in alpine environments. The procedures 
include the monitoring of alpine meadows regarding 
forest ingrowth, tree densities and bush encroachment 
by the use of combined airborne laserscan data (ALS) 
and very high resolution Digital Orthophotos (DOP).  
ALS data are an eminently suitable data source for the 
localization and quantification of trees in open 
environments. In order to identify critical tree stands, a 
methodology was developed to measure local tree 
densities. Individual tree positions are extracted in a 
first step from ALS data and verified on more recent 
DOPs. They then function as a basis for the subsequent 
reference area generation for the calculation. Besides 
the local measuring of stand densities, canopy covers 
caused by trees and bushes with heights of  >1m were 
mapped and calculated on parcel level for pastures and 
alpine meadows in a set of selected alpine test sites in 
Austria. In addition, areas where no or very little 

photosynthesis takes place were identified as well as 
slopes with critical gradients for grazing. 

 
************************ 

 
 
 
 
 
 
 
 
 
 

AlpEnDAC - Services for Science: Data Analysis Center 
for Scientific Applications in the Alpine Region  

Meyer-Arnek J.1, Hachinger S.2, Heller H.2, Frank A.2, 
Goussev O.1, Mair R.3, Wittmann B.3, Rehm T.4, Bittner 
M.1,5 
1DLR- German Aerospace Center, Wessling, Germany, 
2LRZ -Leibniz Rechenzentrum, Garching, Germany, 3bifa 
GmbH, Augsburg, Germany, 4UFS GmbH, Zugspitze, 
Germany, 5University of Augsburg, Augsburg, Germany 

Data fusion and big-data analytics of observational and 
simulation data will be the very basis of efforts to 
understand and protect the Alps, as they are 
exceptionally endangered by climate change. The Virtual 
Alpine Observatory (VAO) collaboration with its motto 
“Monitoring – Understanding – Prediction – Action” 
brings together data and models from heterogeneous 
sources, supporting science and administrative decision 
making. 
Within the “Computing on Demand” (CoD) section of the 
AlpEnDAC portal, simulations can easily and 
interactively be triggered through a web GUI. One of the 
services is to provide simulations of Lagrangian air mass 
propagation. Several transport codes [FLEXTRA, 
FLEXPART (Stohl et al.) and HYSPLIT] have been 
incorporated after being optimized and adapted. They 
help to reveal in which large-scale transport regime a 
selected observation was (or will) be conducted.  

Validation of satellite instruments “on demand” and in 
near-real time will be one the upcoming focal points in 
AlpEnDAC. Especially Sentinel-5P will provide an 
unprecedented amount of highly resolved trace gas 
information. In collaboration with domain scientists, the 
intrinsic differences of in situ and space borne 
instruments will be addressed to make both 
measurements comparable. 

Our mission is to make alpine scientists profit from the 
Copernicus programme, giving them low-threshold 
access to a modern data management and analysis 
platform, where traditional HPC is fused with Big-Data 
analytics. The VAO, with participating institutions in 
Austria, France, Germany, and other alpine countries is 
an ideal field for our efforts, funded by the Bavarian 
State Ministry of the Environment and Consumer 
Protection. 

************************ 

 
Session 7: Infrastructure and Data 

Analytics 
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Technology behind the Alpine Environmental Data 
Analysis Centre (AlpEnDAC) 

Hachinger S.1, Meyer-Arnek J.2, Heller H.1, Harsch C., 
Frank A.1, Goussev O.2, Mair R.3, Rehm T.4, Wittmann 
B.3, Bittner M.2,5 
1Leibniz Supercomputing Centre (LRZ), Garching b. M., 
Germany, 2German Aerospace Center (DLR), Earth 
Observation Center, Oberpfaffenhofen / Weßling, 
Germany, 3bifa Umweltinstitut GmbH, Augsburg, 
Germany, 4Environment Research Station 
Schneefernerhaus (UFS), Zugspitze, Germany, 
5University of Augsburg, Institute of Physics, Augsburg, 
Germany 

Data fusion and big-data analytics of observational and 
simulation data will be the very basis of efforts to 
understand and protect the Alps, as they are 
exceptionally endangered by climate change. The Virtual 
Alpine Observatory (VAO) collaboration with its motto 
"Monitoring - Understanding - Prediction - Action" 
brings together data and models from heterogeneous 
sources, supporting science and administrative decision 
making. 
The Alpine Environmental Data Analysis Centre 
(AlpEnDAC) has been developed in VAO as a platform for 
data management and analysis, targeting needs and 
requirements of scientists in high-altitude research. It 
brings data of VAO stations together with satellite data 
- in particular from Copernicus - and allows for high-
throughput data analysis on HPC and Cloud platforms of 
the German Aerospace Center (DLR) and the Leibniz 
Supercomputing Centre (LRZ). 

We present an overview of our (meta-)data-
management capabilities fostering a Research Data 
Management (RDM) following FAIR principles (findable, 
accessible, interoperable, reusable), as well as data 
exchange with platforms such as EURAC's Sentinel 
Alpine Observatory. Furthermore, we give a technical 
glimpse on AlpEnDAC's capabilities regarding "one-click" 
simulations and satellite data validation, as thoroughly 
addressed in another talk. 
Our mission is to make alpine scientists profit from the 
Copernicus programme, giving them low-threshold 
access to a modern data management/analysis 
platform, where traditional HPC is fused with big-data 
analytics. The VAO, with participating institutions in 
Austria, France, Germany, Georgia, Italy, Norway, 
Slovenia, and Switzerland, is an ideal field for our efforts, 
funded by the Bavarian State Ministry of the 
Environment and Consumer Protection. 

 
************************ 

EODC: A Platform for the Exploitation of Multi-
Temporal Terrestrial, Airborne, and Satellite Data for 
the Alpine Region 

Briese C.1, Steiner C.1, Mistelbauer T.1, Reimer C.1 
1EODC, Vienna, Austria 

The Alpine Region is characterised by a very 
heterogeneous and dynamic relief, composed of plain 
regions and mountainous areas. In the plain regions, 
built-up areas and river systems mark the landscape. In 
the mountains, steep slopes, torrents, and rough terrain 
without vegetation and permanent frozen ground, 
partly covered by glaciers, are characteristic. Climatic 
changes are observed globally and especially affect the 
Alpine Region. These dynamic processes have impacts 
from local to regional scale and need to be monitored to 
understand the short- and long-term effects. 

The monitoring of the dynamic processes can be carried 
out via multi-temporal observations from different 
sources: terrestrial, airborne, and satellite sensors. For 
the local and regional exploitation of these different 
data sets, EODC proposes to set up a regional cloud 
platform for the Alpine Region. The platform shall (1) be 
the central point to access the different geodata sets of 
the region in a standardised manner, (2) allow the 
respective experts to process the data sets, and (3) allow 
to distribute the results via web-based interfaces. The 
generated data and products shall be stored in a data 
cube. Its underlying data structure must be set up in a 
way that it integrates both existing and new data 
sources. Furthermore, auxiliary data sets shall be linked 
to them. Beyond offering the basic data cube provided 
via the platform, specific stakeholder requirements 
targeted to the Alpine Region can be developed by the 
experts and offered on a regular basis. 

 
************************ 

Hosted Processing Tools of the Geohazard Lab 
Initiative in Support to Geohazard Risks in the Alps 

Bally P.1, Pacini F.2, Papadopoulou T.3, Foumelis M.4 
1European Space Agency, Frascati, Italy, 2Terradue Srl., 
Rome, Italy, 3ARGANS Ltd, Sophia Antipolis, France, 
4BRGM - French Geological Survey, Orleans, France 

The Geohazards Lab is an initiative developed within the 
framework of the Committee on Earth Observation 
Satellites (CEOS) Working Group on Disasters (WG 
Disasters) to enable a greater adoption of Earth 
Observation (EO) data and derived products to assess 
geohazards and their impact. Based on a group of 
interoperable platforms with federated resources, its 
aims are to provide access to EO data, hosted processing 
solutions and e-collaboration capabilities to support and 
animate the geohazards user community as well as 
respond to needs of national and local decision-makers 
in political and socio-economic sectors relevant to 
Disaster Risk Management (DRM). Further goals include 
the definition of consensus methods and harmonization 
of EO based processing results in liaison with experts.  
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Dedicated online processing chains addressing specific 
thematic domains of the Alps region such as landslides, 
rock falls etc. should benefit the regional geohazards 
community, with an ultimate goal being to bridge the 
gap between the satellite EO community and the 
geohazards community. An example of such cloud 
processing tools already integrated to GEP is the MPIC-
OPT service developed by Ecole et Observatoire des 
Sciences de la Terre (EOST), for measuring horizontal 
displacements from time-series of optical satellite 
images. Other integrated services include Synthetic 
Aperture Radar (SAR) interferometric processors as well 
as dedicated processing services for deformation 
monitoring purposes.  
The Geohazards Lab intends to support users with EO 
expertise from geoscience centres who are the priority 
intermediaries with end users from local and regional 
DRM organisations. 
 

************************ 

Alpine Land Cover Dynamics from Radar Time Series 
Small D.1, Rohner C.1 
1University of Zurich, Zurich, Switzerland 

Land cover dynamics can be mapped with short revisit 
times by combining radar backscatter measurements 
from multiple tracks and combining data from multiple 
satellites (e.g. Sentinel-1A, Sentinel-1B, Radarsat-2, and 
soon Radarsat-Constellation-Mission (RCM) satellites).  
We demonstrate how Alpine-wide backscatter 
composites can be generated reliably using S-1A and S-
1B data since the launch of S-1A in 2014.  Full coverage 
with a temporal resolution of 4-5 days has been 
provided using data from the two satellite S-1 
constellation since 2017.  We apply rigorous geometric 
and radiometric terrain corrections to the data, enabling 
wide-area coverage with consistent radiometric 
behaviour, removing conventional limitations to exact-
repeat relatively narrow 250km swaths.  These wide-
area backscatter composite products provide an 
"analysis ready data" (ARD) product that is simpler to 
analyse for many users than the level-1 data currently 
provided by ESA.  We demonstrate two applications of 
this type of time-series of 2D backscatter maps:  wet 
snow mapping and identification of regions affected by 
forest disturbance after storms.   

Using data acquired over northern Canada, we illustrate 
how this technique can be applied to map ice cap 
melting at extremely high temporal resolution (1-2 days) 
now.  That dataset is used as as test bed to show how 
near daily temporal resolution would be possible over 
the Alps given that data from the two S-1 satellites and 
three RCM satellites could be combined in the coming 
years.  Daily wide-area coverage would offer an 
unprecedentedly reliable high resolution data source for 
applications such as wet snow and forest disturbance 
mapping. 

 
************************ 

Continuous Forest Monitoring Based on Variety of 
Free Optical Satellite Data 

Pehani P.1, Veljanovski T.1, Kokalj Ž.1,2 
1ZRC SAZU, Ljubljana, Slovenia, 2SPACE-SI, Ljubljana, 
Slovenia 

During the past years we have already developed and 
tested several individual methods, that are dealing with 
different aspects of forest monitoring and are based on 
freely available optical satellite data  (E.g.: Drought 
monitoring system of Slovenia based on MODIS data. 
Studies of PROBA-V time series, improvements in its 
data pre-processing, production of composite data and 
production of NDVI, fAPAR and LAI vegetation products 
of 100 m resolution. Operational pre-processing and 
archiving of Sentinel-2 data for Slovenia and 
surroundings). The logical step that follows is to 
combine all developed methods to one common model, 
and upgrade it to operational uniform processing 
workflow.  

The finalized model for continuous monitoring of forest 
will be based on variety of freely available optical data 
satellite data (MODIS, PROBA-V, Landsat, Sentinel). The 
goal is to develop operational workflow for empirical 
monitoring of bio-physical indicators with the ultimate 
aim to detect short-, medium- and long-term anomalies. 
Results will be delivered on pixel-level and also 
aggregated to the so called forest management units 
(FMU), which are the basic regional units of Slovene 
forest management system. The model will be 
calibrated with the historical data of major catastrophic 
events in Slovenia (sleet in February 2014; several wind-
throws and droughts during the past years). The gained 
knowledge and established workflows could be later 
used for / upgraded into adaptable means of forest 
management in new / changing climatological 
conditions. 

 
************************ 
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Monitoring Surface Deformation in Alpine Regions at 
the Country-scale With Sentinel-1: First Results 
Obtained With P-SBAS Over Switzerland  

Manconi A.1, Casu F.2, Zinno I.2, De Luca C.2, Manunta 
M.2, Manzo M.2, Bonano M.2, Loew S.1, Lanari R.2 
1ETH-Zurich, Department of Earth Sciences, Engineering 
Geology, Zurich, Switzerland, 2CNR IREA, Naples, Italy 

In Switzerland, more than 60% of the territory is 
mountainous and 25% of population live in the Alps. 
Despite being a main natural resource attracting every 
year millions of tourists, this peculiarity exposes the 
country also to mountain hazards due to gravitational 
slope processes (e.g. deep seated deformations, rock 
avalanches, rock falls, debris flows, etc.). Moreover, the 
value of infrastructures and the strategic importance of 
transportation corridors present in Switzerland expose 
also neighboring countries to direct and indirect risks in 
case of catastrophic events. In this scenario, studying 
surface deformation may help understanding processes, 
detecting preparatory conditions for potential failure 
events, and eventually planning countermeasures. 
Among Earth Observation methods, spaceborne radar 
interferometry has demonstrated great advantages to 
perform this task. Moreover, the recent advent of the 
Copernicus Sentinel-1 (S1) constellation has increased 
our capability to observe surface deformation over wide 
regions with higher revisit times. Here we present the 
results obtained by processing 107 images acquired 
from S1 constellation between April 20, 2015 and March 
11, 2018. Differential interferograms were computed 
and combined taking advantage of the P-SBAS algorithm 
to obtain ground velocities and displacement time series 
at the country scale. We discuss the potential of such 
datasets in alpine countries such as Switzerland, as well 
the challenges for their thoughtful utilization. 

************************ 

Monitoring Forest Regeneration With Earth 
Observation – the Upper Meža Valley Case Study 

Potočnik Buhvald A.1, Kanjir U.2, Oštir K.1 
1University of Ljubljana, Ljubljana, Slovenia, 2Research 
Centre of the Slovenian Academy of Sciences and Arts, 
Ljubljana, Slovenia 
We will present the applicability of Earth observation in 
monitoring forest regeneration at the former mining site 
in the Upper Meža Valley, where extraction and 
processing of lead and zinc ores were carried for more 
than five centuries. The sensitive mountainous area was 
exposed the extreme pollution until 1994 when the 

activities ended and several remediation activities 
started. 

We have analysed a time series of Landsat images taken 
between 1984 and 2016 and observed changes by using 
vegetation index (NDVI) as an input for the BFAST 
algorithm. The changes were monitored for specific 
points, to enable generation of time profiles that show a 
dynamic multi-year forest regeneration, and in an 
arbitrarily selected area showing the trends in 
revegetation. The time profiles were generated for 
locations in the immediate vicinity of the source of 
pollution. We have detected improved vegetation 
conditions during the period of observation. We could 
see the general regeneration of forests after the 
measures have been taken; in later years the vegetation 
state normalizes and in recent years we could detect 
also a decrease of vegetation as the impact of 
urbanization in the area. 
The results show that Earth observation can be used as 
an affordable, fast and effective means of forest health 
monitoring and that long-term satellite imaging (e.g. 
Copernicus with Sentinels) is necessary for analyses. 

************************ 

Sentinel-2 Semantic Data Cube Austria (Sen2Cube.at) 
Tiede D.1, Sudmanns M.1, Augustin H.1, Baraldi A.2, Lang 
S.1 
1Department of Geoinformatics - Z_GIS, University Of 
Salzburg, Salzburg, Austria, 2Italian Space Agency (ASI), 
Rome, Italy 
Sen2Cube.at (Sentinel-2 Semantic Data Cube Austria) 
will evaluate and scale automated semantic enrichment 
of the Copernicus programme’s free and open Sentinel-
2 data up to a big image database covering Austria. 
Currently more than 3000 Sentinel-2 scenes cover 
sections of Austria and the goal is to build an Austrian 
data & information cube. This project follows a novel 
and entirely different approach to accessing big Earth 
observation (EO) image databases, allowing semantic 
content-based image and information retrieval (SCBIR) 
through time. These spatial-temporal query capabilities 
facilitate searches directly related to scene content or 
content dynamics, such as changes to any primary land 
cover category of interest (e.g. water bodies) in a user-
specified area-of-interest through time. Until now, all 
public EO image databases (e.g. Copernicus Sentinel 
Data Hub, USGS Landsat) or national initiatives (e.g. 
Code:DE, PEPS, national ground segments) have only 
allowed searches based on metadata (e.g. time and 
place of acquisition), not on image content or data 
directly, which are stored as flat files requiring download 
for further analysis. There are some existing data cube 
initiatives (e.g. Swiss or Australian data cube), which 
store image data for analysis through time, but without 
any added information. In contrast, Sen2Cube.at will 
enable queries through space and time based on 
automatically-generated semantic content to 
demonstrate the first SCBIR system in an operational 
mode within an Austrian data & information cube. 

************************ 
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Validation and Enhancement of Theia Snow Cover 
Extent Products From High Resolution Images 

Bouchet M.1, Gascoin S.1, Grizonnet M.2 
1Cesbio, Toulouse, France, 2CNES, Toulouse, France 
Since 2015, CNES and CESBIO have been developing an 
algorithm called Let-It-Snow (LIS) for an operational 
snow cover extent product from Sentinel-2 data, with a 
spatial resolution of 20 m and a temporal resolution of 5 
days (in the absence of clouds). It has been selected for 
production by CNES on the Theia platform for several 
European mountains including the western Alps (France, 
Switzerland, western Austria, Germany, Italy).  

The validation of this algorithm was done by direct 
comparison with snow maps derived from higher 
resolution images Spot 6 and 7 covering various snow 
conditions and physiography in the Alps (slope, 
exposure, geology, etc.). 
The difficulty with high-resolution images like Spot 6 and 
7 is the lack of a spectral band in the mid-infrared 
(around 1.5 μm) that is usually used to detect snow by 
calculating the spectral index NDSI. Therefore, the 
chosen method is based on supervised classification for 
which we obtained very good performances, in the limit 
of the trained eye. 

After that, LIS snow map products were compared to six 
Spot 6 and 7 images. It appeared that there was a lot of 
under-detected snow which mostly corresponds to the 
shaded slopes. This problem is particularly evident for 
images acquired in December and January when the sun 
is low in the sky at the time of acquisition. A modification 
of the LIS parameterization made it possible to reduce 
under-detected snow pixels from 18% to 5%, to achieve 
95 % of accuracy, without increasing the false 
detections. 

 
************************ 

Mapping Tree Species in Complex Terrain Based on 
Sentinel-2 Time Series 

Kollert A.1, Rutzinger M.1, Bremer M.1, Hollaus M.2, 
Pfeifer N.2, Bruggisser M.2, Bauer-Marschallinger B.2, 
Hagen K.3, Schadauer K.4, Gartner K.5, Bauerhansl C.4 
1Austrian Academy of Sciences, Institute of 
Interdisciplinary Mountain Research, Innsbruck, Austria, 
2TU Wien, Department of Geodesy and Geoinformation, 
Research Group Photogrammetry and Remote Sensing, 
Vienna, Austria, 3Austrian Research Centre for Forests, 
Department of Natural Hazards, Vienna, Austria, 
4Austrian Research Centre for Forests, Department of 
Forest Inventory, Vienna, Austria, 5Austrian Research 
Centre for Forests, Department of Forest Ecology and 
Soils, Vienna, Austria 
The 4D-FORMAT project aims at developing an area-
wide product of forest soil moisture conditions by 
integrating remote sensing and field survey data. 
Mapping tree species is of special interest, as it allows to 
examine the relationship and response of forest patches 
to soil moisture conditions. We aim at developing a 
comprehensive tree species mapping product at 

medium to high resolution for entire regions in Austria. 
Multitemporal Sentinel 2 A/B Level 2A imagery is 
integrated with terrain models and structural data (e.g. 
tree height). A Random-Forest algorithm classifies at 
both pixel and object-based level. National Forest 
Inventory data is used for training and validation 
purposes. Moving from plot-level and small-scale 
remote sensing products to area wide products is 
especially challenging in mountainous regions. Steep 
terrain and strong elevation gradients impose additional 
hurdles in the classification, especially when dealing 
with multi-temporal data. Sun-Earth geometry together 
with a pronounced topography can lead to 
inhomogenous illumination conditions that cannot 
always be coped with by topographic correction 
methods sufficiently. Altitudinal gradients that account 
for climatic conditions influence phenological stages of 
many plants and lead to high variance within single 
images. Moving towards the treeline, stands get more 
sparse, thereby the satellite signal carries more 
undesired information and clutter. Such effects have to 
be managed to extract meaningful features and strive 
for homogenous input data to the classification process. 
By employing multi-temporal imagery we try tackle 
those constraints, that are spatially not limited to the 
Alps but can be found in various regions around the 
earth. 

 
************************ 

High-Resolution Forest Change Maps for the 
European Alps 

Sonnenschein R.1, Schwalb-Willmann J.2 
1Eurac, Bolzano, Italy, 2University of Wuerzburg, 
Wuerzburg, Germany 

Forest covers more than 40% of the European Alps and 
fulfills an important role in protecting against 
avalanches and rockslides. Forest changes are often 
small-scale, but fundamental for forest management to 
assess the state of protection forest. Earth observation 
has become a key instrument for monitoring forest 
cover dynamics at high spatial resolution and across 
large areas especially since the opening of the Landsat 
archive in 2008. Yet, only with the launch of ESAs 
Sentinel-2 mission has it become possible to accurately 
derive forest disturbances that match the scale of 
relevant changes in alpine forest. Our objective was to 
develop an automatic approach to map and analyze 
annual spatial patterns of forest changes across the 
European Alps.  

We first set up a pixel-based compositing approach to 
mosaic Sentinel-2 10 m resolution reflectance data using 
the images acquired over the summer seasons of 
2015/2016. Subsequently, we applied a multi-temporal 
change detection method to detect forest changes 
between 2017 and 2016 which encompassed change 
flagging and labeling. To mask out changes outside the 
forested area, we classified forest area for 2015/2016 
using a support vector machine algorithm and training 
data from the Copernicus High Resolution Forest Layer. 
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We present the derived datasets (Sentinel-2 mosaic, 
forest mask, forest change map) together with their 
quality information and highlight their use for alpine 
forest management. 
 

************************ 

Space-Time Patterns of Meteorological Drought 
Events in the European Greater Alpine Region Over 
the Past 210 Years. 

Haslinger K.1, Blöschl G.2 
1Central Institute for Meteorology and Geodynamics 
(ZAMG), Climate Research Department, Vienna, Austria, 
2Vienna University of Technology, Centre for Water 
Resource Systems, Vienna, Austria 
Droughts are natural hazards with the potential to cause 
immense damage to agriculture, water supply, energy 
production, ecosystems etc. However, the space-time 
characteristics of droughts are not very well understood, 
as case studies usually focus on individual drought 
events. Here we investigate the spatiotemporal drought 
characteristics of a large sample of events over the past 
210 years in the Greater Alpine Region of Central 
Europe. We propose a new method that detects drought 
events by connecting flagged elements of precipitation 
deficit to space-time drought regions. In contrast to the 
traditional drought indices that are based on a fixed, 
prescribed time window, this method is able to identify 
droughts of different durations in an objective way. The 
data show multi decadal variations of drought 
frequency, duration, intensity and severity, but no 
consistent trends over the 210 year period. The top 5% 
of events in terms of their severity show a shift in 
seasonality from winter/spring events in the late 19th 
century towards autumn events during the last decades 
of the 20th century. The most severe events center 
either in the Northwest or the Southeast of the region 
analyzed.  
However, with this dataset and methods there is 
potential to enable a closer cooperation between the 
fields of impact research (remote sensing) and basic 
research (climatology) to get a better understanding of 
e.g. significant drivers of observed high-impact events 
and also to assess these in context of events in a more 
distant past. 
 

************************ 

Surface Deformation Rates of a Deep-Seated 
Toppling Slope Failure in Lienz (Tyrol, Austria) 

Hormes A.1, Reitner J.2, Vecchiotti F.2 
1Sky4geo, Innsbruck, Austria, 2Geologische 
Bundesanstalt, Vienna, Austria 
Slow slope deformations often emerge as large-scale 
slope instabilities affecting entire valley flanks and may 
move only few millimetres per year. Studying these 
slope instabilities is critical because their activity status 
is often unknown and long-term processes switch 
between periods of activity and inactivity, with the 

reactivations potentially causing localized catastrophic 
failures. 

In Eastern Tyrol, northwest of Lienz, two examples of 
deep-seated gravitational slope deformations (DSGSDs) 
within mica schists and gneiss of the Schober Gruppe 
ranging between 700 and 2900 m a.s.l. were chosen as 
study sites for combining differential Interferometric 
synthetic aperture radar (DInSAR) methods for 
assessment of movement rates.  

The slope between Törl (2507 m a.s.l.) the village of 
Oberalkus (1284 m a.s.l.) is characterised by a saw-tooth 
slope profile due to a series of antislope scarps as a 
result of deep-seated toppling. This was enabled by 
joints and faults steeply dipping into the slope (Reitner 
& Linner 2009). The uppermost part reveals a 300 m 
wide graben structure where now fossil rock glaciers 
have their root zone.  
ENVISAT data (descending, track 394) processed with 
STAMPS-PSI from the period between 26-January 2004 
and 28-June-2010 indicate very preliminary maximal 
subsidence at the higher counterscarp of 4.4 mm/yr. We 
will present results from ENVISAT processed with 
STAMPS-SBAS in comparison to PSI. 

The results are presented as part of the VIGILANS 
project. 

Reference 
Reitner, J. M. & Linner, M. (2009): Formation and 
preservation of large scale toppling related to Alpine 
tectonic structures—Eastern Alps. – Austrian Journal of 
Earth Sciences, 102, 69–80. 

 
************************ 

The Value of the Sentinel-1 6-Day Acquisition Cycle 
for Process-Scale Landslide Hazard Assessment and 
Monitoring in the Swiss Alps. 

Caduff R.1, Strozzi T.1, Wegmüller U.1, Wiesmann A.1 
1Gamma Remote Sensing AG, Switzerland, Gümligen, 
Switzerland 

Continuous slope movements related to landslides and 
large rock slope instabilities are common features in the 
Alps. In Switzerland, resident areas and critical 
infrastructure objects are subject to hazard analysis 
related to landslides and other gravitational natural 
hazards. Until now, the use of satellite-based remote 
sensing for the elaboration of hazard maps and risk 
analyses was limited. Differential radar interferometry 
has the potential for providing valuable information on 
the location of moving zones, its displacement velocity 
and the sensitivity to external forcing e.g. temperature 
or precipitation. However, the intrinsic limitations of the 
technique and the data cost often inhibited the local 
exploitation of the method at process scale. 

After over three years of successful operation of the 
Sentinel-1 mission, numerous examples in the Swiss Alps 
could be identified demonstrating the importance of 
operational InSAR missions with continuous acquisitions 
and wide area coverage. The acceleration of the 
Moosflue rock slope instability, close to the retreating 
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Great Aletsch Glacier (Valais) and the large landslide of 
Brienzauls (Grisons) impressively show the depth of 
detail that can be extracted from the Sentinel-1 data. 
Supported by the results, we assess the possibilities for 
operational hazard assessments at the local scale of 
single processes and identify the main requirements for 
a successful application of the method. We conclude 
with a critical overview on the usefulness of the 
expected results for the operational hazard assessment, 
the reliability of the method and point out critical 
elements in the work-flow from data acquisition to the 
communication of the results. 
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Need for Satellite-Based High-Resolution Wildfire 
Danger Services for the Alpine Region 

Dorigo W.1, Forkel M.1, Vacik H.2, Müller M.2, Arpaci A.3, 
Atzberger C.2, Hollaus M.1, Meier D.3, Oblasser H.4, Lick 
H.5, Degenhart J.6, Krajnz H.7, Gegenhuber M.8 
1TU Wien, Vienna, Austria, 2University of Natural 
Resources and Life Science (BOKU), Vienna, Austria, 
3UBIMET GmbH, Vienna, Austria, 4Department of Forest 
Protection (WST), State Government of Tyrol, Innsbruck, 
Austria, 5State Forest Administration (LFD) of Styria, , 
Austria, 6Austrian Fire Brigade Association (ÖBFV), 
Section Forest Fire Fighting and Air Service, Austria, 
7Municipal fire brigade of Graz (BFG), Austria, 
8Municipal fire brigade of Innsbruck (BFI), Austria 
Wildfires in forests, pastures, and croplands cause 
severe damages to infrastructures and ecosystems and 
threaten human health and economic benefits. In 
mountain regions, fires enhance the risk of natural 
hazards such as rockfall, soil erosion, avalanches, and 
floods. Climate change is already causing an increasing 
intensity and frequency of drought and heat waves in 
the Alpine region, with reported higher wildfire activity 
in Austria. However, existing monitoring or warning 
systems for wildfire danger are solely based on weather 
information, do not consider actual surface conditions 
and have a coarse resolution, which limits their 
applicability in the Alpine region. Key stakeholders such 
as foresters, firefighters, and infrastructure providers 
have therefore clearly expressed the need for fire 
danger prediction systems with a higher spatial 
resolution and a better representation of surface fuel 
properties.  
At the global scale, state-of-the-art satellite products 
and machine learning approaches have been 
successfully integrated to estimate the moisture content 
and structural properties of fuels, and, hence, fire 
activity at a coarse resolution. We propose to adopt this 
framework for the Alpine region by integrating high-
resolution observations from the Sentinel-1 and 
Sentinel-2 satellites with airborne laser scanning data, 
high-resolution weather forecasts, socioeconomic and 
infrastructure data, and validating it with reference 
data, e.g. from the Austrian fire database. The resulting 
satellite-supported integrated wildfire danger system 
(IFDS) will help to predict the danger of fire ignition and 

propagation in the alpine environment, avoid wildfire 
induced natural hazards, and reduce socioeconomic 
costs related to firefighting operations and the 
reforestation of burned sites. 
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Remote Sensing for Landslide Investigation: 
Mapping, Monitoring and Modelling the Spatio-
Temporal Dynamics of Land Surface Morphology 

Hölbling D.1, Friedl B.1, Dittrich J.1, Tiede D.1 
1Department Of Geoinformatics - Z_GIS, University Of 
Salzburg, Salzburg, Austria 

The increasing availability of remote sensing (RS) data 
allows for the comprehensive mapping of 
geomorphological features such as landslides and the 
monitoring of surface morphology changes at high 
spatial and temporal resolutions. Just as the spatial and 
temporal resolution of RS data steadily increases, so do 
the demands for extracting timely and relevant 
geospatial (change) information in an automated 
manner. Within the FWF-funded project MORPH novel 
methods for mapping, monitoring and modelling spatial-
temporal dynamics of surface morphology are 
developed by an integrated analysis of various RS data 
(optical, SAR, DEM). We focus on the investigation of 
landslides and other landscape-altering processes in two 
study areas in southern Iceland, which are highly 
dynamic in their geomorphic evolution and are 
characterized by progressive mass displacements and 
surface deformation. Automated object-based image 
analysis (OBIA) methods are developed for investigating 
spatio-temporal changes of land surface morphology, 
integrating surface displacements and deformations 
measured by SAR interferometry. First results showing 
the mapping of rock avalanche deposits on glaciers and 
the object-based tracking of such deposits are 
presented. From mapping to monitoring to modelling – 
this concept, based on an integrated use of various 
remote sensing data, allows for the provision of results 
with high information content. Monitoring surface 
changes can contribute to a better understanding of 
mass-transport systems, to detect related 
environmental variability and to assess natural hazards. 
Hence, project results could be supportive for hazard 
and risk analysis by identifying hotspots of 
erosion/deposition or landslide-affected areas, 
transferable also to alpine regions. 
 

************************ 
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Monitoring Slow Moving Landslides from Space and 
on the Ground – A Case Study From the Italian Alps 

Darvishi M.1,3, Schlögel R.2, Cuozzo G.1, Kofler C.1, Steger 
S.1 
1Institute for Earth Observation - Eurac Research, 
Bolzano, Italy, 2ESA Climate Office - ECSAT, Didcot, 
Oxfordshire, United Kingdom, 3Department of 
Information Engineering and Computer Science - 
University of Trento, Trento, Italy 

Landslides are well known to cause considerable direct 
and indirect damage in hilly and mountaneous areas. 
This contribution highlights the utility of remote sensing 
techniques (i.e. radar interferometry methods) to 
monitor slow moving ground surface deformations of 
potentially hazardous geomorphic phenomena like 
landslides in the Alps. The aim is to discuss the potential 
and challenges of Differential Synthetic Aperture Radar 
Interferometry (DInSAR) for detecting and quantifying 
land surface deformation on a complex landslide that 
features different types of sliding behavior using 
Sentinel-1 imagery. Therefore, the test case of this 
poster is the complex and vegetated Corvara landslide 
situated in Val Badia (South Tyrol, Italy). Slope 
displacement rates are found to be highly unsteady and 
reach several meters a year. A network of three 
permanent Differential Global Navigation Satellite 
System stations (DGNSS), frequently performed DGNSS 
field campaigns as well as terrestrial LIDAR and 
photogrammetric measurements enabled a 
benchmarking of obtained measurements. Challenges 
related to detectable movement rates (i.e. 
acceleration), local land cover (i.e. vegetation, snow) 
and the LOS direction of the satellite are discussed. 
 

************************ 

Landslide Monitoring in the Italian Alps Using 
Sentinel 2 Indicators of Vegetation Dynamics 

Evdokimov A.1, Crosta G.1, Panigada C.1, Rossini M.1, 
Frattini P.1 
1University Of Milano Bicocca, Milano, Italy 
Landslides are a widespread hazard in the Alps and 
monitoring them is crucial for risk management in this 
region. This study aims at developing a novel approach 
for landslide monitoring based on the identification of 
remote sensing indicators of landslide activity linked to 
vegetation dynamics. In particular, our study is based on 
the hypothesis that the vegetation on the landslide body 
is expected to experience different conditions, 
compared to that on a corresponding area outside the 
body, such as alterations in biomass production and 
variations in the phenological cycle (e.g. senescence 
anticipation). Coupling ecosystem and landslide 
research, this analysis can unveil new relationships 
between vegetation behaviour and slower landslide 
processes. 
The approach was tested on 10 landslides in Lombardy 
region and, once fully validated, will be applied on a 
bigger landslide database consisting of c.a. 5000 slides. 
We used the newly available ESA Sentinel-2 images to 

generate temporal series of vegetation indices (Vis) over 
the year 2017. The time series of VI average statistics 
inside and outside the landslide bodies were compared 
to determine the existence of anomalies in the seasonal 
vegetation dynamics. To focus on the effects of landslide 
on vegetation dynamics, we normalised the comparison 
areas by topographic factors and vegetation types, 
defining similarity conditions. Preliminary results 
showed that vegetation inside and outside the landslide 
bodies showed different vegetation dynamics showing 
the suitability of remote sensing indicators linked to 
vegetation dynamics to monitor landslide activity. 

 
************************ 

Earth Observation to detect climate effect on 
weather-related hazards in mountainous regions 

Schlögel R.1, Piroton V.1,2, Gariano S.3, Steger S.4, Kofler 
C.4 
1ESA Climate Office, ECSAT, Didcot, United Kingdom, 
2Department of Geology, University of Liege, Liege, 
Belgium, 3CNR-Irpi, Perugia, Italy, 4Institute for Earth 
Observation, Eurac Research, Bozen, Italy 
Numerous researches focus on the monitoring of 
weather-related hazards by applying remote sensing 
techniques. However, the potential of Earth Observation 
(EO) and remote sensing has been barely exploited to 
investigate the influence of climate perturbation on 
potentially dangerous natural phenomena.  
The objectives of this research are to collect long time 
series of EO data related to climate perturbation and 
weather-related hazard occurrence in mountainous 
regions to explore potential relations between 
meteorological conditions and hazard occurrence. In 
this context, also in-situ and satellite-based climate data 
will be exploited to enable a distinction between 
meteorological anomalies and "normal" seasonal 
variations. Thus, this research will take full advantage of 
satellite missions that enable a monitoring of climatic 
variables and associated indexes (e.g. standard 
precipitation index) over time. Spatiotemporal 
behaviour of weather-related hazards inducing Earth 
surface deformation will be detected using Sentinel-1 
images that are available since the launch of the 
Copernicus missions. In particular, Synthetic Aperture 
Radar techniques as provides by the ESA TEP platform 
will allow a spatiotemporal monitoring of natural hazard 
hotspots. The establishment of statistical relations 
between potential preparatory and triggering factors, 
such as rainfall, snow coverage, soil temperature and 
soil moisture, and detected natural hazards will 
contribute to the overall goal, namely an improved 
hazard assessment. The selected study sites are located 
in hazard-prone and remote areas of Asia, with a 
particular focus on the South Makalu region in Nepal 
and in the data-rich region of South Tyrol region in Italy. 
 

************************ 
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Joint SAR/Optical Analysis of the Deformation 
Pattern of Rapidly Evolving Landslides During Crisis: 
The Pas de l’Ours Landslide – Queyras, French Alps 

Provost F.1, Handwerger A.2, Malet J.1, Hibert C.1 
1Ecole et Observatoire des Sciences de la Terre, 
Strasbourg, France, 2NASA / Jet Propulsion Laboratory, 
Pasadena, USA 
The “Pas de l’Ours” landslide, located in the Queyras 
valley (Southeast France) is undergoing a fast 
deformation since Spring 2017. This landslide is located 
400m upstream of the village of Aiguilles and a sudden 
acceleration may provoke a landslide dam in the Guil 
river.  

The landslide has developed in unconsolidated schists 
and moraines. The total moving mass is estimated at 17 
million cubic meters, with a width of the unstable area 
of 1 km and a length of 600 m, which makes it currently 
one of the largest active landslides in the French Alps. 
Since April 2017, numerous rockfalls, mudflows and 
large deformation of the slope and the road at the foot 
of the landslide have been observed.  
Several instruments (ground-based and satellite-based) 
have been deployed on-site to monitor the landslide 
evolution. Sentinel-1 SAR is used to analyse the 
deformation pattern of the landslide before the 
acceleration – both InSAR and offset tracking methods 
are employed to monitoring the space and time 
evolution of the landslide, and anticipate future 
movement. Ground-Based InSAR is used in combination 
to measure the deformation field every 2 minutes. In 
complement, S2 optical image correlation is used to 
track the slope evolution for the sectors with the highest 
displacement rates. These EO methods are combined to 
seismological datasets from four broadband 
seismometers operating since May 2017.  

We will present the results of the joint analysis of all the 
datasets. The displacement rate of the slope reaches a 
velocity of 1m.d-1 and decelerates progressively to a 
stabilization of the landslide at the beginning of July 
2017. A catalogue of the seismic signals generated by 
the landslide is built using machine-learning techniques 
and is compared to the spatio-temporal occurrence of 
the surface deformation. The number of micro-seismic 
events seem to decelerate with the displacement rate of 
the landslide.  

This study demontrates the added value of combining S1 
and S2 datasets to document landslide deformation 
over several orders of displacement rates ; combined to 
ground-bases sensors, they offer new perpsectives to 
understand the physical processes controlling landslide 
dynamics.  
 

************************ 

Mapping Vulnerable Alpine Areas Affected by Slow 
Moving Landslides Using InSAR Data 

Jemec - Auflič M.1, Milanič B.1, Peternel T.1, Žibret G.1 
1Geological Survey of Slovenia, Ljubljana, Slovenia 
In Slovenia, InSAR campaigns have been used to detect 
slope mass movements in the Alpine area. Historical SAR 
images were acquired from ESA, ERS-1, ERS-2 and 
Envisat that operated in C-band with a wavelength of 5.6 
cm. The results of the SAR survey show that the InSAR 
method is suitable for assessing the temporal evolution 
of slow and extremely slow landslides with constant 
deformation velocities, hereafter called the soil creep. 
Due to the high object density in some smaller areas 
within the broader study area it was possible to identify 
areas with a constant deformation. In those areas, the 
analysis of average annual creeping rates revealed that 
lithology and slope inclination are among the key 
precondition factors for the occurrence of the slope 
creeping process. Due to the ability of InSAR to monitor 
the deformations in time, the assessment was made 
about possible climatic triggering factors, especially 
rainfall events. The results show, that soil creeping is 
induced not only by heavy precipitation events (>100 
mm/day), but also by less intense precipitation (>20 
mm/day), or cumulative of 50 mm of rain in three days. 
First event produced 0.4-0.76 mm of elevation change, 
and events with higher precipitation the average 
elevation decrease of -1.2 mm. Following the satellite 
advancements in the past decade and global availability 
of Sentinel-1 SAR data the forthcoming activities are 
focused to access Copernicus information more 
periodically in order to  investigate long- and short-term 
evolution of slope stability.  
 

************************ 

Two Decades of Rock Glaciers and Periglacial Slope 
Movements Analysis in Western Swiss Alps: Results 
From the Hérens Valley 

Barboux C.1, Delaloye R.1, Strozzi T.2, Caduff R.2, Lambiel 
C.3, Paillex N.3, Hagin C.4 
1Department of Geosciences - Geography, University of 
Fribourg, Fribourg, Switzerland, 2Gamma Remote 
Sensing AG, , Switzerland, 3Institute of Earth Surface 
Dynamics, University of Lausanne, Lausanne, 
Switzerland, 4Geosat SA, Sion, Switzerland 

This study presents two decades of rock glaciers and 
periglacial slope movements analysis in the Hérens 
valley in the Western Swiss Alps conducted at a regional 
scale. Rock glacier inventories have first been compiled 
over this alpine area - and more broadly over the whole 
Western Swiss Alps - in the late 1990’s using aerial 
images and field mapping. Satellite SAR Interferometry 
(InSAR) has then been used to characterize the state of 
activity of the various types of mass wasting phenomena 
(rock glaciers, landslides, etc.) into four velocity classes. 
Since then, the inventories have been regularly updated 
using more recent very-high resolution satellite SAR 
data. In the last 15 years, terrestrial geodetic survey 
(DGPS, total station, lidar, drone, GPR, etc.) were also 
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deployed and became precious source of 
measurements. This study intends to combine all the 
results and to provide a global overview of the rock 
glacier and periglacial slope movements evolution 
during the past decades. Considering all data available 
from the 1990’s, about 60 active rock glaciers can be 
observed in the Hérens valley so far. Recent results show 
a shift towards a class of increased velocity for about 
30% of the rock glaciers between the 1990’s and the 
2010’s, and none has significantly decelerated. Note 
that the evolution of 5 rock glaciers showing a velocity 
higher than 1m/y cannot be estimated from InSAR. In-
situ measurements, which are showing almost similar 
trends, ideally complement InSAR for the study of the 
behavior of Alpine landforms with high precision and 
accuracy. 

 
************************ 

Validation of SAR Remote Sensing Data on Wet Snow 
With In-Situ Measured Liquid Water Contents in the 
Alpine Snowpack 

Hürkamp K.1, Marin C.2, Notarnicola C.2, Callegari M.2, 
Bertoldi G.3, Tschiersch J.1, Hachinger S.4 
1Helmholtz Zentrum München, Institute of Radiation 
Protection, Neuherberg, Germany, 2EURAC research, 
Institute for Earth Observation, Bolzano, Italy, 3EURAC 
research, Institute for Alpine Environment, Bolzano, 
Italy, 4Leibniz-Rechenzentrum (LRZ), Distributed 
Resources Group, Garching, Germany 
Snow significantly contributes to timing and intensity of 
mountain surface runoff. The first meltwater flush at the 
beginning of snowmelt poses risks of flooding or short-
term release of radionuclides accumulated in the 
snowpack. A better understanding of snowmelt 
processes and meltwater runoff initiation should help to 
predict and prevent runoff and to ensure a constant 
water quality. 
Wet snow maps are derived from SAR remote sensing 
data with a novel multi-temporal approach that exploits 
the high temporal resolution provided by the Sentinel-1 
mission. In situ measured snow water equivalents (SWE) 
and liquid water contents of the snowpack at 
Zugspitzplatt, Germany (2420 m a.s.l.) are used to 
validate the satellite data. The SAR data enables an 
alpine-wide extrapolation of the timing of potential 
radionuclide releases from the snowpack with the first 
meltwater runoff. 
Preliminary results of a comparison for the winter 
seasons 2014-2017 are presented. The termination 
when the snowpack became isothermal, inferred from 
SAR imagery, coincided with the beginning downward 
penetration of the wetting front in the snowpack at 
measured liquid water contents between 2-3 %. The 
determined timing of consistent loss of water from the 
snow cover in the SAR data agreed with the first 
meltwater runoff indicated by SWE decrease and mass 
loss on the snow balance, respectively.  
At first glance, the method provides promising results on 
the snowmelt phase and deserves further investigation. 

In situ measurements should be used in order to better 
understand the electromagnetic mechanisms of SAR 
sensors in presence of different wet snow conditions. 
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Using Sentinel-2 Data to Benchmark Modelled 
Glacier Evolution in the Western European Alps 

Daniele D.1, Piazzi G.1, Gabellani S.1, Cremonese E.2, 
Morra di Cella U.2, Isabellon M.2, Ratto S.3, Stevenin H.3 
1Cima Research Foundation, Savona, Italy, 
2Environmental Protection Agency of Aosta Valley, 
Climate Change Unit, Aosta, Italy, 3Regione Autonoma 
Valle d’Aosta, Civil Protection and Fire Rescue 
Department – Centro Funzionale, Aosta, Italy 
The knowledge of ice volume distribution in alpine 
region is crucial for water resources management and 
climate change adaptation strategies. This study 
presents the operational use of Sentinel-2 data to 
evaluate the accuracy of modelled glacier evolution over 
the last decade in a highly glacierized region of Alps 
(Aosta Valley, Italy).  
The modelling exercise is initialised by a distributed 
estimation of ice thickness and extent of 2008 and uses 
a distributed hydrological model to describe snow and 
ice evolution in space and time. 
Sentinel-2 images were used to validate modelled 
glacier extent in 2017. Only one date of summer 2017 
images had a cloud cover low enough to enable its use 
for glacier mapping. The image was geometrically and 
atmospherically corrected using Sen2Cor and a glacier 
map was produced using a band ratio thresholding 
approach. The obtained glacier map was compared to 
simulated glacier extent. Pixel level modelled ice melt 
was compared to several ablation stake observations 
and the accuracy of modelled ice volume evolution of 
specific glaciers was assessed using glaciological surface 
mass balance.  
The model shows a very good ability in reproducing 
glacier extension and mass evolution for glaciers with a 
simple morphological shape (i.e. reduced steepness, 
moderate slope variability, etc.) while greater 
uncertainties were observed for steep and 
morphologically articulated glaciers. 
In the period 2008-2017 the results show a 25% 
reduction of ice area, that mainly affects low elevation 
and an average ice volume reduction of about 3% a year 
for a total loss of about 28%. 
 

************************ 



36 
 

Towards Automated Production of Regional 
Geomorphological Inventories Based on Satellite 
Data 

Eisank C.1, d'Oleire-Oltmanns S.2, Wichmann V.3 
1GRID-IT, Innsbruck, Austria, 2Department of 
Geoinformatics - Z_GIS, University of Salzburg, 
Salzburg, Austria, 3Laserdata, Innsbruck, Austria 
Digital inventories of geomorphological feature types 
(e.g. landslides, alluvial fans and glacial cirques) at 
regional spatial scales are urgently required to improve 
our understanding of earth surface processes and to 
support a continuous improvement of protection 
measures against natural hazards. The currently 
available digital inventories have the following 
limitations: (1) they are mainly local scale; (2) due to a 
lack of mapping standards, results of individual studies 
are difficult to merge/integrate; (3) missing information 
on features’ spatial boundaries.  
In the MorphoSAT project (FFG-ASAP, no. 859727) we 
aim at overcoming the above mentioned problems. We 
are currently implementing and validating an innovative 
system for automated production of regional 
inventories of selected geomorphological feature types. 
Operational knowledge models for the targeted feature 
types have been developed, combining qualitative 
descriptions and machine learning output. Based on 
these models, the concept of Object-Based Image 
Analysis (OBIA) is used to exploit and integrate 
consistent satellite data and products (TanDEM-X DEM, 
Sentinel-2, Copernicus land services, etc.). The final 
system will extract both, the locations and the spatial 
boundaries of geomorphological features, and will also 
compute properties on feature geometry, morphometry 
and shape. Results will be more objective, interoperable 
and spatially independent than previously. The 
MorphoSAT system is expected to be a perfect choice 
for creating and updating regional geomorphological 
inventories. 
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Monitoring Alpine Cryosphere Using Sentinel Data  
Marin C.1, Callegari M.1, De Gregorio L.1, Zebisch M.1, 
Notarnicola C.1 
1Eurac Research, Bolzano, Italy 
In alpine regions a relevant part of the available water 
resources is provided by the melting of snow and 
glaciers. Beside of ground data and hydrological models, 
satellite remote sensing is becoming a valuable tool for 
monitoring wide and remote areas with a synoptic view. 
Nonetheless, the processing of remote sensing data 
acquired in mountainous region requires tailored 
procedures to cope with the complex topography. With 
this contribution, we present a portfolio of satellite-
based products representing important parameters 
related to the alpine cryosphere that can be used 
standalone or in combination with hydrological models 
to derive parameters that are not directly observable 
from the remote sensing data e.g. snow water 
equivalent (SWE).  

In detail, we will present the daily snow cover fraction 
maps at 300 m resolution derived from Sentinel-3 data, 
the high-resolution snow cover maps at 20 m resolution 
derived from Sentinel 2 data using Support Vector 
Machine (SVM), and the high-resolution wet snow maps 
derived with a multi-temporal approach exploiting the 
high temporal resolution provided by the Sentinel-1. 
Additionally, we present the glacier cover maps derived 
through a multi-temporal approach based on Hidden 
Markov Model (HMM) and Support Vector Machine 
(SVM). This approach can be applied to a single sensor 
dataset (e.g. Sentinel-2) for integrating different sensor 
time series (e.g. Sentinel-1 and Sentinel-2).  

Finally, we present innovative methods for fusing 
physically-based model results and remote sensing data 
at the product level to improve snow mapping and SWE 
estimation. 

More information can be found at sao.eurac.edu 
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Sentinel-1 InSAR Processing System to Support High 
Mountain Hazard Assessment 

Wiesmann A.1, Caduff R.1, Strozzi T.1 
1Gamma Remote Sensing AG, Gümligen, Switzerland 

The knowledge of moving zones, its displacement 
velocity and the sensitivity to external forcing supports 
the assessment of high mountain risks. The differential 
SAR interferometry technology has the potential to 
provide such information if timely data are available. 
However, the intrinsic limitations of the technique and 
the data costs often inhibited the detailed exploitation 
of the data  for local interpretation and hazard 
assessment. Continuing its long-term policy of providing 
continuous SAR data, the European Space Agency (ESA) 
launched Sentinel-1A in 2014, and its twin satellite, 
Sentinel-1B, in 2016. Both are equipped with a C-Band 
sensor. A major improvement of the Sentinel-1 mission 
is the reduction of the revisit time of the sensor, which 
has dropped to 12 days for Sentinel-1A, and 6 days in the 
full Sentinel-1A/B constellation. Furthermore the data is 
made freely available through the Copernicus Science 
Hub a few hours after acquisition. 

A processing system was established to autonomously 
retrieve new Sentinel-1 data whenever they become 
available on the hub and process the data to stacks of 
interferograms. Starting from 2015 interferometric 
stacks were continuously processed over the Alps 
feeding into operational hazard assessments on the 
scale of single processes. The derived information allows 
to monitor displacement processes in some cases on a 
weekly base. This already has and will continue to reveal 
unprecedented insights in Alpine hazards and related 
processes. 

In our contribution we will present the processing 
system and discuss lessons learned during 
implementation and use of the system. 

 
************************ 
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Mapping the Spatial Distribution of the Alpine 
Treeline Ecotone with Multi-Temporal Sentinel-2 
Images 

Rossini M.1, Gentili R.1, Anelli M.1, Salvatore M.2, 
Citterio S.1, Baroni C.2, Panigada C.1 
1Department of Earth and Environmental Sciences, 
University of Milano Bicocca, Milano, Italy, 
2Department of Earth Sciences, University of Pisa, Pisa, 
Italy 

The upper elevation limit of forest vegetation in alpine 
areas (the treeline ecotone) is considered to be greatly 
threatened by climate change. Despite this, there are 
relatively few works focused on its assessment in a 
systematic and spatially explicit way.  
This study aims at quantifying the complex patterns of 
the alpine treeline ecotone across an extensive area of 
the Adamello-Presanella Group (Italian Central Alps). To 
this end, we used for the first time the newly available 
ESA Sentinel-2 (S2) images characterized by an 
unprecedented combination of high temporal, spatial 
and spectral resolution. We developed a novel 
procedure to analyze forest distribution patterns and 
forest limits in alpine regions based on S2 image 
classification and topographic variables derived from 
digital terrain modeling.  
Nine vegetation classes in addition to snow/ice, water, 
and bare rock were classified using a supervised 
classifier. A multi-temporal approach was used to 
exploit both the spectral separability and different 
phenological dynamics of the vegetation classes. More 
in detail, six cloud-free S2 images acquired from June to 
November 2017 were used as input of the classification 
process. 
The integration of the map of vegetation classes and the 
topographic variables derived from digital terrain 
modeling allowed to accurately identify the spatial 
distribution of alpine timberline and treeline. These 
results show potential for monitoring Alpine vegetation 
dynamics using the newly available S2 images, allowing 
new insights into the understanding of their response to 
climate and environmental change. 
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Remote Sensing of Snow Cover in the Alps. An 
Overview of Opportunities and Constraints. 

Dietz A.1, Hu Z.1 
1German Aerospace Center (dlr), Oberpfaffenhofen, 
Germany 

Snow cover is an important variable for water 
availability; it influences the radiation budget of the 
Earth surface, and may cause natural disasters such as 
avalanches or floods after the melting process. Within 
Europe especially in Norway, Sweden, and Switzerland, 
snow is an important source of freshwater for reservoirs 
and the subsequent production of electricity. Climate 
change affects parameters such as snow cover duration 
(SCD), generally leading to its decrease, a delayed snow 
cover onset and earlier snow melt. Further effects also 

include fewer frost days, reduced snow depth, reduced 
snow water equivalent, changes in soil frost and snow-
fed river systems. 
Remote sensing data originating from various 
multispectral sensors have been analyzed to understand 
both the current situation as well as possible long term 
tendencies of snow covers in the European Alps. Data 
gaps caused by cloud cover and missing observations 
can cause uncertainties, which make a post-processing 
of the time series necessary in order to estimate the 
snow cover status during cloud covered periods. 
Additional challenges occur due to the complex terrain 
of the Alps. The presentation will outline the current 
status of snow cover conditions in the Alps (mean SCD, 
mean early and late season SCD, stability) and it will 
demonstrate which processes can be observed within 
specific elevation or aspect zones. 

 
************************ 

Understanding Spatiotemporal Vegetation Patterns 
and Phenology over the Alps Based on Medium 
Resolution Satellite Remote Sensing Data 

Asam S.1, Callegari M.2, Jacob A.2, Notarnicola C.2 
1German Aerospace Center, Wessling, Germany, 2Eurac 
Research, Bolzano, Italy 
Monitoring the inter-annual variability of phenology 
under varying site conditions in mountain areas is of 
high interest, since alpine ecosystems are assumed to be 
strongly affected by climatic changes. To derive spatial 
information on plant development, remote sensing data 
have been used increasingly during the last decades, 
known as land surface phenology (LSP). However, 
mountain phenology patterns and trends have been 
insufficiently analyzed, with hardly any studies covering 
the entire European Alps. In addition, the available 
studies rely on coarse remote sensing data of 1-8 km 
resolution. Considering that mountains are 
heterogeneous landscapes with strongly varying 
altitudinal gradients and microclimatic conditions, this is 
a limiting factor. In this study, we aim at i) closing this 
gap by using the highest possible spatial resolution of 
MODIS data (250 m) for deriving the Normalized 
Difference Vegetation Index (NDVI) and ii) at identifying 
the temporal and spatial variability of vegetation 
patterns in dependency of altitude and exposition on an 
alpine-wide scale. NDVI and phenological metrics show 
spatially distinct distribution patterns according to 
topography. The SOS at different altitudes [100-3000 m] 
has a time lag of 45 to 75 days, while the inter-annual 
variability of mean SOS in different altitudes ranges from 
17 to 32 days, with a higher variability in higher 
altitudes. Over the last 16 years, SOS has advanced in 
average by 0.27 days per year. In order to prolong the 
MODIS time series, we plan to use NDVI from AVHRR 
and Sentinel-3 at 1 km and 300 m spatial resolution, 
respectively. 

************************ 
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Mapping Snow Cover Extent Using Optical and SAR 
Data 

Wendleder A.1, Dietz A.1, Schork K.1 
1German Aerospace Center, Oberpfaffenhofen, 
Germany 

Snow cover plays an important role both globally and 
regionally as it is fundamental for local water availability, 
river run-off, and groundwater recharge. Hence, the 
exact knowledge of extent and dynamic of the snow 
coverage is essential. This study combines synergetic 
optical and SAR data with the main object to map the 
snow cover extent. As the Sentinel-Mission provides a 
wide swath width and a high revisit time (2-3 days at 
mid-latitudes with same acquisition geometry), the 
Sentinel-1 Interferometric Wide Swath Mode (IW) SAR 
data and Sentinel-2 multi-spectral data are used. 
Additionally, the TanDEM-X DEM is applied for the exact 
determination of the snow line as well as for snow 
classification. The methodology contains three steps: (1) 
generation of water mask, cloud mask und snow mask 
based on Sentinel-2, (2) analyzing of snow backscatter 
value of Sentinel-1 in dependence of elevation based on 
the snow mask derived of Sentinel-2 and the DEM, 
hence each elevation step is assigned a backscatter 
threshold for snow, and (3) mapping of the final snow 
mask using Sentinel-1 scene and the TanDEM-X DEM. 
The mapping of the snow cover extent is applied on 
three test sites with different topography and land 
cover: (1) Devon Island in Canada, (2) Nordenskiöld, 
Svalbard, and (3) French Alps in France. The 
classification achieved an overall accuracy of 85% for 
Devon Island, 60% for Nordenskiöld and 88 % for the 
French Alps and proves the transferability of the 
approach 
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Land Cover Classification and Change Detection in 
European High-Altitude Regions 

Mayr S.1, Rutzinger M.1, Geitner C.1, Niederheiser R.1, 
Winkler M.2, 3 
1Department Of Geography, University Of Innsbruck, 
Innsbruck, Austria, 2Austrian Academy of Sciences, 
Institute for Interdisciplinary Mountain Research, 
Austria, 3University of Natural Resources and Life 
Sciences Vienna (BOKU), Vienna, Austria 

A change in vegetation due to climate change and 
accompanying factors, especially in high-altitude 
regions, has been discussed in recent studies. This paper 
presents a remote sensing approach for quantifying land 
cover changes occurring in approximately 15 years on a 
regional level. Landsat 7, Landsat 8 and Sentinel-2 
satellite data as well as corresponding auxiliary data is 
employed for investigating six study sites (25x25 km) in 
European high altitude regions located in the Alps and 
the Mediterranean mountains. After administering 
various pre-processing applications (i. a. atmospheric 
correction and outlier (shadow) detection) the Random 
Forest machine learning algorithm is utilized to classify 
land cover in all six regions into ten classes (artificial 

land, water, rock, alpine tundra, stunted trees, forest, 
agriculture/pastures, natural grassland/shrubs, open 
land, glaciers/snow). Classification results obtained 
accuracies exceeding 95%, whereby the additional 
elevation feature revealed to be the most important. 
Based on those classifications, a change detection 
analysis has been conducted and changes were 
quantified and interpreted. Depending on the site 
location and its environmental conditions, results show 
versatile changes within classes. Discovered trends in 
the study regions indicate an expansion of alpine 
vegetation, most notably in more elevated and 
previously rock-dominated areas. Simultaneously, the 
timberline in the study regions of the Alps is advancing 
into former alpine/subalpine zones. 
Keywords: Alpine and Mediterranean mountain regions, 
change detection, climate change, land cover 
classification, satellite remote sensing, Random Forest. 
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On the Use of Optical Satellite Data for Snowpack 
Monitoring in Mountainous Areas 

Dumont M.1, Lamare M.1,2, Picard G.2, Arnaud L.2, Tuzet 
F.1, Cluzet B.1, Lafaysse M.1, Morin S.1, Gascoin S.3 
1Meteo-France – CNRS, CNRM UMR 3589, CEN, , 
Grenoble, France, 2CNRS – Univ. Grenoble Alpes – IRD – 
Grenoble-INP, IGE, , Grenoble, France, 3Univ Paul 
Sabatier – CNRS – IRD – CNES, CESBIO, Toulouse, France 
The optical reflectance of snowdepends on its physical 
and chemical properties. Satellite optical measurements 
are critical to monitor presence of snow and the 
evolution of the its optical properties. They can be used 
either directly, i.e. retrieving snow surface properties 
from satellite images, or in combination with snowpack 
simulations. In this work, we present several examples 
of the use of such data to monitor past, present and 
future snow conditions. We discuss in details some of 
the challenges arising from the complex topography of 
the mountainous areas. We provide illustrations of the 
use of Sentinel-2 data to monitor snow extent at high 
resolution using the French THEIA  “Let-it-snow” 
framework. We also present the results of first 
investigations on the combined use of satellite data and 
detailed snowpack simulations in an assimilation 
scheme. The combined use of both satellite data and 
snowpack simulations allow to mitigate the 
uncertainties present in both datasets. Test cases are 
performed at Col du Lautaret, 2100 m a.s.l French Alps 
at which a wealth of in situ measurements of snow 
conditions, properties and optical reflectance are 
available. In this case, we use MODIS surface reflectance 
and the detailed snowpack model SURFEX/Crocus with 
an ensemble approach and a particle filter. We discuss 
the efficiency and limitations of this approach and 
provide some directions for future work in mountainous 
regions such as the Alps. 

 
************************ 
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Observation of Middle Atmospheric Dynamics Above 
the Alps by Means of SWIR Airglow Spectroscopy 
Schmidt C.1, Wüst S.1, Bittner M.1,2 
1German Aerospace Center, Wessling, Germany, 
2University of Augsburg, Augsburg, Germany 

The faint airglow originates from a thin layer within the 
Earth’s middle atmosphere between 80km and 100km. 
The dominant emissions are caused by transitions of the 
hydroxyl (OH) molecule, most intense in the near 
infrared region. They allow for the calculation of the 
molecules’ rotational temperatures – providing a good 
proxy for the thermodynamic temperatures at these 
heights. 

Due to the general sparseness of reliable data for this 
atmospheric region, airglow observations are especially 
relevant in the context of global change. The German 
Remote Sensing Data Center (DFD) of the German 
Aerospace Center (DLR) operates several infrared 
spectrometers aimed at the OH airglow emissions 
between 1.5µm and 1.6µm which are part of the 
Network for the Detection of Mesospheric Change 
(NDMC, https:\\ndmc.dlr.de). Focus is laid on 
observations above and around the Alps in Austria, 
France, Germany and Slovenia, since the Alps are an 
important source of so-called atmospheric gravity 
waves, which can propagate up to the mesopause. 
There, they deposit a significant amount of 
energy/impulse modulating the global circulation. This 
makes them an important factor in the context of 
climate change. 

The Alps are not only a unique source for signals 
generated in the troposphere by, e.g., extreme weather 
events, but they also pose challenges to ground-based 
optical observations, e.g., the data's ‘completeness’ and 
‘representativeness’. Therefore, the presentation gives 
an overview of both ten years of observations and its key 
properties, such as ‘precision’, ‘accuracy’ and 
‘comparability’ including the efforts of establishing a 
network wide calibration chain to national standards. 

 
************************ 

Horizontal Open-Path FTS Measurements for 
Bridging the Gap Between High Accurate Point 
Measurements and Spatially Averaging Atmospheric 
Models Using Vertical Greenhouse Gas Retrievals 
from Satellite (H-OP-FTS) 

Leuenberger M.1 
1University of Bern, Bern, Switzerland 

ESA Sentinel satellite family has already and will 
increasingly contribute to our understanding of the 
Earth’s climate focusing on the major biogeochemical 
cycles by measurements of greenhouse gases. Thereby, 
a good spatial coverage of column integrated measures 
will be combined with spatially high resolution state-of-
the-art atmospheric models – also often used as 
weather prediction models. H-OP-FTS proposes to add 
regional-scale horizontal column retrievals over 
kilometer-scale in order to fill the gap between high 

precision in-situ measurements and rapidly growing 
high resolution atmospheric modelling on kilometer 
scale. A suggested pilot study will focus on a high 
altitude site which comprises a complex topography – 
ideally suited for high resolution model studies – and 
highly variable dynamic situations combined with 
strongly variable distributions of greenhouse gas 
concentrations. We anticipate that H-OP-FTS naturally 
complement present applications of satellite data with 
ground-based measurements. 

************************ 

The European Datacube: Standards-Based Timeseries 
Analytics and Data Fusion 
Baumann P.1 
1Jacobs University | rasdaman Gmbh, Bremen, 
Germany 

Datacubes form an enabling paradigm for serving 
massive spatio-temporal Earth data in an analysis-ready 
way by combining individual files into single, 
homogenized objects for easy access, extraction, 
analysis, and fusion - "one cube says more than a million 
images". In common terms, goal is to allow users to "ask 
any question, any time, on any size" thereby enabling 
them to "build their own product on the go". 

Today, large-scale datacubes are becoming reality: For 
server-side evaluation of datacube requests, a bundle of 
enabling techniques is known which can massively 
speed up 
response times, including adaptive partitioning, parallel 
and distributed processing, dynamic orchestration of 
mixed hardware, and even federations of data centers. 
Known datacube services exceed 2.5 Petabyte, and 
datacube analytics queries have been split across 1,000+ 
cloud nodes. Intercontinental datacube fusion has been 
accomplished between ECMWF/UK and NCI Australia, as 
well as between ESA and NASA. 
From a standards perspective, as per ISO and OGC, 
datacubes belong to the family of coverages, aka 
"spatio-temporally varying objects". the coverage data 
model is represented by the OGC Coverage 
Implementation Schema (CIS) standard, the service 
model by OGC Web Coverage Service (WCS) together 
with its OGC Web Coverage Processing Service (WCPS), 
OGC's geo datacube query language. Additionally, ISO is 
finalizing application-independent query support for 
massive multi-dimensional arrays in SQL. 
In our talk we present the concept of datacubes, the 
standards that play a role, as well as interoperability 
successes and issues existing, based on our work on the 
OGC Reference Implementation, rasdaman. 

 
************************ 
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Assimilation of MODIS AOD During the Saharan Dust 
Episode in April 2016 

Scherllin-Pirscher B.1, Hirtl M.1, Flandorfer C.1, Ludewig 
E.1, Pagowski M.2 
1Zentralanstalt für Meteorologie und Geodynamik, 
Vienna, Austria, 2NOAA Earth System Research 
Laboratoy (ESRL), Boulder, USA 
In April 2016, an air pollution event with highly elevated 
surface concentrations of particulate matter (PM) has 
been observed in Europe. At the Sonnblick observatory, 
an atmospheric monitoring platform at 3106 m in the 
Austrian Alps, PM10 surface concentrations were 
considerably elevated (>100 µm/m3) on April 5, 2016. 
This event was caused by a Saharan dust storm. 
We use the on-line coupled chemical transport model 
WRF-Chem to predict the transport of Saharan dust 
from northern Africa towards Europe. Simulations were 
performed with the GOCART (Goddard Chemistry 
Aerosol Radiation and Transport) simple aerosol scheme 
that simulates tropospheric aerosols such as dust and 
sea salt, organic carbon, black carbon, and sulfate.  
Gridpoint statistical interpolation (GSI) is used to 
assimilate MODIS aerosol optical depth (AOD) at a 
wavelength of 550 nm. 3D-Var data assimilation is 
performed at 12 UTC with an assimilation window of ±3 
hours.  
Even though, WRF-Chem well predicts the transport of 
Saharan dust towards Europe, the assimilation of MODIS 
AOD increases PM10 concentration in most parts of 
Europe. This indicates that WRF-Chem slightly 
underestimates Saharan dust transport for this 
particular episode but the assimilation of MODIS AOD 
improves PM10 analyses. The validation of model 
results against surface PM10 measurements from 
European air quality stations reveals reasonable good 
agreement between the model and the observations. 
This work is essential towards the optimal use of 
European satellite products, e.g., from the Sentinel 
missions as well as from ADM-Aeolus and EarthCARE. 
Assimilation of these data is expected to significantly 
improve air quality forecasts. 
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Measurements of Atmospheric Key Species at the 
GAW Global Station Zugspitze/Hohenpeissenberg – 
Opportunities for Ground Thruthing and 
Intercomparison Campaigns 

Thomas W.1, Briel B.1, Claude A.1, Elste T.1, Flentje H.1, 
Hess M.1, Holla R..1, Köhler U.1, Kubistin D., Lindauer 
M.1, Mattis I.1, Müller G.1, Müller J.1, Steinbrecht W.1, 
Plass-Dülmer C.1 
1Deutscher Wetterdienst, Meteorologisches 
Observatorium Hohenpeißenberg, Hohenpeißenberg, 
Germany 

The Hohenpeissenberg Meteorological Observatory is 
situated about 20 km north of the alpine bow in 
Southern Germany. Measurements of atmospheric 
species are routinely taken since 1995 at the GAW 

station Zugspitze/Hohenpeissenberg within the Global 
Atmosphere Watch (GAW) programme of WMO. Its 
position on the “Hoher Peissenberg” at about 1000m 
a.s.l. and 250 m above the surroundings allows 
measurements of background concentrations of short-
lived reactive gases and aerosol parameters, whereas 
long-lived climate forcers are primarily measured at the 
site Zugspitze/Schneefernerhaus. Main components of 
the measurement programme are ozone (ambient, total 
column, lidar and ozone sonde profiles), nitrogen oxides 
(NOx and NOy), carbon monoxide, sulphur dioxide, PAN, 
OH/H2SO4, about 120 anthropogenic and biogenic VOCs 
and since 2012 also methane and carbon dioxide, 
contributed by the Integrated Carbon Observing System 
(ICOS). Filter measurements and wet chemical analysis 
provide the chemical composition of water-soluble 
aerosols and of rain probes, further complemented by 
measurements of an Aerosol Chemical Speciation 
Monitor (ACSM). Aerosol parameters are particle 
number, particle mass, soot mass, size distribution, 
scattering and absorption coefficients, spectral AOD 
measurements (AERONET, PFR), and extinction and 
(attenuated) backscatter profiles from a multi-channel 
Raman Lidar (PollyXT) and a ceilometer, respectively. 
Trace gas profile information is derived from a MAX-
DOAS instrument. As shown several times in the past the 
Hohenpeissenberg site is appropriate for 
intercomparison campaigns of various measurements 
systems, such as lidars and ceilometers and in-situ 
measurement devices. Moreover, validation of earth 
observation data and model data with on-site and 
remote measurements are part of the routine activities. 

 
************************ 

Towards Seamless Validation of Satellite Data 
Baier F.1, Meyer-Arnek J.1 
1German Aerospace Center, Oberpfaffenhofen, 
Germany 

With the perfect launch of Sentinel 5P we experience a 
new fleet of high-resolution satellite instruments for 
atmospheric sounding of tropospheric trace gases with 
the potential for unprecedented accuracy and 
resolution in time and space. The upcoming years will 
see even better equipped missions with focus on the 
troposphere. The polar-orbiting Sentinel 5P is expected 
to reach 3 km horizontal resolution while the geo-
stationary TEMPO mission will provide hourly 
observations of the visible disk. The hourly temporal 
resolution will be especially beneficial on the regional 
and urban scale. 
In order to maximize the product quality, validation has 
to be fast, reliable and continuous. The Virtual Alpine 
Observatory network VAO has dedicated pilot projects 
to foster integration of observing systems. For example, 
SABA (Satellite Applications for the Benefit of The Alps) 
will combine Sentinel data with surface remote 
sounding for air pollution and climate change science.  
Moreover, the Group of Earth Observations (GEO) is 
currently implementing a new vision for inter-
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operability of disparate observing systems serving the 
needs of scientists and decision makers. The main stages 
to seamless validation of satellite and ground-based 
observations are: (1) acquisition of correlative data 
(w.r.t. time and space), (2) enrichment with auxiliary 
information and (3) provision to the users via fast and 
open data bases.  
Main challenge is a generic approach to the intrinsic 
differences between observing systems (e.g., handling 
sampling and smoothing errors). If these challenges can 
be overcome the seamless coupling of models and 
observations will allow much faster deployment and 
application. 
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Satellite Applications for the Benefit of the Alps 
(SABA) 

Baier F.1, Sussmann R.2, Heue K.1, Leuenberger M.5, 
Kräuchi A.6, Rühm W.4, Mares V.4, Thomas W.3 
1German Aerospace Center (DLR), Wessling, Germany, 
2Karlsruhe Institute of Technology (KIT), Garmisch-
Partenkirchen, Germany, 3German Weather Service 
(DWD), Hohenpeißenberg, Germany, 4Helmholtz 
Zentrum München, Munich, Germany, 5University of 
Bern, Bern, Switzerland, 6Meteolabor AG, Wetzikorn, 
Switzerland 
Air pollution and climate change are imminent threats 
to the Alpine environment and its population. Since 
2014, ESA has launched a series of Sentinel missions 
dedicated to the monitoring of atmospheric 
constituents and surface parameters with 
unprecedented resolution. We propose two research 
pilots to demonstrate the potential for validation and 
exploitation with ground-based instruments and 
modelling tools.   

The Virtual Alpine Observatory network VAO has 
established a platform for long-term monitoring of the 
natural environment of the Alps. Its instrumentation 
(stationary and mobile) can be used to effectively close 
gaps and increase the value of Sentinel observations. 
We actively seek the collaboration with other networks, 
e.g. GAW, TCCON and NDACC. 

To monitor outdoor pollutants and greenhouse gases 
Sentinels 5P and 4 can be combined with ground-based 
remote sensing and in-situ instruments in the vicinity of 
VAO stations. Combining remote sensing instruments at 
different locations and altitudes will provide information 
on trace gas vertical profiles and the spatial variation of 
emissions not accessible to satellite-only 
measurements. Surface radon is a health threat as 
indoor pollutant in many Alpine areas. It is critically 
linked to climate change via soil moisture and 
permafrost. Combining Sentinel-1 moisture 
observations with ground-based cosmic-ray-neutron 
and soil-moisture sensors will allow fine-scale radon 
emanation mapping and change detection.  

Results will support the development of new data 
assimilation methods, seamless validation of satellite 

science products and will help to improve satellite 
retrieval. Building on AlpEN-DAC, all tools will be made 
available on a common platform for VAO and partner 
station networks. 
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Operational Use of Sentinel-2 Data to Infer Alpine 
Ecosystems Phenology, Productivity and Responses 
to Climate Variability. 

Cremonese E.1, Filippa G.1, Galvagno M.1, Morra di Cella 
U.1, Oddi L.2 
1Environmental Protection Agency of Aosta Valley, Saint 
Christophe Aosta, Italy, 2Department of Life Sciences 
and Systems Biology, University of Torino, Torino, Italy 
European Alps ecosystems are sensitive to climate 
variability and the services they provide can be 
profoundly impacted by climate and land use change. 
Sentinel-2 data, and their integration with ground 
measures and modeling approaches, represent a unique 
opportunity to foster near real-time monitoring of 
alpine ecosystem functioning. 
In this study we evaluate the accuracy of vegetation 
indexes (VIs, e.g. NDVI, chlorophyll indexes, … ) retrieved 
from Sentinel-2 data, using ground observations of NDVI 
and canopy greenness. The validation network, where 
continuous spectral measurements and canopy digital 
images (i.e. phenocams) are collected, is located in 
grasslands and larch forests  of the Western Alps. Many 
of these validation sites belong to the Fluxnet and 
Specnet networks.  

The objective of this study is to understand whether 
Sentinel-2 VIs can accurately describe the seasonal 
trajectory of vegetation development in alpine 
environment and thus be used for operational 
phenology monitoring.  

Moreover by comparing satellite VIs data with ground 
measurements of grassland biomass, we investigate the 
potential of Sentinel-2 to retrieve alpine grassland 
productivity maps. Finally, taking advantage of the 2017 
summer heatwave,  we discuss the potential of using 
Sentinel-2 data to detect the impact of climate extremes 
on alpine ecosystem services such as CO2 sequestration 
and food production 

 
************************ 
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Dealing With the Influence of Differences in 
Measurement Time, Space and Addressed Air 
Volume of Satellite and Reference Measurements on 
Validation Results: Development and Presentation of 
an Internet-Based Tool 

Wüst S.1, Wendt V.2, Bittner M.1,3, Yee J.4, Mlynczak M.5, 
Russell III  J.6 
1German Aerospace Center (DLR-DFD), Wessling, 
Germany, 2Umweltforschungsstation Schneefernerhaus, 
Germany, 3University of Augsburg, Germany, 4Applied 
Physics Laboratory, The Johns Hopkins University, 
Laurel, USA, 5NASA Langley Research Center, Hampton, 
USA, 6Center for Atmospheric Sciences, Hampton, USA 

In most cases, satellite validation is based on statistical 
comparison with reference data. However, satellite and 
reference measurements do neither exactly match in 
time and space (mistime and misdistance) nor address 
the same volume of air (misintegration). Therefore, the 
natural atmospheric variability leads to differences 
between both data sets. These differences must not be 
interpreted in terms of a satellite’s malfunction.  
Based on ECMWF ERA-40 temperature data, the 
expected differences due to mistime and misdistance 
are quantified depending on location, height and 
season. The results are compared to TIMED-SABER and 
radiosonde based results. Regions of lower atmospheric 
variability which are optimal for satellite validation are 
identified.   
The misintegration effect is shown for stratospheric 
gravity waves which are extracted from TIMED-SABER 
and radiosonde based temperature measurements over 
Europe. We point out how this effect can be used for the 
extraction of additional information about the 
horizontal orientation of gravity waves. 

At least, an internet based tool is presented which 
allows the user to retrieve information about the mean 
differences due to mistime and misdistance for his 
specific location. This tool is integrated in the Alpine 
Data Analysis Centre (AlpenDAC) which is currently 
under construction and will be available via the 
environmental station Schneefernerhaus (UFS, 
www.schneefernerhaus.de), Germany. 
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Low-Cost System to Monitor Ground Deformations 
Based on Galileo, Sentinel InSAR and Inertial 
Measurement Units: the GIMS Project. 

Sampietro D.1, Realini E.1, Colomina I.2, Crosetto M.3, 
Consoli A.4, Auflic M.5, Lucca S.6 
1Geomatics Research & Development srl, Lomazzo (CO), 
Italy, 2GeoNumerics, S. L., Castelldefels, Spain, 3Centre 
Tecnològic de Telecomunicacions de Catalunya, 
Castelldefels, Spain, 4Saphyrion Sagl, Bioggio, 
Switzerland, 5Geological Survey Of Slovenia, Ljubljana, 
Slovenia, 6Sviluppo Como - ComoNExT SpA, Lomazzo, 
Italy 

The Alpine region is characterized by the presence of 
geological, hydrological, geotechnical, and 

environmental phenomena causing deformation of the 
Earth surface (subsidence, landslides, floods, sinking) 
which are happening at an increasing rate, also due to 
extreme events likely to be driven by climate change. 
These phenomena have negative and sometimes 
destructive impacts on land, structures (dams, bridges, 
buildings), infrastructures (roads, railways, channels, 
energy infrastructures), and ancient structures of artistic 
and cultural value (churches, ruins, archaeological sites, 
etc.). 
Within this framework, a detailed and timely knowledge 
of the geophysical behaviour of parts of the Earth 
surface, and its interaction with structures, can have a 
fundamental role to mitigate casualties and injuries to 
the population, and to better plan maintenance 
intervention.  

A possible approach to study such processes consists in 
the continuous determination of the position (or 
displacement) of a network of points placed on the 
surface and integral with the area of interest. Different 
requirements in terms of temporal resolution (daily, 
monthly displacement solutions, etc.) or spatial 
resolution (number of monitored points in the study 
area), or accuracy of the displacement observation can 
be defined according to the movements to be 
monitored. 
The GIMS (Geodetic Integrated Monitoring System) 
project aims at developing, demonstrating and 
commercializing a new advanced low-cost system based 
on EGNSS, Sentinel 1A/B SAR interferometry and other 
in-situ sensors, like inertial measurement units, to 
monitor ground deformations. The project will focus on 
monitoring landslides, subsidence and other 
environmental hazards that can only be identified by 
millimetric precision survey techniques 
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Detection of Potential Areas of Surface Motion In 
Alpine Regions Based on Differential SAR 
Interferometry 

Gutjahr K.1, Vecchiotti F.2, Reimer C.3, Schardt M.1, 
Kociu A.2, Briese C.3 
1Joanneum Research ForschungsgesmbH, Graz, Austria, 
2Geological Survey of Austria, Vienna, Austria, 3EODC 
Earth Observation Data Centre for Water Resources 
Monitoring GmbH, Vienna, Austria 
Landslides are one of the most widespread geohazards 
in Europe, which are further responsible for significant 
social and economic impacts. Land subsidence may 
occur gradually over many years in form of ground 
surface depressions and seriously harms the sustainable 
development of society and economy. 

Until now, not only in Austria no standard method to 
monitor landslides and subsidence continuously is 
implemented, but a diversity of approaches based on 
inhomogeneous data has been rather used in isolated 
applications. Meanwhile, advanced differential SAR 
interferometry (D-InSAR) techniques are increasingly 
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accepted to be a well suited method to provide 
continuous, homogenous and large-area monitoring 
service. This is not only confirmed by many scientific 
publications but also by many present as well as future 
national and supra-national initiatives to set-up ground 
motion services based on these techniques. 
The national funded project “Subsidence and Landslide 
Monitoring Service Austria (SuLaMoSA)” will introduce 
for the first time in Austria a national monitoring service 
regarding subsidence and landslide mapping based on 
D-InSAR-technologies. The service will be implemented 
into and operated by the EODC, Vienna, and developed 
by Joanneum Research and the Geologische 
Bundesanstalt Austria. The main goals of the project are 
the user engagement including requirement assessment 
and raise of awareness of the potential and limitations 
of such a service. Secondly, research aspects stemming 
from the alpine topography of wide areas in Austria and 
from the fact that about 48% of the total area of Austria 
is covered by forests. Both aspects make the research 
tasks especially challenging. 

 
************************ 

Infrastructure for Earth Observation in the Alps: The 
Perspective from the Eurac Research Sentinel Alpine 
Observatory 

Jacob A.1, Marin C.1, Monsorno R.1, Costa A.1, 
Notarnicola C.1, Zebisch M.1 
1Eurac Research, Bolzano, Italy 
The Sentinel Alpine Observatory (SAO) is an initiative of 
the Institute for Earth Observation at Eurac Research 
that has been launched in March 2017. It showcases the 
output of various research projects and activities and 
features a number of Earth Observation products and 
services. They are mainly based on data from the 
Copernicus Sentinel program (EC/ESA) for monitoring 
key environmental variables in South Tyrol and the 
European Alps. 

With the goal of rendering access to relevant earth 
observation data as easy as possible for our own 
researchers and collaborators outside of the Sentinel 
Alpine Observatory and Eurac Research, we have 
developed an infrastructure and platform for 
collaborative research on the one hand and sharing of 
results with external non EO experts on the other hand. 
This includes activities in how to organize and store the 
data (e.g. using data cubes), how to access and process 
(e.g. Standardized metadata, API development and 
cluster computing) the data and how to distribute and 
visualize resulting products (e.g. exposing data by OGC 
standards and interactive web platforms). 
The initiative follows an open and participatory 
approach, integrating with other platforms like the Earth 
Observation Data Center (EODC) in Vienna and Alpine 
wide networks like the Virtual Alpine Observatory (VAO) 
and their AlpEnDAC infrastructure. But we have also 
strong ties to local authorities and companies as users of 
our products for very concrete problem solving, like 

discharge forecasting due to snow melt or forest change 
mapping in the fragile alpine environment. 

 
************************ 

Monitoring Alpine Grassland Dynamics With Optical 
Sensors on Multiple Spatial Scales 

Rossi M.1,2, Niedrist G.3, Asam S.4, Tonon G.2, Zebisch 
M.1 
1Eurac Research, Insitute for Earth Observation, Bozen, 
Italy, 2Free University of Bolzano, Faculty of Science and 
Technology, Bozen, Italy, 3Eurac Research, Insitute for 
Alpine Environment, Bozen, Italy, 4German Aerospace 
Center (DLR), German Remote Sensing Data Center 
(DFD), Wessling, Germany 
Grasslands areas are the second largest land cover type 
in the Alps ranging from intensively managed meadows 
to semi-natural pastures for livestock. Although 
grasslands are well studied from an ecological point of 
view, changing climatic conditions combined with the 
high biodiversity and intensive management of 
grasslands require a continuous monitoring of their 
status. Recently, advances in the availability and 
detection frequency of observations from optical 
sensors have been accomplished through new sensors 
(e.g. Copernicus Sentinels), alternative platforms (e.g. 
UAV) or further adapted technology (e.g. repeated 
digital imagery) which can be used to link optical 
responses to real biophysical processes. 
At four different test site meadows in South Tyrol during 
the period of 2017, we produced the NDVI index from 
four different sensors: Sentinel-2 MSI, Phenocams, 
Spectral Reflectance Sensors (SRS) and a 
spectroradiometer. We analysed how measurements on 
different S2-pixels are correlated by sensor on the 
respective scale and what the strengths and weaknesses 
of each sensor are. 
First results show clear differences between the NDVIs 
acquired from the diverse scales. Although applying 
intense filtering, the linear correlation among the 
sensors spans relatively wide (R2 0.46-0.92). The NDVI 
saturation level of the diverse sensors is reached at 
different periods as well as at different maxima. These 
factors have potential impacts on the calibration of each 
sensors and the combined use of the same optical index 
from different sensors on analysing vegetation dynamics 
(e.g. stress, drought), anthropogenic interaction (e.g. 
irrigation, harvesting) and for the prediction of 
biophysical parameters (e.g. LAI). 

 
************************ 
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Combination of In Situ GNSS Snow Water Equivalent 
Measurements with EO and Hydrological Modelling – 
Results of ESA IAP Demo Project SnowSense 

Appel F.1, Koch F.2,3, Klug P.1, Henkel P.4, Lamm M.4, 
Bach H.1, Mauser W.2 
1VISTA GmbH, Munich, Germany, 2Ludwig-Maximilians-
Universität München, Department of Geography, 
Munich, Germany, 3University of Natural Resources and 
Life Sciences (BOKU), Vienna, Austria, 4ANavS GmbH, 
Munich, Germany 
The snow water equivalent (SWE) is a key parameter for 
diverse hydrological applications in regions influenced 
by seasonal snow. Spatially and continuous up-to-date 
knowledge on water stored as snow, which is released 
during seasonal snow melt or shorter snow melt events 
due to temperature increase or rain-on-snow events, 
has an important impact on the safety of residents and 
the economics. Especially in remote and alpine areas, 
the density of SWE measurements is up to now still very 
limited and all operations (stations and field trips) are 
usually costly, labour-intense and/or risky. Based on our 
novel GNSS snow measurement approach, which is 
presented by Koch et al.*, we designed, developed and 
currently demonstrate an operational service within the 
ESA IAP co-founded demonstration project SnowSense 
(2015-2018). The GNSS sensors are able to retrieve the 
snow parameters SWE and LWC (liquid water content in 
snow) and send information via satellite communication 
several times a day. The entire service is based on a 
system including autonomous in situ GNSS based snow 
monitoring stations, remote sensing Earth observations 
(EO) (e.g. using Sentinel-1 for wet snow monitoring), and 
the integrated spatially distributed hydrological model 
component PROMET. This combined system approach 
enables the provision of spatial SWE information, run-
off assessment and relevant information for 
hydropower plant management. We will present the 
results of the demo operation for Newfoundland as 
prototype for potential natural resources management 
support. A commercial service roll-out is target for the 
next winter. 

************************ 

GNSS Remote Sensing of Snow Properties at High-
Alpine Stations and Potential Applications 

Koch F.1,2, Henkel P.3, Appel F.4, Bach H..4, Bernhardt 
M.1, Schmid L.5, Schweizer J.5, Mauser W.2 
1University of Natural Resources and Life Sciences 
(BOKU) Vienna, IWHW, Vienna, Austria, 2Ludwig-
Maximilians-Universität München, Department of 
Geography, Munich, Germany, 3ANavS GmbH, Munich, 
Germany, 4VISTA Remote Sensing GmbH, Munich, 
Germany, 5WSL Institute for Snow and Avalanche 
Research SLF, Davos, Switzerland 

Information on the snow water equivalent (SWE) and on 
the snow melt are essential for diverse water resources 
management tasks, especially in alpine regions. These 
encompass e.g. hydropower generation, flood 
prevention or ski resort management. In situ measured 
snow properties are essential for the validation of 

remote sensing data as well as for model inputs. 
However, until now, continuous measurements are 
either scarce, expensive, time consuming or lack 
temporal or spatial resolution. Within the ESA IAP Demo 
project SnowSense* we developed a novel approach to 
derive SWE and liquid water content (LWC) in snow 
based on the freely available signal strength and carrier 
phase signals of the Global Navigation Satellite System 
(GNSS). Two static GNSS sensors were installed at the 
high-alpine SLF test site Weissfluhjoch in Switzerland. 
One antenna is placed on the ground below the 
snowpack and the other antenna on a pole above the 
snowpack. Before the first snow fall, the baseline 
between the two antennas is determined with 
millimetre accuracy using RTK positioning. As soon as 
snow accumulates on top of the lower antenna on the 
ground, the signals are delayed and attenuated 
compared to signals, which travel in air. We validated 
the GNSS derived SWE measurements with data from a 
snow pillow and manual snow pits during the seasonal 
evolution of a high-alpine snowpack. Besides 
hydrological motivation, we also aim to apply this 
measurement technique for snow management in 
alpine skiing resorts, e.g. at Zugspitze, Germany. 

*abstract by Appel et al., also submitted to this 
workshop 

************************ 

AlpClimNet: A Network for Climate Protection in the 
Alpine Space 

Kalusche E.1,2, Bittner M.1,2, Baier F.1, Erbertseder T.1 
1Deutsches Zentrum für Luft- und Raumfahrt (DLR), 
Weßling, Germany, 2Universität Augsburg, Institut für 
Physik, Augsburg, Germany 

According to CIPRA [International Commission for the 
Protection of the Alps], climate change in the Alpine 
region is reflected twice as strong as on the global 
average. For people, nature and the economy in the 
Alpine region, this means dramatic changes that pose 
great challenges to politics.  
The Alpine Climate Network (AlpClimNet) is a project 
that aims to provide an inventory of all atmospheric 
climate- and environmental data for the Arge Alp region 
to support stakeholders and politicians in developing 
climate mitigation measures. The Arge Alp regions are 
located in Italy, Austria, Switzerland and Germany and 
include in particular the Alpine regions of the respective 
countries. These data get integrated into or made 
accessible via the IT-infrastructure “Alpine 
Environmental Data Analys Center” (AlpEnDAC).  
Besides, the project is not only focused on in situ 
climate- and environmental parameters, but is also 
highly interested in independent model and satellite 
based data. For the project, the in situ measurements 
will be compared with independent model and satellite-
based data. The research results will be visualized in the 
AlpEnDAC to support climate change policy by 
improving the monitoring and analysis of environmental 
and climate parameters. 



45 
 

In addition, policymakers use greenhouse gas emissions 
inventories to develop emission reduction strategies 
and track the progress of these measures.  
The project is funded by ARGE ALP and the Bavarian 
State Chancellery. 

 
************************ 

Integrating Ground-Based Seismic Data and 
Spaceborne Radar to Identify, Locate and Assess 
Rock Slope Failure in Alpine Areas  

Manconi A.1, Mondini A.2, Dihel T.3, Coviello V.4, Clinton 
J.2, Amann F.5 
1ETH-Zurich, Department of Earth Sciences, Engineering 
Geology, Zurich, Switzerland, 2CNR IRPI, Perugia, Italy, 
3ETH-Zurich, Swiss Seismological Service, Zurich, 
Switzerland, 4Free University of Bozen-Bolzano, Bozen, 
Italy, 5RWTH Aachen University, Aachen, Germany 
In the Alpine region, the long-term evolution of rock 
slopes is punctuated by failures producing rapid mass 
wasting causing severe damages. Accurate location, 
timing and event’s magnitude of slope failures is 
important to better understand the effects of local and 
regional predisposing factors and the relationship with 
potential triggers. Despite, catalogues providing this 
information are often incomplete and thus our 
capability of defining the hazard potential is hindered. 
To cope with this issue,   nowadays we can benefit from 
the combination of high spatial and temporal resolution 
EO data as well as ground based monitoring techniques. 
Here we show how seismic data acquired from regional 
networks and spaceborne radar imagery can be jointly 
analyzed to better identify the location and size of rock 
slope failure. As an exemplary case, we consider the 
recent rock slope failure occurred on August 23, 2017 at 
Piz Cengalo in the region Graubünden, Swiss Alps, 
mobilizing more than 3 million m3, and causing 8 
fatalities as well as severe damage down valley to the 
village of Bondo. We discuss the results obtained, and 
the potential benefits and limitations of this method for 
different failure events in the Alps and in other 
mountain areas where data availability is poorer. 

 
************************ 

Closing the Gap between Remote Sensing And Snow 
Hydrological Modelling by Ground Based Cosmic-Ray 
Neutron Sensing 

Schattan P.1,2, Baroni G.3,4, Oswald S.4, Achleitner S.5 
1alps Research, Institue Of Geography, University Of 
Innsbruck, Innsbruck, Austria, 2alpS GmbH, Innsbruck, 
Austria, 3Subsurface Hydrology Group, Department of 
Computational Hydrosystems, UFZ–Helmholtz Centre 
for Environmental Research, Leipzig, Germany, 
4Institute of Earth and Environmental Science, 
University of Potsdam, Potsdam, Germany, 5Unit of 
Hydraulic Engineering, University of Innsbruck, 
Innsbruck, Austria 

Frequent cloud cover hampers the production of 
spatially and temporarily continuous snow covered area 
(SCA) products. Due to the complex topograph, 
monitoring snow water equivalent (SWE) in mountain 
regions from space is currently not possible at all. Thus, 
combining SCA products with ground based SWE 
observations and snow hydrological models was 
suggested. Conventional gound based SWE 
measurements, however, have a very small footprint 
prone to local anomalies. Above ground cosmic ray 
neutron sensing (CRNS) with a footprint of several 
hectares is a promising method for continuous SWE 
monitoring. 

Therefore a field campaign in the Austrian Alps was 
conducted during three winter seasons where 
continuous CRNS measurements where compared to 17 
SWE maps based on terrestrial laserscanning campaigns 
and local snow density measurements. CRNS data 
compared considerably better with averaged 
distributed SWE data in a footprint of around 250 m than 
with conventional measurements present at the field 
site. The relationship was stable over the three winter 
seasons with differing snow accumulation patterns. The 
continuous CRNS based SWE data was then used 
together with SCA maps produced from Landsat 8 and 
Sentinel 2 scenes to calibrate and validate an energy 
balance based snow hydrological model.  

This contribution gives insights into CRNS as a ground 
based method to bridge the gap between remote 
sensing based SCA maps and snow hydrological models. 
The results show that CRNS is better suited than 
conventional SWE measurements to produce spatially 
and temporarily continuous SWE maps in alpine terrain. 
 

************************ 

Monitoring of Structural Health Monitoring of Critical 
Infrastructures and Adjacent Areas by Sensor Fusion 
of DInSAR and Ground Sensors 

Avian M.1, Widhalm B.1, Vorwagner A.2, Leopold P.2 
1Zentralanstalt für Meteorologie und Geodynamik, 
Vienna, Austria, 2Transportation Infrastructure 
Technologies, Center for Mobiity Systems, AIT – 
Austrian Institute of Technology, Vienna, Austria 
Critical, linear infrastructure is exposed to natural 
hazards in different ways. Especially in the Alps 
infrastructure objects of traffic, energy, and water 
supply are situated adjacent to or even in areas 
susceptible to risks triggered by e.g. mass movements. 
The availability of satellite data of high temporal and 
spatial resolution of the Sentinel mission enables 
monitoring concepts of new quality.  
The main concept of our approach is to measure the 
deformation of objects and adjacent environments (e.g. 
slopes) by using information provided by SAR-
Interferometry in combination with ground sensors and 
physical models. The feasibility of the concept is proved 
by application examples in monitoring of structure 
deformations (long span bridges, retaining walls) in 
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terms of settlements or deformation triggered by 
natural hazards. 

SAR Interferometry is used to assess the deformation of 
objects and e.g. slopes providing information about 
deformation rates in the magnitude of mm´s. In doing so 
permanent scatterer technology is applied based on 
long time series which minimizes biases such as 
temporal and geometric decorrelations and 
atmospheric artefacts. .  

As the second technical approach continuous structural 
Health Monitoring using sensors which detect the 
mechanical behavior of the structure (strain gauges, 
fiber optical strain sensors, or permanent total station) 
for identifying deformation. Information is transmitted 
to a central station where automate data evaluation and 
measurement report creation is performed. 

Finally an evaluation of the ideal combination of satellite 
data and  Terrestrial sensors will be carried out in order 
to get best results in area wide information about the 
deformation. 

 
************************ 

IRS Satellite Data of More Than 20 Years as Basis for 
Retrospective, Long-Term Analysis 

Uttenthaler A.1, Barner F.1 
1GAF AG, München, Germany 
Through its longstanding cooperation with Antrix, the 
commercial arm of the Indian Space Research 
Organisation (ISRO), GAF AG has acquired in co-
operation with DLR an impressive archive of medium-, 
high- and very-high-resolution panchromatic and 
multispectral monoscopic as well as stereoscopic data 
from the Indian Remote Sensing (IRS) satellites covering 
e.g. 19 years before the launch of Sentinel-2, all covering 
most parts of Europe and North Africa. European and 
worldwide Indian data and derived high-quality, 5 m 
resolution digital surface models (DSMs) are available 
through ESA’s Third Party Mission (TPM) programme 
and the Copernicus data warehouse. Only a small 
fraction of the LISS-III data archived at GAF has 
significantly contributed to the four pan-European 
coverages acquired between 2005 and 2015, which 
were the basis for the CORINE land cover (CLC) products 
and EEA’s pan-European land services.  
The GAF archive, containing panchromatic and 
multispectral data since 1996, can contribute 
significantly as a source for retrospective, long-term 
analysis of land use and land cover changes in Europe 
and in the Alps. Furthermore a transnational, 
homogeneous, high-quality 5 m resolution Euro-Maps 
3D digital surface model product that includes an ortho 
layer of the 2.5 m resolution Cartosat-1 panchromatic 
base data could serve e.g. as the x, y and z reference for 
such analyses. It could also contribute to other 
transnational analysis where a high resolution and 
highly accurate base DSM layer is needed.  

Some examples of how IRS data and derived products 
can support geospatial analysis of the Alps are 
presented. 

 
************************ 

Kalideos in the Alps: A Programme of CNES to 
Accompany and Promote Remote Sensing Use 

Houpert L.1, Karbou F.2, Dumont M.2, Rabatel A.3, 
Poustomis F., Angelelis C.1, Giros A.1 
1CNES, Toulouse, France, 2CNRM, 3IGE, 4NOVELTIS,  
Since 2000, the CNES Kalideos programme 
(www.kalideos.fr/drupal/) aims at: 

- facilitating the use of optical and radar remote 
sensing data 
- developing efficient methods for information 
extraction 

- supporting academic research and service offer 
To achieve those goals, databases were built on four 
Kalideos sites, (Romania, La Réunion Island, Arcachon 
basin and Toulouse-south). Free access to databases 
content, temporal series of optical and radar satellite 
images, ancillary and ground truth data (maps, physical 
parameters, land occupation, etc.) is granted to 
registered scientists and French public institutions for 
non-commercial activities, while the highest quality pre-
processing is guaranteed. 
In 2015, CNES selected new Kalideos sites (Alps, Alsace, 
Brittany) and kept one former site (La Réunion Island) 
with added objective to stimulate the development of 
methods and applications, opening the databases to 
every sector of activity (science, institutional, private) 
for any R&D purpose. Building of the associated 
databases began in 2016 and is funded by CNES until 
2020. 

The 4 current Kalideos sites have a multi-thematic 
ambition: 
• Alps : risk management (e.g. gravity, avalanche 
risks), cryosphere (e.g. snow cover and properties, 
glacier mass balance), alpine vegetation monitoring 
• Alsace : urbanization, vulnerability of the 
territory to natural hazards, forest management, ground 
deformation 

• La Réunion Island : volcanology, erosion, 
littoral, urbanization 
• Brittany : landscape and land cover dynamics 
(on sites from rural to urban). 
The poster proposed aims at presenting Kalideos 
programme and will emphase its goals, the database 
content, the thematics held by the Kalideos alpine site 
and examples of added value products. 

 
************************ 
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The Environmental Research Station 
Schneefernerhaus | Zugspitze 

Beck I.1, Neumann M.1, Küchelbacher L.2, Bittner M.2,3 
1Environmental Research Station Schneefernerhaus, 
Zugspitze, Germany, 2German Aerospace Center, 
Oberpfaffenhofen / Weßling, Germany, 3University of 
Augsburg, Augsburg, Germany 
The Environmental Research Station Schneefernerhaus 
(UFS), located at 2650m above sea level on the south 
slope of the Zugspitz mountain, is Bavaria´s centre for 
altitude and environmental research. Scientists from 
different disciplines and organizations have excellent 
conditions here for altitude and environmental 
research. In 2007, a consortium of ten institutions 
(German Aerospace Center, Deutscher Wetterdienst 
(Germany's National Meteorological Service), Helmholtz 
Zentrum München (German Research Center for 
Environmental Health), Karlsruhe Institute of 
Technology, Max-Planck-Gesellschaft (Max Planck 
Society), Ludwigs-Maximilians University Munich, 
Technical University of Munich, German Environment 
Agency, University of Augsburg and the Free State of 
Bavaria represented by the Bavarian State Ministry of 
the Environment and Consumer Protection) was 
established. This consortium, the so-called Virtual 
Institute Schneefernerhaus is financially supported by 
the Bavarian State Ministry of the Environment and 
Consumer Protection. Representatives from the top-
level management of the ten partner organizations form 
the steering committee (Consortium Board) which deals 
with policy issues of the consortium. A Science Team, 
made up of representatives from each of the key 
scientific areas, meets periodically to ensure the 
scientific quality of the Virtual Institute 
Schneefernerhaus. These key scientific areas are: 

- Regional Climate and Atmosphere 

- Satellite-based observations and early detection 
- Cosmic radiation and radioactivity 

- Hydrology 

- Environmental and high-altitude medicine 
- Global Atmosphere Watch 

- Biosphere and Geosphere 

- Cloud dynamics 
Other institutions who do not belong to the consortium 
may carry out further research projects at the UFS. The 
UFS is also a communication center for teaching, 
training, education, and developing strategies for 
sustainability. 

Since 2012 the UFS is a partner of the Virtual Alpine 
Observatory (VAO), a network of European High Altitude 
Research Stations based in the Alps and similar 
mountain ranges, which now includes eight countries. 

 
************************ 

Quality Check of Water Isotope Distribution from 
Space to Ground by Vertical Profiling and Altitude 
Dependent In-Situ Records  

Leuenberger M.1 
1University of Bern & International Foundation High 
Altitude Research Stations Jungfraujoch and Gornergrat 
(HFSJG) 
There is only limited information available on water 
stable isotope ratios from satellites. Among which the 
shortwave infrared spectrometer SCIAMACHY onboard 
ENVISAT resulted in a total column measurement of 
HDO, the thermal infrared spectrometer on Aura, 
sensitive to mid-troposphere HDO as well as retrievals 
from high-resolution GOSAT shortwave infrared spectra 
are the most valuable ones. Yet, they experience 
substantial uncertainties as these techniques are 
relatively new and require proper comparisons. In this 
respect high resolution models combined with ground-
based in-situ and column integrated measurements are 
inevitable. Until recently water vapor measurements 
even at the ground was rather challenging. Nowadays a 
couple of commercial instruments are available to 
perform high precision measurements. We will 
investigate variations of water isotopes along vertical 
profiles taken by the Glider-AirCore proposal. This will 
yield a direct comparison of the vertical distribution 
obtained by sophisticated models on the one hand and 
satellite products on the other hand. Water stable 
isotopes have a tremendous potential to tackle 
important questions of the Earth’s water cycle, in this 
respect the new expected HDO data from the TROPOMI 
instrument onboard Sentinel-5 Precursor mission will be 
extremely interesting. 
 

************************ 

Glider-AirCore Analyses Linking Ground-Based and 
Column Integrated Trace Gas Measurements with 
Satellite Retrievals 

Leuenberger M.1, Kräuchi A.2 

1University of Bern & International Foundation High 
Altitude Research Stations Jungfraujoch and Gornergrat 
(HFSJG), 2 Meteolabor AG, Wetzikon, Switzerland 

The ESA Sentinel satellite family missions are dedicated 
to the needs of the Copernicus programme. The 
proposed Glider-AirCore proposal results – once 
established – in high resolution vertical profiles of trace 
gases and auxiliary data and is therefore naturally linked 
to the ESA Sentinel 5P as well as the Sentinel 4 missions 
focusing on column integrated trace gas retrievals and 
weather observation data with high spatial resolution. 
The Glider-AirCore consists of a robust light-weighted 
glider carrying a long (> 100 meters) surface coated 
metal tube to sample air during autonomous descending 
in a spiral after its lift up to stratospheric heights by a 
balloon. Onboard instrumentations includes GPS tracker 
for navigation and wind retrievals, conventional 
humidity, temperature, pressure sensors, pyranometer 
(short-waves sun radiation) and pyrgeometer (long-
wave thermal radiation) both up- and downward 
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oriented. A CRDS spectrometer will be hooked up after 
landing of the Glider-AirCore to determine trace gas 
concentrations of CO2, CO, CH4 and H2O with highest 
precision in the sub-ppm or sub-ppb range. 
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