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Introduction to landslide hazard and risk assessment

• Landslides affect slopes 
everywhere and cause 
severe socio-economic 
constraints in mountainous 
regions and significant risks 
to people and infrastructure.

• Variety of landslide types 
(size, velocity, shape, etc)

• Landslides are difficult to 
predict and still often to 
detect



4

Introduction to landslide hazard and risk assessment

Key issues for the use of EO 
data for landslide analyses:

• Which EO data?

• Which processing technique?

• For which application?

• For which landslide type?

• For which landscape?
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ESA initiative: the eo4alps-landslides App on the GEP

• ESA funded an initiative to streamline the access to satellite Earth Observation (EO) data and their use in 
services for landslide risk management in the Alps

• Operational services at different scales of analysis (region, municipality, specific landslide) with a progressive 
level of detail

• Two categories of services

• Services accessible on the Geohazards Exploitation Platform (GEP) and all actions (image search, processing, 
visualization, export of the results) are carried out online

• Highly tailored services and processing accessible by request to the third-parties owning the services

• User-oriented services with the participation of over 70 authorities and stakeholders responsible for landslide risk 
management
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ESA initiative Digital Twin of the Alps

• A Digital Twin is a digital reproduction of a system existing in the real world

• ESA funded DTA initiative aims demonstrating the potential of up-to-date EO data and processing algorithms to 
represent natural processes in the Alps

• Disaster Risk Management:
• Landslides hazard and risk
• Flood modelling

• Water Resources Management
• River discharge monitoring
• Snow monitoring and modelling
• Soil moisture and droughts monitoring and modelling
• Extreme event forecast

• Combination of EO data, physical models and in-situ 
measurements for a most realistic digital 
representation of the alpine region
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Geohazard Exploitation Platform

• The Geohazard Exploitation Platform (GEP) is an online platform supporting the 
exploitation and practical use of satellite EO data (optical imagery, SAR) for geohazards

• GEP provides on-demand and systematic processing services and cloud-computing resources

geohazards-tep.eu
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EO-based services for landslide studies

Services for landslide detection 
and mapping

Usefulness: 
- rapid mapping - crisis management
- update of landslide inventories

ALADIM service on GEP
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EO-based services for landslide studies
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EO-based services for landslide studies
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EO-based services for landslide studies

Services for landslide monitoring 
survey - OPTICAL data

Usefulness: 
- landslide deformation analysis
- landslide forecasting

GDM-OPT service on GEP
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EO-based services for landslide studies

Services for landslide monitoring 
survey - SAR/InSAR data

Usefulness: 
- landslide deformation analysis
- landslide inventory

SNAPPING service on GEP
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EO-based services for landslide studies

GDM-OPT + 
InSAR

Revealing 
complex 
landslide 
deformation 
patterns

Aiguilles 
(France)
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EO-based services for landslide studies

Extracting landslide 
information from 
massive EO 

TimeSAT service on GEP
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Operational use case#1: InSAR ground-motion maps

• InSAR ground-motion maps using Sentinel 1 data  can be generated using EO services on the GEP

• Within the framework of the eo4alps-landslides initiative, a tailored SqueeSAR® dataset was generated
by TRE-Altamira for parts of the Italian, French and Swiss Alps

• SqueeSAR® is an advanced InSAR algorithm that combines permanent scatterers (PS) and 
distributed scatterers (DS)  increases the number of measurement points on natural terrain

• Combination of line-of-sight measurements in ascending and descending orbits to extract the vertical and East-
West components of the real displacement vector
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Application 1: InSAR ground-motion maps

• Average displacement 
rates in SW Switzerland 
measured by InSAR

• Several landslide hotspots 
stand out:
• Lateral valleys south of 

the Rhone river (Saas 
Valley, Matter Valley, 
Hérémence Valley)

• Local landslide sites 
(e.g. Diablerets, Anzère, 
Moosfluh, Grindelwald, 
Pointe des Savolaires)
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Operational use case#1: InSAR ground-motion maps
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Asc: -2.7 ± 0.4

Asc: -1.2 ± 0.2

Asc: -4.1 ± 1.0

Desc: -0.9 ± 0.2

Desc: +0.3 ± 0.1

Desc: -5.7 ± 1.1

Operational use case#1: InSAR ground-motion maps
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2.0 mm/a
117°/32°

2.9 mm/a
112°/54°

7.0 mm/a
177°/30°

17 mm/a
183°/16°

2.1 mm/a
109°/27°

1.6 mm/a
120°/25°

3.5 mm/a
157°/34°

6.3 mm/a
309°/73°

6.0 mm/a
315°/38°

4.9 mm/a
319°/39°

4.0 mm/a
317°/82°

Operational use case#1: InSAR ground-motion maps
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Operational use case #2: Forecasting shallow landslides

• The DTA shallow landslide forecasting chain is an automated service to spatially forecast, within 3 days leading 
time, the slope failure susceptibility and the landslide propagation after failure

• Three main processing steps
1. Static map of landslide source areas based on

landuse and geomechanical soil characteristics
2. Forecast of landslide source areas that are

prone to failure based dynamic triggering factors:
weather forecasts along with EO-based models
for snowmelt water input and soil moisture
conditions

3. Assessing the maximum runout areas for the
forecasted landslide sources using the Flow-R
propagation model for gravity-driven geohazards



26

1. Static map of landslide source areas based on 
landuse and geomechanical soil characteristics

Operational use case #2: Forecasting shallow landslides
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2. Forecast of landslide source areas that are 
prone to failure based dynamic triggering factors

Operational use case #2: Forecasting shallow landslides
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Application 2: Forecasting for shallow landslides

2. Forecast of landslide source areas that are 
prone to failure based dynamic triggering factors
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3. Assessing the maximum runout areas for the 
forecasted landslide sources using Flow-R

Operational use case #2: Forecasting shallow landslides



30

Outlook

• The field of Earth observation has grown rapidly in recent years, both for optical/multispectral and radar satellites.

• ESA has launched several regional initiatives to increase and improve the use of satellite data in society in 
general, and more specifically among public authorities, private companies and research institutions.

• EO-based services and products will be more and more used

• It is important to know the possibilities, but also limitations of satellite-based EO data and products

• Numerous environmental applications related to Disaster Risk Management (DRM) and Resources (water):
• Geohazards (landslides, earthquakes, volcanoes, subsidence)
• Permafrost and glacier monitoring
• Operational hydrology & water resources management (floods, droughts)
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Ressources: webinar and tutorials

https://www.youtube.com/watch?
app=desktop&v=UfDFQm4hGkM

GEP Processing Tutorials

https://www.youtube.com/watch?app=desktop&v=UfDFQm4hGkM
https://www.youtube.com/watch?app=desktop&v=UfDFQm4hGkM
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Ressources: webinar and tutorials

Training material

Usage tips for expert/non 
experts
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Thank you for your attention
Please contact us for more information and access to our services and products:

Jean-Philippe MALET (CNRS-EOST): jean-philippe.malet@unistra.fr
Thierry OPPIKOFER (Terranum): thierry.oppikofer@terranum.ch

28 September 2023

eo4alps-landslides.eu          digitaltwinalps.com
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