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• Landslide: a global phenomenon, observed 
in multi-hazard environments 

       Fatal landslides 2002-2012: ca. 90,000 fatalities 
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Use of space-based technologies for 
Landslide Monitoring and Mapping
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EARTHQUAKES 
New	Zealand:	2016	(7.8Mw)	ca.	6,000	landslides 
Nepal:														2015	(7.8Mw)	ca.	20,000	landslides

Nepal:	Bhote	Koshi	(drone	
image	1	month	after	EQ)

• Major triggers 

HYDROMETEOROLOGIC EXTREMES 
(e.g. typhoon) 

Taiwan:	2009	Typhoon	Morakot:	ca.	20,000	landslides

Nepal:	Jajarkot,	July	2020,	
50+	fatalities	in		5	days
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Landslide Remote Sensing 
Many data and many techniques for different purposes

When? 
(Failure onset, 

Forecast)

Where? 
(Location, 
forecast)
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What? 
(Type, Activity)

How? 
(Displacement,  

Mechanism)

Optical data,  
Citizen Science and 
Inventory sharing

Fusion of multiple 
s e n s o r s a n d 
techniques (in situ 
and remote)

SAR/Optical satellites, 
InSAR, image tracking

Precipitation 
Earthquake triggers

Observation and Model

Observation
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http://ceos.org/ourwork/workinggroups/disasters/

CEOS Disaster Working Group: 
an initiative of > 60 space agencies to support Disaster Risk Management 
applications with EO data

à Landslide Pilot – 2016/2020 
à Landslide Demonstrator – 2021/2024

CEOS Disaster Working Group
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A. Establish effective practices for merging different Earth 
Observation data (e.g. optical and radar) to better monitor and 
map landslide activity 

B. Demonstrate how landslide products, models, and services can 
support disaster risk management for multi-hazard and 
cascading landslide events 

C. Engage and partner with data brokers and end users to 
understand requirements and user expectations and get feedback

Landslide Pilot (2016-2020)

Objectives of the Landslide WG

Users: national, regional and local governments, civil 
protection agencies, meteorological and geological services, 
land use planning decision makers, disaster risk reduction 
specialists (NGOs, international organisations), industry 
(including e.g., insurance, transport, forestry sectors). 

Practitioners: landslide scientists and engineers, 
meteorological and geological services, satellite data 
providers, volcano observatories, and value added service 
companies. 

I n s t i t u t i o n a l b o d i e s r e s p o n s i b l e f o r r i s k 
communication : research institutions with operational 
responsibilities. 

General public: landslide event information for some of the 
case studies will be made available to the general public for 
increased awareness
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Achievements of Landslide Pilot 
Landslide displacement monitoring 

• Demonstration of InSAR for slow moving events

MONITORING
Slope scale

Samsonov, S., Dille, A., Dewitte, O., Kervyn, F., & d'Oreye, N. 
(2020). Satellite interferometry for mapping surface deformation 
time series in one, two and three dimensions: A new method 
illustrated on a slow-moving landslide. Engineering Geology, 
266, 105471. 6
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• Demonstration of InSAR for slow moving events

Processing of >500 CSK and S1 images through 
MSBAS processing chain 

3.5 year time series 
 

MONITORING
Slope scale

Achievements of Landslide Pilot 
Landslide displacement monitoring 

Samsonov, S., Dille, A., Dewitte, O., Kervyn, F., & d'Oreye, N. (2020). 
Satellite interferometry for mapping surface deformation time series in 
one, two and three dimensions: A new method illustrated on a slow-
moving landslide. Engineering Geology, 266, 105471.
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• Demonstration of InSAR for slow moving event

MONITORING
Slope scale

Processing of >500 CSK and S1 images through 
MSBAS processing chain 

3.5 year time series 
 

Achievements of Landslide Pilot 
Landslide displacement monitoring
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New

New

New

New

New

Provost et al., 2022

Achievements of Landslide Pilot 
Landslide displacement monitoring 

• Demonstration of Optic Image Correlation : GDM-OPT service
Slumgullion landslide, USA 

Sentinel-2 , 2015-2020 / 90+ images
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Achievements of Landslide Pilot 
Landslide displacement monitoring 

• Online access to the service for the French community :
https://www.poleterresolide.fr/services-de-calculs-a-la-demande/#/optic

https://www.poleterresolide.fr/services-de-calculs-a-la-demande/#/optic
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MONITORING
slope scale

Achievements of Landslide Pilot 
Landslides displacement monitoring at regional scale
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• Demonstration of Optic Image Correlation
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• Demonstration of InSAR for slow moving events

Bekaert et al. 2020, Nepal-based slow moving landslides using InSAR 
time series from Sentinel-1B. Field validated by other Pilot participants 
(N. Rosser)

MONITORING
Regional scale

Achievements of Landslide Pilot 
Landslides displacement monitoring at regional scale
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Achievements of Landslide Pilot 
Landslide Rapid mapping

• Advancements in Landslide Mapping: 
• ALADIM (Strabourg) and SALaD (NASA) algorithms were developed for 

VHR optical (Pleiades and Planet) to advance modeling capabilities. 
Methodologies and results were compared and used during disasters to 
inform local populations about landslide hazard

SALaD-based 
inventory using 
Planet in 
Vietnam

ALADIM 
mapped 

landslides in 
La Reunion 
Island from 

Hurricane 
Matthew 

Aline Déprez & Jean-Philippe Malet (CNRS/EOST) Pukar Amatya (NASA/USRA) 13
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Achievements of Landslide Pilot 
Guidelines for EO users

• Establishment	of	guidelines	and	relevant	criteria	for	
the	 operational	 use	 of	 EO	 (satellite)	 data	 for	
landslide	 detection,	 mapping	 and	 monitoring	 at	
several	spatial	scales

Optical HR

Optical 
VHR

Adv. 
InSAR

Class. 
InSAR

SAR 
MR

SAR VHR

SAR Offs. Track.

Optical Im. Corr.

Optical Class.

Optical DSM

SAR Class.

SAR 
DSM

Optical MR

14



‹N°› 15

Cooperative Open Online Landslide Repository (COOLR):  
Landslide Viewer and Landslide Reporter

LANDSLIDE VIEWER LANDSLIDE REPORTER

https://landslides.nasa.gov
Landslide 

occurs
Submit to 
Landslide 
Reporter

Validation by 
NASA

See event on 
Landslide 

Viewer
Download and 

Analyze

COOLR is a new platform to view and report landslide events around the world that contains two web apps: Landslide Viewer and 
Landslide Reporter. With Landslide Viewer, landslide reports from NASA’s Global Landslide Catalog (GLC), citizen science data, and 
other contributed inventories can be visualized on top of environmental data or downloaded for research or response activities. 
Landslide Reporter allows citizen scientists and the public to add new landslide events to COOLR.
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Landslide Demonstrator (2021-2024)

Objectives of the Landslide WG

A. Application 1: Use satellite data for landslide disaster 
assessment and mitigation along transportation and 
corridors, with goal of establishing local monitoring of areas. 

B. Application 2: Use of satellite data for establishing 
landslide risk financing products. 

C. Application 3: Coordinate and expand the availability of 
landslide inventories and supporting data to advance 
landslide science at global scale, with the systematic 
documentation of large landslide disasters triggered by 
intense rainfall and/or high magnitude earthquakes in terms 
of standardized inventories of different complexity.

Users: national, regional and local governments, civil 
protection agencies, meteorological and geological services, 
land use planning decision makers, disaster risk reduction 
specialists (NGOs, international organisations), industry 
(including e.g., insurance, transport, forestry sectors). 

Practitioners: landslide scientists and engineers, 
meteorological and geological services, satellite data 
providers, volcano observatories, and value added service 
companies. 

I n s t i t u t i o n a l b o d i e s r e s p o n s i b l e f o r r i s k 
communication : research institutions with operational 
responsibilities. 

General public: landslide event information for some of the 
case studies will be made available to the general public for 
increased awareness
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Application #1: 
Transportation corridors
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Application #2: 
Landslide Disaster Risk Products
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2950 km2

• Main input data : DEM (Copernicus GLO30, 30), ESA Land Cover map, ‘Global 
Forest Changes’ map, Landslide susceptibility map; 

• Nowcaster:  
> Rainfall threshold is the TRIGGER, NASA GPM/IMERG rainfall data, 

Application #2: 
Landslide Disaster Risk Products
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Application #3: 
Global Landslide Data
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More than 20 landslide practitioners involved in the design, testing 
and update of the services 
State	agencies,		Regional	and	local	risk	managers, Private	bureaux	in	
engineering	geology,	Private	bureaux	in	hazard/risk	assessment.	

Monitoring services and landslide products available on the GEP	

Application #3: 
Global Landslide Data
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• Achievements in the Landslide Pilot 
• Case studies that demonstrate the following: 

o EO	satellite	data	can	effectively	support	the	estimation	of	relevant	landslide	parameters	(location,	size,	velocity,	triggers)	over	
large	spatial	domains;

o the	combination	of	Synthetic	Aperture	Radar	(SAR)	and	multispectral	satellite	data	can	improve	classical	landslide	modeling	
approaches;

o EO	 satellite	 data	 can	 provide	 first	 order	 estimates	 of	 landslide	 hazard	 where	 local	 ground-based	 observation	 capacity	 is	
limited,	making	it	highly	suitable	for	applications	in	developing	countries.

• Goals for the Landslide Demonstrator 
• Demonstrate	 the	 usefulness	 of	 satellite	 data	 for	 operational	 applications	 of	 landslide	 disaster	 risk	 management	

(DRM)	with	the	ultimate	goal	to	increase	resilience	against	landslide	disasters.	 
o Use	EO	data	to	engage	the	railway,	transportation	and	pipeline	sector	on	monitoring	of	hazards	that	may	affect	their	operations	

and	planning 
o Develop	an	operational	platform	to	conduct	and	evaluate	landslide	risk	financing	products 
o Coordinate	and	expand	the	use	of	EO	data	for	landslide	inventory	generation,	particularly	after	major	triggering	events,	create	a	

repository	for	data	and	code	sharing	on	this	topic. 

Wrap-up



Thank you for your attention 
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Contact: jeanphilippe.malet@unistra.fr

mailto:jeanphilippe.malet@unistra.fr

