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Landslide: a global phenomenon, observed in multi-hazard environments
Fatal landslides 2002-2012: ca. 90,000 fatalities

Credits: Petley The landslide blog

Many triggering factors = large diversity of landslide types

Major triggers @JWF Earthquakes -

New Zealand: 2016 (7.8Mw) ca. 6,000 landslides
Nepal: 2015 (7.8Mw) ca. 20,000 landslides

===

Taiwan:
before and after

Credits: K. Cook (GFZ)

Hvdrometeorologic extremes

(e.g. typhoon)

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

Credits: Tsou Univ. Kyoto

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
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_Introduction to landsiide hazard and.risk assessment esa

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

» Translational
slide

« Which EO data?

* Which processing technique?

e For which application?

e For which landslide type?

e For which landscape?

(Univy. Strasbourg)

Credits: André Stumpf
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_ESA initiativez the eodalps-landslides App on the GEP @esa

« 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 detalil

* 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 initiativerDigital Twin of.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

e Extreme event forecast

representation of the alpine region

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

[ Regional scale sites

Watershed scale sites :

[ Extent of the SNAPPING-HR analysis =~
= Slope scale sites

Upper Sarca basin = -

@ Sarca river basin

Lower/Sdrca basin . 2

Entrefmont District

Alp€s de Haute-Provence

Combination of EO data, physical models and in-situ

measurements for a most realistic digital
@ SINERGISE

ESA funded DTA initiative aims demonstrating the potential of up-to-date EO data and processing algorithms to
represent natural processes in the Alps '
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Twin of Alps
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. Geohazard Exploitation Plattorm

geohazards
tep

 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
- m EO-basod products «  Intedferogram sacks ntorfercyram sacks ménkoring - Communky = Privase - oad Desta | teasun_opoti B8 @

T T

geohazards-tep.eu TR T A e e T R
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- EO-based ser__vices for Iands-_l__ide studies

Alex storm,

Services for landslide detection o
and mapping Landslide-Motion South French Alps

This service is dedicated to the survey of T
unstable slopes in near-real time and in a |
systematic mode, and generates landslide

U Sefu | n eSS ‘_ ground motion products.
. . . P DETECTION/MONITORING
- rapid mapping - crisis management L2 30 g i o

( EO DATA I
H H : % I . mr: Copernicus (51/52) I

- % | - VHR optical / SAR (Pléiades, 2
update of landslide inventories ,

]‘= | Planetstabs, WW, TerraSAR-X) J §

ALADIM service on GEP rvent (%

Response
Methods -~ - ~ =

FASTVEL

=]
S
2
3
38
ok

ALADIM-OPT MR/VHR

Area SqueeSAR MR
Monitoring MR
Methods P-SBAS MPIC-OPT/SAR GAMMA VHR

J

6342000

(ANDSLIDE MoTION PRODUC%

* 1% order information
- InSAR motion maps
- Offset-tracking motion maps

6341000

+ 2™ order information
- Integrated motion maps

Kl.andslide detection maps / .
landslide detection
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EO-based sepvices for landslide studies

PROCESSING CHAIN & Yo

| I'“g\_/J f“_' _)jJ . ' :gfohazards ‘
ALAD]M \.I'HR ALADIM-HR

The processing chain includes: * From a data perspective, the free access to the Sentinel-2 and
Landsat-8 missions offers opportunities for the design of an
operational service of landslide inventory mapping at any time
and everywhere on the Earth.

* A segmentation step, optimized in terms of accuracy and
computing time whatever the input data spatial resolution

» A feature extraction step, consisting in feature computation * From a processing perspective, the Geohazards Exploitation
(spectral, textural, topographic, morphometric) Platform —GEP- of the European Space Agency —ESA— allows
* A per segment classification step, based on a random-forest the access to processing algorithms in a high computing

classifier trained by a sample of landslide manually digitalized performance environment.
\mage selection: * From a community perspective, the Committee on Earth
pn e RTD'?Z?::IM ? Observation Satellites (CEOS) has targeted the take-off of such
% psea service as a main objective for the landslide and risk

e community.

(mean ;hiﬂ algorithm)

\W’
1. Manual creation of

Candidate segments a landslide tra|n|ng
sample

Feature ' o e e

Extraction nture el tepegephy

shapefiles:

- BB

__ Product

2. Selection of
input data and
parameter settmg "

Supervised learning madel (nanclom Forest) |"\fent0rv map
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EO-based sepvices for landslide studies

RESULTS Landslide inventory maps generated using:

ALADIM mapped landslides in
Haiti from Hurricane Matthew

* Pléiades imagery over Haiti
impacted by earthquake &
heavy rains in 08-2021

b7

2042000

i 2% ; —

2041000

582000 583000

2040000

581000

Aline Déprez & Jean-Philippe Malet (CNRS/EOST)

* Sentinel-2 imagery over Uvira
region (DRC) impacted by
torrential rains in 04-2020
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EO-based services for Iands-_l__ide studies

Services for landslide monitoring 0

survey - OPTICAL data pansislcriapton
This service is dedicated to the survey of T '
unstable slopes in near-real time and in a I
systematic mode, and generates landslide __"'
. ground motion products. a g ;c"‘
Usefulness: — o
4 DEeTECTION/MONITORING o = :
landslide def i lysi | o ) g
- andslide deformation analysis ( EO DATA I LD
. . -‘;: I . MR: Copernicus (51/52) | _'q_t% =
- landslide forecastmg | - VHRoptical / SAR (Piéiades, | i
= | PlanetsLabs, WW, TerraSAR-X) ) = k) &
| S— S — E .Q §
o 3
GDM-OPT servi GEP : < E8 s
- -— 0 )
service on Res:;:snet E 3 ey \) 8E8 o
BABHIBAEEE — = = = = = o i e i e e e i
Area FASTVEL SqueeSAR MR
Monitoring iR La Clapiére landslide, French Alps
Metheds | MPICORT/SAR | WOGHEISN vin Time series of Sentinel-2 image
) 2016 —2022
6 M P \ 0008 12 * + N'S
NDSLIDE IVIOTION PRODUCTS d | a
5o RNt %‘!ilﬁmgs 23}
g -5 ') ”'.@»-‘ *‘ waee
* 1*t order information _— v + YL
- InSAR motion maps B
- Offset-tracking motion maps 0002 10 1 ¥
Y ‘I "2%‘ 7 its
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EO-based ser__vices for Iands-_l__ide studies

SNAPPING

SURFACE MOTION WAPPNG

SerViCES for landslide monitoring o Ground Motion Services / SNAPPING MR/HR - PS-InSAR

survey - SAR/INSAR data Landslide-Motion

This service is dedicated to the survey of il -
unstable slopes in near-real time and in a c
. systematic mode, and generates landslide
U Ser | n eSS . ground motion products.
- landslide deformation analysis

- landslide inventory

P-SBAS InSAR

i

DETECTION/IVIONITORING
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( EO DATA ﬁ
| oty
|
l

|
- MR: Copernicus (51/52) |
- VHR optical / SAR (Pléiades, 1

]
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i
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£
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EO-based sepvices for landslide studies

GDM-OPT + 2016 2017 2018 | 2019 2020 -
InSAR -g : ‘ ; &‘* l SENTINEL 2
Revealing F | 1 \ oo :g:
complex Q \ ,u* “ 2
_ = x -0.05 %
landslide 8 :
deformation -l°°"‘
patterns
_— ﬁ-— sentinel-1
i
Aiguilles 8 :'—L;' o0 7
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EO-based sepvices for landslide studies

Extracting landslide
information from
massive EO

TimeSAT service on GEP

+ latitude = 46.12, longitude = 7.96

Class: linear trend t 55

=

2015 2016 2017 2018 2019 2020 2021 2022

14 ~‘ + latitude = 46.15, longitude = 7.97

Class: quadratic trend ; fv‘
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Class: bilinear with break

2015 2016 2017 2018 2019 2020 2021 2022

Post-processing : from EO products to landslide information
from advanced ground motion services (e.g. SNAPPING, SqueeSAR, GDM-OPT) to
landslide smnals (s ugerv:sed,/ nsupervised classification,+ clusterlng)

R bbb P P

-100 - -40
-40--20
-20 - -10
-10-10

§gyggSAR class:ﬂcatlon
e Uncorrelated
A o Linear pattern
e 5
g ¢ Quadratic pattern

L ]
-]- Bilinear pattern
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Operational use case#1: InSAR ground-motion maps @esa

* 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

¢ SqueeSARP® 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

Ps

&

> Dew

o .‘.«.

~eo4alps- ‘a,L‘“ =
landslides ko
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Application L7InSAR ground:-motion maps
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Operational use case#l: INSAR ground-motion maps

@ esa

* 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, Anzere,
Moosfluh, Grindelwald,
Pointe des Savolaires)
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Operational use case#l: INSAR ground-motion maps @esa
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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)

e Local landslide sites

(e.g. Diablerets, Anzere,
Moosfluh, Grindelwald,
Pointe des Savolaires)
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Operatlonal use case #2 Forecastlng shallow Iandslldes @esa

S

 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 TN ’&"&\\

1. Static map of landslide source areas based on B % Twin of Alps
landuse and geomechanical soil characteristics s

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
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2. Forecast of landslide source areas that are

0 Discover & Visualine

R D i prone to failure based dynamic triggering factors

Dnte: 4 i » 200230825
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2. Forecast of landslide source areas that are L7 . ) /@&\\
triggering factors ~. A A hes igital Twin of Alps
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TR L prone to failure based dynamic
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Operatlonal use case #2. Forecastlng shallow Iandslldes @esa
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3. Assessing the maximum runout areas for the e 7 N
Discover & Visualize smpare y T LT .
T s v forecasted landslide sources using Flow-R B 72 TN Twin of Alps
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- Qutlook

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

* Itis 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

*> Youlube

GEP Processing Tutorials

. geohazards TerRR3HUE geohazards gy,.  page-  Ov

tep

@ source TERRGIUE

* Processing tutorials
Geochazards Platform (GEP) webinar g rserk o dincl
E'm ( , ALADIM-HR and ALADIM-VHR: Pr 1 of input dataset
3 | . At 4, Andalid, ey 5 " z
m 3, 2023 é} 1-2 pm CET ALADIM-HR: L D and Inventory Mapping from multispectral S2 & L8 data

ALADIM-VHR: A ic LAndslide D fon and | ¥ M ing from Itisp | Very-High Resclution data
Avalanche Mapping with Sentinel-1 [norce]

landslides with advanced SAR and Burnad Area Anaysi with Sontine-2
Change Detection Analysis [VAL]
m mm COIN - Goherence and Intensity change for Sentinel-1
COLOC - Multi-mission data co-location [VAL, cppp]
COMBI - Band Combination
DIAPASON InSAR - StripMap(SM)
DIAPASON InSAR Sentinel-1 TOPSAR(IW,EW)
DLR Sentinel-1 InSAR Browse [VAL]
DSM-OPT: Digital surface models from optical stereo satellite images
FASTVEL for displacement velocity map generation
Flow-R: Flow Path Assessment of Gravitational Hazards at a Regional Scale [eodalps]
GDM-OPT-ETQ: Multiple Pairwise Image Correlation of OPTical images for EarThQuake analysis
GDM-0OPT-ICE: Ground Deformation Monitoring with OPtical image Time series for ICE/glacier analysis
GDM-OPT-SLIDE: Deformation i g with OPtical image Time series for landSLIDE analysis
GMTESAR InSAR - Stripmap
GMTSSAR InSAR - Sentinel-1 TOPSAR

Fabwirio Pacini | Teradue ) Dv. Flariane Provost (EOST) Ow. Thierry Oppiuoter [ Tomanur Dr. Deodato Tapete (AS] Map Export [GEN]
G 14 WO CION 1 38 INSAR and aplical Mviced 3 Dataction and analyss of iops 18 35 Sontra- 1 MGAR for ausiaament P-SBAS 1p d by CNR-IREA
washyl ko landside analyss Frilabated with advanced Earth of coastal landeldes and groursd RASTER - Full Resolution Rasterization
Obhamrvahon services in e Swiss Alps PlabEPy " souEeen Ry 5-1 SAR PIPE - =1 Inter ic P g Engine [EXP]
Sentinel-1 Level-1 GRD RGB composite
Sentinel-2 Multit | RGB posite with Gefolki coregistration

Sentinel-2 L1C and L2A RGB composite [eodsd]
Sentinel-2 Watermask [cppp, wb, esa]

Sentinel-3 OLCI composite

Sentinel-1 E ded Timing A ion Dataset [setap]

GEP Webinar #3 - Monitoring landslides .

SNAP CSK DInSAR
SNAP-InSAR - SNAP Sentinel-1 IW SLC Interferogram and Displacements

fro m S pace SRTM Digital Elevation Model [GEN]
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https://www.youtube.com/watch?app=desktop&v=UfDFQm4hGkM
https://www.youtube.com/watch?app=desktop&v=UfDFQm4hGkM

Ressources gvebinar.and tutorials

Flyer with the pros/co ns nf the services — round Motion Service: Input data: Pléiades stereo/tri-stereascopic images
Paten ot = DSM-OPT
J)

. : i s M e
Training material /N <esa A |

- Service owner: CNRS - Ecole et Observatoire des Sciences de la Terre ~ Université de Strasbourg (France]
European Space Agency Use case 1: High resolution topography of the Ubaye Valley {South French Alps) from Pléiades stereoscopic images.
On-ine public results: Here

The service DSM-OPT has been used to generate the relief at
high spatial resolution (1 m) and relative accuracy in
elevation {ca. 1.5 m) from a tri-stereoscopic Pléiades
acquisition over the Ubaye valley (South French Alps) where
the La Valette, Saniéres and Super-Sauze landslides are
located. Products such as the Digital Surface Model (DSM) a
quality assessment criteria (coefficient of correlation), and
downstream products (such as hilishade maps, and elevation
point clouds) can be generated by the service.

o

o

[ ! 7 ! Left: Hillshade of the Pléiades generated D5M over the Ubaye
ki VA e v valley. Top left: Quality indicator map (the more red, the high

meeurmtal Ton simbt, Oldindes sanarntad DELE ame the | e

eodalps-landslides ground motion and modeling services

U Sag e tl pS fo r eXp e rt/n O n - eodalps-landslides.eu -

Geo-information Services for Landslides in the Alps (2o4alps-landslides) has the objective to offer

eX p e rtS the possibility to exploit the potential of satellite data coupled to advanced modeling for landslide
hazards assessment in the Alpine region,

It allows access to satellite data, satellite ground motion services and landslide modeling services for

documenting and assessing landslide hazard at several spatial scales (region, municipality and slope).

The document presents the on-line services accessible on the eodalps-landslides thematic application

of the Geohazards Exploitation Platform (GEP)

>> Ground Motion Services applicable to landslide studies J =)y g v
L

> List of satellite input data =
The eodalps-landslides app provides access to catalogs of Copernicus (Sentinel-, Sentinel-2) image . . . sEy -
time series and to VHR (very-high-resolution) optical satellte sensors (Piéiades, Spots/7, Description of the services and access to public jobs

Planetscope). Other satellite data might be uploaded by the users from their own catalogs.

J >> Tips for selecting the landslide ground motion and modeling services

 pr—— Rada, v according to the users’ needs
Sentined 1 C-band
The synthetic tables below present the usage ies of eodalp: services for the . . ) .
different analysis scales (regional; local) and scopes (landslide inventory, monitoring, catalog and Guidelines to select the service per use case
| copernicus Optical Mduspece] PrOPagation analysis).
| santinei2 per band:
10m, 30 m|
REGIONAL SCALE ANALYSIS Technical specifications
Ty NG P L IMA  ALADIM MPIC DSM-OPT {periosmence of S saryice (o aww i
ns i e Tk Scope SNAPPI LSHAS FASTVEL SqueeSAR GAM e apploaion] heation
- D 3h 1040 2B |
s K
servicas | Exceent Highly designed for the
Airbus Optical Multispect! appleation
o = =10 20 20 2B 2B 3¢ 10 IF B
monitoring
| Under specific condibions. Fslovent wan & Bie
PlanetScope Optical Multispectd 3
Dove Cubesat Poor Relovant m cases
for expenenced users
Not relevant Not relavant
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* “Thank youfor.your attention

Please contact us for more infermation anezaccess 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
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