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Introduction

Insar evolution and spreading

The displacement field of the Landers
earthquake mapped by radar interferometry

Didier Massonnet, Marc Rossi, Cesar Carmona, Frederic Adragna, 
Gilles Pletzner & Kurt Feigl

Review of satellite interferometry for landslide detection in Italy

Lorenzo Solari, Matteo Del Soldato, Federico Raspini, Anna Barra, Silvia Bianchini, Pierluigi Confuorto, Nicola Casagli, Michele Crosetto
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Introduction

Satellite interferometry for landslide 
analysis in Italy
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Introduction

Satellite interferometry subsidence 
analysis in the world
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Introduction

The landslide problem in Italy

Landslide risk areas
about 2 millions of mapped 

landslides
about 10.000 areas at very high 

risk

Social impact (100 years)
About 4000 events affecting 

people
12.600 deaths

700.000 evacuees

Economic impact
2 billions each year (0.15% del 

GDP) of direct damages
4-5 billions each year (0.3% del 

GDP) of indirect damages 

Urban areas at risk
1.306 areas to be stabilized

323 to be relocated
77 billions of potential loss
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Introduction

The landslide risk in Italy

Slow-moving landslide

Highest risk (€): 269 mln
Total risk (€): 112 mld

Mean risk (1km2 cell) (€): 521 K

Rapid-moving landslide

Highest risk (€): 240 mln
Total risk (€): 30 mld

Mean risk (1km2 cell) (€): 138 K

Rockfall

Highest risk (€): 438 mln
Total risk (€): 21 mld

Mean risk (1km2 cell) (€): 98 K
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Introduction

Continuous stream of Big radar Data

tre-altamira.com
insar.ngu.noImages, modified, courtesy of:

> 2 

< -2 

cm
/y
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r

• Local to regional Scale

• National scale

• Continental scale:
European ground 
motion Service 
(EGMS)

How can we manage 
such amount of data?

https://site.tre-altamira.com/
https://insar.ngu.no/
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Satellite Interferometry

Output products: maps and time 
series
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Satellite Interferometry

What is satellite InSAR and how it 
can be used for?
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Satellite Interferometry

Output products: relative 
measurements

Satellite measures are made along the 
satellite LOS
Red: negative values, movement away 
from satellite
Blu: positive values movement toward the 
satellite
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Satellite Interferometry

Output products: relative 
measurements
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Satellite Interferometry

Output products: relative 
measurements
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Satellite Interferometry

Output products: relative 
measurements



17

Satellite Interferometry

InSAR applicability for landslides

Class Velocity (Cruden & Varnes, 1996)

Extremely slow < 16 mm/yr

Very slow 0,016 – 1,6 m/yr

Slow 1,6 m/yr - 13 m/month

Moderate 13 m/month – 1,8 m/h

Rapid 1,8 m/h - 3 m/min

Very rapid 3 m/min - 5 m/s

Extremely rapid > 5 m/s

Type of 
movement Type of material Interferometry 

applicability
Fall Rock/debris/earth NO

Toppling Rock/debris/earth NO

Slide Debris/earth YES

Flow

Rock YES

Earth Partially 

Debris NO

Lateral spreading Rock/debris/earth Partially

> 2 

< -2 
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/y
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Satellite Interferometry

InSAR applicability for landslides
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The past: archive elaboration

PST – Piano straordinario di 
Telerilevamento

http://www.pcn.minambiente.it/viewer/
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The past: archive elaboration

Landslide mapping at basin scale

Italy
InSAR data for the update of
regional landslide inventory maps
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The past: archive elaboration

Landslide mapping at basin scale
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The past: archive elaboration

Landslide mapping at basin scale

C band

X band

Land use

Satellite interferometry applicability

X band 
(3.1 cm)

C band 
(5.6 cm)

L band 
(23 cm)

Artificial surfaces YES YES YES

Agricultural surfaces, bare soil, rocky

outcrops
YES YES YES

Forest and seminatural areas NO NO YES

Wetlands  and water bodies NO NO NO
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The past: archive elaboration

Landslide mapping at national scale

Italy
InSAR data for the update of
national landslide inventory maps

Landslide risk 
areas

about 2 millions 
of mapped 
landslides

Social impact 
(100 years)
About 4000 

events affecting 
people
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The past: archive elaboration

Landslide mapping at national scale

Italy
InSAR data for the update of state
of activity

56,000 landslides
26% were classified as active



26

The past: archive elaboration

Landslide mapping: integrated 
approach

Italy
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The past: archive elaboration

Landslide mapping: optical images
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The past: archive elaboration

Landslide mapping: integrated 
approach

Red Green Blue

Planet images

Resolution: 3x3 m

Pre-event: 27 April 2023

Post event: 23 June 2023

True color composit 
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The past: archive elaboration

Landslide mapping: integrated 
approach

NIR Red Green

Planet images

Resolution: 3x3 m

Pre-event: 27 April 2023

Post event: 23 June 2023

False color composit 
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The past: archive elaboration

Landslide monitoring: integrated 
approach

Lake Sarez landslide
(Tajikistan)
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The past: archive elaboration

Landslide monitoring: integrated 
approach

Correlation of pairs of optical images. Four high-resolution (1.5 m) SPOT-6 and -7 optical images were chosen to identify
the displacement of the area.

Velocity of 1.5 m/year for the E‒W components and of 2.5 m/year for the N-S component
Optical analysis enables the detection and measurement of surface changes produced by faster displacement.
Optical analysis enables the detection of the north-south component of the deformation, a blind sight direction for SAR satellites
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The past: archive elaboration

The Montescaglioso landslide
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The past: archive elaboration

The Montescaglioso landslide
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The past: archive elaboration

The Montescaglioso landslide
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The past: archive elaboration

Radar analysis
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The past: archive elaboration

InSAR analysys
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The past: archive elaboration

Amplitude analysis - components
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The past: archive elaboration

Amplitude analysis – 3D reconstruction
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The past: archive elaboration

Landslide characterization

Bosmatto slide 
(Italy)
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The past: archive elaboration

Landslide characterization

Satellite data show active movements in the upper part of the landslide
LOS velocity along descending orbits in the order of 40 mm/yr
Displacement time series show a linear trend of movement, without any
acceleration, deceleration or season variation
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The past: archive elaboration

Landslide characterization

In the upper part of the landslide (crown area) the vertical deformation is
dominant, while the horizontal component increases in downslope
direction, according to a roto-translational sliding phenomenon.

The availability of
ascending and
descending data
allow to calculate
the horizontal (in the
East-West direction)
and the vertical
direction.
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The past: archive elaboration

Landslide characterization
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The past: archive elaboration

Landslide monitoring

Humarri landslide
(Pakistan)
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The past: archive elaboration

Landslide monitoring

Analysis of displacement time series to define different kinematic behaviour
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The past: archive elaboration

Landslide monitoring

Analysis of displacement time series to 
identify acceleration and deceleration in 

landslide movement

The early detection of accelerating areas is the main
purpose of any landslide monitoring system.

They can indicate a slope instability potentially leading
to future landslide failure.
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The present: wide area monitoring system

The Sentinel-1 constellation
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The present: wide area monitoring system

The Sentinel-1 constellation

Transition from static satellite analysis to 
dynamic monitoring of ground 

displacement

> 2 

< -2 
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The present: wide area monitoring system

Regional satellite monitoring systems

Regione Toscana Regione Valle d’Aosta Regione Veneto

Ottobre 2016 Gennaio 2018 Giugno 2019

≈ 700.000 punti ≈ 3.000.000 punti≈ 2.000.000 punti
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The present: wide area monitoring system

Regional satellite monitoring systems

Complex landslides, slides Complex landslides, earth flow Complex, rockslides, deep-seated LS
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The present: wide area monitoring system

Regional satellite monitoring systems

Information on where, when and how fast the ground is 
moving

Anomaly of movement: 
points where a change in the dynamic of motion is 
occurring. Information on kinematics of movement
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The present: wide area monitoring system

Regional satellite monitoring 
systems: possible activities

• Offline activity
• Deformation map analysis

• Single product, annual frequency
• Deferred time

• Territorial planning and land management

PS Mapping PS Monitoring

D
is

p
la

ce
m

en
t 

Time

• Online activity
• Time Series analysis

• Continuous service, every Sentinel-1 acq.
• Near-real time

• Early warning of geohazard risk scenarios
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Mapping

Deformation maps
Millions of points

High-moving areas 
Few thousands of points

Wide area scanning to spot active deformation zones

Thresholds and 
clustering
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Mapping
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Mapping

Level of risk Description

1 No elements at risk within the active areas

2 Isolated elements at risk within the active areas

3 Distributed elements at risk within the active areas

4 Several elements at risks within the active areas
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Monitoring
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Monitoring
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Monitoring

Temporal persistency: a cluster of points labelled as “anomalous” in at least two consecutive
updates can generate a “change” to be further considered.
Ghost anomalies: anomalies identified only in one single update

Spatial consistency: only a group of neighbour points (i.e., a
cluster) sharing similar trends are considered representative
of a change in the kinematics of a given phenomenon
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Monitoring
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS Monitoring
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The present: wide area monitoring system

Regional satellite monitoring 
systems: operative actions

The municipality, committed by the
Region authorities, started a plan
of geological investigations:
- Survey of the damage level to

building and infrastructures
- 5 boreholes
- - 3 inclinometer
- - 2 piezometers
- 4 seismic and electric

lines
- Installation of corner reflectors
- Topographic survey
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The present: wide area monitoring system

Regional satellite monitoring 
systems: operative actions
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The present: wide area monitoring system

Regional satellite monitoring 
systems: operative actions
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The present: wide area monitoring system

Regional satellite monitoring 
systems: operative actions

Measure 0 09/10/2019 
Measure 1 13/05/2020 
Measure 2 28/09/2020 
Measure 3 10/05/2021 
Measure 4 04/11/2021 

Monitoring of sliding surface with 
inclinometers
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The present: wide area monitoring system

Regional satellite monitoring 
systems: operative actions

In situ monitoring plan
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The present: wide area monitoring system

Regional satellite monitoring 
systems: operative actions

Reconstruction of subsurface geology
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The present: wide area monitoring system

PS Mapping at national scale



68

The present: wide area monitoring system

PS Mapping at national scale
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The present: wide area monitoring system

PS Mapping at national scale
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The present: wide area monitoring system

PS Mapping at national scale
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The present: wide area monitoring system

PS Mapping at national scale
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The present: wide area monitoring system

PS Mapping at national scale
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting

24 June 2017 - 5:45 am 
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting

V: 13-18 million m3

A: 1.5 km2. 
H: 1,100 m 
L: 2,600 m
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting

A forecast performed with S1 acquisition of 7 June would 
have predicted the failure on 23 June

Slope might incur in a progressive acceleration that
typically precedes collapse and from which a time
of failure can be forecasted
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting
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The present: wide area monitoring system

Regional satellite monitoring 
systems: PS forecasting
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The future: continental scale

Perspective: continuous stream of 
Big radar Data
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The future: continental scale

Perspective: continuous stream of 
Big radar Data

> 2 

< -2 

cm
/y

ea
r

• Local to regional Scale

• National scale

• Continental scale:
European ground
motion Service EGMS

How can we manage such 
amount of data?
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The future: continental scale

Perspective: new interpretation 
methods

1. InSAR dataset post-processing
elaboration:

• Velocity thresholding
• Vertical and horizontal components retrieval

2. Rationale of modelling procedure:
• Training dataset of interpreted ground

displacements
• Set of common explanatory variables
• Random Forest modelling to predict different

classes of radar targets based on the spatial
association with a set of predictors
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The future: continental scale

Perspective: new interpretation 
methods
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The future: continental scale

Perspective: new interpretation 
methods

Ascending pass Descending pass

Processing technique Satellite (orbit) Covered period MPs count MPs density

P-SBAS C-band S-1 ascending 
& descending

March 2015-December 
2018 5,343,778 18.1 to 19.2 MPs per 

km2
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The future: continental scale

Perspective: new interpretation 
methods

Expert classification of moving MPs into 4 classes:
1. Landslide
2. Subsidence
3. Mining-related displacements
4. Noise or other phenomena

After data-levelling, a total of 2,184 MPs constitutes
the balanced training dataset

Training dataset
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The future: continental scale

Perspective: new interpretation 
methods

Classification outcomes
Automated classification of 20,212 features:
• 2,712 MPs as L
• 8,255 MPs as S
• 773 MPs as M
• 8,472 MPs as ND

• Mean slope for L features = 16.1° (standard deviation = 
±9.4°)

• Mean slope for S features = 0.5° (standard deviation = 
±1.3°)

• 81% of M features clusters within CLC mining sites 
boundaries, the remnants in direct proximity (0 to ca. 
500 m)

• ND hold largely dispersed values considering any 
predictors
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The future: continental scale

Perspective: geosynchronous 
satellites

A mission to observe and understand rapid processes of the 
water cycle over land:
- Hydro-meteorology (intense storms, mitigate weather impacts);
- Surface moisture hydrology (water resource management –

agriculture);
- “Rapid” landslides;
- Land cryosphere processes.
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Il geoportale nazionale (PCN miniambiente)

Historical data: ERS, Envisat and 
COSMO-SkyMed

http://www.pcn.minambiente.it/mattm/
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I dati PS nel geoportale

Historical data: ERS, Envisat and 
COSMO-SkyMed

http://www.pcn.minambiente.it/mattm/servizio-wms/
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I dati PS nel geoportale

Historical data: ERS, Envisat and 
COSMO-SkyMed

http://www.pcn.minambiente.it/mattm/progetto-pst-prodotti-interferometrici/
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I dati PS nel geoportale

Historical data: ERS, Envisat and 
COSMO-SkyMed

http://www.pcn.minambiente.it/viewer/
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I dati PS nel portale della Regione Toscana

Current data: Sentinel-1 at regional 
scale

http://www.lamma.toscana.it/monitoraggio-radar-delle-deformazioni-del-terreno
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I dati PS nel portale della Regione Toscana

Current data: Sentinel-1 at regional 
scale

https://geoportale.lamma.rete.toscana.it/difesa_suolo/#/viewer/openlayers/326
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EGMS Explorer

Current data: Sentinel-1 at 
continental scale

https://egms.land.copernicus.eu/
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EGMS Explorer

https://egms.land.copernicus.eu/

1
2

3

4

Basic, Calibrated 
& Ortho

1 --> Data drop-down menu 2 --> Toolbar 3 --> Color bar adjustment 4 --> Coordinates

Current data: Sentinel-1 at 
continental scale

https://egms.land.copernicus.eu/
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EGMS Explorer - LoS velocity

Numbering of the tracks 
increases from W to E

It does not follow the original 
SNT-1 track numbering

Current data: Sentinel-1 at 
continental scale
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EGMS Explorer - velocity components

Unique map for each layer

Current data: Sentinel-1 at 
continental scale
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EGMS Explorer - info per point

Multiple points

Click here to switch 
between points

Current data: Sentinel-1 at 
continental scale
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EGMS Explorer - download data
After login to EU Login

Current data: Sentinel-1 at 
continental scale
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EGMS Explorer - download data
If I wan also the oldest data 2015-2021

Current data: Sentinel-1 at 
continental scale
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EGMS Explorer - download data
After login to EU Login

Current data: Sentinel-1 at 
continental scale
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EGMS Explorer - download data

Adding oldest data 2015-2021 & L2A 

Current data: Sentinel-1 at 
continental scale
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EGMStram webapp

Data download: a free web 
application

http://150.217.3.62/EGMStream_v1.zip
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EGMStram webapp

SIDE BAR

User guide Interoperative map

Data download: a free web 
application
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EGMStram webapp

1

2

3

Data download: a free web 
application
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EGMStram webapp
1

1) Browse folder location where the archive links were previously stored and select the .txt file
containing the hyperlinks;

2) Optionally browse the .kml, .kmz or .zip (for .shp) file containing the Area of Interest (AoI) on
which you want to clip out your data;

3) Adjust data storage settings according to the presence or absence of time series, you can
choose between the date format Dddmmyyy or Dyyyymmdd;

4) Adjust the data storage settings according to the desired data format, you can choose
between Shapefile (.shp), Json (.json) or GeoPackage (.gpkg) format;
5) Select whether you also want to receive the original .csv files, in addition to the files
converted to .shp/.gpkg;
6) Choose the name of the folder that the EGMStream app will create as a .zip and send by e-
mail to the user at the end of data processing, with inside the products selected in step 4 and 5;

7) Enter the e-mail address to which you want to receive the data at the end of processing;

8) Run conversion by triggering the 'Convert' action button;

2

3

4

5

6

7

8
9

Data download: a free web 
application
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EGMStram webapp

Data download: a free web 
application
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EGMStram webapp

Data download: a free web 
application

http://www.egmstream.com/
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EGMStram webapp - final reuslts

Data download: a free web 
application



THANKS!


