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Application of landslide 
science in practice 

Examples from Italy

Nicola Casagli

Landslides
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Slides may occur in almost every 
conceivable manner, slowly and 

suddenly, and with or without any 
apparent provocation

From:  Terzaghi K., & Peck R.B. (1967) - Soil mechanics in 
engineering practice. 2nd edition.

Ralph Peck and Karl Terzaghi 
at Lake Maracaibo in 1956 

(From The Terzaghi & Peck Libraries NGI, Oslo)

Areas at landslide risk

ca. 2 million landslides

ca. 10.000 areas at high landslide risk 

Social impact (100 years)

ca. 4000 events affecting people

12.600 casualties

700.000 homeless

Economic impact (per year)

ca. 2 billion Euro of direct loss (0.1% 
of GDP)

ca. 4 - 5 billion Euro of indirect loss 
(0.1% of GDP)

Landslide risk in 
numbers
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Landslide classification

Hungr et al. (2014)

Simple landslide classification

Kyoji Sassa (2001)

Great number of death

Characteristics 

• Rapid Motion
• Great Impact Force
• Wide Disaster Area
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Rapid long runout landslides 

Caused by earthquakes and 
heavy rainfalls
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Velocity

Creep Law
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Apollonius of Perga

The conics

(Perga, 262 a.C. – Murtina, 190 a.C.)

Forecasting time of failure
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Saito (1965)

•Forecasting method of 
the the time of failure 
based on creep law

•Hyperbolic 
acceleration before 
collapse

•Linear relationship 
between the inverse 
velocity and the time 
of failure
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Inverse velocity method
Fukuzono (1985)

If α = 2 then V-1 = A(tf-t) : HYPERBOLA
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Barry Voight (1988)

A relation to describe rate-dependent material failure. Science 
(1988)

A method for prediction of volcano eruptions. Nature (1988)

July 1995, Montserrat's Soufriere 
Hills volcano

Forecasting Vajont landslide collapse

(Hutchinson, 2001)

Exact forecast 10 
days in advance
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Blikra L.H., 2008. The Aknes rockslide. Monitoring, threshold 
values and early warning. 10th International Symposium on 
Landslides and Engineering Slopes, 30th June- 4th July, Xian, 

China, pp. 1089-1094.

NOTHING 
SPECIAL

BE AWARE
BE 

PREPARED 
TAKE 

ACTION

Stable or 
constant 
velocity

Start of 
acceleration

Sustained 
acceleration

Asymptotic 
acceleration

Weekly 
reports

Daily 
reports 

Hourly 
reports

Continuos 
reports

😴 😕 😯 😵
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Motorway A6
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Earth slide 
debris flow

GB-InSAR

Rapid long 
runout

A6

A6 Savona-Torino 24/11/2019
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Viaduct Madonna del Monte
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Viaduct
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Landslide map
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Landslide susceptibility

Risk map
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Watershed

Watershed
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Watershed

Last week rainfall
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Last month rainfall

Ground-based InSAR LiSAMobile
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Ground-based 
InSAR IBIS-FS

Ground-based InSAR Hydra
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Cumultaed displacemennts
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Time series
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Pluviometer

Rainfall 27-28/11/2019
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Monitoring system

Alerts and tresholds

ALERT
Weather-based 

warning
Pluviometer

Ground-based 
radar monitoring

DMS ALARM

NONE GREEN < treshold < treshold < treshold NONE

ORDINARY YELLOW > treshold > treshold > treshold ATTENTION

MODERATE ORANGE > treshold > treshold > treshold PREALARM

HIGH RED > treshold > treshold > treshold ALARM
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Ground-
based radar

Siti di monitoraggio

40+ 
monitoring

sites

7 active now
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First application of GB-InSAR for 
landslide monitoring (2000)

Rockfall

GB-InSAR

Rapid short 
runout

Gallivaggio
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Gallivaggio, 10 October 1492

Our Lady Sanctuary
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13 April 2018

26 April 2018
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Radar monitoring

Radar monitoring
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Collapse 29 
May 2018

16:36

Collapse forecasting

16:30
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Gallivaggio 29 May 2018 16:36
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Zoom
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Radar 
satellites
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Radar satellites

ti
m

e

16-35
days

LOS average 
displacement 

rate 

Deformation 
time series

Persistent Scatterers Interferometry (PS)
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Subsidence

Volcanic activity

TectonicsLandslides 

Buildings Infrastructures

Applications

National 
coverage 

PSI

22 million of 
permanent 
scatterers
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National PS coverages

PS Continous Streaming

Revisiting time: 6 days

First application of PS-InSAR Continuous Streaming at regional scale (2016)
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Regional PS Streaming

The Tuscany region
Surface = 22,987 km2

Population = 3.7 million

Municipalities = 276 

>90% of the territory is 
hilly of mountainous

90k landslides

390 landslides/100 km2
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Sentinel-1 archive since 2014

PS Mapping PS Monitoring

Type Single product
Continuous 

service

Time deferred real

Update 1 year 6 days

Aim
Update of 
landslides 

inventory maps

Update of 
scenarios for 

geohazard risks

Structure
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Ascending geometry

10 mm/yr

Ground deformation maps
Velocity 
filtering

3035 PS863.763 PS

Displacement rate >10 mm/yr

10 mm/yr

Ground deformation maps
Velocity 
filtering

Displacement rate >10 mm/yr
Descending geometry

2987 PS903.555 PS
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Scattered PS Clustered PS

PSI Hotspot and Clustering Analysis (PSI-HCA)

1. Getis-Ord Gi* Statistics 

2. Kernel density estimation

Ping et al. (2011) - International Journal of Remote Sensing

Automatic Hotspot detection

PSI Hotspot and Clustering Analysis (PSI-HCA)
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PS mapping results

Province AS LS LU AU SI GA WD MA Total

Pisa 10 3 0 0 8 36 0 7 64

Grosseto 9 5 1 0 24 10 3 8 60

Massa 
Carrara

0 0 0 0 37 0 0 3 40

Pistoia 15 1 1 0 10 0 0 0 27

Firenze 1 6 0 0 16 0 0 3 26

Siena 0 2 0 0 18 3 0 2 25

Livorno 8 10 1 0 1 0 0 5 25

Arezzo 0 2 0 0 15 0 2 2 21

Lucca 1 0 0 0 10 0 0 1 12

Prato 0 0 0 0 3 0 0 0 3

Total 44 29 3 0 142 49 5 31 303
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Class Description

1 No clusters of deformation

2
Scattered elements at risk 
within the cluster of 
deformation

3
Diffused elements at risk 
within the cluster of 
deformation 

4
Urban areas within the 
cluster of deformation

Risk ranking

Abbadia San Salvatore (SI)

Cluster of deformation and elements at risk

Risk ranking

No clusters of deformation

Cluster of deformation affecting 
scattered elements at risk

Cluster of deformation affecting 
diffuse elements at risk

Cluster of deformation affecting urban 
areas
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Validation field surveys: Abbadia (Siena)

Validation field surveys: Abbadia (Siena)
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Capturing changes in the deformation pattern 
through time

PS Monitoring

Identification of trend changes within the last 150 days in the displacement time series. An anomalous
point is automatically highlighted as the difference between the deformation velocities (|ΔV|)
recorded in the two-time intervals (T0-Tb and Tb-Tn) is > 10 mm/yr.

Types of anomaly

Accelerating negative Accelerating positive

Decelerating negative Decelerating positive
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Field check

Validation field surveys

crollo in prossimità della scarpata di frana 

erosione superficiale Sambuca Pistoiese (Pistoia) 

Jan. 2018
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Landslides

Subsidence
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Mining activity Levee instability

Uplift Geothermal activity
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Causes of the anomalies

Cause %

Subsidence 
(Local and areal)

64.74

Slope instability 29.58

Uplift
(Local and areal)

3.5

Mining activity 1.63

Geothermal 
activity

0.48

Levee instability 0.05

Landfills 0.02

Monitoring bulletins
Class Description

1
No anomaly within the 

municipality

2
At least one anomaly within 

the municipality

3
At least one persistent 

anomaly within the 
municipality

4
At least one persistent and 

relevant anomaly within the 
municipality
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Rock 
avalanche

PS-INSAR

Rapid long 
runout

Maoxian
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Maoxian 
landslide 
(China)

5 July 2017

240+ victims
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PS-Sentinel descending

PS-Sentinel 
descending
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6th World Landslide Forum

Follow us on:

protezionecivile.unifi.it

protezionecivile.unifi

@cpc_unifi


