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Landslides

Rapid long runout landslides

Caused by earthquakes and

heavy rainfalls

Characteristics

e Rapid Motion
e Great Impact Force
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e \Wide Disaster Area
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Weather-based
warning system



National radar network
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|:| Aree di vigilanza meteo

Quantitativi giornalieri di

Precipitazione previsti
I:l Assenti o non rilevanti
|:I Deboli
|:l Maoderati
- Elevati
- Malto elevati

Caratteristiche delle

precipitazioni previste

Piogge sparse o intermittenti

Piogge diffuse e continue

Nevicate abbondanti

»
* Nevicate deboli o moderate

6 Rovesci o temporali a carattere
isolato

‘ Rovescio temporallacarattere

" Rovescio temporali a carattere
diffuso

Altri fenomeni meteorologici di
rilievo

PJ, Burrasca

P" Tempesta

g Frequenti raffiche

wdoe Molto mosso

LL Agitato o molto agitate

QOL Grosso o molto grosso

f In aumento

,‘ In diminuzione

“_ h Elevate o in sensibile aumento

Molto elevate o in marcato
aumento

“ 1 Basse o insensibile calo

Il l Molto basse o in marcato calo

Diffusa formazione di ghiaccio al
suolo a quote collinari

Diffusa formazione di ghiaccio al
suolo a quote di pianura

= Nebbie diffuse nelle ore notturne
e del primo mattino

Nebbie diffuse e persistenti anche
nelle ore diurne
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Warning bulletins

Meteo forecast
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— Limiti regionali

|:| Zone di Allerta

:’ Assenza di fenomeni
significativi prevedibili

LSS Ordinaria criticita per rischio

idrogeologico localizzato

[ Ordinaria criticita per rischio
idraulico diffuso

RS Moderata criticita per rischio
idrogeologico localizzato

:' Moderata criticita per rischio
idraulico diffuso

- Elevata criticita per rischio
idrogeologico localizzato

Bl cievata criticita per rischio
idraulico diffuso




Criticality/Alert levels

Criticality

No alert No

Event scenario

No predictable
significative events

Effects and loss

Possible local
damages

Ordinary

Local events

Possible danger for
people safety

Moderate

Diffused events

Danger for people
safety

High

Numerous and
widespread events

Severe danger for
people safety




Landslide prediction

eal-time wether forecasting National landslide database
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Big data analysis



Prediction of local effects

Real-time weather forecasting Criticality/alert level
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Daily warning bulletin

Criticality/Alert levels
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In situ monitoring
and drones



Wireless Sensor Network
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Monitoring network

8 piezometers

1 pluviometers

3 termometers

3 termoigrometers
56 extensometers
11 inclinometers

84 sensors

Remote control/WEB

ADSL

interface

GSM/GPRS/UMTS

Cabled connection
Wireless connection

Trasducers
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Web-based control panel

B Geol Francesco Mugnai Monitoring
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Notification system
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Multi-sensor drones

Multi and Hyper Spectral

—

Ground penetrating radar
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Ground-based radar
monitoring



GB-InSAR hardware

Continuous-wave stepped-frequency (CW-SF)
radar based on a Network Analyser (NWA)
operating in the frequency band 17.0-17.1 GHz

Q[ source
(Q NWA

The synthetic aperture is obtained
sliding the antennas along a linear

rail

—0)

computer




Image 1

Interferometry

Interferogram
(phase difference)

phase wrapping
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Phase wrapping

A=172mm - A4=43mm



Phase wrapping and decorrelation

Phase Wrapping:
Large displacement generates
fringes
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Decorrelation:

Rapid motion causes “salt &

pepper” texture

- T
100 200 300 400 452

Coherence ( 0 <I" <1) gives an estimate of the error in measured differential phase
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Cumulated displacements measured from 15:57:31 2018/03/08 to 15:57:54 2018/03/12
Elapsed time: 4d Oh Omin 23sec

10000.0 -8000.0 -6000.0 -4000.0 -2000.0 0.0  2000.0 4000.0 6000.0 8000.0  10000.
Cumulated displacements along the LOS (mm)




LOS displacement [mm]
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Satellite radar
monitoring



Radar Satellites
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Persistent Scatterers Interferometry
%

Legenda
ENV_A(22/01/2003-20/05/2009)
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Fields of application

-35,00 - -10,00
-9,99 - -5,00
-4,99 - -2,00
-1,99-2,00
2,01-5,00
5,01-10,00

Arcadia

Sierra Madre

Al

San Marino

Altadena

“South

Pasadena Basetori

Tectonics
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Volcanic activity Building deformation Levees and embankments



Multi-risk multi-scale monitoring

Revisiting

Livello Satellite Resolution Product

time

Hotspot mapping
Trend change
National Sentinel-1 6 days 14x5 m detection
Cluster Risk
Classification

: Sentine|-1/ 14x5 m Regional warning
Regional 6/16 days system
& Cosmo SkyMed / Y 3x3 m Inventory updates
Precision mapping
Cosmo SkyMed 16 days 3x3 m Local warning system
_ Residual risk
Cosmo SkyMed 1 minute/1 assessment

/GB-InSAR day <lm Onsite early warning

system

Emergency




Sensing the Planet
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AN ASI/TELESPAZIO COMPANY

National
overage

PS|

2 million o
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Delivery: November;2009




PS Continous Streaming

S
D

TRE

Sensing the Planet

.EM'»L T sentinel

European Space Agency Revisiting time: 6 dayS

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

Capturing changes in the deformation pattern
through time

A Historical interval (H) Recent interval (R)
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Ildentification 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 (|AV])
recorded in the two-time intervals (T,-T, and T,-T,) is > 10 mm/yr.



Emergency planning



Creep law

Strain
[
A
Fracture
primary
creep -
,,,,,,,,,,, I secondary
strain
rate
secondary creep tertiary creep
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Level ’(50?
Green — “"Normal” situation S 'E
Blue — Large seasonal variations 3] £
. -
Orange — Danger: Acceleration started Level / o
Red — Evacuation: Increased acceleration 4 | D
Level =
Level 3 o
Level . E
2
1 o)
QO
O
Q.
A2
O

Time before failure

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 BE TAKE
SPECIAL BE AWARE PREPARED ACTION
Stablte O,: Start of Sustained Asymptotic
(i/OerI]cS)c&i]tr:/ acceleration | acceleration | acceleration
Weekly Daily Hourly | Continuos
reports reports reports reports
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Soglie e livelli di criticita - 2° fase

Weather-based

Ground-based

Satellite radar

ALERT warning In situ monitoring radar monitoring monitoring ALARM
NONE GREEN < treshold < treshold < treshold NONE
ORDINARY YELLOW > treshold > treshold > treshold ATTENTION
MODERATE ORANGE > treshold > treshold > treshold PREALARM




Operational phases

Code ALERT ALARM ACTIONS

- Action 1
GREEN None None - Action 2
- Action 3

- Action 1
YELLOW Ordinary Attention - Action 2
- Action 3

- Action 1
ORANGE Moderate Prealarm - Action 2
- Action 3




NOTHING BE TAKE
SPECIAL BE AWARE PREPARED ACTION
Stablte O,: Start of Sustained Asymptotic
(i/OerI]cS)c&i]tr:/ acceleration | acceleration | acceleration
Weekly Daily Hourly | Continuos
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