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1 what do we mean by prediction?

Predicting the occurrence of an event means providing the

it has a fairly high probability of happening. 
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2 the “forecasting chain”
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1.  How would the landslide be initiated?

.... the triggering questions

2. What are the warning signs or conditions prior to 
landslide failure?

4. How large will the landslide be?

3. When and where will it occur?

5. How far will the landslide travel?

6. How fast will the landslide travel?

The National Research Council [2004] identified five research 

questions that must be addressed before reliable warnings 

can be issued and effective mitigation efforts applied.
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timing

hazardous area
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5 .... the approach

An effective approach should deal with:

Time and Space

Scale

triggering = f(x,y,z,t)

Time

Space

regional => 10 - 100 km2

catchment => 1 - 10 km2

hillslope => 10 - 1000 m2

Adequate tools

dx = dy = 5mdx=d



6 available techniques to forecast rapid mass movements

d. Simplified distributed models with steady-state subsurface hydrology 
(SHALSTAB, Montgomery and Dietrich 1994; SINMAP, Pack and Tarboton 1997)

e. Real time distributed model accounting for transient infiltration and 
subsurface hydrology (TRIGRS, Baum et al., 2004; CHASM, Wilkinson et al., 2002; 
GEOtop, Rigon et al., 2006; SIM: - SAFRAN Durand et al., 1993 - ISBA - MODCOU)

2. Deterministic methods

f. SNOW models (SNOWPACK Lehning et al., 2000; CROCUS Brun et al., 1989, Endrizzi 2007)

a. Susceptibility maps (Coe et al., 2004; Guzzetti et al., 1999)

b. Methods based on rainfall intensity-duration thresholds (Godt et al., 2005)

1. Statistical and inferential methods

c. Historical Inventories (landslides, avalanches, rock avalanches)
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3. empirical methods

g. Snowpack Tests (Colbeck et al., 1990; Barbolini 2005)

h. Warning systems based on realistic monitoring thresholds (Crosta et al., 
2003)

4. other supporting tools (snow avalanche forecasting)

i. Synoptic technique (Shweizer and Fohn, 1996)

j. Expert systems (MEPRA - Giraud et al., 1991; Brun et al., 1992, AVALOG - Bolognesi 1993)

available techniques for forecasting soil movements



8 Statistical & inferential Methods (1/2)

susceptibility Maps

rainfall intensity-duration 
thresholds

identify areas prone to landslide

the application of rainfall thresholds for forecasting purposes 
is based on the assumption that past rainfall conditions 
associated with shallow slope failures are likely to trigger 
landslides in the future. 

no time specification

are based on qualitative observations of soil movements + 
multivariate statistical analyses

do not account for hydrology and soil 
mechanics

these rainfall thresholds are regionally specific 

their application for forecasting requires historical data of 
landslide, not available everywhere



9 Statistical & inferential Methods (2/2)

identify spatial distribution of mass movements

historical inventories

mass movements are mapped using several techniques: 

airphoto interpretation

multispectral digital imagery

local surveys

geomorphological analyses 
allow for shape recognition 
and soil movement 
classification
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11 deterministic Methods

hydrological simplified distributed models for 
slope stability analyses

include distributed and physically based models which aim at 
capturing real triggering mechanisms

differences among them depend on the assumptions

hydrology is limited to a steady state description of subsurface 
flows => these models are intrinsically unable to forecast the 
timing of the triggering
e.g. SHALSTAB, Montgomery and Dietrich 1994; SINMAP, Pack and Tarboton 1997

hydrological dynamic models
account for distributed transient infiltration and soil moisture 
redistribution
work on a spatial grid whose resolution depends on the 
investigated scale
integrate meteorological and EO (earth observation) data
e.g. CHASM (Wilkinson et al., 2002), TRIGRS (Baum et al., 2002), IDSSM (Dhakal and Sidle, 2004), 
snowpack (lehning et al., 2003).



Empirical Methods

snowpack tests

empirical measurements of surface deformation rates

aim at assessing those variables which are hardly determined by 
deterministic methods and numerical simulations

12

monitoring thresholds => warning system

! issue: operator arbitrariness !

several of these observation are integrated in models
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deterministic tools + empirical observations + data
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integrated approach



14 data availability and site characterization

Soil moisture
Pore water 
pressure

Soil temperature
Snow melting

Output
Meteo data

Topography
Hydraulic 
characterization

Hydrological 
characterization

Input
GEOtop 0.875

Rigon et al. 2006

Hydrological model

GEOtop-FS
Simoni et al. 2007

Stability model

Vegetation cover

Soil strength 
parameters

Input
Soil 
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2. Failure 
Probability maps

1. Factor of 
Safety maps

3. Suction stress 
maps

Output

2. Soil Moisture

1. Soil Suction

3. Soil Temperature

Soil Measures

example GEOtop-FS, simoni et al., 2007



15 Dealing with Heterogeneity

 a probabilistic approach
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Kortol Catchment, 
Sauris,UD, Italy
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Sauris landscape, UD, Italy (Simoni & Zanotti, 2005).



Site Characterization

Boreholes
Water table level

Mechanical 
investigation



Site Characterization

Geophisycal 
Analysis

Soil Depth
Stratigraphy
Geological Formation

Soil depth

Geophone layout

data elaboration courtesy of dr. Pivetta, 
2004



results

Results

evolution of slope stability 
during the investigated  
rainfall period

Si
m
on
i e
t 
al
., 
H
yd
ro
lo
gi
ca
l P
ro
ce
ss
es
, t
o 
ap
pe
ar
 2
00
7

day 90



design of countermeasurements for risk mitigation20



hazard maps21

before mitigation after mitigation



conclusions

The forecasting of landslide, debris-flow and avalanche triggering is mainly 

characterized by two aspects: time and space; i.e. when and where a rapid 

mass movement will take place. Several techniques are currently available 

but none of them can really address the problem in real time at operational 

level. However the research in this field has made considerable progress. 

At local scale, the most powerful tools seem to be distributed and dynamic 

models, physically based, which are theoretically capable of capturing the 

time and the location of the triggering, jointed with field observations and 

human expertise. Practical limitations of these tools are the availability of 

data and computational costs. Therefore, our current capability of predicting 

landslide triggering mainly relies on overcoming these challenges. 


