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PREDICTING POPULATION OF LANDSLIDES

earthquake triggered landslides, 
Atsuma, Japan

source: www.sbs.com.au/ source: A.C. Mondini, CNR IRPI

rainfall-induced landslides caused by 
Typhoon Morakot, Taiwan
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EMPIRICAL RAINFALL THRESHOLDS
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• Intensity-Duration (ID) thresholds

• Scarcity of empirical data

• Rainfall conditions poorly defined

• Non-reproducible thresholds

• Uncertainty not given

PROBLEMS WITH THRESHOLDS
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• Intensity-Duration (ID) thresholds

• Scarcity of empirical data

• Rainfall conditions poorly defined

• Non-reproducible thresholds

• Uncertainty not given

PROBLEMS WITH THRESHOLDS

Problem: lack of scientific rigour in the 

definition and use of the thresholds
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PROPOSED SOLUTIONS

• Cumulated Rainfall-Duration (ED) thresholds

• Criteria for collecting landslide and rainfall data

• Procedures for the definition of rainfall events and 

rainfall thresholds [tool]

• Definition of uncertainties [tool]
Guzzetti et al (2007, 2008), Brunetti et al (2010), Gariano et al (2015),

Melillo et al (2015, 2018), Peruccacci et al (2012, 2017)
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CTRL_T

CTRL_T: 

Calculation of

Thresholds for

Rainfall-induced

Landslides_  
Tool

• Rainfall
events

• Rainfall 
conditions 
responsible 
for failures

• Frequentist 
ED thresholds

Melillo et al (2015, 2018)
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CTRL_T

CTRL_T: 

Calculation of

Thresholds for

Rainfall-induced

Landslides_  
Tool

• Rainfall
events

• Rainfall 
conditions 
responsible 
for failures

• Frequentist 
ED thresholds

Conclusion: algorithms and software are 

key to reliable and comparable 

thresholds

Melillo et al (2015, 2018)
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RAINFALL-INDUCED LANDSLIDES

Catalogue of 6129
rainfall-induced
landslides between

1996 and 2020
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HOW GOOD IS THE LANDSLIDE INFORMATION?

MAPPING
ACCURACY

TEMPORAL
ACCURACY

15%

<100 m2
49%

100 m2 -1 km2

31%

1-10 km2

5%

10-100 km2

48%

 1 h

29%

3-5 h

23%

day
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NATIONAL RAINFALL THRESHOLDS
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Peruccacci et al (2017)
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THEMATIC THRESHOLDS

PHYSIOGRAPHY SOIL

CLIMATE METEOROLOGYLAND COVER

LITHOLOGY
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METEOROLOGICAL DOMAINS

Peruccacci et al (2017)
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UNCERTAINTY OF THE THRESHOLDS

knowing the 

uncertainty is
essential to use a 

threshold effectively
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RAINFALL TEMPORAL RESOLUTION

The use of coarse
rainfall temporal
resolution
results in steeper
thresholds with

higher 
uncertainties
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THRESHOLD VALIDATION
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(TP)
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BUT

NOT REPORTED
(FP)

NOT PREDICTED
AND

NOT REPORTED
(TN)Rainfall Duration

C
u

m
u

la
te

d
 r

a
in

fa
ll

133 2324
63 15512

Gariano et al (2015), Brunetti et al (2020)



17

Sala Convegni CNR, Roma 25-26 novembre 2021
IL CONTRIBUTO DEL CNR IRPI

AL SISTEMA PAESE

PER LA MITIGAZIONE DEI 

RISCHI GEO-IDROLOGICI

SATELLITE RAINFALL PRODUCTS

Brunetti et al (2018) Brunetti et al (2021)

Satellite rainfall products

predict satisfactorily
landslide occurrence 

in Italy. The lower
performance with 

respect to ground
observations are due 

to the high-quality of 

rain gauge data.
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SATELLITE RAINFALL PRODUCTS

Brunetti et al (2021)
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ITALIAN AND INTERNATIONAL PROJECTS
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PAPERS
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APPLICATIONS Thresholds calculated using frequentist method

46

0

Count

10 20 30 40 50



22

Sala Convegni CNR, Roma 25-26 novembre 2021
IL CONTRIBUTO DEL CNR IRPI

AL SISTEMA PAESE

PER LA MITIGAZIONE DEI 

RISCHI GEO-IDROLOGICI

APPLICATIONS Thresholds calculated using CTRL-T
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CTRL-T AVAILABILITY
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GRUPPO «SOGLIE»
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THANKS FOR YOUR ATTENTION!
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