s 3

preciiatin product:

Luca Ciabatta and the Hydrology Group of IRPI-CNR (ltaly)
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Worldwide, rainfall-induced landslides are among the most common
and dramatic natural hazards.

Reported Fatalities

> 10800 landslides in 2007-2017 +0 110 ®11-25 © 26-50 51-100 101-5000

— NASA's Goddard Space Flight Center
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To mitigate the landslide risk, early warning
systems based on rainfall thresholds were
developed in several countries

Only 26 past and present LEWS
Not evenly distributed over the World
Many of them are still in development

LEWS are based mainly on rain gauge
measurements.

Guzzettiet al. (2020)— Earth-Science Reviews
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Rainfall thresholds

Empirical relationship that are defined as

’g the best separators of rainfall conditions
W that resulted and did not result in slope
E instability. They take into account rainfall
% characteristics as for the ED thresholds:
N E=a-D" y>0

05 1 2 6 12 24 48 9%

Rainfall Duration, D (h)

where Eis in mm and D in h.
Innes (1983)
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Equivalent areas of common sports pitches

Global precipitation climatology project rain and courts compared with the total areas
gauge stations of orifices of all GTS and GPCC gauges

G0N

30N

(Kidd et al. 2015)

|
:

Tennis court Basketball court

EQ

60S

GTS gauges GPCP gauges

. . —_—i |
Soccer pitch American football 25m scale

field

180

120
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Satellite-based rainfall products with global coverage and with adequate
spatial-temporal resolution for landslide studies are now available.

TOP-DOWN APPROACH

GPM Constellation Statu:

Suomi NPP
NASA/NO, W e Observatory
»
" ol
b \§ c~
N
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Global Landslide Hazard Assessment for Situational Awareness (Global LHASA)

Based on GPM Rainfall product ‘

Step 1

Low-Very Moderate-
Low High

‘Global Susceptibility Very High

[ INun

-VeryLow p
B Lo —
-:Ioderate No Nowcast High-Hazard
B High Nowcast
|:|VeryHigh ; ' - . ' o

Stanley & Kirschbaum, 2017 Kirschbaum & Stanley, 2018
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Are there any other ways in which we can use satellite rainfall products in landslide
forecasting?
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Catalogue listing 2238
rainfall-induced landslides
between

2007 and 2017
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Data set Approach Sitle HEILE Coverage i Time
(km) (h) interval

SM2RASC Bottom-Up 10 24 Global 2007-

3B42-RT Top-Down 10 3 + 50° 1997-

GPM Top-Down 10 1 Global 2014-

MERGED Mixed 10 1 Global 2007-
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Ce{C,, G}
IF C=C; THEN P, =P,(C,)
ELSE P, = P,(C;)

IF E,=0.2mm
AND Tz P AND Tj2 P,
THEN £, = 0 mm

S, - Exclusion of isolated
rainfall measurements

ELSE P,=P,(C,) AND E, #"na”

L8]

. 5
E,
. — < efmton of CelC,C,) E. =¥ E, WHILE E
drameter values 5= UE nition o - _ ] ]
(see Table 1) bt B IFC=C, THEN P,=P,(C,) 4 T 2P, OR T'zP, g 3
‘©
4

Rainfall data
from rain gauges

N1V |“‘ - lhu
27 29 1 3 5 7 9

19 21 23 25

5, - Exclusion of . IFE.SP,
irrelevant sub-events THEN £, = 0 mm

Landslides

information Date (day)

eee0 o
. J
o CcelC,.C,) ) E 10° 3
s WECGTHEN rnic) S T E
ELSE P, =P,(C,) e2f €2l W ]
= 2
T 102
€ = climatic period N . n
s ML) C,= first period o b
5. - Selection of rainfall €= second period 8 1 01 3
events with landslide TF: dry period before hourly rainfall measurement E ]
D, &, Tf: dry period after hourly rainfall measurement 3 7]
T:= dry period before rainfall sub-event g 1 00 i
5, - Rainfall T‘;: dry period after rainfall sub-event (@] 3
measurement for T.= dry period before rainfall event S — T S S .
events with landslide Tn= dry period after rainfall event 0 1 2 3
‘ , 10 10 10 10
E. = cumulated rainfall of sub-event .
E, = cumulated rainfall of event Duration, D (h)

D, = duration of rainfall event with landslide

END
E, = cumulated rainfall of event with landslide

Melillo et al. (2015)
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Rainfall (mm)

Date (day)

Cumulated rainfall, E (mm)

RN
o
w

—_
o
N

1d 2d 4d 1w 2w 1m

1 lllllll L 1 IlIlllI

1

Lol

llllll

10°

10" 10° 10°
Duration, D (h)

Brunettiet al. (2010)
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Cumulated Rainfall

PREDICTTED
[AND
REPORITED

()

Rainfall Duration

NOIIl PREDICTED
BUT

REPORTED
(EN)
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PREDIGTIED
BUT

NOTREPORTED
(ER)

NOT PREDICED
(AND
NOT REPORITED

(D)
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Duration, D (h)

Duration, D (h)

(ww) 37 ‘|lejures payenwny
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1.0
SM2RASC gives the best
% performance.
el GPM is performing better than
Q MERGED, while 3B42-RT is
o
0.4 the worst.
—— SM2RASC
0.2 —— 3B42-RT
—— GPM
—— MERGED
0.04
00 02 04 06 08 1.0
POFD
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We compiled a catalogue of 197 rainfall-induced
: landslides occurred in India in the 13-year period
between April 2007 and October 2019

Spatlal Temporal Tlme

20°N

Ground 0.25° Daily India 2007-2019
GPM-ER Top-Down 0.10° 30 min Global 2000-
SM2RASC Bottom-Up 12.5km Daily Global 2007-
Merged Mixed 0.10° 1-hour Global 2007-

16
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1.00 1 4_..?-—-‘—-—-"“""_ - .: —1= ‘0.‘5% ¢0.oo5%¢
LT T 7T5% | 2%415% 1%
a%
T10%
0.75 4
(]
O 0.50 -
T
Dataset AUC
M PMERGE-H | 0.924
0.25 1 B MERG-ER |0.909
B PMERGE-D | 0.890
B sSM2ZR 0.839
I IMD 0.768
P%SFOD 0.75 1.00
0.00 4, . . .
0.00 0.25 0.50 0.75 1.00

The satellite products provided
better performance wrt ground
data, confirming the added value
of using satellite rainfall products
for landslide forecasting.
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Integration of Sentinel-1 and ASCAT: SCATSAR

From 01-04-2015 to 05-04-2015
OBSERVED

tion (3 months) of 5-day
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INPUT DATA

PREDICTOR VARIABLES = i Slope angle —

Digital Elevation

Profile curvature
Model (5x5 m)

Planform curvature

Catchment slope

Topographic wetness index

Terrain ruggedness index  —

|

|

|

|

|

|

|

|

|

|

|

|

: Topographic position index
|

|

: e Slope aspect

: Land use

: Bedrock geology

: Soil lithotechnical units
|

Presence of deep landslides

RESPONSE VARIABLES

r on of sc I Binary information (1=Shallow
: — landslide; 0=No shallow
landslide)

shallow landslides ——————— >

|
|
| Multi-temporal
I
I inventory

ANDROMEDA Project - Funded
by Cariplo Fondation
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GAM STATISTICAL IMPLEMENTATION

100 iterations

Dynamic parameters

Identification of training (2/3) and test
(1/3) samples

DATA SOURCE INPUT DATA

PREDICTOR VARIABLES — Daily rainfall amount

Rain gauges network
(10 minutes, 1 hour
temporal resolution)

3-days cumulated rainfall

5-days cumulated rainfall
7-days cumulated rainfall

10-days cumulated rainfall

15-days cumulated rainfall
30-days cumulated rainfall
45-days cumulated rainfall

| ~— 60-days cumulated rainfall

| satellite maps of soil
saturation degree

| _—— Saturation degree at the beginning of a day
: ASCAT (12.5x12.5 km,
|

13 hours temporal 3-days average saturation degree

resolution)
Sentinel-1 (1x1 km,
2-3 days temporal

5-days average saturation degree

7-days average saturation degree

|

|

|

| resolution)

| 10-days average saturation degree

|

| — 15-days average saturation degree

|

| Soil lithotechnical units
e e e e e B S e |

: " RESPONSE VARIABLES

|
|
| Multi-temporal |
| inventory of the days |
I
|
|

1 with shallow Binary information (1=Shallow landslide;
| landslides triggering 0=No shallow landslide)

or no triggering

GAM STATISTICAL IMPLEMENTATION

100 iterations

Identification of training (2/3) and test
(1/3) samples

Identification of the most significant
parameters (>80 selected on the models
of the training samples)

Bootstrap technique (100 iterations)

Evaluation of the forecast capability of
the model
95% confidence intervals
ROC curve, AUROC
TP, FP, TN, FN rates
Efficiency (Ef)
Hanssen and Kuipers skill score (HK)

Temporal probability of occurrence of
shallow landslides (TEMP)




ANDROMEDA
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#® Rain gauge
B8 shallow landslides
Ardivestra catchment
[ Scuropasso catchment
] Versa catchment
~— Main hydrography
Contour lines

@ Rain gauge

Ardivestra catchment

[ Scuropasso catchment

! Versa catchment

— Main hydrography

Bedrock lithology
Alluvial deposits
(gravels, sands, silts)

% Poorly cemented
sandstones,
conglomerates,
marls

% Marls and sandy
marls

0 Alternance of
marls, sandstones,
limestones

I Claystones

25/04/2009 Rain gauge

27/04/2009 Rain gauge

probability of occurrence probability of occurrence probability of occurrence
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10.5194/egusphere-egu2020-22240)

Vivaldi et al. (2020, doi


https://doi.org/10.5194/egusphere-egu2020-22240

All the landslide events (black dots) in
Ardivestra basin fall within high and
medium  high  susceptibility areas,
confirming the skill of the proposed
methodology in landslide risk assessment

R at high spatial resolution
" Low (0.00-0.25)
_ Medium-low (0.25-0.50)
~ Medium-high (0.50-0.75)
I High (0.75-1.00)
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Cumulated rainfall

Soil saturation
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Meteorological forecast 05-Mar-2015 23:02 obs.cum. rain
ECMWTF: picggia ai punti di calcolo, media regionale e massimi puntuali di pioggia cumulata 3h (blu) - 24h (rosso)
T T T T
50 -
40 -
30+ m
20 m
10+ -
0 i ar e s e I
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<--Observed | Predicted-->
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Soil saturation [%]

Landslide event n° 719

> 1184 landslide events between 2007 and 2014
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Satellite soil moisture [%]
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» Satellite rainfall products considered here are able to satisfactorily predict
landslide occurrence in Italy and India through the use of different
methodologies;

 Both the top~down and bottom-up approaches are found to provide good
performance;

 The obtained results will have a more important use in scarcely gauged regions
(e.g., developing countries);

e The combined use of satellite soil moisture and rainfall data for landslide
guidance analysis show promising results

26
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Thank you for your attention

For further information just
contact us:
luca.ciabatta@irpi.cnr.it
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