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Relative multi-hazard exposure per region
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1.3 Remote Sensing and INSAR Applications for Geohazard Monitoring
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Ol A4 OET ¢ 1 AT AOI EARAO AT A OF AAOEOGA Al ET OAT O
AT TAEOCBT TOAPEA |1 AT AOI EAAOG xAOA AOAI OAOGAA OC
3O0AO0OEAAT AA OOOAADPOEAEI EOU xAO AANET AA AU A
DOAAEODI OERABRDEOARAEOPAOREAAI OAIT T AEOUh UEAI AEI
OPAOEAIT A@gOAT O AT A AAME OI ACETT OAOA8 , ENOA/
OAQIZAOAA AT Al MOBOANEAEITADACOEAET ¢ OAEOI EA DPAOA]
AT A 1T OPETTTCEAAT ATTAEQEI T O8 (UAOAODIZEA EAL
AOOT I AGEA AGOMATAGEOAAGhA47)h AT A CATIT T OPETII
ABGOOAAOGETT 1T &£ AOEOEAAI AOAET AcCA OAci AT 00s
30A0ANOAT O1 Uh Al1T EAUAOA 1 AUAOO xAOA OPAOEAI
T AOxT OEh xEEAE EAA AAAT OAci AT OAA ET O1 OO0OAI
AOAT AxT OE8 4EEO AT AAT AA AT 1T OEOOAT O 1T 6AOI AU ¢
AOCOAQADOBAAR AOEACATOEAAOAOh AT A OO1TT Al 8 41

P T



AT T AETET C 1 AT AOI EAA OiI1 01 A AT A POI @EI EOU OI
xARECEOET ¢ AAAOI OO OAni AAGET ¢ O1I 1 PA OOAAEI EOU
&ET AT 1 UR Al EAUAOA AT i DI 1T ATZBAUAOCNEA A BRICD AC C
AOAT AxT OEh xEAOA 11 Ol Al EUAA EAUAOA ET AEAAO
APPOT AAE8 4EA xAECEOEI ¢ OAEAT A xAO AEAEAOAT O
Agbl ADBAOOI T AOAAET EOQU O1 A AAR) AEOMU AEQ AABA @ BExAA QD AR
ET O & 60 1ABGAIT O j,1xh -AAEOIh (ECEh 6AO0OU (I
OAPOAOGAT GAGETT 1T &£ AOi 61 AGEOGA EAUAOA Ai 1 AEOE
i AGET AT1T cU AAT EOGAOO A Ai i POAEAT OEOGALR OADPOI A
i OIZDEOOAA EAUAOA EIT BAbAAMIGEIA AwpdE OOAGADODDI C
I £ 1T TTEOT OETCch 1 AET OAT AT AARh AT A OEOE 1| EOE
i ATACAI AT O AT 1 OAgdOs8

2.1 Input datasets and processing requirements

~ T e z

4EEO OAAQEI 1T & AOOGAO 11 OEA EIi bpOO AAOAOGAOO «
DOAOGAT OAA ET OEA XOXNHBAOAAOECLEADOBDOBAET AA(

A N x gz 2z



Dataset Type Resolution Year Format Reference
TINITALY/01 . (Tarquini et
Vi1l Raster 10 m 2023 GeoTIFF al., 2023)
Geological _ Various* : (Bucci et al.,
map Vector | 1:100,000 N Shapefile 2022)
Variable (Alvioli et al
Slope Units Vector |(geomorphic| 2016 | Shapefile Y
: 2016)
units)
. (Costantini et
PS Data Vector | Point-based| 2022 |GPKG/CS
al., 2021)
Seismic PGA | Raster ~1 km 2022 GeoTIFF INGV
(Mori et al.,
Vs30 Raster 1 km 2022 GeoTIFF 2020)
https://www.i
1:25,000 gmi.org/it/dbs
DBSN Vector |(topographic| 2023 | Shapefile | n-database-di-
synthesis) sintesi-
nazionale
National
IFFI Vector inventory 2023 Shapefile {CREACECH
. (latest) 2021)
(varied)
1:5,000 to . , .
PAI Vector 1:25.000 Various | Shapefile Various

AAAgE AET AAOAOAOO OOAA ET OEEO OAOAAOAER xEOE AAOAEI ¢
AT A OAEADDOBBRKADAa AU 1 T CEAAT [ APPET C AAOAO OAOU AADPAT
LOUzpOTT O8

&OT I $EECAD RIOACETB g ADAO T £ OAOOAET AOOOEAD
AEAOAAOAOEUA Ai OE OEA CAI i1 OPEI I i1 CEAAIl AT A E
i T OPEI 1 ACOEAI DABAEAADABAOR A OGALORD GA FE BAOR 201 &
AT OGEOTTIATO 1')3 o81mQgs

&1 O EUAOITTTCEAAT 1T TAAITTEITCh niix AEOAAOGEIT A
OOET ¢ OEA $y AiICi OEOEIi 8 4EA EUAOI COAPEEA 1TAO
i £ pmtoi OEA nii x AAAOI OIi AGEIT OAOOAO8 4EA

i 3GOAT OAT MAOAABHhPOGAAQAO A NOAT OEPAOEBHADOEE A
ET OACOAOET ¢ OPOI T PA AT 1 OOEAOOET ¢ AOAA AT A 11
I T TAENEAA Al AOOENEAAOEIT 1T &£ CAT i 1T OPERA DOIT A
AOAA q 30A1 ACET 1T OEEDPh AOQEI AET €A O (¢ A QiEcAR@EDAIN Ak T C
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322 PIT O xAO AEOEAAA ET O A& OO OACEI T Oh AA/
DOl AAOGOGA O
T 2ACEZ3I0AAPh AT T OAg OPPAO OI 1T PAO T AAO AOAEI
AE £EOOEOA DPOI AAOOAO OOAE AO OEAAOxAOE Al 1/
OAEAOOAA O AO OEA EEIT OI T PA Al i AET 8
T 2ACEIzZI4 OAYy OEOET T Al O1 T PAO xEOE ET AOAAOEIT C
ET EOEAOQEI T h OEAITITT x IZAAGOx 10 GAG GA G hA G Ap G\
OEEO OEAOEOh OEEO AOAA EO OAAEAOOAA O1I AO
T 2ACEIzt 1y A AAEAZAQODEAC POHOOBAOOAO | As8c8h i
niTx AAPT OEOOQh AEAOAAOAOEUAA AU EOOACO
Al i pl AGEOU8 )1 OEEO OEAOEOh OEEO AOAA EO
T 2ACEIZi4E6 Ni OOGEAT Al i1 AETh xEAOA OI 1 PA COA
AOAET ACA AOAAh ARABOAODPRAEIAEADI AkADI AT A A,
OOAT OPT 0068 )1 OEEO OEAOEOh OEEO AOAA EO O
AEEO AOAI Ax1 OE DOl OEAA Oz A OBA TABDIEA A OEIE®AODD AAGA
I OAOI AD AT A ET OAOAAOGEIT T &£ 1 01 6EPI A POI AAOGOA
p8uB8AT AAOAAAOA AAOGECT AT A EIi bl Al AT OAOQEIT 1
AEA £ O1 AAOGET Ix AOE AOE AGw OM GEAORA EODOOOAU 1T &£ T1 1 E
CAT EAUAOAOh AEI AA AO AOEI AET C A CAT AAOGAAAOZ
AT AT UGEAAT ET POOOR OOAE AO ET OAOAEAOI i ABOEA
AOOOEAOGOAG AADAODEAEAUAOBA OBBOEAI OAOI 1 OOEI
AAAAOOEAEI EOU j1 PAT 1T O OAOCOOEAOGAAQh AOAEI AAE
I OEAOQqh 1 EAAT OET ¢ @GAIOTIOA GAH ATl rOAAI AU SO BDAAGA £
1O OEA OEI A 1T &£ AT Al UOEOR OEA CAT AAOAAAOA Al
AOCGOAOGOI Al 08D MAGEN OAEBAOAOO A1 O0i OEA 1 AOCAO
EUAOT CAT 11T ChEBAAE BAURAARAGAEA A GGWIDE AN TAIAIGKA®D A 6O
AAAT O1 OET ¢ A O pubP8 )T OAOI O T &£ CAT COAPEEA
Ci T AAT OAAT AO jouwbp AAAEQh xEEI A %0OT PA AAAT (
AT A OEA 11 AOEAAOh OMNEAENRINOT AAOOAPOAOGAT OAA j
I 1 AOCA [ AET OEOU j wobq T £ OEA AAOAOGAOOG AOA I
Al 11T x ATi 1T AOAEAI OO0A8 &OOOEAOI T OARh ypPbk DO
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AAAE]I EOAOET ¢ OOA ET 11T AAl AT AT UOAO8 -1 00 AAC

AT 660ET ¢ &£011 Al i PpAOEAEI EOU xEOE OOAT AAOA ')
Distribution of Categories Geographical Distribution

Earthquakes
Multiple Global
Hydrogeological instabilities
Land cover and use
Topography Italy
Water resources
Cartography
EO data

Erosion

Eurcpe

Climate
Floods USA
Geotechnics
Tsunami
Geography Africa
Geology
Geemorphology
Buildings
Sinkhale

Middle East

0 5 10 15 20 e 0 5 10 15 20 25 EQ) 35
Percentage (%) Percentage (%)

SEC@OA $EOOOEAOQOEIT 1T &£ CAT EAUAOA AAOAOAOGO ET Al OAAA EI
CAI COAPEEA Al OAOACAS
I EAU 1T EIEOAOETT 1 AU ET OEA 1 AAE T &£ OOAT AAC
11T OET OCE OI i A ET &£ Oi ACETT xAO OAOOEAOGAA OEC
DOl OEAAOOh OEEO APBGIOAAEIEOOT IOAI OADAAAARAS OEC
" EOAT OEA EAOAOT CAT AEOU T &£# OEA O1 OOAAOGh A A
AAOOEAA 1 0606h ETAI OAET ¢ OEA EAOITTEUAOGETT 1/
OOOOAOO0OAO8 4EEO AT OOOAA ET OAOTI PAOAAEI EOU A

N A s~ N

A AT UBEAAT 11 ADOI AOs
I EAU ADPDPI EAAOCET 1 AOER OFEIAO LADMAEIAIAAICE T ACET 1 Al
Al O OOOAADPOEAEI EOU AT Al UOROA OEM Ud@AMeDAT |, Al
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IFFI PAI

To catalogue and map landslides (points, lines, To define regulatory and technical measures t
polygons), monitor their activity, and provide a prevent and mitigate hydrogeological risks,
database for planning and civil protection. including landslides and floods.

Main
Purpose

. . . . Introduced by Law 183/1989 and Legislative
Established Started in 1999 by ISPRA with Regions, Autonomot Decree 152/2006. Managed by River Basin

by Provinces, and ARPAs. Continuously updated. Authorities and District Authorities.

Includes zoning of landslide hazard levels
jopzOoth T0O0 O!'!ld6 AOA:
(~20% of the country). Some District
Autorithies provide geomorphology layer
(including landslide mapping).

Over 635,000 landslides mapped, covering about

Dataand xzwb 1 £ ) OAl EAT OAOQOOEO’

Mapping data (points, lines, polygons), landslide/event forms
photos, and documents.

Updated approximately every 3 years. Latest
harmonized version (mosaic) is from
CMEMZIGMGpP38

Update Continuously updated; national and regional data
Frequency integrated annually.

Geographic National coverage, with varying detail depending or National coverage, organized by hydrographic
Coverage regional contributions. basins with specific sub-plans.

Mapping quality and frequency vary by basin
authority; 3-year update cycles may not refleci
short-term changes.

Regional update frequency varies; geometries oftel

Limitations . .
represented as points or lines.

AAAdA #71 DAOEOI T AAOxAAT OEA ) OAI EAT , AT AOI EAA )1 OA

ET OOEOOOET T A AOAT AxT OEh Al OAOACAh OPAAOA &EO/

7EEIT A ) &&) bDOI OEAAO 1T AOET T xEAA AT OAOACA Al
i T OAT AT 6h EO 1 AAEO AOEOEAAI AOOOEAOOAO OOAE
Ail1TT¢c "AOEI I OOET OE AOh ET OO1 AGAET ¢ OPAOE
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s Data acquisition

e PAl (Basin Authority inventories)
e |FFI (Italian Landslide Inventory)

s Features processing

¢ Screening of landslide inventory structures (attributes);
e Spatial merge of datasets;
e Check for overlapping features;

eeam Integrating new inventory

e Definition of landslide type macro categories
¢ Implementation of additional attributes based on spatial overlapping.

&EC@MAT OEYI 1T x A& O OEA ET OACOAOEIT 1T &£ 1 AT ABABPADABBOAT
4EA T OECET Al ) &&) EITOGATOITOUu AilT OAET O 1 Ol OEE
OAT OCAT EUAA ET QIAAdsf AAAO COT ODPO

IEFI INTEGRATED
DATATASET
Complex
Rotatlonalsllti:ja;slatmnal Slow landslides

Slow earth flow
Area affected by rockfalls

Rockfalls
Fall
Rapid debris flow Rapid landslides
n.d. n.d.
AAABR 2AA1I AOOEYEAAOQEITT 1T £ )&&) 1 AT AOI EARA AAOACI

4EA AAOAOAOO AAOAOEARIAE IAQIT ORA FOAB®AIORTT @O OFEITAO ¢
i ACETAiT1Tcu AAOGAI T PAA ET OEEO OAOAAOAE8 4E/
AOEOAOEAd AAANOAOA ODPAOEAI OAOI T OOEITh T AOEI
OOAT AAOA CAT OPAOEAS OEIAAOXAAG80 %A AEEA NAIGAEQRA OET |
AT 1T OEOOAT Au ET ODPAOEAI OAAEAOAT AA OUOOAI 6nh AOD
xAO AOOAT OEAT O1 GCOAOAT OAA EIT OAOiI PAOAAEI EOU

N A s~ N

AT AT UGEAAT 11 ABI AOs



DACAOAET C 1 AT AOI EAA AAOAR OEA ET OACOAOAA E1 ¢
i EAAOAA A1 AOI EAA ) AA] OENEAAOGEIT 07 E1 00 j.,)
OAOAAOAE AQOAI AAA AAUITTA ET OAI OT OU ABI PEI A
#7171 OANOAT O1 UR OEA ,)0 AAOAOADG xAO OOAT OEAOC

2.2 Geohazard assessment methodology

A4EA AT OA T 4% BMEEOEBAGAADDENEAAOEIT AT A AOOAOGO
1 ETAAO ET £FOAOOOOAOOOAO8 &1 OO I AET O EAUAOAO E
EUAOAOI EA DPOT AROOGAOh AT A 1T ENOAEAAOQEINMAO &1 O
AAOGAT T PAA AT A OOAOANOGAT Ol U ET QEcEm®mAA ET O1 O
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LANDSLIDES
> Rockfalls
IFFI P
L. integrated Susceptlblllty' Rapid Geomorpho Run-out
data maps moving |. domains potential
| Slow PS data In.tensity
|[moving . index

A

PAI

SUBSIDENCE

Slope

| —
Potential PS data (U- Subsidence
areas D) active areas

—

Lithology

Predisposing Seismic Liguefaction
areas parameters potential index

d3AV1 QYVZVH ILININ

Lithology

~

HYDRAULIC HAZARD

Correlation
analysis

Stream
order

threshold Critical
definition streams
.
Geomorpho

domains

SECEIAAET x1 OEYI T x £ O EAUAOA AOOAOGOI AT Oh OET xET ¢ OE.
1 AT AOi EAAOh OOAOEAAT AAR EUAOADOI EA DPOI AAOOAC

p8 @8 Al A ARAOA

C8c¢8PpRPA MEOOCEIT 1T £ OOOAAPOEAEI EOU | APO

, ATAOI EAA OOOAADPOEAEI EQU 1 APO x AjOA HAOREIN GRAT A

OAPEARh AIBA 40 AAFAEATABD OADPOAOGAT O OEA ODPAOEAI E

AT A xAOA POl ACAAA naBRE ARABAGKCRDAAOI EDC ADI

AT OOOET ¢ AT 1T OEOOAT AU xEOE AOOAAI EOEAA CATiITO
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OOOAADPOEAEI EOU 1 AUAO xAO AAOEOAA &Oii EITDOO
1 AT A OO0An All OAI AAOGAA OT AADOOOA OEA DPOET AE

s N oA N

417 AT OOOA Ai Il PAOAAEI EOU AT A 1 POEI EUA OEAEO ¢

AOOET T DOT AAAOGOA xAO AAOGAT T PAA O1 AT i AET A OE
OEA Oxi T TAAITTETC APPOI AAEAO8 4EEO AOGOET 1T At
OOOCAAPOEAEI EOU 1 OOPBDA®AABAT AOOBIOAT CEEO OA Al A
CAT T 1TOPEIITTCEAAT AFARDBAT AA AIAEOCOIAT AA OBIAED T AAI
AAOCAA 11 A0S

0O0ET O Oi ~AOOEI ORDOEAAKAOAORBRAOADDAOCAT EAONIT I
DOl AAOO Oi OAITOA ETAIT OEOOCAT AEAO AT A zi 601 EA

AAOGAA DPOTI ABAOO xAOA OANET AA OEOI OCE NOAT OE]
ATT T AT T OO OAI OBAO OEAO Al OIAMOANENG OOBA BT DACG
TT O Al EUAA O1 A ATT1T1T1T OAAT A AAOxAAT =n AT A

| OOPOOO OEAO 1 OECET Al 1T U AEAAZAOAA ET 1 01 AOEAA
AEA EOOCEIT EOOAI £ xAO bDAOA& Oi AA OEOI OCE A
17T 01 Al EUAA 1 AUAOO8 4EEO ADPDPOI AAE Al11Tx0 AO
EAAT OENEAA AU AT OE 11T AAT O 61 Ai AOCA 11 0OA AEO

I TIAT AA1 ET AEAAOGAO ET OOAAEI EOUS

4EEO DPOI AAOO xAO AbPbI EAA ET AAPAT AAT OIlu O A
EAOITTEUAA OO ORORBD®RAMBDIEEAU Ui M@ Ol T xh WADEAN
OAAAU &I O OOAOANOAT O ET OACOAOETT AT A AZ OOAI A

OAl AGAA AAOAOAOOS
(8¢83BHExX OET ¢ 1 Al ZAQIORKA @A OA3 AOOEI ET AGET 1
47 EI DOl OA OEA EIT OAOPOAOGAOGEI i1 O6FH OOOARAOERBRE
PDOAIT Ei ET AOU AAOA AOOEI EI AOETIT DOI AAAOOA xAO
ET &£ O AOET 18 4EA 03 AAOAOAO xAO T AOAENAA £EOI
3AO0OEAA j % -3h [/ OOEI DOIAZADOGH %AITIA®IETAG O Ti
AEODPI AAAT AT 08 - AAT OAITTAEOU OAI OGAO jiil UOwb
ET OAOAOOS

EOAT OBRAOMPAET AOOOA 1T &£/ OEA 03 AAOAARAQEAA Al
OOOAADPOEAEI EOU i APp O A1 OOOA OPAOGEAI Al i PAOA

Co



ET O A& PO AhAOAAGBEICENB LEQENOAT Ol Uh OI T PA Oi
AA1T ET AAOAAh AT A AAAE OTEO xAO AOOECGCI AA EOO
i AAT 6481 AEOEAO xAOA OEAT AAI AOI AGAA AT A AgA
AOPAAO 1T £ OEA Al OnAA0gdG8AET ¢ Ol I PA O1T EOO

Direction of
SU aspect movement
considered
N Not applicable
E E
S Not applicable
W W
4AAARA #1 OOAI AGET 1T OAEAI A AAOxAAT Oi1pPA OITEO j35Qq AOH
i T OAT AT O &£OTIT % -3 |/ OOEIT AAOAS
41 AT AAT A AAOA AOOEI EI AOGETTh A xI OEETC EUDIC
AT OOAT AGETT AAOxAAT OOOAAPOEAEI EOU AGBMAT03 O,
EIl EOU Al AOGAOG AT A

PAOA&AI Oi AA AAOxAAT OOOAADPOEAEI
Al AOOh AEOOET COEGAREREO @ AARAM IO AMA @Bx AOAOAT Al

O OEA DPOAOAEIEI C AOPAAO T &£ OEA Oi Il bA O1T EOOS
4EA DOT BT OAA Al OOAT AOGETT AT AT UOEO AAOxAAT O
AOOOEAO ABPBEBAAOKTOEA | AOET A EO APDPI EAA OI

&1 O AAGEA B 50ADOAOCAT OA AC ADEAO AQ A AAAGAAD ARG AN & OhA O/
AOAA jEIioqh 11701 Al EUAA AT A OAAI AOOENEAA E
OOOAADPOEAEI EOU Al Aoon AT A OEA Al OOAODPITAEI
| OOAT AOET T AT AT UOEO ZAT AAGRAAA OROAIOACAOY &i
EOO AQEEAEOEIT ¢ z3A | BDEAAQIMBIEEANION U DI T Ol U A/
OAOEAOT I AOCOBIRE A AMAGOATAITGER AAOI T OOA 03 OAI
AT A PIQOEGBOOA AT AOI AOGAA &1 O AAAE OOOAADPOEAEI E

OEA AAOAOAOS

mh Ol >l
S S G

)yl OEA nNETAI OOAPh OITPA OTEOO xAOA Al AOOENE
OOOAADPOEAEI EOU AT A AOAA Al AOOAO xEOEET A |
ET OACOAOAA OADPOAOAT OAOEIT 1 &£/ OEAj4AAJGRABEOA | A



Area

Susceptibility 1 2 3
1 N.D N.D N.D

N.D N.D N.D

2

3 1 2

4 2
4aAARH T OAT OEOU Al AOCOEYEAAOEIT 1 AOOE®@ A& O @i A AADIBE OO
, T xh o € -AAEBEOEGER & c€AAEOE

I OA1 1T AEOU OEOAOEIT A 1T &£ Mg i1 UOwi xAO ADPDIE
AAAT O1 6 & O OEA OAT OEOEOEOU 1 EIiEOO i &£/ OEA OA2
iecq xAOA TIiEOOAA &£OI I AOOOEAO Ad AADRE GRATAG G

C8¢8PARAPEA |1 AT AOI EAAOY AAT ET AAGETT 1T &£ bl OAT OEAI C
2 ABHEIAOET ¢ DOT AAOOAOG OOAE AO AAAOEO nNiiTxO OAE
I xET ¢ O OEAEO EECE i1 AEIEOU AT A AAPAAEOU (
PDEATT T AT A 1T £0AT EITEAEFEM ABARBORETIA OOADPB CAOA OA
OEA AOAET ACA 1T AOx1T OEh AEEAAOETI ¢ AT OE 1T AOOOA
DAOEOS

Yyl OEEO OOOAURh Al OET OCE A CAT AOAl OOOAADPOEAE
OEA AT AT UOGEO xAO OPAAENEAAIT U AAOGECT AA O AA
AAADESDUDA 11 OAT AT 008 MM E A EICKRE EXCEROROER AOAAOD
AAPAOAT OEAI nil x BOITBPACAOCEIT ET OAI AGETT OI
47 OEEO AAAPLPAGEANODEARBER EOQABDA 1IGCDEDOCOD ADR DI
ACCOACAOAA AO OEA 1 AOGAT 1T &# 311TPA 51EOOh xEE
OTEOCO &I O OEA AT Al UOEO8 &1 O AAAE 35h OEA b
DOl OEAET ¢ A OAPOAOGAT OAOGEOA ET AEARAE OADHEA 06
DOl AAOOGAO xEOEEI OEAO OTEO8 4EEO EIT /& O AC
CAT T T OPEITTTCEAAT ATIT AET Al AOGOENEAAOQOEI T h AEOC
AEATTATT AAR AT A ni OOEAIT OAAOI 008



" EOAT OEA ET OOET OEA AUT AT EAO 1T &£ AAAOEO nNi T x(
AT T OAOCAT AA AT A AEATTAI 11T OPEITITTcUh OEA AT AI
EECEAO OOOAADPOEAEI EOU Al AOOGAO j OUBEAAT AUIT AKA
AT A ni OOGEAT AT 1 AET 08 4EAOA AT T AEOQGEI T O xAOA
OAOOET cOMkElI ® ADAOBGAOCEIT AT A AAAOI O1 AGET 1 8
AEA AAT POAA ADPDPOI AAEh Al OETI OCE Al pEABARAI E
EAAT OENEAAOQEIT 1T &£ AOAAO bi OAT OGEAI 1T U DPOAAEOD
OOAOCANOGAT 6 OANET ARMGA AOHQIARGH EHAI AADMEAT A O
| FE® OOAD xAOA OOAA OI AAT ET AAOGA OEA 1 OO A
NniTx 006110606 AT OI A ET OAOAAO xEOE ET £ZOAOOOOA O
EAUAOA AOOAOQOI AT OO ET 1 AOGAO OOACAO 1T £ OEA 00
p89p8PAOE EAUADA | APPET C
30AOEAAT AA PEATTITATA AOA AITIT1TTT1U AOAI OAGAA
OAOOI AT AT O PAOOAOT Oh xEEAE OANi AAO OEA Al i Al
AT A EBI AAAA E£AAOI OO OOAE AO T ETETC AAOEOEOE
' ' OEA OACEITT AT OAAT A 1T /&£ AT A1 UOEOh OEA
i TOPEIT 1T CEAARATETOEANOAET A0 b GAA ORI OREDAR &
ET OAOZEAOIT I AOGOE AAOA &£OT 1 O0AOOGEOOAT O 3AAO00AC
AOAAO APPAOEAT AET ¢ OECT ENMEAAT O OAOOGEAAI
0i OAT OEATI DODABE AXITIARBRO xAOA NEOOO AAI ETI AAOAA
i T OPET I AOOEA AOEOAOEAS8 DAMATIAOAEEGETOIT CERAAIT pd @

AT AOOAT DI AET O xAOA EAAT OENEAA A0 OEA 1100
COEAT Oh AAOEOAA &OI i OEA S$SECEOAI %l AOAOET I
i T OPEITTGEAAT AT1OOOAET Og AOAAO xEOE OI11DPAO

Ol 1T PET ¢ AT A OEAOAAE OA bl OAT OEAI T U DPOAAEODI OA
Ol RIE©@OEOE AAOxAAT OOAAT A AOAAO j AOGOECGT AA A
AOAAO j AOOECT AA A OAI OA T &£ m8u(Qs

7EOEET OEA EAAT OENEAA OOOAAPOEAIT A UITAOR O
AEAOAAOAOEUAOEIT 1T &£ OOAKNBEAAq AA8 I BIEHAAT OAOOE /
AEODI AAAT AT Oh AAOEOAA A&OI T % -3 /OOET DOITAOD

C o



i APO T £ OAOOEAAT OAITTAEOQOU i1l x®woidd !'Udw Bxi
Apbl EAA O AAOAAO OECT ENEAAT O AT x1 xAOA 11 OAI
&1 O AAAE OOAOACETTh OEA 1 AAT OAOOGEAAI OAIT
NOAT OEZAU OEA OA1 AGEOA 1 Aci EOOAA 1T &£ coOi OT A A
DOl AGAO T &£ 1T AAT OAIT T AEOU AT A AOAAh OEA®AAU E
OOAOCEAAT AA8 4EA OAOOI OET C ET AAgp OCOMIGRO AdAKX
OOAOANOAT 601 U Al ACOGENEART £h Of A DEOCHIR AIODH DEBED L
OUl OEAOCEA OADPOAOGAT OAOCETT 1T & OOMOEAESB AA ET OAI

Condition/ | Assigned

Criterion Threshold Value Purpose
. Alluvial and : Ide_ntlfy
Lithology . 0.5 lithologies prone
coastal plains )
to subsidence
Slope < 5o 05 Selec_t flat/ger_1tly
sloping terrain
Mark areas
Stable Not meeting unlikely to
: o 0.01
terrain both criteria undergo
subsidence
Mean vertical Three
PS Data . classes Quantify
. displacement .
i 52 9% (low, displacement
. per contour . : .
velocity) (mmiyr) medium, intensity
y high)

4AABR #OEOAOEA AT A ETDPOO OAOEAAI AO OOAA £ O OOAC
4EA 1T OOAT T AO T £# OEEO POl AAADOA xAOA 1 AOAO AE
c8pBoc8EAOA OEA OAOOI OET ¢ OOAOGEAAT AA ET OAT OE
EAUAOA 1 AUAOOZEQAIUADBD BIOAD OIBEVEO AAT AT ADODAOS
P8 PAI OAGNJAA AMA @A TOE A
4EA AOAI BAGEITT T &£ 1 ENOAEAAOET T OOOCAADPOEAEITI EO
AU AEOAOAOQOEUEIT ¢ OEA ET £FOAOOO0DOAOO0A 1T AOxT O
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Criterion Condition / Assigned
Threshold Value
Alluvial and coasta
plains;
Lithology unconsolidated 1
clastic rock; mass
wasting material
Slope <5° 1
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Parameter Criterion Description / Threshold
Hierarchical | / OAAOO S o ©
control I OAAOO | 1
$1T 1T AET O pzc
Geomorphological | Morphological OT AEATTAITITA

Stream order

domain context |AOEOEAAI N AT
critical
Tonoaraphic Increasing mean/median
pograp TWI with order; high values
TWI saturation : . . :
. persistent in fluvial domains
potential . o
indicate criticality
3Aci AT 00 xEOE
Integrated high TWI within fluvial

domains classified as
potentially critical (= 1);
others as non-critical (= 0)

Combined rule S
classification

4AAGBE O I AOU i1 £ OEA DPAOAI AOAOO AT A AAAEOEI DOOEAAOET | £

OOO0AAI OACI HIOOBAAAODAADOR CAI i1 OPEI 11 CEAAI Ai i AET C
4AEEO DOl AARIOOR OAODI O 0o sh@Ad sOIAORT OBA ERT AOA
OOAT AAOAEUAA AT A OAPOI AGAEAT A 1T AP T &£ EUAOAODI
ET O OEAUAOAOEEOAI Ax1 OE AT A Ai 1T OEOOAT 6 xEOE
AT T pi1TAT 008

2.3 Infrastructure exposure and hazard interaction
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p8x 8B O0AT T PI Ay OOA@EEDEGAT AA ET AAQD

&1 O OAOAATETI ¢ POODPI OAO AT A DPOET OEOEUAOQETT T 4
ET OAOEAAOAT AA ET ARG xAO AAOAT T pAVA BON  DAON BAORGOOOAA
I ET AR QOB O &

Road network Road network
(geometry) (functionality)

Segmentation by
ISh:";?: —>» SUs & volume
andsfides estimation
Y A 4
Dlstam.:e Interference_mdex Weighted index Soenar_lo—adjuuted
calculation computation index
A
) Rnc-:k. ) Clusterirlg &
instabilities volume assignment

Seismic scenarios
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) T OAOAEAOAT AA xAO HIAGAQAMO AR 10 BRI A@MAFAIAOOOA
PEATTI ATA xEOEET A AAOOAET AEOOAT AA8 &1 O
AT i D11 AT 609 AOOEI ACAA Oi 1 6i A AT A AEOOAT AA Oi
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AgAl OAET ¢ OI OOAAO OEAO AT OIA 110 11T OPETITC
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OUDAD® 1TAT AOI EAAO xAOA AKOBA@AMWARA AGAAT AABPDENO
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Landslide Pre- Volume . Geomorphological
Input . . . Distance .
Type processing | Estimation Constraint
Segmentation
Shallow by slopg units; Available _ Within same slope
. Polygons| exclusion of Centroid unit; road
landslides from data
very small downslope
features
Assigned by
dominant
Clustering of | kinematic Within same slope
. S . Cluster .
Rockfalls Points points into | mechanism; unit; road
center
groups larger downslope
volume
selected
4AAmdE AOET AT1 1T CEAAT ADPDPI EAAOETT & O OEAITT x 1 AT AOI E/
ET OAOZEAOAT AR ET AAo
$EOOAT ARG AAOxAAT 1 AT AOI EAA AAT OOT EAO AT A«

T AOxT OE xAOA OEAT EARAAPAGATAKQBRAIh OEE DA OARA DA OE,
xAO Al x1 01T PA 1T &£ OEA EAUAOA OiI OOAA8 ' OOOEAOGC
A AAOAOGAO OEAO AT AATAO AT i1 PAOAOEOA AT AT UOGEO
OEAOAh A OUI OEAOGEA ET AAg xAO AANET AAq
"0 QQ@Q 6 OVEOQ p VEAOADQ

"T OE OAOEAAI AO p AOAT OAALPBDI QI ICATAREUAQET T 8 4
x AOA QB POADARETdhy OEAOAAU AOOECTI EIT C COAAOAO EI BI
OAl AOGEOGA O DOl gei EOUs 7EAT 1 01 OEPI A 1 AT AOQI E
OAcCi AT Oh OEA EECEAOO ET OAOEAOAT AA Al AGO xAO
I £ Dl OATAEBOA EDIPAOEAT A OAAT AOET O xAOA OEAT A
j ¢cq bl OAT OEAT ET OAOZEAOAT AA j OEOAA 1 AOGAIT 6qh A
ET £#OAOOOOAOO0OAQ8 4EA OEOAA 1 AOGAT O 1T &£ DI OAT O
OAT CAOq

T #1 AG®B opod SO) , F xm8@@
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Infrastructure was also categorized according to its functional importancénto Major,

Regional, Local, and Nemotorized/Special-use classes4 A Ac® Ar

0¢



Infrastructure OSM (Open Street

Category Map) Tags Function

Main intercity corridors,
motorway, trunk,

Major . high-capacity freight
’ primary T
Regional secondary, tertiar Connects cities, towns,
g Y Y land major neighborhoodg
residential, . .
L . Local circulation,
Local living_street, service, . .
) residential access
pedestrian

footway, cycleway,
path, track, busway,
bridleway, etc.

Non-motorized or limited
access roads

Non-motorized /
Special

4aAAA 21 AA Al AOGOEYEAAOEI 1T AT A £OTAOGEITT Al OI1Ah
4ERAOACT OEAO OAYI1 AAO ET AOAAOCET 1 11l AIOBE BOA A M HOBA OAIC EIAA |
Each infrastructure segment was assigned amterference score ranging from 0 (no

interference) to 4 (critical), depending on the severity of the landslide interactiorand the

type of asset involved(4 A AdpA.

Infrastructure category

Interference Maior Regional Local Non-
class J 9 Motorized
0

1 Medium (2)| Medium (2) | Low (1) Low (1)
2 High (3) High (3) |Medium (2) | Medium (2)
3 High (3) High (3) High (3)
4 High (3)

41 AAAT O GEEROADAEDI 6AAAEI EOEAOh OEA OAT OAO
pOi AAAEI EOOEA EIT & Oi ACET 18 3DPAAENEAAI T Uh £A
DOl AAAEI] EOEA GE 1A @A ARA OIOEGNBDAERAT AT OO0 MmARMA O0O0A
i4 A Acip R. This adaptive weighting scheme increased scores for unstable or seismically

susceptible slopes and decreased them for stable conditions.



Condition Weight Applied
Sespﬂcgbp@cgmeptA 5
DOl AAAEI EC

Seismic displacement 175
probability < 50% '

FS < 1.0 and seismic 15
probability = 0 '

FS between 1.0 and 1.3 1.25

FS > 1.3 (stable slope) 0.75

AAAAY AECEOET ¢ OAEAT A Al O E TR0 AG AR AOGH TONWO AOA ANTAGDT
OOAAEI EOU AT A OAEOI EA AEODPI AAAT AT O DOT A/
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AAT EAOAOGAA AAAT OAET ¢ O OEA OOOOABODADODOBAABOE
OUDPAs8
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&1 O 1 AT AOGI EAAOh OEA 31T PA 5TEO j35Qq AZ£OAI AxT O
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ET O1T AAGETT 10O nmilx AT T AAT OOAOGETI 1T AOAAO8 %UAAE
DOAOGAT AA 1T O AAOGAT AA 1T £ OEAOGA EUAOAOI EA AOEOQE
DOAOGAT Oh m E AAOGAT 68 4EEO EIT A& Oi AOBIANT OLIAITT X
Agbil OAA O nNiTTAETC 1T O EECE OOOZAAA 0OO1T T A& A
4EA OOAOGEAAT AA AT I DPITAT d AGAKS OO AAGAREN EAEAD EDICIE
AAROxAAT b1l OAT OEAT AT A AAOEOA PEATITIT AT A8 )1 A£C
Al OOOA0OO xAOA ni ACcCAA AAAT OAET Cl Uh WEERA OEI
xAOA 1 AAAT T AA AO bl OAT OEAT T U AEAAAOAAR OANI A

GETAITUR 1ENOAEAAOGEIT OOOAADPOEAEI EOU xAO A
ET EOAGOOOAOOOA ET OEA OAREOI EA EAUAOA AEOAI Axi
CENOAEAAGEI T 01 OAT OEAI )1 AA@ j,0)q AAOEOAA 4
xEEAE OADOAOA] OO OEA AAOAI ET A OAEOI EA OAAT AO
EAOITTEUAA xEOE OEA T OEAOZEAAAAAGT ORC OAGDI I
OOAOARNOGAT O Ai i DOOAOGEIT 1 & OEA EI OAOEAOA] AA A

2.4 Multi Hazard integration framework
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Segments classification
Bridge/
Hazard At-grade Tunnel Viaduct
Slow
landslides 0.8 0.5 0.6
Rapid
landslides 0.9 0.6 0.9
Rockfall 0.7 0.5 0.8
Hydraulic 0.9 0.4 0.7
Subsidence 0.7 0.3 0.8
Liguefaction 0.7 0.3 0.9
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Infrastracture type
- at grade

—— bridge/viaduct
== tunnel
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Landslide Density by Province and Total
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Al ACOROGHA8 7EAT AT 1T OEAAOAA OI CAOEAOh o0c¢ Al
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PAI Polygon Density by Province and Hazard Class
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Distribution of Hydraulic Hazard Zones
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PAI Landslides Datasets
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ROC Curves with AUC
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