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Hazard assessment

Natural scientists analyze the physical risks :
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Environmental processes v
T v Assess

[ | Mitigate - reduce v

Propare
Magnitude-frequency
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Causes and Recurrence

precursors relations

Forccasting and
mitigation

Source: Emmanuelle Bournay; UNEP/GRID-Arendal

pology of hazards
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International Institute for Geo-Information Science and Earth Observation (ITC)

+ Relation between scale and landslide
susceptibility models

Coes van Westen
Nations University - ITC School for Disaster Geo-Information Management

The relative spatial likelinood for the occurrence of (oo odn o
fandslides of a particular type and volume
2 Landsiide hazard is
e + The probablity of occurrence of a particular landslide
Ve e (initiation and run-out, volume, speed) within a

R et

<110000  Yes Yos

Landslide risk Is 125,000
+ The expected losses (monetary, of in number of bulldings| 1:50,000
I people) due to specific landsfide type type (initiation and
run-out, volume, speed within a specified period
and In a given area
Mozard = Susceptibilty * Triggering factors

1:100,000

Frequency Frequency Tyves
a /e Where? *

Input data
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man-made

a typology of hazards most at threat

nuclear/chemical/biological weapons @®

unexploded ordnance / landmines

chemical release
chemical / industrial waste

industry

nuclear accidents

energy production

transport

agriculture and
unsustainable
resource management

forest fires

natural

Typology of hazards

oil spills

radioactive waste

overfishing
overgrazing
deforestation

g —

life or health

food, water,
biodiversity

{ housing ‘

| S——

L —

maximum
geographical impact

local regional global

timescale
onset:

N N N NN

sudden rapid continuous
I °
possible impact duration:

punctual limited
- =

Adapted from Pascal Peduzzi,

long-lasting irreversible
UNEP/GRID-Europe, 2004

Source: Emmanuelle Bournay; UNEP/GRID-Arendal
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N1SUTUNISAANITAMNLA L (risk management)

N1TANAIUTULTY (Mitigation) Bradiction and

NSINILUAIUNTBY (Preparedness) _ Early Warning
NIAIANISKaMIRauAY (Prediction & Warning) X

NMsiNANENUR (Disaster) Mitigation § i Disaster

R 31 1AL B —— _

Protection
5
\ el Recovery
¢4 2
a o 5 < impact
N1sUsEINUNAaNsENU (Impact Assessment) S m——————r— ﬂ'\%‘ﬂ'ﬂﬂ“ Assessment

N13YILINADILATABUAUDY (Response)

msHuy (Recovery) uae

N159auULTY (Reconstruction)

N15USUITAANITANIIZANG B (crisis management) [FEGE—_—_—

QI QU

fg]%lﬂ‘im‘iﬁ%ﬂﬁ%ﬂm‘iﬁva & : The Cycle of Disaster Management (:111a181394 . Wihite and Svaboda, 2001)
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Hazard assessment

Natural scientists analyze the physical risks :

Environmental processes

I R

Causes and Recurrence Magnitude-frequency
precursors relations

Forecasting and

mitigation
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n1suantagy (Avoidance)

Aun landnuaneiiaduluafnnuiuun waziunlannrdufanyfnayu
Tulaguu ?

X o
Aunluunaranisal (Predict) 7aziadulusuian ?

A0 (Frequency) Y9N 1SIANUANS ?

° £ daia
N15NMUALYANTS MU SE Y UNAY

(Land-use zoning)

=

samavamsiiaRuAngnInea (Physical) Ao ?

o el

NANIZNUNIN8AN (Physical effects) Y2INUANBAD ?

NANTINUNIINEA T ANULANA19D8 9L s luNuAL A

U @

fanoasadals ?

N159DNUVUNINAAING TU

(Engineering design)
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Taseadae (Structure) Aussduvasanudsds lussduiiauise
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(Distribution of losses)
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NAF157UNA (Geo-Informatics) wasuuya1aaudinuil (Spatial Modeling)
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WUUIATU (Integrated Watershed Management) aemé’faﬁuuazauqa

- RECENT FLUVIAL ENVIRONMENTS (ALLUVIAL FAN & FLOOD PLAIN)
(physical, Chemical, and biological parameters)

. EROSION
: TRANSPORTATION
: DEPOSITION SEDIMENTARY FACIES
. : (Geometry, Lithology, Sedimentary Structure,
Sedimentary Environments Fossil, Paleocurrent pattern)

...Sedimentology ...Stratigraphy
...Geomorphology...Environmental Geology...
...Geo-Informatics (GIS, RS and GPS) & Spatial Modeling...

.. THE PAST AND THE PRESENT ARE THE KEY FOR OUR “GEOLOGY” FUTURE ..

| 1 v
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Figure D-1.
Alluvial fan
flooding zones
and other geologic Watershed\
features Geologlc apex\ : .
A
Fan apex | 2

> /-—— aley>

,._wxfloor
- Braided zone

Ry x an terminus

(https://www.fema.gov/media-library-data/20130726-1506-20490-8114/fema259 app_d.pdf)
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Using Digital Geologic Maps to Assess
Alluvial-Fan Flood Hazards
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Figure 3B. Selection of all Quaternary alluvial-fan units.

feet
Relative Alluvial Fan
Flooding Potential

Relatrvedy High

Figure 10. A portion of the geologic map of the Fifteenmile Valley 7.5" quadrangle (left) (Miller and Matti, 2001),
Figure 6. Draft Quaternary geologic map of the Oak Creek alluvial-fan system (Wagner and others and identification of relative alluvial-fan flood-hazard areas for the same area (right).

historical debris flow deposits, and the designation of Holocene debris-flow deposits. Highlight box

https://pubs.usgs.gov/of/2012/1171/pdf/usgs o0f2012-1171-Lancaster p53-64.pdf
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Geology and Floodplain Managem
A Concept Whose Time Has Come
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sTUUNTMUNAUDaN g waznalnlunisnszdulviiadueay (Landslide Types, Causes and Triggering Mechanism)

, 24 24
drnsuarannnmuvedazneulvanay wasuryuaznauiauun (Debris flow and debrfsﬂood)l TunsAnuasedl
lagnduuNNIINMINATYEeuves Landslide classification systems (Bdlumanguiduanunsaduunlalumang
sUwuunntadefiiisates iandnuazvenisadoud aznau musy Jadenisdiussdldugiu Usuiawesdnign

= s = 5] s = [y ar a . = ° Yy o s P
figades uazndenia Wudu) fanldilundnnisdnuun Landslides Fagniunldanedsiunnniignues Sharpe
(p.7. 1938) NHAIUUNAILWENNITVDIANBUENITLARBUTN (slip and flow) ¥linvesnznau (earth or rock) Lagunum
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YIU/ UL WLUU{j"ﬂ"UEJVlﬁﬂ IummgmﬂﬂquL'ﬁﬂsﬂﬁl\ﬂﬂqﬁlaﬁﬁ@umLﬂu{j"ﬂ"ﬂﬂmi'@{lﬁ\juq (ﬂ?ﬁ'?\ﬁ’? @)

®15197 » Landslide classification system 1ma&a Sharpe (1938)

f eapTu oR Pock )
MOVEMENT I EARTH OR ROCK |

KIND ICE—\&\—‘—\,

CHIEFLY] EARTH OR ROCK EARTH OR ROCK DRY OR EARTH OR ROCK
ICE PLUS ICE WITH MINOR SUIOUNTS OF PLUS WATER

ROCK ---- CREEP

ROCK ¢ ACIER CAP—————_| TALUS  CREEP

SOLIFLUCTION ; SOIL CREEP

SOLIFLUCTION
EARTHFLOW

MUDFLOW
SEMIARID,ALPINE
VOLCANIC

(Debris Flow & Debris Flood)
DEBRIS -~ AVALANCHE

DEBRIS ---- AVALANCHE

SLUMP

WITH FREE SIDE

DEBRIS --- SLIDE

DEBRIS --- FALL

| GLACIAL  TRANSPORTATION *

ROCKSLIDE
ROCKFALL

PERCEPTIBLE

RILSLIP (LANDSLIDE)

SLIP O
FLOW
FAST

SUBSIDENCE




szuunMsTkunfuedy duve waznalnlunisnszdulviliefiunan (Landslide Types, Causes and Triggering Mechanism) - (si2)

Type of material

Type of movement Engineering soils
Bed rock Predominately Predominantly
coarse fine Varnes® (1978) classification of subaerial slope movements

- FALLS Rock fall Debris fall Earth fall i Topple* Spread"

TOPPLES Rock topple Debris slide Earth slide

ROTATIONAL Rock slide Debris slide Earth slide

TRANSLASTIONAL

SLIDES LATERAL Rock spread Debris spread Earth spread
SPREADS ; : .
Translational slide Rotational slide

Rock flow Debris flow Earth flow (Slide)* (Slump)** __(Debris flow)**
I \ _—.—;«'—"—’f’? 2 R
FLOWS (Deep creep) i b SO g pw— =
(soil creep) ===\, Q A

COMPLEX Combination of two or more principle types of

movement

ANIIUAASTZUUNTIIMUNAUAEN (Landslide classification system) 484 Varnes (A.A. 1978)

“Nomenclati

a oa o
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VE LOC'TY he.avy seasonal

rainstorm
-

Slows Medderate Ripld s - i
Material 1omYea: 1K e SKUHOw Of Mre non-glaciated
Loy Woter Lontent High Véater Canternt Figh Alr content - catchment

basin

normal

moraine : . fault trace
dam  gdowndropped graben  previous ;

Topple Rock Avalanche _,_,Ya_"ey fioor — Ellns-ﬂ__

p &"‘Ig:f i -0 A\ e\ continued
':.::ﬂ" ;:‘g'} : : ‘ alluvial fan ‘
& ‘_‘7 by ~ipti g development with
' bl successive flash flood
and debris-flow events

SLIDE OR

Rock Creep Rocksltde nockﬂo,.,

T QR

Earth Creep Earth Flow  Debris Flow

overlapping alluvial
fans and outwash fans
begin to form linear
bajada

AlRE19YasUTMANTAzNaUINU TUUSATuAzNaUgUNR

LOOSE MATERIAL

SLIDE OR

(Alluvial fan flooding zones) WazanwMZNIETUINNNEITDS
(wm https://www.fema.gov/media-library-data/20130726-1506-20490-8114/fema259_app_d.pdf)
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Lm’daifayja : http://www.khaosan-nannakorn.com/18207 wag https://news.thaipbs.or.th/content/273674
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>
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4 “q 2
Jai K:I;n,p School!

druiagviu adanfowmiie a.14u (28 n.a. 2561)
flunau (Landslides) Uszinn “agnauluanau (Debris flow)
wazulunznauyiauua (Debris flood)

a o of o o af o Vb e
AzvIUMBAaLasUavalingIta. il Susceptibility
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dwaliinailu Hazard uauin Risk Aadanuasningdy .2 e unasdaya : https://mww.onbnews.com/post/26311
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sswmw‘wuuniuaa‘u awng wasnalnlunisnszdulviiinduadu (Landslide Types,

Freooaoooooossoss s

Physical Causes—Triggers

i Intense ranfall
« Rapd snowmelt
Prolonged intense precipitation

* Rapwd drawdown (of floods and
tides) or filling

W

* Earthquake

* Volcanic eruption

* Thawing

* Freeze-and-thaw weathering

o Shnnk-and-swell weathering

% Flooding

For further reading:
References 9, 3, and 45

AAUGAST AN ISAAAUAGNYSE
A uasnalnlunisnszulsiiindu
(Landslide Causes and Triggering
Mechanisms)

(fn: The Landslide Handbook—A
Guide to Understanding Landslides,
Circular 1325, U.S. Department of the
Interior, U.S. Geological Survey, 2008)

Natural Causes |

y 2 |
Geological causes Morphological causes

-------------------------‘
Weak matenals, such as some * Tectonic of volcanic uplift
volcanic slopes or unconsolidated
manne sediments, for example

* Glacial rebound
o Glacial meltwater outburst

* Fluvial erosion of slope toe
* Wave crosion of slope toe

Susceptible materials

Weathered matenals

Sheared matenals 5
* Glacial erosion of slope toe

Jointed of fissured materials .
Erosion of lateral margins

Adversely oniented mass disconti-
nuity (bedding, schistosity, and so
forth)

Adversely oriented structural
discontinuity (fault, unconformty,
contact, and so forth)

* Subterrancan crosion (solution,
piping)
Deposition loading slope or its crest

Vegetation removal (by forest fire,
drought)

Contrast 1n permeability

Contrast in stiffness (stiff, dense
material over plastic matenals)

' Human Causes

3

Excavation of slope or its toe

Use of unstable earth fills, for construction

Loading of slope or its crest, such as placing carth fill at the top of a slope
Drawdown and filling (of reservoirs)

Deforestation—cutting down trees/logging and (or) clearing land for crops.
unstable logging roads

Irnigation and (or) lawn watering

* Mining/mine waste containment

Artificial vibration such as pile driving, explosions, or other strong ground
vibrations

* Water leakage from utilitics, such as water or sewer lines

Diversion (planned or unplanned) of a river current or longshore current by
coastruction of piers, dikes, weirs, and so forth

Causes and Triggering Mechanism) - (sia)

Adversely onented
structural discontinuity

Geological /
Ground
Condition

Artificial
vibration

maintenanc

Construction
Errors

erosion
caused
by river

Hydrogeological
Causes

Man-made

Vegetation
removal

Groundwater
level

Improper design

Natural slope height
inclination, shape

Morphological

Deposition
loading
slope

Freeze-and-thaw
weathering

Fig.4 Landslide Contributing Factors

Uadenavaneinszauliinfunau (Landside Contribute Factors)

ted from
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sTuunITunAunay duwg waznalnlunmsnsedulviindunay (Landslide Types, Causes and Triggering Mechanism)

nsauLuIMluntsUsztivaMudss nAunauluBanui (Spatial Landslide Risk Assessment Framework )

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

— - - e

slide risk assessment framework:

atial land

Environmental

Occurrence

type, magnitude,
[’I:) time, activity

Landslides Inventory

(type, magnitude)
1 time

Frequency |

Parameters

Triggering Factors

Elements at Risk

=

values, classes

LI

g

Geology, Seil,

e

time, magnitude,
intensity

object and attributes

Earthguakes

Landuse,
Slope, Height

T r

and

Internal relief

Rainfall

intensity, magnitude)
| fime

Population, building,
industry, agricutture,

Frequency

Analysis
Number of
oCCulTence in a
given time.

l

%- (probability) /
(type, magnitude)

|

m - (distance)/
(type, magnitude)

Analysis
Mumber of
occurrence in a
given time.

Run-out

Potential path coverad by
the landslide occcumrence.

Infrastructure, services

i

[0.1]/ (type,
magnitude, distance)

r

Vulnerability |

Degrees of loss to a given

Susceptiible areas for the
initiation of landslide.

Landslide hazard methods l—'

¥

! time

% / (type, magnitude)

Inventory analysis

( Natural Hazard | ‘

element(s) at risk resulting
from the occurrence of a
landslide of a given
magnitude.

[0, no loss.. 1, total loss]

5/ (type,
magnitude)

Consequence
Loss outcome from the

occurrence a landslide of

v

Probability of occumrence within a
specified peried of ime and within a
given area of a landslide.

Specific Risk

certain fype or magnitude.

Statistical analysis

|
Heuristic analysis ‘

Deterministic analysis

Total Risk

Cees van Westen

United Nations University — ITC School for Disaster Geo-Information Management
International Institute for Geo-Information Science and Earth Observation (ITC)

T

|

t

|

|

| Expected degres of Ioasd}/% FI0-111 (type,
| tolandslide. magnitude) / time
|

|

ect /

Value

Costs of building,
engineering works,
infrastructure,
environmental
features, and
economic activities
in the area affected
by landslides.

% 5/ (type,
magnitude) [ ime

Expected number of lives lost, persons injured, damage to property, i
Acceptable risk

or disruption of economic activity due to landslide.

Risk evaluation

Taolerable risk

800¢ “'soug|3sed '3




° nsauLu M lun1sUTEdINAMEs R InALaaN lYINURN (Spatial Landslide Risk Assessment Framework ) - f@

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

Hazard Vulnerability

Inventory Elements at risk

Probability
of
occurrence

Triggering factors Degree of

loss

Conditioning factors

\\ ot J:J > =S eiey ey X ]
Nhatiis susce IF "event happens® THEN

Landslide susceptibility is: @

« The relative spatial likelihood for the occurrence of
landslides of a particular type and volume

Landslide hazard is: “losses occurs”

« The probability of occurrence of a particular landslide
type (initiation and run-out, volume, speed) within a
specified period of time and in a given area.

Landslide risk is:

- The expected losses (monetary, or in number of buildings| NeEI Rt =il R ROl e LRI e R R S H e PSS
| people) due to specific landslide type type (initiation and . -
run-out, volume, speed) within a specified period of time (L1a9914984 : Alexander, 2002)
and in a given area.

Hazard = Susceptibility * Triggering factors
J:LP Y ag g -

Where? When?
= =
Spatial probability Temporal probability

AtsssuEANinaINT : Landslide Risk Assessment in Thailand - as.au1i5 agjiilag




a nsauLuIelun1sUsZIdiuAMAEs R INALaaNTUIINUN (Spatial Landslide Risk Assessment Framework ) - i

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

Regional Medium Lay

Update Frequency RS L Scale Models

Input data T T

T

Landslides Occurrence/lnventory

Geology Lithology Geotechnical parameters
Hydrological parameters

Structure

Faults

Soil types Geotechnical parameters
. Hydrological parameters
Soil depth ~0hP

Hydrology Slope hydrology .

Geomorphology Main units

E Detailed mapping units
DEM Slope / Aspect etc

Elevation

Flow accumulation

Meteo data Rainfall / Temperature

Seismic data Hazard maps

Catalogs & strong motion

Elements at risk Land use

Infrastructure

Building footprints
Population data




National scale

(< 1:1.000.000) Mainly inventory. Public
awareness & policy support
Regional scale

(1:100.000 - 1:1.000.000) For reconnaissance
phases for planning projects for the
construction of infrastructural works, or
agricultural development projects.

Medium scale

(1:25.000 - 1:100.000). For land use planning
and construction of infrastructural works,
environmental impact assessment and
municipal planning.

Large scale

(1:2.000 - 1:25.000). For risk assessment and
detailed planning.

Site investigation

(>1: 2.000). Detailed risk assessment, and
design of slope stabilization works

a nsauLuIelun1sUsZIdiuAMAEs R INALaaNTUIINUN (Spatial Landslide Risk Assessment Framework ) - i

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

Hazard example

GEOLOGY

Geological Period

e.g. Middle Eocene: Aleutorite,

marl, limestone, chert,
conglomerate, olitostrome.

Geological formations
e.g. Yateras formation:
limestones, marls and clays

Lithological unit
e g. karstic limestones

Geotechnical parameters
e.g. Internal friction 5°, bulk
unit weight 16.5 kPa/m,
viscosity 2.5 kPas

| National level /
11,000,000 scale |

Rrovincial Level
1:100,000 scale |

LT

Municipal level
1:50,000 scale/
|

Local level
1:25,000 scale

Castellanos and Van Westen. 2008
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nsaunumlunIsuszifiuanandssanfuaauluideiuil (Spatial Landslide Risk Assessment Framework ) - 68

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

GEODYHAMIC PROCESSES

Rio Crirehina encomont Regional scale

Caldas, Colombia

LAY ) proailiag Large scale
Between 1:100.000 and i PO TR Between 1:2.000 and

1:1.000.000, covering a ) S | 1:25.000, covering a town
large catchment area, or i or (part of) a city.

a political entity of the g i : : They are used for disaster
country. i &8 ; 1 prevention and generation

7 ; The maps at this scale 5 ! SHr ; of risk maps, as well as for
o ww i, vy 12 are mostly intended for ¥ : : the design phase of
reconnaissance phases engineering works.

Legend :

Wi D rbeis fho s for planning projects for

O Flowslide [ Large ashfall in 1985

O F1ow W n=lted glacier in 1985 L .', T the construction o.l'.

[ bercunbe B Present glacier

e B e " e infrastructural works, or 1
‘ agricultural developm : i v Site investigation scale

W rall & other processes [ Cratex

Between 1:200 to
1:2.000, covering the

A ALK . area where engineering
Medium scale i works will be carried out,

) f 2% or covering a single
Between 1:25.000 and : _ 1 landslide. They are used

1:100.000, covering a & e o Sl o for the detailed design of
municipality or smaller B, 4 SR S _ engineering works, such
catchment area. ; ' ‘ : as roads, bridges,
. Ay 3 j tunnels, dams, and for

Intended for the detailed Sy . o the construction of slope
planning phases of j % B 7 stabilisation works.
projects for the ' . —
construction of

b Wy T LAS R infrastructural works,

" G g oo environmental impact
assessment and municipal

planning. @3

projects.




nsauLuIelun1sUsZIdiuAMAEs R INALaaNTUIINUN (Spatial Landslide Risk Assessment Framework ) - i

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

=LY RS [=TTEA - . Data lavers for slope Scale of analysis

e
instability hazard zonation

Regional Medium Large

GEOMOR 1. Terrain Mapping Units 3 3

PHOLOGY 2. Geomorphological (subjunits

3. Landslides (recent)

4. Landslides (older period)

TOPOGRAPHY 5. Digital Terrain Model

Rerscral tash soac

6. Slope map

eI W B TR - 7. S]D}}c direction map

8. Slope length

0. Concavities/convexities

ENGINEERING 10. Lithologies

GEOLOGY . Material sequences

. Structural geological map

e e EE : 3. Seismic accelerations
e Y I ] (S

LANDUSE 4. Infrastructure (recent)

3. Infrastructure (older)

. Landuse map (recent)

. Landuse map (older)

HYDROLOGY . Drainage

. Catchment areas

. Rainfall

. Temperature

. Evapotranspiration

3. Watertable maps




a nsauLuIelun1sUsZIdiuAMAEs R INALaaNTUIINUN (Spatial Landslide Risk Assessment Framework ) - i

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

Type of
analysis

Inventory

Techniques

Landslide
distribution analysis

Required data
from table 1

Regional
1:100,000

Mediu
m
25.000

Landslide activity
analysis

4,5,14,15,16,17

Landslide density
analysis

1,2,3

Heuristic
analysis

Geomorphological
analysis

2,34

Qualitative map
combination

2,3,5,6,1,8,9,1012,
14,16,18

Statistical
analysis

Bivariate statistical
analysis

2,3,5,6,1,8,9,1012,
14,16,18

Multivariate
statistical analysis

2,3,5,6,1,8,9,1012,
14,16,18

Deterministic
analysis

Safety factor
analysis

6,11,12,13,16,
20,21,22,23

BIAAITNIE

= [
NNBNITAR
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° nsauLu M lun1sUTEdINAMEs R InALaaN lYINURN (Spatial Landslide Risk Assessment Framework ) - f@

(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

Examples of zoning
Scale description Indicative range of scale Typical area of zoning  Types of landslide zoning o
application

National < 1:100,000 > 10,000 km2 Inventory mapping, Landslide inventory and

susceptibility zoning of susceptibility to inform policy

geological contexts makers and the general public.

Regional 1:100,000 to 1:25,000 1000 + 10,000 km2 Inventory mapping, Landslide inventory and

susceptibility zoning for regional

susceptibility and hazard

. . development; or very large scale
zoning referring to local areas P R
engineering projects. Preliminary
level hazard mapping for local

areas

1:25,000 to 1:5,000 10 + 1000 km2 Hazard and risk zoning referring Landslide inventory, susceptibility

to single landslides (from and hazard zoning for local areas.

qualitative to quantitative) Intermediate to advanced level
hazard zoning for regional
development. Preliminary to
advanced level risk zoning for
local areas and the advanced
stages of planning for large

engineering structures, roads and

railways.

SitE-SpECiﬁC Several hectares to tens of Quantitative Risk Assessment Intermediate and advanced level

square kilometers (QRA) for individual slopes or hazard and risk zoning for local

, . and site specific areas and for the
singular locations

design phase of large engineering

structures, roads and railways

B
=

=Y ::I-EI o ar = = 1
rm'mqLtﬁm'mtjmiﬁaga’Luquwuwmmtf]uﬂqmum'sﬂixmum'mLﬁmmnﬂunau - Landslide Risk Assessment (Van Westen el al. 2008)
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(http://www.unicaen.fr/mountainrisks/spip/IMG/pdf/02_MountainRisks_IntensiveCourse-Barcelona-08_vanWesten-Susceptibility.pdf)

CONCLUSIONS

- Separate landslide susceptibility models
are needed:

- For different landslide types
- For different failure mechanisms
- Sometimes it is better to skip susceptibility

3 3 assessment.
o Relatlon between Scale and IandSIIde . ::lyoudallrg_‘ady knowthzlsndslideinitiatio? alrdeas
. T . andslides are cause reactivation of old ones
susceptibility models y

- The availability of data greatly determines the

Ao g possibility of using particular susceptibility
Qualitative methods Quantitative methods mothods

- - - Physical based models require detailed soil/rock
Heuristic Statistical Process-based Neural network characteristics

Analys|s Analys|s Analys|s Analys|s - Depends on the homogeneity of the area
- Don’t simple use the factors everyone is using:

- GIS-based factor derived from DEMs are easy to make but
< 1:10,000 Yes Yes No Yes Yes e e 3

Scale Inventory

. Strong relation between failure mechanism and factors to
1:25,000 -

collect.
Yes Yes ba¥@& Soeters & van WeNEN (1996) and Aleotti & CY@@hury (1999
1:50,000

, > . Validation....
\ 1:100,000 Yes Yes/No No No

- A susceptibility map is useless unless it is validated.
e ——————_ - Spatial validation

- Temporal validation

- Validation of statistically derived results are often more
difficult

+ How long is a susceptibility map valid?

- As soon as any of the (intrinsic or triggering) factors
changes, e.g.:
- Road construction
- Climate change
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2 3., 2006)

[\h;n theme I Sub theme

A. Debns flow and debris
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People who wonder if the
glass is half empty or half full,

Miss the point.
The glass is refillable.
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