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Climate Change
Vulnerability Mapping
for Southeast Asia

Arief Anshorv Yusuf & Herminia Francisco

Legend
Multiple Climate Hazard Index
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Adaptive Capacity Index
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Legend
Climate Change Vulnerability
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Data Sources:

(1) Geological Map of Thailand 1: 250,000 scale (DMR)
(2) Active Fault map and Earthquake Distribution of Thailand (copy from DMR, 2007)
(3) Landslide Activity Records (GERD, 1970-2011)
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Landslide Activities in Thailand
(GERD, 1970-2011)
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Rock Group of Landslide Susceptibility in Thailand
(classified by Research and Center, 2012)

1 Carboniferous and Permo-Triass
Bl Triassic Granite Rock
8l Cretaceous Granite Rock
Il Extrusive and Mafic Igneous Rocks
BBl Perdominantly Sandstone and Siltstone
871 Predominantly Shale and Mudstone

7  Interbedded Sedimentary Rocks
B8l Predominantly Metamorphic Rock

g Predominantly Carbonate Rock

10 Quaternary deposits

11 Sedimentary Rock on Khorat Plateau
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Landslide record

Landslide Activity
11 Rock Groups
NR MM Sum % Sum
1 | Carboniferous and Permo-Triassic Granite Rocks 0 0 0 0.00
2 | Triassic Granite Rock 22 6 28 16.87
3 | Cretaceous Granite Rock 8 10 18 10.84
4 | Extrusive and Mafic Igneous Rocks 3 8 11 6.63
5 | Predominantly Sandstone and Siltstone 10 7 17 10.24
6 | Predominantly Shale and Mudstone 10 13 23 13.86
7 | Interbedded Sedimentary Rocks 31 7 38 22.89
8 | Predominantly Metamorphic Rock 10 7 17 10.24
9 | Predominantly Carbonate Rock 5 1 6 3.61
10 | Quaternary deposits 0 8 8 4.82
11 | Sedimentary Rock on Khorat Plateau 0 0 0 0.00
Total 99 67 166 100
40
- 35
T 30
>
5 25
N
> 20
=
> 15
S
<«
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0
1 11
[l Stimulated by Human 0 6 10 | 8 7 13 7 7 1 8 0
B Stimulated by Heavy Rainfall | 0 22 8 3 10 | 10 | 31 | 10 5 0 0

11 Rock Groups
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Union of Myanmar
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Catastrophic landslide event
Minor damage landslide event
Permo-Carboniferous granite
Il Jurassic-Cretaceous granite
Jurassic granite
Il Voicanic and other plutonic rocks
I sandstone and siltstone
I shale and mudstone
I interbedded sedimentary rocks
B Vvetamorphic rocks
Quaternary deposit
I Limestone rocks

Source Data
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Landslide and Debris flow Situation from 1970-2011

Figure 2. Real GDP growth, 1972-2007
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The La Conchita Landslide,
United State (1999, 2005)

Landslide Hazard|
] High

[ Moderate
= Low

3 Very Low

Event Name La Conchita Landslide

Country United State
o q ATITN 4 TUIAN A.A.1995
rr ]

ceurre ATINET0I 10 UNTIAY ALF. 2005

Causes Auanmiin
Lost Lived afaiiaes adrertos 10 33n

Geomorphology fimaFaunanuaneds
Geology Siliceous Shale, sandstone, siltsone and mudstone

Field Investigation

Randall W. Jibson, 2005

Laboratory Testing




Ojai Daily Rainfall

The La Conchita Landslide,

1/19/05

180 -
- United State (1995, 2005)
e s Ventura Daily Rainfall
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Figure 4. Daily rainfall at Ojai (20 km [12 mi] northeast of La Conchita) from October 1, 1994, through March 20 |
31. 1995 (data from National Oceanic and Atmospheric Administration, 1994b, 1995b). The 1995 landslide
occurred more than 1 month after the heaviest rainfall of the season. 10 II
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e Punta Gorda terrace (45ka)
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Conceptual geologic cross section through the bluff

face in the vicinity of the 1995 and 2005 La Conchita
landslides (modified from Rogers et al. 2007).
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Water Behavior in Zero-Order Basin

\ Flow of groundwater Estimated slope failure area at zero-order basin

Stagnant groundwater Knick line
in zero-order basin |

—
- e
7 ~

—

Z

/ Base Rock
Z

Knickline
Cross
section . Surface layer
line (t=1<2m

Cross Section

Plane




Laser Profiler: Shaded Relief Topographic
Map in the Debrls FIow Area
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Debris flow in Kashiwabara, Chino,
Nagano (2012)

Based on the topographic interpretation,
it is estimated that surface failures
around knick line of zero-order basin at
the head of valley caused the debris flow.
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Critical rainfall envelope (3-days)
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Review

Deciphering the effect of climate change on landslide activity: A review
M.]. Crozier

School of Geography, Environment and Earth Sciences, Victoria University, PO Box 600, Wellington, New Zealand
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Fig. 1. Conceptual hydro-climatic landslide triggering model.



Table 2
Properties of landslide types with respect to climatic triggering in mid-latitudes (after Asch 1996)

debris flows flat slides deep seated slides
depth of superficial 1-10 m 10-40 m
shear plane
hydrological system surface flow infiltration, percolation, (regional) groundwater
evapotranspiration flow
climatic trigger high event-based precipitation high daily/monthly high monthly/yearly

intensities effective precipitation

effective precipitation







Table 1

Direct changes and potential slope stability responses to climate change.

Climate change

Condition/process affected

Slope stability response

Increase in precipitation totals

Increase in rainfall intensity

Shift in cyclone tracks and other
rain bearing weather systems

Increased variability in
precipitation and temperature

Increased temperature

Increased wind speed
and duration

Wetter antecedent conditions

Increased weight (surcharge)

Higher water tables for longer periods
Increased lubrication of contact surfaces
between certain minerals

Increase in river discharge

Infiltration more likely to exceed subsurface
drainage rates. Rapid build up of perched
water tables

Increased throughflow

Areas previously unaffected, subject to
high rainfall
More frequent wetting and drying cycles

Reduction in antecedent water conditions
through evapotranspiration

Reduction in interstitial ice and permafrost
Rapid snow melt—rnoff and infiltration
Reduction in glacier volume

Increased sea level

Enhanced evapotranspiration

Enhanced root levering by trees

Increased wave action on shorelines (enhanced

by higher sea levels)

Less rainfall in an event required to achieve critical water content

Reduction in soil capillary suction—reduction in cohesion. Softened layers can

act as lubricants

Higher water tables—reduction in shear strength

Increased bulk density, leading to decrease in shear strength/stress ratio in cohesive
material

More frequent attainment of critical water content during rainfall events

Reduction in friction (only occurs with certain platy minerals e.g. micas)

Increase bank scour and removal of lateral and basal support from slopes

Higher lake levels, increase in bordering slope water tables

Increase in rapid draw down events and higher drag forces, removal of lateral confining
pressure plus perched groundwater levels on flood recession, increasing shear stress.
Landslide triggering by reduction in effective normal stress leading to reduction in
shear strength.

Increase in cleft water pressures.

Increase in seepage and drag forces, particle detachment and piping. Piping removes
underlying structural support. Enhances drainage unless blockage occurs

Rapid adjustment of slopes to new climate regime

Increase fissuring, widening of joint systems
Reduction in cohesion and rock mass joint friction
Lower antecedent water status—more rain required to trigger slides

Reduction in cohesion in jointed rock masses, debris and soil

Build up of porewater pressure and strength reduction

Removal of lateral support to valley side slopes

Enhanced basal erosion on coasts, increase in groundwater levels on coastal slopes
Reduction of soil moisture

Enhanced drying and cracking

Loosening and dislodging joint blocks

Removal of slope lateral support




Climate change effects on landslides along the southwest coast of British Columbia

Matthias Jakob **, Steven Lambert >

# BGC Engineering Inc., 500-1045 Howe Street, Vancouver, Canada V6Z 2A9
b Canadian Centre for Climate Modelling and Analysis, Environment Canada, University of Victoria, PO. Box 1700, STN C5C, Victoria, B.C, Canada V8W 2Y2
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Frictional and cohesive forces
on 5 boundaries

Limit-equilibrium analysis

Spatial Data:

* Elevation

« Soil depth

» Pore water pressure
* Root strength field

Material Properties:
* Friction angle
» Bulk density

Implicit assumption: Rigid block

. Explicit assumption: Failure plane

~ Ru+Ri+Ri+ R+ R

[Milledge et al., in prep.; Dietrich et al., 2008] Fd




Discretize landscape into grid of cells

Associate each cell with a node in a graph
Nodes: landscape cells annotated by driving forces
Edges: resistive forces between neighboring grid cells



R = Resistance matrix
F = Force matrix
x = Indicator vector for hypothesized landslide

Factor of Safety:
A
X" Rx

=T—
x Fx

xT

FS




The potential impact of climate change on typhoon-triggered landslides
in Taiwan, 2010-2099

Shou-Hao Chiang?, Kang-Tsung Chang >*

® Department of Geography, National Taiwan University, Taipei 106, Taiwan
b Kainan University, Taoyuan County 33857, Taiwan
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Fig. 4. Landslide map from Taiwan's Forestry Bureau (1976, 1986, 1992, 2004, and 2005).



The factor of safety (FS) is defined as the ratio of the available shear
strength (stabilizing forces), including soil and root cohesion, to the
shear stress (destabilizing forces) (O'Loughlin, 1986; Montgomery
and Dietrich, 1994; Pack et al., 1998, 2001):

C+ cosh|1— min{%ﬁl}(ﬁ)] tan ¢
FS = L

(2)

sinf

where pJkem™] is wet soil density: p,[1.0 kem™] is the density of
water; #[deg] is slope angle; ¢[deg] is the internal friction angle of the
soil; R [md™'] is the daily net rainfall: a [m?] is the upslope
contributing drainage area; b [m] is the unit contour length; and T
[m?d'] is the soil transmissivity. C [—] is combined cohesion, made
dimensionless relative to soil depth D [L] and defined as:

G +G

( =
Dp.g

(6)

where C, is root cohesion [N m™], C; soil cohesion [N m™], and g the

gravitational acceleration constant (9.81 ms™).
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Fig. 9. Predicted instability of a slope unit within the study area for 2010 (a), 2050 (b), and 2099 (c).



Modelling the impact of predicted climate change on landslide
frequency and magnitude in SE England

* Department of Geography, King's College London, The Strand, London WC2R 2LS, UK
® Department of Geography, University of Bonn, Meckenheimer Allee 166, D-53115 Bonn, Germany
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In a sitmulation all rainfall 1s mnitially delivered
to the upper root layer. Vertical drainage 1s simu-
lated in two phases: matric flow and macropore
or bypass flow. On the Roughs the top soil layer
1s dissected with a network of tension and desicca-
tion cracks which allow water to bypass directly
to the second layer, a common and important
process on recently active landshides. Fissure flow
1s described empirically based on a relationship
between the bypass coefficient and rainfall intensity
(Coles and Trudgill, 1985). The bypass coeflicient
1s estimated as a function of rainfall intensity:

B,=aln(I)+b (2)

where [ 1s the hourly rainfall intensity (mm) and
B, is the percentage of effective rainfall (HER)
which bypasses the root zone. Since high resolution
GCM rainfall data were not available, an average
hourly intensity for each month was assumed
based on hourly rainfall data for 1996 and 1997.



% of sub-catchment area unstable

the factor of safety (FOS):

T Ps I C, +Cy
—=1——1- tan 0 — .
z Pw tan ¢ zpsg cos” 0

(1)

where p, =soil bulk density: p, =water bulk den-
sity; 0 =slope angle: ¢ =angle of internal friction;
C; =cohesion of plant roots: Cg, = cohesion of wet
soil: g=gravity.
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Downscaled GCM output for the south coast
of Kent suggests an increase in mean annual
rainfall of 11% from 741 mm to 816 mm, with a
slight increase in variability. Increasing temper-
ature 1s expected to raise evapotranspiration rates
by 13%. resulting in an intensification of the hydro-
logical cycle. The modelling results suggest that
climate change 1s unlikely to have dramatic conse-
quences on the frequency of large landshides
(exceedence of 7T,.4). but small changes in the
distribution of water table depths may significantly
decrease periods of small scale instability
(exceedence of 15 _,,). Although the climate change
signal suggests some changes in periods of instabil-
ity. 1t 1s likely that factors such as land use change
and human activity will have a greater impact on
landshide frequency than climate change over the
next 80 years.



Impact of climate change on a landslide in South
East France, simulated using different GCM
scenarios and downscaling methods
for local precipitation

Jelle Bumal*, Martin Dehn?

'Department of Physical Geography, Utrecht University, PO Box 80115, 3508TC Utrecht, The Netherlands
ZDepartment of Geography, University of Bonn, Meckenheimer Allee 166, 53115 Bonn, Germany
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Stability analysis in two stages
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a%%qﬁﬁﬂﬁaa (Se-mi Statistical Method)

Antecedence Precipitation Index (API)

G
API, = (K,*API,_,) + P,

API, = API at time t (t) (u.u.)
APIL_; = Previous API (t-1) (mm)
P, = Precipitation rate (t) (mm)
Kt = Regression Constant




Recession Constants: K

¢ — CXPUTE,
) E = Evaporation at time
%Y = Moister content (mm)
100
e  WHC = Water holding capacity (% by weight)
D, = Total density (g/cm3)

Soil depth = mm
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Va air
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w water
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v, soil \ /
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SEAVAINDNE Sr = \i - y
. = V. = dsuesuasin
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APl =n-S _ T

cr r,cr Cr

API_ P2 Q7UANNENTUDBINUINGR
n @2 AINNWTUBBIAU (Porosity)
S __ A3 FAUANNBNMYIAUINGH (Critical Degree of Saturation)

r,c

T P8 ANNWNY2ITUAUDIRINITLATAUNI (Critical Thickness)

153%5 (2552)



AVERAGE API_, = 1003 mm.

SD= 234 mm.

COV= 23.33%

LLEIHT Contour APIcr
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Make it Dynamics

|

%RTL = API; x 100 -




Percent Rainfall Triggered Landslide (%RTL)
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Dr Suttisak Soralump, Civil Engineering Department, Kasetsart University
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2. ANUFUNUSVDIA APlcr TuLAazA1ua1nTuY

APl Relationship Slope angle,FS=1.0
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%RTL Relationship Slope angle
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Climate Change Vulnerability of Landslide
PRECIS Scenario A2
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4 day accumulated Rainfall 600 mm In July 2008

Debris Monitoring

Jioufen-Ershan Site




v o

N1SAANISNURANYAUDAN

qUN 1 nautAnfe

A)INTNITIANTAYTITUYR

A1saiuszuuilasAau 1 e e
msﬂaanunu

\’5 Z. ANsUssIm

gy . S G
n1sun2ing § m/ S o(}\\ a1519auAn
anwiné é,,é \ %\
\
(@) B
O 1 \
& N3
5
.. 5 2drelu] 2enau Z mMEsesaunsau
mszhuwmda | § Wias |5/ fusn
winveiu = 8
© L
% \V, o )
= i
y, \‘,?SV
S -
. : » Q@ Asausg
Tianuahauida

990U

AUSLANANE

(The Philippine National Red Cross, 1999)



INUANATNUATIAUAIIUTUL I

1 AYTULIIUBEINN TT U <5 Laidl 1 808
seUnaNtasndn 5 Wi AfGEkRl

2 ANNTULIITBE 5-30 1-5 1 8100
f91uuToU0aN 5-50 W9

3 AU TIUIUNGTY 30 - 100 5-35 > 1 9100
f91uuseunaU 50-500 Wiie

4 ANATULSIIANN > 100 > 35 > 1 39%In
o ! 1
fduIusTeEnaN W31 500
WA

37: 39INSHazAMY (2546)




UNUIMLLASHUNTIVDID9ANSATUNISTIANISTAYSTTUYIR

N sinawmgn1salauaaululszmelne

n5UU9INULAZUSSINIEIS15UNY
1ALt UNN15 Ui ULaE IAA1LEWED HUSZaUAYNBNNNY 21908 LAY

lpaunay (szey 5 U) AmesguussialinnuiuroukuUjuRnswasulssunnd w.m.2553 -
2555

LauRINalauUstsTestunaunsUfTReandy Yasnsuiane, Yasuasiadiy uay
YAMAWANNY FAULNUAINA1AUNAUDNUNNVDIUILINUS URAYDULAZLNUNITUS IS IUEN1L

andudaiveniguussilugisunalunisuims

nsudaanuUazUTINIES1SUNY (2552)




WU

TunpuNsURURLasTNIvamgUNTURAYaU
1. ndULNANY

1.1 nsvasnunazanNanssnu

- UszisiumnnuLdeeny N5UUDINULATUSSNATISITUNY NTUNSWYINTTIMU NSUNMUINAU NTUNSNEINTU N

YaUTEMU NTUENYIUNNYIF d9IU7 uaziugity i 6ne a9Ans Unasesdruvioshiu
AN JIVINUNIUAT

- AN ASUDINULLAZITILLAU ASUNSNEINTUT ASUUBINURALUTIMIAIGISUNY NTUIAUIENIU ASUNIIAAIE NTUNS

PANVUUY 919 910D LazIANTUNATIIAIUNDIDY

= Quﬂ‘i/‘l”]ﬁ’;:ﬂ‘l_l‘llllgﬂu NsUURIAULAZ UTIINESTITUAY NSUNSNYINTEIU NFUNTNEINTUD ﬂsuq@;ﬁaﬁwm N3

YAUTENIU NIUNRWINAY NTUGNULUIYIF dadUn uasiugity Jwda 811ne aeAns
UnATOIEILTIDIL WAy NTUVNUNIUAT

| £
1.2 NIFLNIYUAITUNIDU
- FanduazinausuadaNAs dinnuddansensnassagy nsudesiukasussmansisads nsunsnensssal nsy
VINYINTUT NIUNAUINAY 91130 81608 BIANTUNATRIEIUVIDINU NTINNUMIUAT ke
Uals
Y

- Iarusunyuyy AUNNUUIANTENIANYITNT NTUTBINULALUTIMNAISITUNE 9N 81LND BIANT
Y 9
UNATDIAIUYIRINU @0 TUNISANYILAZANINIVIA e

- WAIMISSUUNISNEINTA LLagaﬂqqﬂnsgﬁ nsugnesive nsuninensil nsuvausemu nsudesiuulasussinanssusiy qud

v &

WWouse WoUATUALIYIA NTUNTNEINTTIA NIUAVNAIEAT NDIVINITE NTUENY WA &0

U1 uagiugiy nislihdhendauvissemalve wninenduinuasaans wag

NIWNNUNIUAT




vV a

JunauN1sUHURkazuIvamiIgaunsuliavau(da)

2. ypuzinNg (N15UTN15IANITIUN1ERNLAL)
- é’ﬂé‘fqﬂuééquqamsqugﬁq nsutean ez UISIasISUY
3. BaNaNY (NNSINNISHANNNY)

- A IUNTUSEIUAMUNLE WY AZAY AugSIIBNITANIZA
ABIN15LUBIAY

o R TAC R LR FH R NG N R LRIV GO d1linnuydansensiansisaay nsulesiuuasussmansisaiy 3min 6ne aeins
LLﬁﬁUsgauﬁﬂﬁqua%nqwauqﬁﬂ Uﬂﬂj@\??hu‘ﬁa\iau HLASNIWNNUIUAT
v 9

- uw”sguumsqméﬂinml,ag,flﬂsqa%quugqu nszMTIMIAU ALazANIETuATeIYEd dinnuldansensas asisasae

anaqlugnay dhauudansenssd@nesns drihauudanseniamaluladensaumanazansioans
(US¥m 7ledl e () wavuSem nan nseuuiay 3110 (uww) nsudesiuulay
VTSN NIETIBNTWALHALBY NTUNIMEI NTUVIVIANVUUN NI
ausEnu Jamdn 6une

- é’ﬂiﬁﬁmsﬁnmwansgwumnqwnﬁsu,agau AUt ULAZUTIINANSISAUNE NSUYAUTENIL NSUNSNEINTU ASUNSNYINTSIE NI

1 Aaa

Traunaufissadae WANTAY NFUENEUUINNR dndUn uaziugiy nTunnumuAT kazan1dun1sAinw

nsudaanULaZUTINIES1SUNY (2552)



UNUIMNLALRUINIVDIDIANTAIUNITIANISTAYSSSUYI

1NN1sAmANIsAlRURaNTuA1UsEINA




Ministry of Land, Infrastructure and Transport Infrastructure Development Institute - Japan

- Identification of sediment disaster hazard areas  __ _ _ _ _ _ _ oo

( Identification of slope failure hazard areas
1) Selection of survey sites

2) Survey for the identification of hazard areas
3) Designation of hazard areas

4) Social survey in the hazard areas

(: Identification of debris flow hazard areas
1} Selection of survey sites
2} Survey for the identification of hazard areas

3) Designation of hazard areas
4) Social survey in the hazard areas

1) AMvunvauaiiuil NlanudeanIsAnmeNITal

¥

Determination of an area for the development of a warning and
evacuation system against sediment disasters

LASNAIUITEUULRDUN UAZ LN U UNITO NN

- Monitoring and forecasting of sediment disasters = ------------------ 2

[ Collection and arrangement of rainfall data .

Setting of the standard rainfall for wamning and
evacuation against sediment disasters

L]
i
L}
1
i
1
1
1
E 1) Setting of the standard rainfall for warning and
i
1
i
i
1
1
:

2) asrviangingsulunuiiidissds wasimusnuely

Monitoring of sediment disasters

Monitoring system for debris flows

nsieusisuazenenIINUeyau

evacuation by the Guideline Method and the
Examples of the standard rainfall for Committee Method
warning and evacuation 2) Setting of the standard rainfall for warning and
evacuation by the total rainfall

3) Setting of the standard rainfall for warning _ Delivery and transmission I a

(2) evacuation when no rainfall data are available of sediment disaster information

(3) { A warning system for sediment disasters '

¥ ¥
Roles of organizations
responsible for sediment disasters
1} Organizational structure concerning disaster
prevention
2) Roles of organizations responsible for

delivering warning information
3) Roles of organizations responsible for

3) AMVUANTNNAINUSURATDUVDILARLDIANT MUNIT

Information on waming
against sediment disasters
(Purpose, contents, and examples)

v

I3y wazlidayaedtussuunisimeaude

EImergency response measures

¥
Communications systems for information transmission

Preparation of manuals, maps, and posters
for disaster prevention

Development of evacuation facilities

4) WIPULNUNTENEN LAgNTYNANouazUINTATT

Josudemiiiunisiagniisnuviesnu
Education and enlightenment
on disaster prevention

Disaster prevention and evacuation activities
undertaken by the local people




Activities needed for evacuation from disasters

Normal time

Waming time

Disaster - Preparation of disaster prevention|- Collection and transmission of v A ' Y] S A
prevention plan disaster information RUNNVBINUILIIULAZBIVIUL LN LN
organizations |. Dissemination of disaster prevention|- Recommendation and instruction to o o | - | a4 -
plan. | A 52395y TugaanaunfiLastaaanine
- Implementation of disaster |- Guide for evacuees and rescue
prevention training operation 1
- Establishment of  information Lw@ﬂqjm
transmission system
Local people |- Voluntary disaster  prevention |- Grasp of the state and judgment
organizations - Actual evacuation

- Improvement of disaster prevention|.

awareness

- Disaster prevention training

Mutual cooperation in community

sUkuuvedlassasetdasiuuay

TgUszasalunisidam

Type

Primary purpose

Type of works

Control works

To mitigate the effect of rainfall

Drainage works, vegetation works,
slope protection works

To remove a soil mass highly likely to
collapse

Cutting of an unstable soil mass

Restraint works

To reinforce the surface soil layer in a
slope

Cutting of slope to improve the form,
retaining wall works, anchor works,
pile works, loading embankment
works

Ministry of Land, Infrastructure and Transport

Infrastructure Development Institute - Japan

Soldier piles and lagging
works

Steel piles are driven into
a slope 1o restrain the
collapse of the surface
soil laver. Lagging is
placed between piles to
prevent downward
movement of eroded soil.
This construction method
can be applied without
destroying existing
vegetation.

Giravity retaining
wall works

Cast-in-place
concrete crib works

Ciround anchor works

Grating crib works

Concrete frames are laid on a slope, within
which plants grow to protect the slope from
weathering and erosion. It is also possible
to direcily suppress slope collapses by
using the frames in combination with
groumd anchors, etc., or to allow trees
remaining on the slope to be retained by
adjusting the arrangement of the frames.

Retaiming wall warks

Concrete retaining walls are built on
the lower part of a slope to directly
suppress a collapse of that part and
also to check coming-down
collapsed soil and stop it before
reaching houses.




GUIDELINES FOR DEVELOPMENT OF WARNING AND EVACUATION SYSTEM
AGAINST SEDIMENT DISASTERS IN DEVELOPING COUNTRIES: PLANNING

Basic structure of the Everyone Watching System (EWS)

National
“ government Information on disaster prevention

Information on local Activities for disaster prevention

conditions
3 L . .
g 8 formation on local This kind of disaster prevention
gformation on disaster E =] " “‘"“a";“. on focs
tn ~ SEE i imvoler tem based on th -wid
o venton EEE Public svolvament system based on the area-wide
idi ®ag L
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= Tachnical guidance, alc. L. .
Prefectural Municipal Watching Systermn (EWS)
governments governments
Information on local

conditions

Distribution of hazard
area maps, etc.
Evants for disaster
prevantion

conditions
Public imvalvemant
Evacuation
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Information on local conditions Evacuation training, etc. L W
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example of the disaster prevention map prepared for sediment
disasters (Kagoshima City, Japan)
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An example of the disaster prevention poster (Merapi Volcano, Indonesia)

Evacuation

For avacuation succesfully, the limit of goods to bring
1. The Guard maximum 20 kg per person.
The Guard was being lead by SATLAK, Operasi Unit and SATGAS Goods which is need to bring for emergency condition

AN ACEATH - —— .-_"'I'IL. = = Halrmad a
FLALT - . = Don't bring along
# Use this at the ™,

\ evacuation =
b timo

Tioumes

2. Evacuation Priority
On the evacuation lime, the first pnonty are the baby/children,old parson

injured person, handicapped person, pregnancy women and women : b
Evacuation Method

Attentionl! * Fumiture
1. Lock your housa.
1. Turn off tha fire source in order to
#vold burned.
. '::lllipl‘::\:.:- T-sharl, Jacked e
3, Evacuation Method Trousers, Sarong. alc _ e mxnﬂ?«?m:?wn

@ r
)
There are 3 methods to evacuate, But SATLAK will instruct the nght method I'ng_ e sl 4 ‘@’ -
based on scale of eruption, when the right time the evacuation has to begin . 5 Foliow the SATLAK guard instruc. /
} b um.nddunnluhdw action * Fo-pd/Drink

(Bead rice snach

and the traffic condition of evacuation road

nalnnl noodales
chrankcing wialer)

Individual Evacuation : = impartant Goods

Evacuate based on - " {Mpnary, Oxmarmiend
From those gathered place ID Card, Married cerificate) Bdditienal 1 Additional 2

personal initiative to |
peopie will be evacuated to E iy for th
ihe temparary barrack # the more safety piace W Espocislly for the baby !pwr.u y fad the old

Additional 3
Useful goods

* Feading

bottls '“H'ﬂm * Plaatic
3 ; B @ % @éﬁ Hnl "
_ J 2 = Far Tha Light
Rescue Evacuation . (o (Cmnadle, Malches, Flashigh @ * Ciapor
wilh baflery) L Smluhl m

The injured persons will be evacuated

= Mat = Cloth
from the dangarous anea to the sale barrack
or hospital by ambulances

Ministry of Land, Infrastructure and Transport Infrastructure Development Institute - Japan




Work flow of Weather Monitoring in Taiwan
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Warning System in Taiwan
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Disaster supporting system

‘Web-GIS
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Debris-flow warning levels

(1). Post-event Type

Using geophone, wire sensor, or CCD image to take the signal of debris
: flow after occurring. :
Advantage - Highly Accurate, less false alarms

i Disadvantage : Shortage of Evacuation time, Higher cost, It could not be
i installed entire area, s0 always got leakage. i

Pre-eventType

- Using rainfall parameters to set the warning

: criteria. i
Advantage : Lower Cost, Wide coverage, Extend :
evacuation time i
: Disadvantage : Lower Accurate, more false -

’ alarms

Announcemen_t of D?bris Flow
Warning in Taiwan

Predict Rainfall
* Threshold

Real Rainfall

2R
Rainfall Threshold for e Threshold

Debris Flow Warning :
200- 600mm

-30hr. -18hr.

in Taiwan

Sea typhoon
alarm

SWCB (2013)

Rainfall
forecast

Enforce
Evacuation

Local government Local government
should Advise the should Enforce the
inhabitants to evacuate jnhabitants to evacuate

Advise Evacuation




Debris Monitoring

(Field monitoring)
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