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Abstract
Project Code : RDG5230014
Project Title :  Assessment of Extreme Weather Events of Thailand: risk and hotspot vulnerability
analysis.
Phase 2 : Vulnerability Analysis and Risk Assessment from Rainfall Extreme in Hotspot
Areas.
Researchers : Sangchan Limjirakan1, Atsamon Limsakul’
' Environmental Research Institute, Chulalongkorn University
? Environmental Research and Training Center, Department of Environmental Quality
and Promotion

Email address : Isangcha@chula.ac.th

Project duration : 1 May 2009 — 31 October 2010

The community-level vulnerability to rainfall extremes and climate-related disasters in
Nakhon Sithammarat and Chachoengsao provinces was studied and analyzed. The vulnerability-
based approach and Hazard-of-place (HOP) model of vulnerability were applied to develop
‘Community-based Vulnerability Index (CoVI)’. The CoVI is a composite index representing the overall
community’s vulnerability in the context of biophysical and socioeconomic dimensions. Based on the
Intergovernmental Panel on Climate Change (IPCC), the CoVI's structure consists of three major
components namely 1) Exposure, 2) Sensitivity and 3) Adaptive capacity. The criteria used to select
indicators for each component were considered mainly on the basis of scale consistency of data, as
well as primary and secondary data which were collected from relevant institutes and organizations in
the study area. Furthermore, multivariate statistical techniques were employed to analyze
multidimensional indicator matrix in order to reduce the number of variables but still exemplify most of
the overall community’s vulnerability.

The results showed that the CoVI is able to represent characteristics and spatial patterns of
vulnerability in Nakhon Sithammarat and Chachoengsao provinces in consistence with overall contexts
of communities. Spatial patterns of each major component and vulnerability level of individual
community in both provinces were generally different. These reflect differences in community contexts
and factors determining the overall vulnerability of those communities. When considered as a whole, it
was found that the communities in Chachoengsao province had higher vulnerability than those in
Nakhon Sithammarat province. These results would indicate the differences in each of major

component that was aggregated from a number of indicators. However, maps of each major
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components and their CoVI consistently indicated similar communities’ vulnerability in both provinces.
The communities explicitly located close to the Gulf of Thailand such as communities in Bangpakong
district of Chachoengsao province and in Pakphanang, Mung, Thasala and Sichon districts of Nakhon
Sithammarat province had greater risk to climate-related hazards and were more sensitive and
vulnerable than others. The results of CoVI analysis and major components of vulnerability were
generally consistent with the previous studies, illustrating that coastal communities are particularly
vulnerable to climate-related disasters, coastal erosion, high wave and storm surge.

The communities’ data base of the CoVI, including major vulnerable components, outcome
risk from climate hazards, as well as socioeconomic, environment and disaster data used to calculate
vulnerability index are large data base covering community-level resolution and multidimensional
coverage of social-ecological system. This is a fundamental unit of sustainable development. The
major output data base from this study, therefore, is not only undoubtedly useful for community-level
vulnerability and risk analysis from climate-related disasters, but also be applied as a supporting tool
for policy decision making processes at provincial level to prioritizing the communities needed
immediate actions for socioeconomic development, in parallel with adaptation to climate change and
disasters. Moreover, this data base can be integrated as a part of Provincial Decision Supporting
System (DSS) and other existing data bases at province, district and sub-district levels to support the

measures adapting to adverse impacts of climate change and disaster management in the future.
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o
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UNN 1

UNU

[ o a
1.1 AnatluauazANNAIAYURIlATING
dszmalve sz manilaluilmi@snianuasuangesiannnuuilslsuiarmaidasuula

AanNNQRBINIPA (Climate variability and change) $98I9AN19EANNTUKIIIBIANNIBINALA T TINTANS

¥ v o
o

nHa1NA (Climate extreme and disaster) matlillasannisanssdimnaestssangudaulvn uazn Iwmn
109tlszinAlag N FeafaNI§IUNINEINIsITHTN AL TNANRANH AN Iz UNgIsia AN s suuAE

m@t.ﬂ?muuﬂmmmwgﬁmmﬁ W1 NINEINTH NSNS NNz NaNARNIaNNTInERT (IGES, 2006;

[~1

ADB, 2009; Yusuf and Francisco, 2009) uanannililasaunalunduiluAudnatsmsimuinséuas

WIHgNA  uaziiniesanug e TNTuetauiL  snAseginnunuguinuatuazaadmes

'
a o

(World Bank, 2008) ﬂ@ﬂ-gﬂ’w,ﬂuwmmmmﬁﬂ@xmﬂimﬁﬁﬁqm%; Tuan1NzANNLLILTIUTBIaNIN

NHEINIA ANNTHLITEANANEINIA NTanDNaN1E AN Tadg I RuaziulugUuuse 7 &

4
a

ULAUATNIANNIULIILATHANDLDINRALBEATINNTY (UWAIUNT ANATNIG UATATUE, 2553; GANW

ANANA uATANME, 2552; Limjirakan et al., 2009; Limsakul et al., 2010)  avdanARediLdayav8ININ

@ o o A A Aany = a
{a9NULAZLTINIAB1T AN V]?WHQWHWUVIV]VLQ?HN@ﬂﬁ‘gV]U ﬁQqNL@ﬂﬁqﬂVﬂQLﬂ?Hﬁﬂq LL@%?’]H{]?

fuszausiaainaniunisniivianuazdawdsludssmalnasyudnan.a. 2532 - 2551 wudnduuelfiudinam

' 12 !
a

(BANUY ANANA UATADY, 2552) wanAanBNanismwmssiadaneyuasieuneaeundinglszmelne

AL 57 T (W .A.2494 - 2550) wudwnglmiFawisalfiduniannuiaanlndgudnateuinndi 63 Alawwns

' v 2
o o

padaluaaulll sewdnanA. 2526 - 2550 HAuauaiaesnsedeuidinglssmalnegendiszudnan.a,
2500 - 2525 (NsugRleNInen, 2551)
éll a v Aa oA o 1 Y o v a al | aa
pansznLAINNaasulasannglennauazipmifsinan  lhnaliifiaaudsmasiadi
NINTRU ANNAIANUAZIATEFAA diilugarumaaluusastl (galda L%@ﬂqm’ﬁiﬂ’ﬁ‘, 2549; Gupha-
Sapir et al., 2004) nasilesiuuazusnasIUsefauitAAEBAINAB TN RN
1 1 = 1 v o 1 | o tdl o o 1 v
FEMIWW.A, 2532-2547 Wuddlyarn 65,497 §uum dudnfluiladudesddysianisufilatioymaniu
FNABUAZNNTNINUNL TN AREINIFAHET AITUIENING W.A. 2546 - 2550 sz ing HNuNnemINgss
dszaugnniouazdauda 23,758,577 18 Hinwmanslafunanssnuanuon 2,679,021 918 Andluyaen

ANAENENTFUNA R ntaewReinemsnsilszaude ludesdiuanieu 8,341,002,953 1 (N3N

AUATNNTNEHT, 2553)
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a

fn1smanisnidnanNi@amnaainnisilasuilasaningleniAuaziants luginiaweds

al

o = 9 o = P < @ o o o P
mgqu@@ﬂLQEQIW?QNWQ‘]J?ZLVW]VLVIH @ZWQﬂquﬁ;uLL?\‘iL‘WNNqﬂﬂluLﬂu@q@erLuﬂuqﬁm@‘lﬂ,ﬂ@ ATNANIIE AN

o o/ o 1 o Y o

wisdsaunneassNTIRresszULHeINIATAN ﬁﬁmwL%N‘EmLL@:ﬂﬁamwuﬁ@mwueﬁ@uﬂumab
dl a all a a rd‘ ] =® o o d’l < o o
wasuulasan ngieniAnnaaInnanssuNyee Tedenansenuneiuuasivainuiiuainy (Gregory
et al., 1997; Ziegler, et al., 2003; IPCC, 2007a) 8uliasnnanginiawidanydieaniaes ifsuialszimne
Ty fvaglndqnaudnatarnnuulslmuassssuugiennialanidnAty Ae El Nifio-Southern Oscillation
(ENSQ), Asian Monsoon ka¥ Indian Ocean Dipole (I10D) %uﬂuiwmmm’mLLﬂiﬂmumm?zuugﬁmmﬂﬁ
IAAAINNITUANILALIBAMNEAULA L AR INTUITNINNNIAYNT UITUNIALAE LAY LT nuduAudgens
1 a a aa o [ & o o a dld v
FEUINNIANNIBURE LAz NNayNsuLlTAN duuesAlssnaudiAnyresszuugieannialannduua i
a a al dy ] dl o 1 al dy 2 |
ANNNAUNFALRIA N T TURNT TS 189 INTUUIILATANND PNARdauNITRNTUIR9R T iTa Y

ﬂimmmxﬂqmwﬁm'ﬂﬂm (Saji et al., 1999; Timmermann et al., 1999; Lau and Nath, 2003; Chang et al.,

2005; Juneng and Tangang, 2005)

o A % o = a R
ﬂq?ﬂ’]ﬁﬂ’]?ﬂwﬁ\‘iﬂ@qqNﬁq’]ﬂﬂ@@ﬂ@‘ﬂ\‘iﬂ‘]_lﬂq?Lﬂ@ﬂuLLﬂ@ﬂsﬂﬂﬂﬂqmuﬂmNLL@zﬂJquﬂimeﬂimﬂmN

@ o

wn N ukariniasunlasialus s dunazssazenai uwuﬁ‘ﬁuﬂmngmmﬁ ENSO (Limsakul et

al., 2007; Limsakul and Goes, 2008) u@ﬂmnﬁmmafﬁﬂmimqmimiﬂizLﬁummfaxmwgummmw
- N . 9 4

Qummmmﬂi:mﬂhﬂ eeizh 1 AIN13ATIzikUa NN fILAs UL A9aN 19 A NI B 6 AN

9 o o Ay Y @ =R & A
ﬁ’]um@;ﬂ]@ﬁju?qﬂqu RIUIL 170 401U VL@LLZQmﬂiﬁtﬁuﬂﬂ@ﬂqqgﬂrJ’]Nﬁ;uLLﬁ\?m@\‘iNuluﬁ@qﬂwumﬂﬂQﬂingﬂ

1 1 v
¥y Aoy

= = Ry < | e s Ao
VL‘V]E Nﬂq?Lﬂ@ﬂuLLﬂ@\?V]Nﬁ‘ﬂLLuULL@xLLUQIuNV}GﬁUGﬁ@usﬂ IQHWUQ’] ﬁmu@ﬂqqgﬁﬁqqﬂ?uuﬁ\iﬂﬂ\iﬂ]ull@ﬂ‘]ﬂ'mx

a

= a & 2 a 4 Zoa & o A L S o  oa
naiasuilaufiniuiiaesiiAnig As Haitaukazanaslugnsnwansiuluwsasvum (Waesuns au
N o N I~ < % o
A3N18 wazAMy, 2553) anwrnisidasuudasidsngludszmalnaiu iaviuaennfesiunig

wWaznulasaniazarngunssaasdulunanaginianesian (Alexander et al., 2006; IPCC, 2007a) N3

6 o

dszifuiuningfresaniazasiuguisaaedululssmalng lnanisinszidai sanzesaninzany
Tueva99ely 10 A9E Faamaila Empirical Orthogonal Function (EOF) w1191 Was9@4 Principal score

289 EOF Tvimaf 1 Da ued 3 Teannnsaeduneanuullslsuaelulindesas 72.5 199aauudsilsan
Wanualutgadoyannaedis 10 Aot uazifluaetisan (Composite index) MilufaUNUATHAINTLUIITD
tlulug Total rainfall, Simple daily intensity, Heavy rainfall amount, Number of days above 50 mm,

Number of heavy rainfall days, Maximum 1-day rainfall amount ke Maximum 5-day rainfall amount Y

(%

dl % o o = dl dl !
NATHUENUUNWATNUUINQIZA 3 AVIAULTN (WUNLALIRRRNN

q

o

a dﬁl o o Al
#) LNATU IUAINITAUATATEIINIT
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uxdesaan uarnzien TuaneNANATINTe Principal score NNNWHENILIUNFUALIEIERA 3 AIALILSN

2 v
o o a

A A e v a & A o ~ = al - o  ea
(WUNLALNFAAABLAY) LNAAUNAINIADLLTINTT UATTITRANN LAY 177HE (WA9AUNT ANATNIA LAZATUY,

2553)

= A o & A o o | a = Ao a a A
N@m?ﬂﬂ‘]ﬂﬂui:ﬂ:% 1 m\‘mm%\mmﬁumﬂﬂ,lvﬂm\'iﬂ\ﬂuﬂ’]iﬂﬂ‘iﬂ"l’:mﬂLWNLMNIH?WH@ZL@H@W

dl o a o g a dl o 491 dla a A dldl =
Lﬂmﬂ‘ummLﬂmwﬂfa’]maLmamLL@:m&ﬁJ‘::;Lmummmmlmmuqmﬂuwumnqm MNNUNNATUTIN

dl 1% ° L4 Y o A o o = o o a <
WeniueneAnuuaniazaulua1Ausiy i IﬂEIVLﬁﬂﬁ]L@‘ﬂﬂ@\iﬁQﬁuﬁﬁ‘ﬂﬁ‘ﬁﬁ‘Nﬁ‘Wﬁ]LL@ZZ“Q\‘I‘WJﬁ'iwmﬂmiﬁ 1l

v

A dl o a s 1 a dl dl v v
Wuwmi@ﬂummLmﬁwm’]maLmammzms‘?ﬂ?:mumwLzﬁm@ﬁﬂmqumm?mmmmdu LW'FJGLMVL@

=2

dl v ] dl A dl o Ut o a o % o a e
ayafigniiesuazindene Nazti il lunsanauan nasauiiunig nsdans lunisufila wasinlUUfom
WiAAn1susamn vgedinanssny wazan@emeiiiatulussAuguauresiuiingilfeeailuglsssy

wazviustawnnisal - Bnvaieduiieganiisinig  dszneumssnduladauleuneresdandn  luns

o o o A& A o Ay o o A o oA e o & o
Qﬂ@’]@UWHV]L?Qﬂqquﬂ']??UN@ a9 LazNITNENUN L‘WﬂﬂﬂL@@ﬂ‘qNﬂjuVﬂﬂﬂm sLuﬂﬁ?L?QﬁﬁLuuﬂ']u@’]u

o o v o a dl a o
m@ﬂ@‘umiuummmmmmumummmuﬂmuuﬂmzﬁquummﬂLL@zmmvl,vm

1.2 apgUlszasAurainisiae
dl a 1 dl dgj dla a
1. 2.1 1{eLsTiiNANABUIANKAZ AN NIRENIBITNTUIUAWTI NG AFleaN 19T ANIWLNT el
1.2.2 Wedsziluaanuaailun (sensitivity) bazAaNan17a lunsfeFLLazLliusa
(coping/adaptive capacity) 1945 LULAIMIAFBNIATIBIN YT lUNWANG A setfadt

@ﬂﬂ’mmnmmqumm;ul,w\wmt]u

1 4
A K

1.2.3 WAANTIAREILAZLUINNAAAMNABLAAN TINTILALDLUININNITUTLFAY LAZNITUTUNT
o o a al % dlil dla a v dl
qmm?m‘wmmﬁiimﬁmLL@zMLLf;mafamiuwumqnqm nelfn1aasulasaniazaanu

TULIT BN

1.3 Aanssainaliussainglszaan

= Yy ) a9
1.3.1 ANB AUATT LAZTNLNILANANTFN <] NNaTeq
1.3.2 AANINTALWUIAALALATL Outcome risk & Social vulnerability indices

1.3.3 AALAAN Outcome risk & Social vulnerability indices Awisnzan

o

1.3.4 musniaysalifitude annsit WUz IHBRUOAN NUN@LN $987A N eMNE

Kl Q

1.3.5 AATZIATZAIWIRS Outcome risk indices

1.3.6 3uandayaiugumyiing
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1.3.7 §1mauazifiveyanipauinfnunienn Ianw gnnangn asisngling wssghauay
NG

1.3.8 AAIFNATHANNARLMANNI9EIAN (Social vulnerability)

1.3.9 AATLHUALUIURUANNABLUANNWNTINLAIN LATANNABLUANTIN

1.3.10 AANLAUNIAUNINGFLRIANABUNANNNAIAN TINTBNIN WATANHABULUANTIN

1.3.11 eupnNinanti seeueiuanysnd

14 wanAaanazlasu

1.4.2 Outcome risk & Social vulnerability indices

v v = a a o
1.4.3  doyaf1unenIn B0 gnnanen a1anengding iAsegRauardaAn
1.4.4 FEANNAuaNN19d3AN (Social vulnerability)

1.4.5  NANTUIZAUANNABUUANNIET NENIN LAZANNABUUANTIN TZALIANNABLUAN ANNLAZS

VOIYNTY
1.4.6  UWNUNNUTINGATEIAINABUIANNNAIAN TINILNIN UATAIINABUNANTIN

1.4.7  LUINNAAAINNADLUAN LLu"J'VI’]\W%’]Lﬁuﬂ’]i‘LLﬂZN’]ﬁ]i‘ﬂ’ﬁLﬁﬂ\‘I?ﬁ‘]u AvsunisdiusauaynIsLINng

AANININENT 53sMTALarAIwIndeNn8 N Asunlasan1arA N U ITe ey
1.4.8 eauaiuaNysal

1.4.9 @nasianiyAaansiiaue udssguisnislwsineslssma nsRfuiansanstanislw

AN TGl
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UNN 2

N1SNUNIULANAS (Literature Reviews)

2.1 UNNLAZNTDULUIAAAMNNADLRANANNALNLIR LLazmsLﬂﬁﬂuLnJmamwgﬁmmﬁ
ANABWVAN (Vulnerability) Ae ANNEUAZ NI SALE ATsE A UANMAILI N84T LT
IAFunansznuanSegune (Hazard) Uszinvlatlszimuiiaitessunsevanessinnsaaiu (Cutter,
1996; Cutter et al., 2003; Adger et al., 2004; Brooks et al, 2005; Adger, 2006; Gallopin, 2006;
IPCC, 2007b; Cutter et al., 2008) siuiiassnanniadenisnianim \ATHETA FANuazAIRAEeN AN
aaunaN  faATaLIANRNNIIABLAUBILAZANAINTD lun91EURY suiluiladeiituundnannaes
srutlunisuanalizentfineuwaznuniusieduAnAn (Adger et al., 2004; Adger, 2006; Gallopin,
2006; Cutter et al., 2008) YTl MiAssiA s LA ﬁmﬂuﬂmuLLmﬁmﬁqﬂﬁmﬂmumiﬁﬂm

Fdaarse 7 sailwesesiienidsrlumiiantsesunesriuanneeulmsaiaduny Aanineay

@evnauazmnugrds  sonvisanuainnsalunisneuauesiaynsliuresrundauaaiannianan

v (%
@ o

sruTinAlarAIANNYEE SN Tas T U LI UAZNIAINITLAIL TunsldinaTsA AN Ty
nstfusineesszuy InsanAnudesaindadunseuazsiafimuu ) InansauuuwiAnfanai lhgniaan
dszgnaliacinsunsnanelunisdnsddessuudsan scuuilind sTULSINTIRALALSLULTINUNN 39K
srUUd9ANTnA  (Socio-ecological  system) %\‘1Lﬂuixuuﬂﬁﬁuﬁuﬁ‘iwdwmémﬂl,@mzuu%fmfmmw
(Gallopin, 2006; Cutter et al., 2008)
| Ao o o d' ' o | a o d' o 2

ANADLUAN HAaiaAunanuaswansAiulusaaans et sy ns s
(Adger, 2006; Gallopin, 2006) Taeiald mINABUMAN wnnale dantazAanmilszunene linm
o - v o, & o o - v A a &£ ~
UATIEILAZANULALUNY ANNNTANNANTUABAUANINLUTRUINNAAUNITATUANNNTIL A UL L a8
Auandanuazdinn (Adger et al., 2004; Adger, 2006; Smit and Wandel, 2006)

ﬁm:ﬂﬁum?iwdﬁﬁgmmﬁﬁfmmiLﬂaﬂuLLﬂmmquﬁmm@1 (Intergovernmental Panel on

o

Climate Change; IPCC) l&NansainAanuaaias Boasriduand 3 FaulednAny (gﬂﬁ' 2.1) e
® nadudanuilafsdumnIne/LNnARY (Exposure; who or what is at risk)
® pnusaulun (Sensitivity; the degree to which people or places can be harmed) Las
® AuANNIDIUNNTUSUFT89IT UL (Adaptive capacity) (UNFCCC, 2004; IPCC, 2007b;

Learyetal., 2008)
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' '
6 o

21 a3AU7enaumIaRe Tt U NNUATLALIAITNA BUNANT BN T LI

=)

1]
EN UNFCCC, 2004 waz IPCC, 2007

)

<) ®

MadaTUTRseSunIE AD ANEOENNIBSTNTNALAY I AUTIsr LR NA s AL diaTuuss
ﬂmﬁ’uu@:ﬁm"ummﬁﬁaﬂgﬁummﬁl FTHZINA TOLIIR AYINTULNUAT NG ANTINTeaTTadEdlnTEiTe
mrf;ﬂﬁiﬂiﬁ@wuﬁﬁzﬁ’qﬁuﬁmﬂ?@%%mﬂ@:vm (Adger et al., 2004; UNFCCC, 2004; Adger, 2006; IPCC,
2007b; Cutter et al., 2008; Leary et al., 2008) GLu‘LI?“LWﬁJ‘ﬂ\‘iﬂWiLﬂgﬂuLLﬂ@dﬂmﬁﬂﬁﬂﬁﬂ A Unae U1

wiANsaIMNINIEnInIiaanAnNklslmukaznsasuulaaRennia i Suude Wivian wig g

'
o e a a

wWasuuladluszazantresaeasasdoulmigiennia Al nadniaewiadunmainesuftmnina

v
al v

uiuNyEduarnIngaY NMegiudeTin §lEFunansznuuaznegoy@eniaasegianiiszuudsnundula

a

Lﬂuﬁﬂﬂqum’aL@?w%m?wnmmwumnﬁaﬁummﬁuj

AnsupAnraanlug Hlun1resunaesysuNansenuie L@t nuas i @aunszuulfsuainnig

fuaruiladadumne (Adger, 2006; Gallopin, 2006; IPCC, 2007b) AdnNgaululresszuusatiads
gunsegniuafitaAuantRLasan BN NeeesrULLlunan dauatinainnsnlunistiudanunaia
pNaNnsnaesssuLlunsliudasiantsdudaduifadennenn iieanmrnmdemsuaz e il iuna

selemiannuanszny sudensAasuiLNanIznUNa1ainlun1euas (UNFCCC, 2004; Adger, 2006:

Brooks et al., 2005; Gallopin, 2006; IPCC, 2007b; Cutter et al., 2008; Leary et al., 2008)
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Pallopin (2003) l#atAT1zsianudniusiden iwimiszuinamnuasuan Susunse nnsduda

) ] A o all P = o !
LACNANTENUARTEULU QWN@ﬂ?ZVIUV]@\‘iN@sl,ﬁﬁ':ﬁ‘]_l‘]_lLﬂZ‘]EluLLﬂ@\‘iLﬂq@j@ﬂqqgiﬂﬂ TUBENUATINADLLUNANUD]

LU AMUANTTRT9RITLNAY (disturbance) waznMsdNaiuAuduae (3117 2.2)

E
E SYSTEy, z
o) =
E Extmrmal E
'-'ZJ Internal ProGesses %
3 e |Gy o e
- Marmal axchanges C{-:E'g} ::LJ
balwaan the sysiam
and its arsircrement
wi
[
s |
[}
g
f 2
& w z
& 5
N <
N N N N N NN N S N N N N N N N N O ... %
L=
Fo, LR
2 Z g
P E=
22 avwdiiufideluimdssnanapnnaeunan Audlnsy nsduia uay

NANTENUARTELURIANTILIA
o .
N1 Gallopin, 2003

AelFiusunnsAneRsesruudsaninAunuLnadn luszauian Pallopin (2006) TENn133tAT1EH
NIDUUUIAAAHNABUMANITILULINIAN  IAEWLTNANAINITINAUARGANNIAN  (resilience)  uAY
ANAINNID IUN9LUFUR HAouduiusua@anienniauaInnsnlunIsnaLauesIessTLL FaHANN
4o oo ¢ oo 2 v Ao o
WnearliuANaINiTn N uATeisssuLdIANTIA Aduanslugln 2.3

TUNNNB9TRINIIANENRAUILULAIANTLI A AVINANNIDNALABGANINAN NN DI TUIAUAE

o o . oA : o a
seAUTBNRITUNIUNITULAINNINgAT LuATNUNIunaun Az asuligantnz lud soufsarinanuns

nauAugan manvizalfussluanwuanianlus (Adger, 2006; Folke, 2006; Gallopin, 2006) Adger
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a o

(2006) WLINAFIAIITHAMNABLANT AR suaNLsznaufiag 1) n19iasuulasesinansiudiumizawnsa

NAFUNITULAIANTINATASU 2) N1IMAUAUBNTBITLUL 1AE 3) ANNAIN13D TUN13U5UsD

Sensitivity

Capacity
of response

IT

AR=CR=V

RcAC
if[AC::GFI = ACaV

AC=CR = ACc=V

ADAPTIVE
CAPACITY

JU71 2.3 N90UULIAAAYNANRUSUBIATNABLINAN ATTHNAINITONALAUGANTNANUAZ AN INAINIID

Tunn9d5usa Tae C = ‘subset of , & = ‘not a subset of, R = resilience, V = vulnerability,

AC = adaptive capacity haz CR = capacity of response

fnn:  Gallopin, 2006

U7 2.4 uARIANNANNUTNIBLILUIAATENIWANNABUUAN ANATNITONALAWGANTNIAN uaz

Ay RaNNga Tun U luRANUaNENeiY U7 2.4A HansaunaauaInnsonauAugan AN Huesd

13znaulEeLznNNT1eIAINaIN1Tn TN UFUs (Adger, 2006; Folke, 2006) gﬂﬁ 2.4B ApANAINITD

navuAugan Iwian luesAlsznaundAtyassaiinaaumas (Burton, 2002; O'Brien et al., 2004) 317
ung o A ] a o o [ & dl dl

2.4C WAMINIANINAINITONALAUGANINAN KA AINAINITD IuN13UFusa uesAdsznauiimaleg

A lulpfaT 19NN ATRIAINA WIAN (Tumer et al., 2003; Gallopin, 2006) Tun1sANEABA1WAE

e

WIH ANANNTINALABEANINAN ATNANTIANRAANTTBIANAINNTD TWNTNALAUGANINRNATN

(% '
= = | v o s =R

AR B IAATUTE A NANNTDFURe A UARR TGN AATUAI NG auaN AsLanslugild 2.4D
(Manyena, 2006; Cutter et al., 2008) 4213171 2.4F nuanAuaIxnsnlunisliusauaznisaananszsny

sluu??‘]_lmmmmamﬁﬂ:u (Paton and Johnston, 2006; Tierney and Bruneau, 2007) Cutter et al. (2008) i
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FANTUIANNABLMANKATAINAINTONALANGANTNAN LUNIBLLWIAANUTIUIBILLLATABIAIIN

ARUNANINANLA (Hazard-of-place (HOP) model of vulnerability) faifluaniantifaesssuufiugnanniu

o o

= = o o I~ - 9 o A ,
LLMNﬂQ’WNL‘H@NIﬂQﬂN@%L@N@ mumﬂugﬂm 2.4E suilutlasg @Aty lun19duiAaauAN A LMANT

o

FTUL uazANNgalaniuANAINITaNAUANgaN AN TuanezuarReulan1esdann s9uiIAN

e lunsdudaiusudunse

ap

17 2.4 ANNTANTENTDINTALILUIAATEUNT WANABUUAN AIHATNIONALAUGANINLAN

o

wazANANNTn lNsUFusa

W Cutter, et. al.,, 2008

22 dsziamrasanuaaunanlunisAinsmsidasundasgiiainia
pNaauraNluLTLNIasANlslsan nsasuulas wazaninzANguLINIeIHaINIA
wilvaaniflu 2 szinn pa
3 A o al dl a dgj ! L dl dl dl 4 [
1) AuauvizeAnEN WAN@NENNATUAe sz UL INWANITallAwmAN Il Mingadiesiy
ffadtdunsevisaiafitRangieinia (Brooks, 2003; Adger et al., 2004) SUAAAINUUIAINAANUF Y
a v o 1 =2 rdl | dl ! a = v o
nsdssifiufadunanauazuanszny tneldsuiesruuspdniiuaanaslunisdadin visausannadng
289Nl TS URTET

2) mmqz‘ﬁﬂmﬂgmﬂui:uuﬁﬂuﬁ%ﬁmﬁmﬁuﬁﬂﬁumw (Allen, 2003)
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o

Tnesiall wwamonAanIslszilududunseuaznansznuiunslasunlasgiennia az

=

WANTNAINANNADUNANTBITE LN NAMUATAEANHUENNEITNTN AT E A UATITNTTULAAY

v
o o v o o o o o o

wi@eg TanauazmNda89INTRAAYWAINY 2BLILANNYEEIERITLILMAIANTANUAUEURSE S9N

1 ¥

ANNEA1IMUDITELLMINATUAINNANTENL NTALUUIANNNARAINA1T1951 1Tundnn1sNaanmdaeriL

1
o o

IPCC fisneudn Anuseuamiuieiduanssiasunie nsdudauazanugawlyn (IPCC, 2007b) 4
B1279HTENTT AINABUUANNIINILNTINYTEANNABUNANNITINEAN (physical or biophysical
vulnerability)

AYINABUVANNINTINENIN  YaNeDe  WoAnssnTesRdedunsenIemenIn NansTnLng
NNBNTNAALLSN (first-order) LazaaFlsrnaLmnadnuEnnuardsantessruLTITuAe na T d Ty

WIALIANIANNR LM BANARINEANTEN LN WANEA W laALLsn (Brooks, 2003; Adger, et al., 2004)
A9l ANNABUUANNINTANENIN ANEBIALNANIENUIINIBIILULANANAHFUATE UAZAAITON
AMNATUIUAN RN UBITTULAN AN NEATUAS WA Y Jone Wway Boer (2003) Msatipqna
a o a o Y a aa a a a 'S 1 a
devnelugsinRu NUIULLALTIAUATANNALNANNATHFNA WNAATIZHANNABUNANNITINENN
Py = o caa £ o dl I \ a ¥ oo o o
L‘W@Lmemm@@‘Wﬁwmmmuﬂ‘uzmﬁf;xmﬂmﬂg@giu@:um@ummm@ﬂ‘um@umw

ANNFUAIMNABLUAN 1ummwmmmmmqzﬁﬂmﬂgmﬂuizuuﬁﬂuﬁ%ﬁmﬁmﬁuﬁﬂ@”umwﬂ’u
a = o o Ao oy - o . ! a o o
AUz uaInMsAnEasen1alasaging wﬂumémLL@zmm@mﬁmemmmﬂmmmm@umm

\ P 2 o A \ @ a

Anguen (Allen, 2003) ANNABLAAN MR HANI8I @qumﬂmmmﬂmﬂg@qmﬂsl,mxuuLL@:Lﬂu@mmm
TRAUATANIEUEN  ANNABLMANAMILSTULNYIE MNNET ANBUEANEIINTIATIAAANANANLIE
A8 IU189ITU LN BN A NABUAAN AN EITNTNRNTEN9EIAN (inherent or social vulnerability) Tagl
ANNARLLUANN NEIAN Wumnulszuaressaulsuazilasanielnsediisananssuaunisnie luues
AIPNVERITUL NAINANIZNUABITALANNEaRINILAZAINNANN701NN95UFR (Allen, 2003: Brooks,
2003; Adger et al., 2004; IPCC, 2007b) luszuusing] ANAMuRaINIaeNiALaNURanIzAuaz At
ANARUMANNNAIAN ddulugjaziiaadesntan unmeeedflssnaufinueng o 289ssuLNMASANTA
AutladeduneaInNeInIeA

dmiusruudeanuysed AvuaeuantingnAmuaanadesing o LU aN1NLATFAS AN

gnaw AN llananA guamuazlenianisdidfeunaaminens auadniaeinisdjdniugszndng

ffadtdunseuazauaaurann1dann dnusngluglaesaaudemaniuasegiauaeningdu 19m

(%
o |

nywe] gandlsanieldidn (IPCC, 2007b) AT ANNADUNANNNAIAN AINAINUNILATBLAGNTINAIIN

aaulae9sTuy (Adger et al., 2004) gudlutladeuilaNAMUATNAYINAB LAANNINTINBAIN TaRdq1
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| o

aAnysiaszauAudeniaiiialiuainiladadunsny lngauduuSIa9A NABLUANIIAIEIY

gu13nugdnglfsagunng (1) (Brooks, 2003: Adger et al., 2004; UNFCCC,2004)

Biophysical vulnerability =f (Hazard x Social vulnerability) (1)

o o = 6 1 acl a I
ANANRLS luanne (1) Juselamisaniseenuuy 2annsdszifivmanuaaunanuazmnudnuisnlunig
155 Biophysical vulnerability #neiiia naansyialuudeaansidesuasanudeig fudunsedinna
asunelilugiaesandesuaslonarasnsfamnmsnilamgnisaiuile  aaanu@seaindudune

WAZANNNABLUAN HNUARIAIEATH (Indicator) AIMNABLMANNINTANILATN ANTeNIed IPCC el

o ¥

ANHOUTARIEARIALLUNAAYRIANHNIAEN (risk) N1 IUNIANENFLRUTRNWNETINTINR ANNUNIEURIAINN

[ o |

@enuanallummad 21 daulugvunafdlanialunaiia 1) sasummeiazdealiifasafifvie

v
o e o o

winn1T0dn liieszasd vise 2) Tannamsiiia (probability) fpfiiRuarnadwiaasiaNis Al Aow
@evasgnilenaluieiduaasisdunmanazausauaunwdian - aaaaaulanansiauasuaniiai

A1NNN (consequence) Aaland TUaNns (2)
Risk = Hazard x Social vulnerability = Probability of hazard occurrence x Consequences (2)

uananil AN anatienuliluglresnaansiauetiulenianiafisreiadunanazaas

AAUMANNNAIANTAITLLUN T U UA e UR e TSI AIMUANARNE N AT NN TDI B TR 81151 y yiatl

o

4
o o o

HAANSTDIANIAEN (outcome risk) AD HAAWSNAIANEUzIa9szULLAYTANANNSNAT89MEN190IN

AenasaniusiaaNgrAeNasiniy - nadniresanudey  uiiduaesanudeseannisniuay

£%
v o

ANHNABLUA NN NAIANNRN AN NAN U NAUA L ANABLUANNWNTNEAWN  AgsieIananqldin Ay
AAUMANNITINENNLALAIHLAEN NiTaseNN1UUANANRY AT AHSUATHLAYAINAAUNANNINAIAN

= v o & = . o . ~
9N 2.5 uay 2.6 LAAIANNANNUSUAZANNLTAN [ENIEI N AR AL AN NARLUANN NTINLNIN

a4
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AN9NN 2.1 ANTENNABIANLA LN AT A IS AT

Author(s) Risk definition
Smith, 1996 Probability x loss (probability of a specified hazard occurrence),
Hazard = potential threat.
IPCC, 2001 Function of probability and magnitude of different impacts.

Morgan and Henrion,
1990

Risk involves an exposure to a chance injury or l0ss.

Adams, 1995

A compound measures combing the probability and magnitude of an
adverse affect.

Jones and Boer, 2003

Probability x consequences

Hazard: an event with the potential to cause harm, e.g., tropical
cyclones, drought, floods or conditions leading to an outbreak of
disease-causing organisms.

Downing et.al., 2001

Expected losses (of lives, persons injured, property damaged, and
economic activity disrupted) due to a particular hazard for a given area
and reference period.

Hazard: a threatening event, or the probability of occurrence of a
potentially damaging phenomenon within a given time period and area.

Downing et.al., 2001

Probability of hazard occurrence
Hazard : potential threat to human and their welfare.

Crichton, 1999

Risk is the probability of a loss, and depends on three elements, hazard,
vulnerability and exposure.

Stenchion, 1997

Risk might be defined simply as the probability of occurrence of an
undesired event [but might] be better described as the probability of a
hazard contributing to a potential disaster...importantly, it involves
consideration of vulnerability to the hazard.

UNDHA, 1992

Expected losses (of live, person injured, property damaged, and
economic activity disrupted) due to a particular hazard for a given area
and reference period. Based on mathematical calculations, risk is the
product of hazard and vulnerability.
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= - . I~ v o ca =
qﬁj‘ﬂ‘ﬂ 2.5 29AUINaLIRIAMNARLUANNANNANAUSALANIAEN

JUN 26  AnuMINELATaIAUsTNaLI8IAN IR EN
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2.3 ARUINITURINTDLLUIAARAZIBNITILATIZIRANNADLAAN
aca a a yval o d’l dl va 'S 1 dl [ %
ADLLAZNTAULLUIAALTIA VAU Vl,ﬂllﬂ’]?‘w FNLNUUNN LW@GLﬂ]rJLﬂ?TJMﬁQWN@@LLﬂ@N AINHLAENATNNE

iR ssNTRuaznsatuLasiaInIa (Cutter et al., 2009) NMFALATIZRARNADUNANITAUANI

v
o a

Lﬁlmﬁmﬁuﬂmﬁuﬁmq Pl

1) ANNABLMAN NNTUFUAY LL@zmﬂiz‘wmﬁﬂﬂﬁ@Lﬂ?ﬁlﬂuLLﬂmqﬁ@'\mﬂ

2) FufiRuarminevaues Tnsianizathads ANNITEUATITELAS

3) ATHNIdIAN WAy

4) nIWALNTSaE (Moss et al., 2001)

nsAnAuas AN lusEaIzIIN mﬁﬁlLmuﬁmm‘ﬁ'mmm@mmuﬂwmmwﬁﬁﬁi@ﬁﬂﬁumw
mnmfﬂmﬁmmumrfifazqmwzﬁvmmﬂwﬁmm&;mmiTmﬂmﬁuLﬁ?}lfﬂumqmﬂmwmmm&;mmﬂ Vi TR
AYULIUAZATE (Kates, 1971; Burton et al., 1993) Aesnanndapsllifumuméndtysnniluns
A3 iesananudewnaniiansuiuy Multiayer' waz ‘Multidimension mmzﬁ’\muﬁgﬂﬁwumﬁw
AYINANNTOAUNTINS  LATHgTA LL@Z@ﬂWﬂ/u/‘Nﬁﬂﬂl‘ﬂﬂﬂ?:ﬁﬁ’?“ﬁuluﬁbuﬁﬂﬁﬂj a A laa i
(Bohle et al., 1994) Watts uaz Bohle (1993) wudnlustizusnanusauvanmedapuianaifendiaiy 3
iladts A

1) @73 (Entitlement)

2) N3l i8N (Empowerment) Lag

3) 1ATEgAa-N19Ld04 (Political economy)

Blaikie et al. (1994) 181@1a Pressure and Release (PAR) Model (gﬂ‘ﬁ 2.7) Tagnsau LI ARY
Tuina PAR uanddsaniazilaitaandt (ANNABLUAN) ARAANNA TTRTRLIINAGL (L% NNTVENLYHTY
Vi) Lmuﬁ@uiwmizuuﬁﬂuﬁmLmﬂﬂiai (audaandnlunindnfansnenns) sufunanaeeis
EURINENNEIINTA denalifiinAnan nsenaansuear@srig tTaqii Tuea PAR unsauuuain
Ay lunaimuLazneAs T nTesuTuatiedaiiu atnelsfinn nreuwuad el e den il
fansnndnaniwanuidenlaseluuas Feedback szuinsasdilsznavudnusing yl sauvenaulsdsan
NRANaRTuATNIRIEIL (scale) Cutter (1996) uaz Cutter et al. (2003) liauaataasuuunlunIngas
ATINARLMANITNANILT (Hazard-of-place (HOP) model of vulnerability) %IqLﬂw,muﬁmmqﬂmmwdw

= o a Py o a & ! PR P
ﬂ@ummﬂ/mﬁuL@HQLL@:MQNLﬂﬁ‘Hﬂﬂ@ (qﬁ:ﬂ‘ﬂ 2.8) ﬂqEELMﬂ?@‘ULLuQﬁﬂu ﬁqqll@@LLV@N?QN%@QWHV]I@‘WHW

ﬁﬁ\‘l Lﬁﬂ@u@’mm@?qmﬂlﬂﬂﬁ'ﬂﬂ@"ﬂLL‘M@NVI’]\?%'JTI’]EIJW’TWLL@SZV”I')”]N@IQLLM’@NV]’]\? ﬁﬂﬂﬂﬁLﬂuN@ﬁquqﬂ
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Ufdunugszndaanndasuazuuanisanninuideslugtl Hazard potential TagnasenuuazgnyFuws

o o o & A o & A
ixﬂ‘uV’]Q']JJ?HLL?\‘]ﬂ'}ﬁlﬂQQHWWQﬂqﬂﬂqWﬂ@\iwum LL@z@ﬂﬁNluwumuuj

927  avAisznauang Pressure and Release (PAR) Model

7Au1:  Blaikie et. al., 1994

,f
/;.gg aphic
Context
=alevation |:|p|'|j.'$II:=3|
Hlak)\ -pmh:ll'l:ly Qner‘ay

Ha?ﬂ d ' Place b

/|\F"'|I:F ﬁig/ ‘u'uln& al::ull f
Social % bamal
M|t|r'at|n::-"| -axperiance wulnerability
.pPrer‘tmr‘ \ /

g 2.8  83AsznaUe99 Hazards-of-Place model of vulnerability

fuN:  Cutter, 1996; Cutter et. al., 2003
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Turner et al. (2003) Wi TumaLLLg u89IAa PAR WAz Hazard-of-place model (31

o o {

a d” ¥ a o e al ¥ ! dld dl o
2.9) ﬂ’:’l‘m_lLLurJﬂﬂuLuuﬂg@NW%ﬁﬁ'zﬂfﬂﬂNk&HﬂLLZ‘WZ‘NLLfJﬁ@@NIuN’WW?W@QHVINF‘]QWNWQNIHQT]UWJ’W:J

o o

\ \ \ v 2 a a o = a o ,
asunanseNasdouiu suduleaninddssiunisdasuulasieinia lirouaulastnawnn
UN1AINEAE Clark, Stockholm Environmental Institute LALNMN3NEAE Stanford TAWmMUNNTALILUIAA
nsAnANaaLraNRNEN IneflunseuuuAanyuiiun1sAnEANas LnaNT a9 s ILAIWIAREN

¥
o o o

ralld a o o o o dl a dgj
WAZTSULUBINULIE V]J\I‘]J{]@llwuﬁﬂ‘]_l‘]j@ BANATNURTE| mLLﬂi‘w\‘mmmuimzummzu@mwu (De

4 1
a o

Sherbinin, 2007) ﬂTﬂULLurJaﬂu ?;Nvl,éiLL@@QﬁﬂmeW@T{mﬂ@ﬁ?ﬁUU ﬂq?L%@NIﬁl\iaﬂﬂﬂ‘]j@"i/ﬂ ﬂﬁﬁllu/ﬂﬁtlu@ﬂ
~ a Aya o o = ! &
AL Feedback (qﬁ:ﬂV] 2.10) Iﬂﬂﬂﬁ“ﬂULLurJﬂﬂu Vme’]?uﬂvlﬂﬂ'imqlﬂﬁﬂﬂuma‘ﬂﬂwﬁm’m@@LL‘M@N“HNLM@Q

o

wualnny (mega city) NHiladtanANaINRBINIA (De Sherbinin, 2007)

United Nations Framework Convention on Climate Change (2004, 2008) l#4a7138n13013

12
o

dszifiunansznuuazanusauraniunsidasuulaigieania 2 35 Al

1) Top-down approach (Impact-based approach) {1aan1sszifiuild Scenario anuULANA84
nHe A (General Circulation Model; GCM) aMNgzALNRNIATNSEALLSUNA Uazss ALY

[~ dl o a e dl a di/ % . dl 1 o
PUIALAN  WNRNINNTALATIZHHANIZNLNENAazNATUN a6 Scenario  AwansnandluaumAn
(UNFCCC, 2004,2008) tanisa1anisnl (Projection) #lAa1nuiianasdniliennid azinun
AAtzsisaniiy Biophysical Scenario WAy Socio-economic scenario Wiadsuiiiunansznulunia

| | o o S v
daulanmadiunitafiunmsente  Tnevial ANNLANANLTINUNLLAZLIAN uazuualtiunng

L4
o o

wasulas  disnmeeandluduns sain lunnalasunlasszazdu svAuNansEny
(Threshold effect) WAZANAEIWEITELALNASDL VLstmmﬂfhLLuﬂLmz@%mﬂﬂﬁﬁmﬁuﬁ‘mmmwwﬁ
% al o (% v 1 cal cay a o
wazANNANNTD YRR nulun1sUSURA S aeinalsfiA Top-down approach ARded lunNsAMLA
neautlsziAulazTnym
2) Bottom-up approach (Vulnerability-based approach) HATARMUINIANNAATRTTNTR N9

'
o

FATITHAINEINAE ARIHNUAININAIUEINNT WAZNITAINTIRTBIUs v TN T U ENIE9E U
(UNFCCC, 2004, 2008) Tasyjuifiuiinansenuszazdulussiugquauuasiioadin willuuidn
panana anunsaatunisld laaldfiaserdusmeazidunnanuilslsaudaiaiansdiagya
a =2 1o @ Y o v dl a -:ll Y
nienA asldandufesedefeyanisilasundasgiennialuauianfinianisnifoauuy

naewiana uazlifeyairsegiadian uaznszuaunsnisiiaausn (Participatory
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Human Influences cutside the Place
{Macroeconomics, global trends, ete.)

Vulnerability

PR 0
1

I

T

I

Exposure Sensitivity Resilisnce :

Variability & Change '
in 1 1

Human Conditiens Human Conditions Coping! :
I

1

Response

Interactions of Hazards Characteristics & G D RT;’;?,‘::, T ;ﬂ%ﬁ.ﬁa

(perturbations, stresses, Components of
stressors) Exposure

'

Environmental Adjustment & Adjustment &
Variability & Change Conditions Adaptation/ - T Adaptation/
In Environmental Response Response
Conditions

Environmental Influences outside the Place
{Global environmental change, state of biosphere, ete.)

g‘ﬂﬂ 2.9 asAlsznay Vulnerability framework of nested scales and coupled system

NN Turner et al., 2003

all [ dly o dll o o ://
qﬁ;ﬂ‘ﬂ 210 mmﬂixﬂ@uwugm wadmnsasseuy nadanlaeiuiiadaniglulazniauen saum
feedbacks ﬂﬂﬂﬂ?ﬂULLuQaﬂﬂ’]?ﬁﬂE’]ﬂ'}’]llf‘]“ﬂLL‘VIZ'\]SJ

711 : De Sherbinin et al., 2007

o T
a 1% a
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approach) X12tATLYAd818932ULRIUINRBNUATHYEE NATAIN19LATEHFAA-deAN 89ANT
= oA v @ & v o e o o )

ngsziey wlsunguardssindl ineuana i iudan1sdNla i iu 6uns e AVNABUNANUAL

NIURBNVITHTU NANFUATANAINTD IUNNIUFLAY (UNFCCC, 2004, 2008) da3aLAsugiia-

o

Faan N 1UAAzsin199AN1IANIAE N2t LR (Disaster Risk Management; DRM) @1:198)

4

ihnfludayatindndanenTunissyifiunonuasuas e National Adaptation Programmes
Y

of Action (NAPA) nralfiaudnyryidnfaanisilasunilasgiannie 1 Vuinerability-based

approach u1ALUNLazAtATIzANaiulazatauAINNdIATYLNAaY Tunisdfusauag

'
o

Uszinafaawmun (UNFCCC, 2004 way 2008) Seiiayaseiuguauiluunasiioyainiinddny
A o Y @ e v a g o vy
\Wasannguauszausnugin iugdoulfdauidalaanss wananil Bottom-up approach €914
Uandszegnsdldlunatanininveslan ulnsenis Assessment of Impacts and Adaptation to
Climate Change (AIACC) (Leary et al., 2008) WuInuan sAneddaudnAnylunnsas1easd
va 1w . 4 o - o o o

AN IMHAUANNAB LAY WazANIAeNsanaruuaa)Henalulssmannaaimun Toe
=) % I'd a d‘ a :/I Q;

An1ssausniardunszd lusssnunisdsziiunisiasuidasgieannia AN 4 1e9 IPCC
(IPCC, 2007a) uaziiludaudAnylusnennuumsais (National Communication) (UNFCCC, 2008)
NFDUUUIAALTILINNNGAN Vulnerability-led approach Tun1s@nmsiAnuaaLmanaInAIN
wistlaau nsnlasuudas uazan1azANIELIIRIAN WY e N ALAAS1EugLN 2.11 (Dolan
and Walker, 2004) Downing kA% Patwardhan (2004) l#851Ne1WIN1an1sU Iz iiuANNAB LAY
flaqiiuuazluauianilsznaudiag 5 dunau (U7 12) Tuanied Polsky et al. (2003) 1Hiaua 8

dupaudmiunislsziiuannaeunanannislasunlasasdanuaznisdasuudasgiiainie

(319 2.13) (Polsky et al., 2003)
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CLIMATE
variability & change

EXPOSURE
Biophysical Human
Environment Environment
-natural sensitivity -socio-economic &
-dynamic resilience cultural susceptibility
resience

ADAPTIVE CAPACITY
-response & adjustment
-coping strategy

INDIVIDUAL
age, gender, access to resources & weaith, education; risk
perception; risk spreading options

COMMUNITY
available technology, resource, wealth & information distributio n; social capital & cohesion;
critical frameworks & decision-making; risk perception; property rights; risk spreading options
REGION - NATION - GLOBE

resources, wealth, information & technology; critical institutions, framework & decision-making

919 2.11

NIALUUIAALINLFNINNNTLBY Vulnerability-led approach
fun: Dolan and Walker, 2004

Structuring the vulnerability assessment : Definition, framework and objectives

Identifying vulnerable groups :Exposure and assessment boundaries

|

Assessing sensitivity: Current vulnerability of the selected system and vulnerable

group

Assessing future vulnerability

!

Linking vulnerability assessment outputs with adaptation policy

gUn 212 dumeunisdsziiuannusaunan

un: Downing and Patwardhan, 2004
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watlszanau uaztladean o) Al deyaimsegia-dian AndudaudAnglunisdssfiunansgnuuas

a a9

4 1

AHABUMANAINMTALULAIREINIA - F9NRINIINeURUNNAuNsLFda gU7 2.14 uansiieya
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&”nul,mﬁ:@ﬁ@-z%’qmuﬁiﬁunwﬂauﬁummmu AMNABLUANLATNNTUTLM  TelayalAregniauardeny
musl,m&iﬁﬁﬁmﬂmﬁummmwuLL@mmm'ﬂLmam AZHNUNIZLAUNN TN UILAZN199aNGaE (Indicator)
Whenresiai  (Indices) fleaBtnaan myaasegia-deanlunadinisdenfiunanssnuuazianads
fasaduinae (Driver) WAZAINIUUAAINABUNAN AABAAUANNAINIIIUNTUSURY  Downing et al.
(2001) Wuan ﬁﬁﬁm’]mﬂ'@LLM@N@WNW?O‘]EIQ‘EI@OWLLuﬂLL@:‘QJLﬂ?’]::ﬁﬁyuﬁmqmi@LLM@NIHV,}ﬂﬂ’]ﬂ’&"JLL lunga

dszanmu lunsdgnandiin asesauiiludouniaesnagnilunisfianunsaaey wazt 1 lusydy

Viasduaudeszudnatlsving (317 2.15)

2.4 N19ATIAVAAINNADLUANLALATUAIMNABLUNAN

naasuudaslmunadnamaesssugd Alin1semsiiennnan LR IUILLANABAUE

[ e

i wasulihflunisdszifunaznisnmadamuaaunani@iBunns (Cutter et al., 2009) Faiiaa

=
ikl

o 1

o & A A A A dl o - o = =
i@ (indicator) \TuATaNaITeTN UNHARsuNENaLa asanzviTeliaderesssuLNaUla 59819
srnavusnssaulsiNeasaulsaenvisananssiawlssuiis (Cutter et al., 2008, 2009) satiuaneiFaLlsay
o o o v A . . 4!' v Y Y @ a A = d‘
gniansniuludnEuzAatmu (indices) LieanANdudenvassrutliidussumssndidanenmiay
Whlse lemisanisFauiia unay N1 s iuan WA AN AR AR NA LA NABA IS IINTNR AADAAL

o o

nsRamuRsagaLmsianLLLag NTALUNLAYNNIRARNALANNAATYTedtyun (Gall, 2007; Cutter
et al, 2008, 2009) Frileraimsautsfanlalilnamsaiesulsanidusuressaulsiawla (Rossi
and Gilmartin, 1980; Babbie and Mouton, 2001; Gall, 2007; Cutter et al., 2008, 2009) %Q%ﬁmiﬂ?mlﬁ
1%@@:ﬂﬂﬂﬁ%ﬂ Lﬁ'fafj”mqﬂizmﬁmmﬁﬁmzmnlﬁmmﬁﬂu LL@zﬁﬂLﬂ?}lﬂu@qsmgﬂmq@j"mﬁ@m: uazlugl

81 7 (Rossi and Gilmartin, 1980; Gall, 2007) feunnssseudvdatuazsioulsimesulsazliiinns

UsunAenuanseiundanals
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Socio-economic information
. Demographic
. Economic
* Matural Resource use
* Governance
. Culture
¢ Assessment of
. CUTTENT
Indicators |— -
: vulnerability &

adaptive capacity

Socio-econoimic &
climate scenarios

v

Assessment of fiimure
adaptive capacity,
vulnerahility and <>

impacts
— _/

Limits and barriers
to adaptation

v

Adaptation planning

Costs & benefits
of climate impacts

s 2114 fayafuarsgia-danndniflunisdssifiunanssnuannaeuranuaznistiusm

a

'
=l

{1 UNFCCC, 2008

Scale Indices Users
A . National UNFCC:
International Comparisons of Eligibility for
vulnerability Adapration
Sfunding
. . : . Regional
Regional Multiple dlInE:l-.lSlOl.l ) -lg‘gm}'es .
Profiles of nltgwnal Programme
vulnerability design
Local Profiles of vulnerable situations Local offices:
Or syndromes Praject Evaluation

v Eco- Water Other Food Health Settle-
systems sectors ment
e -

2191 2.15  A1ALAIMNABLUANLAZATTHAINNAB LA

fun: Downing et. al. 2001
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srdgnrinu Msusnensse 1960  INemsaasuANlivaNiwesgun LA zdIANn ey
\Wes luneosse 1970s Annsuszenalddaiiinnunmaasuanufitoutinisannafsluguauies was
NARsI 1990 AdaRalivdatimNdsEuresdunnden niawasuulasmeslanuaznisilasuuilag

nHeNTA (Cutter et al., 2008) faqiiu ATHIINIBIANNABUMANNNAIANTAN U IUANGaT Y

'
aaa

n3ARAeNATH 40N 1 N1INUINNIRIIEIULAZIa (Hill and Cutter, 2002) NANENIREANA19N HNNg
Uaatlines (i wa 91eld) uardriuanafii (Mu n1senafaresNTuEes ANenaw) 917 2.15

=® Yoo o aa 1 o Y a o a
LAAEANLTANNYANE RN 51 FaTEa Bun e L euan sy AUTiashL seALNNNIALAL

! o o o a o A \ . o P A A
seudazima duiulusrAuninia AaHnIAgaU (sectoral index) adnsnsian i iuwaresiialunisg
aNULLLATIUUATATINNG  WANAINT ATHAYNABLIAN ENANIIDTIENNUNUENEANARS N9 FUsY
nsaanuuLlATININaRARNAFIARLNANSENLAINNW AL A ReINA  LazdudinAINAINIgD
Tunsufusialusesulan fedl aztianldvesafalunsilrauieumnuasunanszuinailszima (Dowing
etal., 2001)

Gall (2007) VL%@ﬂﬁaﬁﬁEm%wm@lﬁlﬁmmwzv'@Lmawmzﬁ”qmu@’mﬁﬂﬁﬂﬁmqmimﬁ LAZAINH
TlananiAf g (113199 2.2) Tnedatisan gnARRBNaYLURALTIULRINTIRLNG B UATAINENTUE
\Terarduvaaaadntingsaniu (Diener and Suh, 1997) Vincent (2004) THAANNATRAIINABUWUANN
9 . a a o A a o - A o A o ,
Feansantsidaguutlasgiannie IngAnaanaINeNa1TUIRRAT N IRNATHUNAY 111 AN
wi9us9209TAT9a319NUFIU UATNNTNATA  UNDP (2004) lAWmuidgataani@eeainsdandfiann
ANNANWUEN AR InsATiignAnaanaInannImanasi@adunsa Cutter et. al. (2003) WaNWATHLLIL
HANNANUIBIATHANABUNANNNAIANTINWENIN Tneifmtia UL 250 AT ARLAANIIAS 42 ATHUAIAIN
o . . . . =2 ! 1 L4 Y a aa v o (<1
11N19 normalize wWazNARaL multicollinearity n1sAnHYdaulvey lHdeyaddaaanainiadunsie 1l
NATINTBIANNADUUANNINTINLAINUAZN1EIANTINAY  Adger et. al. (2004) @1AEANNANAUE

| Y A aa o o o o A A o @ aa A o o A o o a A
sendnafReTinannsdudunsne fusatiasegia-dianihias Deviulunsdnnendail Inaiasnn Seuly
agigtiey 3 FaAe 1) 39U FAEILTNNMLA BRI TELAY 2) meﬁqmﬁﬂgmitﬁﬁmu% LAz 3) 414190

daanslEnseilsziiv (Dowing et al., 2001; UNFCCC, 2008)
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Qd‘d

ANTNT 2.2 RANNANINAAAINNADLAANNNAIANANNALNTANNETTNTB

Secial Fulnerabiliy Dimensions Health Disparities
Income >’ Income!™ 1112 1314
Gender™* Gender!® 151920
Race, ethnicity" ** Race. ethnicity'™ 1% 71
Agel? Agell 1220

L= (=

Unemployment, dependence on social services™ > Lueml,lmment dependence on social services'”

Fesidential property — remters, housing Housing conditions™™

conditions”

Infrastructure (e.g. medical services), lifelines™** _ufrarmc-u.re {mainly access to medical care)'™ 1%
Occupation‘working conditions™* Working n:"nu:lmnn's]" -

Family structure, social networks™* Social networks™

Education’ % Education!™ 1%

Culture’ Culture'™*

Place (incl. rural/urban dichotomy) %7 Placg!® 13242528

Population growth™**"*

Special nnalal-ir populations (e.g. marginalized,

dizabled) -

Commercial and industrial development! *

Built environment'

Institutions and governance (social capital)™ ®
Physical environment'
Genetic endowment'™ ** %

Psychological environment'™ =

Rask behavier, personal health practlces” =

“Cutter et al. {2003), “Adger et al. (2004), “Burton et al. (1993), “Heinz Center for Science, Econemics, and

the Environment {20007, th1-'ctl:uar\§u]l {1995}, *Pulido (2000). "Cutter et al. (2000, SFDThE:gi;l et al. (19997,

“Blakie et al (1994), “Federal Provincial and Temritorial Advisory Committes on Population Health

(1999), YEschenroeder and Morris (2003/2004). “Kaplan et al. (1996), "sKsm'ac]Ji and Kemedy (1997),

'J‘I‘Ii'la.r and Hull (Millar and Huoll 1997, “Cameron and BE"L'laIliE-s (1992). Marmot et al (19913,
“Murray et sl (1998), Shaw et al. (1999), "Newbold (2002) W eeks (2004), ‘Eartley et al. (19997,

“‘L ilkinson and Mammet (1998), ""Cald'u. ell (1 acoy, 4“Eirl.u:u:uar and Marmot (19997, © ‘Curtis and Jones
(1908), B rmmer (2000, "P att (1 991} Montgomery et al. (2003).
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25 TA599519Ua2R9AUSENAUURIATRAMNADUNANUAN

Gall (2007) 'lEAmsey naey uaziuRauFaudaianuaauvanvdn 7 i sl
il lunstlssfiuwasfnaunmasauninaesuanluszaulanuazginie e 4 ot dudaiiaou
aRLMANN1949AN TRWA Prevalent Vulnerability Index (PVI), Social Vulnerability to Climate Change for
Africa (SVA), Disaster Risk Index (DRI), Predictive Indicators of Vulnerability (PIV) uazan 3 fuiifiae
ﬁmﬂ%ﬂiuﬁuﬂmm‘wﬁamm:nwﬁ%mﬁe’jﬁlu 1Aun Human Development Index (HDI), Human Well-
being Index (HWI) wag Environmental Sustainability Index (ESI) ﬁ\‘iLL@mﬂum?Nﬁ 2.3 ATHAINAT Wang

LL@zfrfﬁmﬂmmwzﬁ"\imu-mﬂ:fgﬁﬂ-ﬂuﬁqﬁmm F9LeUanINANLNINIaNFIANALs A UA IS UAT 8RN

e

NUIFANINETTHINR

dl v ' o o a o
A179N 2.3 ﬁﬂuﬁQWN@@LL‘M@N‘VH\‘]ZNﬁNIu?&ﬁUQNﬂWﬂLL@ﬁTJ@UI@ﬂ
Index Author & Concept Sub- Variables Vulnerability Input Data Sources
Data Source indices # # Ranking
HDI  UNDP (1990; Quality of 1 4 Low to high TN data
20035) life vulnerability
HWI Prescott- Quality of 5 33 Low to high Mostly UN data
Allen (2001) life vulnerability
ESI® Esty et al. Sustainable 21 (7%) 76(31%) Lowto high Mostly World Bank,
(2005) Development vulnerability TN data, etc.
PVI IADB (20035) Social 3 24 High to low UN data, national
Vulnerability vulnerability  census data
SVA Vincent Social 4 8 High to low  World Bank, UN
(2004) Vulnerability vulnerability  data
DRI* UNDP Social 3(4) 10 (6%) High to low  UN data, EM-DAT
(2004) Vulnerability vulnerability
PIV Adger et al. Social none 46 High to low EM-DAT, HDI,
(2004) Vulnerability vulnerability TUNEP/GRID,
Freedom House

Index. and more

*For comparative purposes, biophysical elements have been elimmated from the onginal index design to
ensure analysis of socioeconomic characteristics only. The reduced number of indicators and/or sub-indices

1s provided in parenthesis.

HDI = Human Development Index
HWI = Human Wellbeing Index
ESI* = Human Vulnerability Component of the 2005 Environmental Sustainability Index
PVI = Prevalent Vulnerability Index
SVA  =Index of Social Vulnerability to Climate Change for Africa
DRI = Disaster Risk Index
PIV = Predictive Indicator of Vulnerability
A
nH1: Gall, 2007
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Human Development Index (HDI) fudaiiusn < Nesuafifinisdianluudnnnwadings
151104 (UNDP, 2004,2005) 396l HDI a9 iAiugnu 3 fu Ae qann nsdnsuazsels du
lsznaudine 4 Ao Ae  Life expectancy, Adult literacy rate, Educational enroliment uay GDP per
capita(UNDP, 2004,2005; Cutter et al., 2009) (3117 2.16) 6#t HDI A husneanfsaiiiauuazfinnis

[ 2 [ [ <3 1 nl/ v a
nIvAgeUszALNIINRWNATLF LR ATuetreetsrmnauly 177 dszimavialan NnAziizes HDI Ay
gn standardize #9eA5 min-max normalization AsHardasliiATlaAINIIIUAANTEEEINAINAAENES
(goalpost %58 point of reference) Baiflunsinszaznianvinaanndvsnefiangld  UNDP  TEWmmnuay

4911 HDI Hutlszannt Tuifaqeiu Inaraludaiiiugruignuuwandiniudaiau o

a o

Human Well-being Index (HWI) Hansauzadnaiusmsil HDI wilveuwmuazfiawlsn1eadsand
ﬂi'ﬂ‘].lﬁ@mmzﬂ;j’]\mfjﬂ (political rights, crime, Internet users Waz peace and order) LAZRADIULN
Aquandansniludauniledion (Gall, 2007; Cutter et al., 2009) fail HWI Usenaudiae 33 sl wiiafly

ngweias 5 Ngu (health, population, wealth, knowledge, community uaz equity) Auanslugii 2.17

4 Y Yy
o o o al=k 1

FBNNIIIUIINUATAIWINY HWI ] 2 D9 5 adudi vistluegiungueesaesdail Tnaninsonuda 38019
AnpenAItA I HWI Juagiupuwiveesgdanananiuman Auil nsudadisowagaziuu

AL TnaanizeteEn nisATuIMuazN9IILsaNATluAALsne aniiluuasinfisveaanly

LR 4
o o

wiuew windt HWI azlfeaandaunedsznis waldinnstnun lbunusesl HDI visllifiasannaat HWI

a aa o v v Y v o dl o ¥
ANNAZLRL ATENNALAZTALLANINEIAN  AaaaaunIIaNwnavanadhwunednfianu sl
ANNNTORARINATIRABLNIZLIUNNIAAGRENATE  uazdidenndesiLuwaAn  Bellagio  Principal  of

Sustainability TunnsAsRan# (Gall, 2007)

'
o o '

Environmental Sustainability Index (ESI) usaiiaaan1swmuNgediu Aaneasunnmngann

o e

T HWI laeann Agil ESI Wa9niAseuaquiasiedunsaiiiaa I nAanUAn e ssu i ARA T ANNLADN

o v o

MruAR9RIARANNAINANTENUAadIANLAZAILIARDN Tag ldvnsatiiRaq iU dunsa N 1i6ae

'
o

(Esty et al., 2005) #4%s ESI 151’11Wm1°’ﬁﬂi€zt,ﬁumﬁumﬁummﬂ@zmﬂﬁm’] 146 Uszind TagNanTUnann
sziAunan 5 UsziauAe 1) Environmental system 2) Environmental stress 3) Human vulnerability to

environmental stress 4) Human capacity to respond to environmental change Wag 5) Global

¥ v
o a o

. = ¥ s 491 a a 1% al 1% o
stewardship 19 st ESI IAgnimunuuiugiuaenseuuuandulauiafiudauan §anaes Driving
Force-Pressure-State-Impact-Response (DPSRI) #5141 satl ESI T@nszmiindnmansatin az@a1u19n
vssgualslunsindsraaunazdsindonlilinouae unaNFe A 9TUNIUATURILINE DN TIazdINg

: ° a o Ao s A o o = 2 = A A o o o o
NIENUFABANITANINTIR A% ESI NQWQHT‘Z@\TﬂLﬁﬂJ@uﬂUﬂmu HWIRa 1) WluLATaaNagdn UAINITUNNT
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Human Development Index

average of

/

weighted average of
P N

Adult Literacy Gross Enrollment
[weight: 2] [weight: 1]

317 2.16 1398519289 Human Development Index Tnaifeil wanafosnaesdang Sub-indices uaz

fitl HDI WAANANLINARIA AN

lower average of

____,_.--'"--——_____‘—-—-——_

Health & Population

lower of either
SN

Healthy Life Total Fertility
Expectancy at Birth Rate

average of

—
—

Household
Wealth Index

—
National
Wealth Index

‘average of weighted average of
b1 1

Needs GDP/per
Index capita (ppp)

lowest score
of either

capita (ppp) Inflation
[weight: 2] [weight: 1]

GDP/par ] [unemplovment

T
lowest score lowest score
of either of either

Population with
insufficient food

[Infla[mjn ratﬂ] (Erwrnal D‘E’DK‘] (Puhllc D['Dt)
]

lowest score
weighted average of
Stunting in children Unem&lko:mcn( of e:ther 7 g
<5 yrs.
(<5 yrs) Debt service Gross public
(% of exports) debt (% GDP)
Children of low birth [weight: 2]
weight (< 5 yrs.) Debt service
(% of GNP) Budget deficit
Population with (% GOP)
access to safe water Ratio of short [weight: 1]
term debt to
Population with Intermational
access to basic sanitation reserves
| I |
weighted aversge of lower score of githar average of
= ~ SN

Communication
Index
[weight:1)

[ Freedom & ] [Peace & Order] Gender Ratio of richest

Government Index Index Equity Index 20%'s income
share to the

poorest 20%'s

Education /
Index

[weight: 2)
|

average of average of average of average of average of (Household Equity)
N N | ~N
Primary & Tertiary Telephone Internet users Political rights Ratio of
Secondary School Enrolment Indicator per 10,000 ranking 1 male to female
School Enrolment || per 10,000 population persons ‘ income
: lowest score overage of
average of lowest score of Civil liberties of either Difference
either rating | \ male to female
school enroliment
Net primary school Telephone/ Press Freedom Deaths from Homicide rates
enrolment rate cellphone rating aremed conflicts rate
subscribers per year o, females
e i o oo o
perceptions Defense crimes rote
Faults per Index expenditure as
100 telephone % pf GDP

lines per year

g7 2.17 Tasea%1939u989 Human Well-being Index lnsidatiuamsfinanaeddane Sub-indices uaz

HWI LAASAREINABdAAN

o T
a
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TRl B LA AR AT AN N ALY A B AN T 2) Wusatnnadand iy GDP way HDI lu
NMTUTUARANNANIUTNAIUNTRRUN WaT 3) luna lnfiTlslemMuanadassiunazlsy@naninnns
SAnsdnuAuneden dadl ESI IHgnAnaanaInnIsmunauenans %mﬁmm@dzﬁﬂizimﬁlﬁLmz
@“mmummmmmmm Gatlsynauding 76 fuil eAlsrneuvdnaes ESI Aendiasatnslnddatuumwan
PAIANABUMANNNEIAN  TRaIALTZNaLLIN  ABARRRINLLUIAAAINNADLUANLASNARNSTRIA N
fauvianl dauedftlsznaufimiae UAANTNAINANNNTONALAUGANTWIAN  uazANAINNIn W95

ATNANAL (ﬁ?ﬂ‘ﬂ 2.18) Ftl ESI DA gudnanapa st waegtlszmatiy y LT ESI| ATANAN Lanams

al

o

Aoy o & = ] | o o a | o
@ﬂ’]quﬂ\‘i@’]ﬁ@\‘m@\‘]ﬂﬁ'zWlﬂﬂﬁ“ﬂﬂﬁ‘gwlﬂllﬁrmll@@LLM@N@J\TW@ﬂﬂ@umT’]‘HLL@%@Q?‘Uﬂqum’]\‘i ”1 AT ESI l/I,ﬁl
= v o [~ o A 1 o [ ung v v
ﬂﬂ@ﬁLL@:UU@@WQLLH?L‘UU@%U?QN NAUNITTVILTINLASATUITY 2 TEAL I@Iﬂiusﬂum@uu?ﬂﬁmu 31 ﬁmuﬂﬂ

o =

anavTuLilu Sub-indices 7 ﬂ@ll mmmﬂmﬂumu /AN el M?’ﬂﬂ@’n'ﬂﬂuﬁlﬁu\‘i W]Ju ESI e ﬁ’]L’il@El‘IJ?’N

LR 4 1
o |

L 2 g = \ o =l = a o 13 o |

Sub-indices TIUANBALIBIUFAALATH V9N ABUNNINITIILTINUAZTANWINS Fautlsasgnilszanatiny
o dl - v Ny o , P . .
NILUIUNNTUATTUABUNZ NI TN LN AT A dumausne wsznausiee 1) standardization 2)
imputation of missing variables 3) scale transformation 4) winsorization 5) directional adjustment Way
6) Z-score transformation
Prevalent Vulnerability Index (PVI) fusafiaannaaunanniadannagnauiag QQLﬁum@

WATUINIRIAN LATEENA BIANT warlnsaasna ﬁmmmﬂuﬁu@jmmwL'ﬁw«nﬂmﬂﬁmmﬁm?qumn
FBURIILNTIEI9NTNR (Cardona, 2005) ATl PVI ﬁm@ﬂ’wm’ﬁmmﬂﬁmmﬁﬂﬁﬂﬁmﬂﬂizmm WATHNNT
P llUssiuANNA LA NANNARTRN198971TR MAazsen st PVI iugaunilanadanisdiag sy
a al % o dl a a v a o
@i FaumauluninndaelunissnnisaonudsalulssmAanfuawsng AYERUAULAYUANN Inter-
American Development Bank Lien1n133tasnziacugoydsaesissanaulugldatu dAnaninnis

al & o d‘ a o I8 o ;:'l' o
gruide luauIAnLATesANslUNI99ANITAINRBILAENNTUITINT TReddRgUssa IAAN s wuNuAL
ANRVALAINAIATYTDINITAII Y ANNAINNIDIUNNTIRANITAINNLAEN NNTRARMINATIAFALBIALTENDL
WANTEIANABULMANNNAIAN AADARUANLETNNNITNENanANNGIzd e Hdaulfdauide (Gall, 2007)

st PVI Uszneudiag 24 Aall tannulassaiildiatlugos 0-1 Iaal435 min-max normalization (317

2.19) uRarhunsanniuily 3 Sub-indices fae3d Weighted aggregation tiadpviniludatigaiine
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Environmental Sustainability Index

Environmental Basic Human Reducing Environmental
Health Sustenance Disaster Governance

Vulnerability
|

average of average of average of average of
| 1 | 1
Death rate from % population Hazard Exposure Ratio of gasoline
intestinal infectious with access to Index price to world avag.

diseases drinking water

— w I Average deaths
Child dca@h rate % undernourished ] from floods, cyclones,
from respiratory

A

. droughts Gaovernment
Child mortality [% protected la m:]
under five years

Environmental
governance

E«:::u—Effi-:ienn::\'r Private Sector Science &
‘ Responsiveness Technology Rule of Law
average of average of average of
initiatives

Innovation Sustainbility data
Index availability
Digital Access

Gross tertiary
enrollment rate

Dow Jones
Sustainability
Index

Energy
efficiency
Renewable
energy EcoValue-
rated firms

[ 1SO 14001 l (‘1UCN organizations |

Civil & political
liberties

certified companies {Female primaw] I

education rate [Democracy measure]

Envircnmental T
innovation Mumber of Knowledge
researchers creation
Responsible Chemical
Care Program

9171 2.18  TAs9@319398984 Environmental Sustainability Index (ESI) Tnasmiiuansfaenaasdany

Sub-indices WAL ESI LAAIAIEINABIAAN

L
o
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Prevalent Vulnerability Index
|

B ey
Exposure & Susceptibility Socio-Economic Fragility Lack of Resilience
weighted sum of weighted sum of weighted sum of
| | |
(Populatlﬂn Growth) [Human Paverty IndEX] [Human Developrment Inde:{]
I

Gender-related
Development Index

i

Urban Growth [Dependant population] [

(anulatinn Densiryj
[Population in Po'uertyJ

Agriculture (% GDP) ] Insured Built
‘ ImpﬂW{Eipgch;f GOGdS} [ Environment (% GDP)

I [Debt service (% GDP)J I
r [Tele»»isir;m Sets (per 1,000 peuple)]

Gross Domestic Investment
. [Hospital Beds (per 1,000 people}l]
Arable Land

[Social Expenditure (% GDPJ]

Capital Stock [Govemance Index]

i

[Environmental Sustainability Index]

9171 2.19 TAs9@519998994 Prevalent Vulnerability Index (PVI) Tnaifaiiugnsfiaenaasdane Sub-indices

LAY PVI LAANAREINABIAAN

Index of Social Vulnerability to Climate Change (SVA) {uatianuaauiaun19daananfanil
ARANNLANANAINATR PVl TR UNIaNNIaLLUIAANIIIANT  IAEisTl SVA  IRARINNNIANEIANN
ARUVANNINAUAIANFINTLAMNAIN1TNlWNNIUTUSY (Adger, 2006; Gallopin, 2006) 2@4nguinaae
o ~ a o o = \ o \ dl a
frunislasunlasgiennia Aail SVA wWiunnsansanuaaunaun1sdsansanislasutlasgiainie
PELaNIZasneEe  NENeNNIUILAL BENNTNINE  Fall  FaTAIiANAaaLAAfuLATH AN T
a v ] ' 1 1 o % 1 1 v Aa e % v o o
weadingmenisalaeaduy Soude wildansuaasuaseiantannlsznnld dhunnswdnuesssil

-dll o o v % . o O [ 2 o [ % o o [ dl A
SVA iednindiayaussving1n (baseline) N1sdnsAUANAIATYIeIN1TLFUAY uaznsRLLATEIHD

|
o o =

Fruulaune anedl sadl SVA slaidaanianuinlddennvilszmaluniduensnuyingiy Iaaldsail 8 - 9

o =

il (317 2.20) AatlgaTinemes SVA azAuauaInTs Weighted uaz Unweighted averaging lunns

Aggregation szauuan ialiilieAn Weighted Index 184 5 Sub-indices
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Social Vulnerability to Climate Change for Africa

I
_ Weighted sum of

_— |

Institutional Capacity

Economics § Rural Population | Demographics | Trade Balance
[weight: 0.2] | [weight:0.1] | [weight: 0.2] | [weight: 0.1]

welghted average of  weighted average of average of
| |

Health expenditures [Dependent oopulation J
(weight: 4 (3)]

[weight: 0.4]

% HIV/AIDS

Urban growth
[weight: 1]

Telephnnes

[weight:1 (1))

napdlation

9171220 TAs9@519998984 Index of Social Vulnerability to Climate Change Tnaidtitiuanssion

NAB9ATN9 Sub-indices LAY SVA LAAIAEINABIAAT

Disaster Risk Index (DRI) tlunilalugusutizasesdnnsanilszaandn a1 nsuasreandniinlu

NTUITIMNABRUREILIINNT  UNDP Bureau for Crisis Prevention and Recovery (UNDP/BCRP) 'l

e

el
a
Y a v A
AR UNENENWL

W #T% DRI el 4 sy Aa wHuRwlug 2NN AUUAWATNIELTITIAY Tnef
v v U v o o '8 1 [ [ o Aa o

Wuunglunig 1) fmmmmgmmLmﬂlquJﬂmmwuﬁazquﬂﬁ@wwmﬂum’mmmmm AR 2)
AT ALAL T U LT A NN S 1099 ALN A NHAA A UATILNINNIEAIN ANABUUAN LAZAIHIALN
3) AVMUNFTDANNADLUAN LAY 4) AFNUNUNANNRENTZIINGLs2mna (Gall, 2007) #% DRI Nanmnue

o v o o ad A oA @ e A o salas o A o o v o &
W?Qﬂumqmﬂﬂﬁmu@u‘ﬂ nNanNIAe AT DRI LﬂummuN@@WﬁVIfJﬁmﬁ‘ﬁmL@ﬂﬂmﬂjugmmu’ﬂLLW.:WJF;IWJWN@NV\Iuﬁ
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' o dl ¥ o My a a a a A v o a < 9Jdl
?3‘1)11’1\15]@LLVIMWiﬁQ’]ﬂﬂ’W‘M?‘J@Qﬁ VLNVLﬂLﬂﬂ‘ﬂqﬂﬂﬁ"ﬂ‘ULLuQﬂﬂLmﬁ%ﬁ]ﬁ{]ﬁﬁ“ﬂﬂ]‘ﬂﬁﬂLﬂu‘ﬂ‘ﬂﬂESJL%EI'J‘]EWQ_II nne

o o 6

ANWITWATH DRI 28LIuUg 1A NdNiLS189ANMAEN (Risk) = Hazard * Population * Vulnerability tne

a aa

CULAEITR

o

e

ANIAeuans TugLa89n19g MipaInAuMif  uaz  Hazard * Population #sneliy AN

4
o o =

fauvarmsdanianim luaod Vulnerability 4apNINAN19ENATEAA-AIAN AW AT DRI Asgn
funnilagniImunadnsresigesdadingaa s uaztlssnaudag 4 Sub-indices Faflunugaunan
dwussunmesinig 4 Ussimseuansluglii 2.21 lunmsaauda #oi DRI dezneudnasaiiaony
ARUVANTINGTINNENTN 4§19 uazAaiAnuAewIANNadIAL 6 FaTl Tinunann 26 autlsnuden

\ATHgNAuARIINRBNALEAT Stepwise linear regression

Disaster Risk Index

multiplication of multiplication of

Local
Population density

Urban Growth

[

|

Exposed
Population
Euler
Constant

Exposed
Population

Euler
Constant

_________________._.dsum af_.q____ﬂ__________
— T —
Earthquake Flood Hurricane Drought
Risk Risk Risk Risk
weighted weighted weighted weighted

multiplication o

Arable Land

Fxposed
Population

Euler
Constant

multiplication of

[ Access to waterj

f

Exposed
Population
Euler
Constant

U7 221 Tn3aai19391994 Disaster Risk Index (DRI) Inafmiiuanfoenaesdang Sub-indices uaz

DRI Ldma8neinaad@ni Euler constant Aa ANASNININASIAANERS (base of the natural

logarithm)
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Predictive Indicators of Vulnerability (PIV) lddayanisdedinluammiuuuamniedmiunig
ARLABNATIANNABLUANN19AIAN (Adger et al., 2004; Brooks et al., 2005) Aatlis Aail PIV Asilansoy
wilauiuses SVA Tun1aden A Nan AN nIaAuaIAs rTum?ﬂ%’uﬁ“]’qmnm?l,ﬂ?ww,l,ﬂmqﬁmn'}ﬁ
o = ! ! a a Mo - d
il PIV 1anzasanuaauvansanditlslmuwaznislaauulasgiennia waldsumnnisainiessol
Wand dnil PIV endeudnmeiugiuaesrndevisanadng (Aarfduaesnnnuaauiann W IanIenIn
WATNNAIAN) AaRANHLAReUATE DRI (Brooks et al., 2005) st PIV HiiNvnnsiiveanwunilads
TULARUANNABLUANNIEIANLATANNENHNTD lNsUFUsY (Adger et al,, 2004) @il PIV HAqns
WANFNIALATT SVA Ae ATl SVA waad Framework-driven approach luanueh aail PIV 1flu Outcome-

. ¥ a aa rd‘ d' ¥ o a
driven approach @ w3nsuMNdayanisdstinanmensiiinesdesiugieanidain  EM-DAT
Tuinap.A. 1971-2000 wWRL1NNNNT standardize AREULNALR9LTETINT AT PIV anfaulIAuasLma
o o Aa u o o A o o o = o o s o Ao o =
NAUAIANTGNGUAN 45 Fautls Tiwae 11 Aol TnadrtgainagnaAuaInnIsefeAsting 11 Gl
(gUn 2.22) Mliiguidiewdin datl PvI ifludaiidengauessaiaouaunannisfnudinn 1990 2.4

LAANNITILTE LN EUNTDLILUI APUBI AT RANNADLNANI 7 ATRANAIINA

Predictive Vulnerability Indicators

average of

— 7 NN

[Literacy (15-24 yrs.) Voice & Accountabilitrj

[Calurie IntakEJ \[Civil Liberties]
| .

o~
Male to female [Life Expectancy) (Palitical Rights)
I

literacy Ratio =
(Matcrnal Mc-rtality]

Sanitation

(Literacy (= 15 yrs.)

U7 222 TA3aa§1999199 Predictive Vulnerability Indicators lneifaiiuansfinananddany

Sub-indices WAL PIV LAAIAIEINABIAAN
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Environmental Vulnerability Index (EVI) gﬂﬁ’wuﬂmﬂ South Pacific Applied Geoscience
Commission (SOPAC) Welfiflusainageunnusauatainnslasuulasanniedes (Kaly, 1999;
SOPAC, 2005) ainalunisdinsziszaudszma  Tnasjatiunisiflunguilssimenjinizauiaan (Small
Island Developing States (SIDS) sati EVI Tl#sanszunuymelunistsuifiuntsdudanusiodunsie
wnnINslssiudiuganms sad BV Maudimediusionmaniwuazszuusssngd 50 Aadilag
w3 Sub-indices (Hazard, Resistance Waz Damage) ﬁﬂl,mmsl,ugﬂ‘ﬁl 223 Tpefinnstnsamivand
n ﬂ@:qnm"l%iuﬂatuﬁuﬁLﬁlm%mﬁuu‘iﬂmﬂLL@:ﬁﬂ@ﬂmu W 1) ﬂ’]ﬁ‘Lﬂ?ﬂlﬂuLLﬂ@Qﬂmﬁﬂﬁﬂﬁﬂ 2) AN
waNUANENSEaNIN 3) MINENNIT 4) inwAsneTHLAzIzaN 5) QUNNBUNNEY 6) ANTNNLLANTIEUAL

7) N9 NEASUAIIEANNALNLFNINEITNTNR

26. mMsWauwaznslszanaldnriivadiasizwilsziiiuanuaauian

v
o a

2.6.1 ESPON Hazard Project Tgﬁﬁﬂmmﬂmﬁlm L‘ﬁ@ﬂ-ﬁ“ﬂﬁﬂLLmuﬁmmLﬁlmmﬂu EU 27+2 pgi
Risk =Hazard potential * Vulnerability (Damage potential +Coping capacity)

IﬂﬁlLLNu‘ﬁlﬂfJ’WNLgﬂﬂﬂﬁ‘Zﬂﬂuﬁfm 2 g An LLNu‘ﬁI aggregated hazard LL@:LLNuﬁ integrated

vulnerability (ESPON Hazard project, 2005) e damage potential WAL coping

capacity Lﬂumﬁﬂ@xﬂ@wﬁﬂmmmm@'@Lmauﬁﬁm%mﬁuﬁﬁmmLﬂiﬁgﬁ@ AN ua

¥
o a

TTULUINA A9l
Vulnerability = {economic (economic damage potential),
social (people, livelihood, resilience, coping capacity),

ecological (ecosystem, environmental vulnerability or fragility)}

'
o =

satimiulyifdusunismsadnauaanianlulasani1s ESPON Hazard wanalimisan

25 uazfail 2.4 Al lElunnsdnii integrated vulnerability uanalugilin 2.24

2.6.2 Cutter et al. (2003) lHagilanHouzuaslussNdNNENENAFDANNADUIANNNAIAN (A9
~ A qy o ° o al ! o . .
7 2.6) waldiduiwanielunisaunnisgianuasunannidean (Social Vulnerability
Index; SoVI) Tutszinmanigandn A1 Sovi AuayandeyaiAsugia-dsan g
dszansdnuan 42 Faudsidn@ensnanndeyadinzlutlsvans  fouwmetia  factor

analysis (A151497 2.7)
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HEE

11. LAND AREA
12. DISPERSION
13, ISOLATION

14, RELIEF

15, LOWLANDS
16, BORDERS

17. IMBALANCE
18. OPENNESS

19, MIGRATIONS
20, ENDEMICS

21. INTRODUCTIONS
2. ENDANGERED
23. EXTINCTIONS
24, VEGETATION
5. LOSS OF COVER
26, FRAGMENTATION
27. DEGRADATION
28. RESERVES

9. MPWs

30, FARMING

31. FERTILISERS
32, PESTICIDES

33. BIOTECH

34, Fisheries

35, FISHING EFFORT
36, WATER

37. Air

38, WASTE

39, TREATMENT
40, INDUSTRY

41, SPILLS

47, MINING

43. SANITATION
44, VEHICLES

45. POPULATION
46, GROWTH

47, TOURISTS

48, COASTAL

49, AGREEMENTS
50. CONFLICTS

Geography

Resourees & Services
Resources & Services
Resgurces & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resaurces & Services
Resources & Senvices
Resources & Services
Resources & Services
Resources & Services
Rescurces & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Resources & Services
Human populations
Human populations
Human populations

Human populations
Hurman populations

Human populations

Hazadds

Harands

R A R RARR
RESE AEEEE

A A

cc e

«  eN

oo
(2ds]

(24
oD
C

=]

(=]

CBD

gﬂﬁ 2.23 Environmental vulnerability Index (EVI), CC = Climate change, D = Exposure to natural

disasters, HH = Human health, AF = Agriculture & Fisheries, W = Water, CCD =

Desertification az CBD = Biodiversity
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A19197 2.5 sannfluldiFdvsupmadapiuaauranlulansanis ESPON Hazard

Indicator

dp/cc1

2
Econ/soc/ecol

Description

GDP/capita

dp

Econ

High GDP/capita measures the value of endangered
physical infrastructure and the extent of possible
damage to the economy. Insurance company point of
view

Population density

dp

Econ/soc

Measures the amount of people in danger

Tourism (e.g.
number of
tourists/number of
hotel beds

dp/cc

Econ/soc

Tourists or people outside their familiar environmental
are especially vulnerable for two main reasons. First,
they are generally unaware of the risks and don’t
necessarily understand the seriousness of hazardous
situation. They don’t necessarily know the local
language and thus they are likely to miss important
information. Secondly, tourist dwellings are often
located in high-risk areas and might not meet the
requirements of structural risk mitigation

Culturally
significant sites

dp

Ecol

Such sites are unique and important for the cultural
and historical identity of people e.g. sites on the
UNESCO world heritage list

Significant natural
areas

dp

Ecol

Areas with special natural values (e.g. national parks
or other significant natural areas) can be considered
vulnerable because they are unique and possibly
home to rare species of flora of fauna

Fragmental natural
areas

dp

Ecol

Natural areas that are small and fragmented are
vulnerable, since they are likely to be locally
destroyed if a hazard strikes

GDP/capita

cC

Soc

Low GDP/capita measures the capacity of people or
region to cope with a catastrophe. In the hazard
project, the national GDP/capita was used because
the presumption was that coping capacity is weak in
poor countries and strong in rich countries. It was
further presumed that there are no marked differences
in coping capacity inside a country

Education rate

cC

SOC

Measures people’s ability to understand and gain
information. The presumption is that people with a low
education level do not find, seek or understand
information concerning risks as well as others, and are
therefore vulnerable

Dependency ratio

cC

SOC

Measures the proportion of strong and weak
population groups. A region with high dependency
ratio is especially vulnerable for two reasons. First,
elderly people and young children are physically frail
and thus vulnerable to hazards. Secondly, elderly
people and children may not be able to help
themselves but need help in the face of a hazard. A
region with a high dependency ratio is dependent on
help from the outside.
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Indicator dp/cc1 Econ/soc/ecol’ Description

Risk perception cc socC Indicates how people perceive a risk and what their
efforts have been to mitigate the effects of a hazard

Institutional cc Indicates the level of mitigation of a region

preparedness

Medical cc Indicates how a region is able to respond to a hazard

infrastructure (e.g. number of hospital beds per 1000 inhabitants or
number doctors per 1000 inhabitants)

Technical cc Indicates how a region is able to respond to a hazard

infrastructure (e.g. number of fire brigades, fire men, helicopters
etc)

Alarm systems cC Indicates the level of mitigation of a region

Share of budget cc Indicates the level of mitigation of a region

spent on civil

defence

Share of budget cc Indicates the level of mitigation of a region

spent on research

and development

1 . . .
dp = damage potential, cc = coping capacity
econ=economic dimension, soc=social dimension, ecol=ecological dimension of vulnerability

regional GDP/capita 30%
(high) ~_

population density 3 0%' Damage

potential \
T0%

fragmented natural
areas 10% Regional vulnerability
30%
national GDP /capita | 30%_ | Coping /
—> h
(low) capacity

9171 2.24 Gl Integrated vulnerability AW uazlszenslEnne16lasan1s ESPON Hazard
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A13799%0 2.6 NIALUUIAALAZLNFATNUBIANNABLUANNNAIAN (Cutter et al., 2003)

Concept

Description

Increase (+)/or
decrease (-)
social vulnerability

Socio-economic status
(income, political power, prestige)

The ability to absorb losses and
enhance resilience to hazard impacts.

High status (+/-)
Low income or

Wealth enables communities to absorb | status (+)
and recover from losses more quickly
due to insurance, social safety nets and
entittement programs.
Gender Women can have a more difficult time Gender (+)

during recovery than men, often due to
sector-specific employment, lower
wages and family care responsibilities.

Race and ethnicity

Imposes language and cultural barriers
that affect access to post-disaster
funding and residential locations in high
hazard areas.

Nonwhite (+)
Non-Anglo(+)

Age

Extreme of the age spectrum affect the
movement out of harm’s way. Parents
lose time and money caring for children
when daycare facilitate are affected;
elderly may have mobility constraints or
mobility concerns increasing the burden
of care and lack of resilience.

Elderly (+)
Children (+)

Commercial and industrial
development

The value, quality and density of
commercial and industrial buildings
provides and indicator of the state of
economic health of a community, and
potential losses in the business
community, and longer-term issues with
recovery after an event.

High density (+)

High value (+/-)

Employment loss

The potential loss of employment
following a disaster exacerbates the
number of unemployed workers in a
community, contributing to a slower
recovery from the disaster.

Employment loss

(+)

Rural/urban

Rural residents may be more vulnerable
due to lower incomes and more
dependent on locally based resource
extraction economies (e.g. farming,
fishing). High —density areas (urban)
complicate evacuation out of harm’s
way.

Rural(+)/Urban(+)

Residential property

The value, quality and density of
residential construction affects potential

Mobile homes (+)

A7.UANTUNT ANATNIA LAZAT.EANY ANANA
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losses and recovery. Expensive homes
on the coast are costly to replace;
mobile homes are easily destroyed and
less resilient to hazards.

Infrastructure and lifelines

Loss of sewers, bridges, water,
communication, and transportation
infrastructure compounds potential
disasters losses. The loss of
infrastructure may place an
insurmountable financial burden on
smaller communities that lack the
financial resources to rebuild.

Extensive
infrastructure (+)

Renters

People that rent do so because they are
either transient or do not have the
financial resources for home ownership.
They often lack access to information
about financial aid during recovery. In
the most extreme cases, renters lack
sufficient shelter options when loading
becomes uninhabitable or too costly to
afford.

Renter (+)

Occupation

Some occupation, especially those
involving resource extraction, may be
severely impacted by a hazard event.
Self-employed fisherman suffer when
their means of production is lost and
may not have the requisite capital to
resume work in a timely fashion and thus
will seek alternative employment. Those
migrant workers engaged in agriculture
and low-skilled service jobs
(housekeeping, childcare, and
gardening) may similarly suffer, as
disposable income faded and the need
for services declines. Immigration status
also affects occupational recovery.

Professional or
managerial (-)

Clerical or laborer

(+)

Service sector (+)

Family structure

Families with large number of
dependents or single-parent households
often have limited finance to outsource
care for dependents, and thus must
juggle work responsibilities and care for
family members. All affect the resilience
to and recovery from hazards.

High birth rates
(+)

Large families (+)
Single-parent
households (+)

Education

Education is linked to socio-economic
status, with higher educational
attainment resulting in greater lifetime

Little education
(+)
Highly educated
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earnings. Lower education constraints
the ability to understand warning
information and access to recovery
information.

)

Population growth

Countries experiencing rapid growth
lack available quality housing, and the
social services network may not have
had time to adjust to increased
populations. New migrants may not
speak the language and not be familiar
with bureaucracies for obtaining relief or
recovery information, all of which
increase vulnerability.

Rapid growth (+)

Medical services

Health care providers including
physicians, nursing homes and
hospitals, are important post-event
sources of relief. The lack of proximate
medical services will lengthen
immediate relief and longer-term
recovery from disasters.

Higher density of
medical (-)

Social dependence

Those people who are totally dependent
on social services for survival are
already economically and socially
marginalized and required additional
support in the post-disaster period.

High dependence
(+)
Low dependence

)

Special needs populations

Special needs populations (infirm,
institutionalized, transient, homeless),
while difficult to identify and measures,
and disproportionately affected during
disasters and because of their invisibility
in communities, mostly ignored during
recovery.

Large special
needs population

(+)
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(Cutter et al., 2003)

Variable Names and Descriptions

Narme Description

MED_AGES0 Median age, 1990

PERCAPS89 Per capita income (in dollars), 1989

MVALOO90 Median dollar value of owner-occupied housing, 1990

MEDRENTS0 Median rent (in dollars) for renter-occupied housing units, 1990

PHYSICNSO Number of physicians per 100,000 population, 1990

PCTVOTE92 \ote cast for president, 1992—percent voting for leading party
{Democratic)

BRATESO Birth rate (number of births per 1,000 population), 1990

MIGRA_97 Net international migration, 1990-1997

PCTFARMS92 Land in farms as a percent of total land, 1992

PCTBLACKS0 Percent African American, 1990

PCTINDIANSO Percent Native American, 1990

PCTASIAN 30 Percent Asian, 1990

PCTHISPANICS0

PCTKIDS90
PCTOLD90
PCTVLUNS1
AVGPERHH
PCTHH7589
PCTPOV90
PCTRENTERSO
PCTRFRMO0
DEBREV92
PCTMOBLS0
PCTNOHSS90

HODENUTS0
HUPTDENS0

MAESDEN92
EARNDENS0O
COMDEVDN92
RPROPDEN92
CVBRPC91
FEMLBR90
AGRIPC90

TRANPC90

SERVPC90
NRRESPC91
HOSPTPC91
PCCHGPOP90
PCTURBSO
PCTFEM90
PCTF_HH90
SSBENPC90

Percent Hispanic, 1990

Percent of population under five years old, 1990

Percent of population over 65 years, 1990

Percent of civilian labor force unemployed, 1991

Average number of people per household, 1990

Percent of households earning more than $75,000, 1989

Percent living in poverty, 1990

Percent renter-occupied housing units, 1990

Percent rural farm population, 1990

General local government debt to revenue ratio, 1992

Percent of housing units that are mobile homes, 1990

Percent of population 25 years or older with no high school
diploma, 1990

Number of housing units per square mile, 1990

Number of housing permits per new residential construction per
square mile, 1990

Number of manufacturing establishments per square mile, 1992

Earnings (in $1,000) in all industries per square mile, 1990

Number of commercial establishments per square mile, 1990

Value of all property and farm products sold per square mile, 1990

Percent of the population participating in the labor force, 1990

Percent females participating in civilian labor force, 1990

Percent employed in primary extractive industries (farming,
fishing, mining, and forestry), 1990

Percent employed in transportation, communications, and other
public utilities, 1990

Percent employed in service occupations, 1990

Per capita residents in nursing homes, 1991

Per capita number of community hospitals, 1991

Percent population change, 1980/1990

Percent urbban population, 1990

Percent females, 1990

Percent female-headed households, no spouse present, 1990

Per capita Social Security recipients, 1990
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2.6.3 Brook et al. (2005) VL’ﬁmumuL@ﬂmafm@ﬁﬂmﬁ@Tﬂﬁmj LL@z%@ﬁ@ﬁimﬁm@qéjL%ﬂqmﬂm LAY

1 v
o o

Tt dnetesuds 46 fnLsdoenuaeuauiall AnwoiznuAsgia ANl
LANANIA GUNW ADNUNNINTUINIG NNIANE Imm?wﬁyuﬂm EE- TR ICLTVIEN:
nRmaniuazlszans uszALlssne Fauansluneail 2.8

2.6.4 Community and Regional Resilience Initiative (CARRI) iﬁﬁmuﬁizuuqmﬁmﬁ%ﬁ’m
Community resilience baseline ansAadunse AR LazN1IaANIIaNIUNTRIaNIEY
‘EmﬁLﬂm:ﬁﬁ?&ﬁzﬁ@Lmamu?wmm::fj“u@@ﬂ@miﬁmmﬂi:mmu?ﬁ@Laﬁm edavinagms
lun1sanANARLIAN LL@:LﬁmmummmﬂﬁuﬁwjmmwLFm deiduvdniazfuians
pavauesiRUszAvEN AT MIndURLgan AN lEeenasande (Cutter et al., 2008) Mg
ﬂiZLﬁumiﬁmgmmmmmmmmﬂﬁuﬁu@jmmwLﬁu (Resilience baseline assessment)
UsznaubnadiudnAry 4 du (gﬂ'ﬁ' 2.25) fafautlsrnsusiazesfilizneuAniAeNINaINNg
MLTWENANTNNIISE Faudadlunnsed 2.9 - 2.12 Tnausavesdisznauesnseuuuain
miﬂ?uﬁummmmmﬂﬁuﬁmjmmwLaugﬂ@”m@mﬂu%u (Layer) A28l Hazard of place

"

model of vulnerability lfvnxnfewitinednrinuazuansglaeuwanifoemaiia GIS (U7

2.26)
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(Brook et al., 2005)

aa o o o 1 1 a a [
Vlmﬂﬂmwmm‘um’mzmLmzmmm@l,ﬂmuuﬂ@mquwmmMuimuﬂ@zm@1

Category Variable Proxy Source
Economy National wealth GDP per capita (USS PPP) WB
Inequality GINI coefficient WIID
Economic autonomy Debt repayments (% GNI, averaged over decadal WB
periods)
National wealth GNI (total, PPP) WB
Health and nutrition State support for health Health expenditure per capita (USs PPP) HDI
State support for health Public health expenditure (%% of GDP) HDI
Burden of il health Disability adjusted life expectancy WHO
General health Life expectancy at birth HDI
Healthcare availability Maternal mortality per 100,000 HDI
Removal of economically active AIDS/HIV infection (% of adults) HDI
population
Nutritional status Calorie intake per capita GRID
General food availability Food production index (annual change averaged over WB
1981-90 and 1991-99)
Access to nutrition Food price index (annual change averaged over WB
198190 and 1991-99)
Education Educational commitment Education expenditure as % of GNP HDI
Educational commitment Education expenditure as % of government expenditure HDI
Entitlement to information Literacy rate (% of population over 15) HDI
Entitlement to information Literacy rate (% of 15-24 year olds) HDI
Entitlement to information Literacy ratio (female to male) HDI
Infrastructure Isolation of rural communities Roads (km, scaled by land area with 99% of WRB/CISEIN
population)
Commitment to rural communities Rural population without access to safe water (%) HDI
Quality of basic infrastructure Population with access to sanitation (%) HDI
Governance Conflict Internal refugees (1000s) scale by population WB
Effectiveness of policies Control of corruption KKZ
Ability to deliver services Government effectiveness KKZ
Willingness to invest in adaptation Political stability KKZ
Barriers to adaptation Regulatory quality KKZ
Willingness to invest in adaptation Rule of law KKZ
Participatory decision making Voice and accountability KKZ
Influence on political process Civil liberties FH
Influence on political process Political rights FH
Geography and Coastal risk km of coastline (scale by land area) GRID
demography Coastal risk Population within 100 km of coastline (%) GRID
Resource pressure Population density CIESIN
Agriculture Dependence on agriculture Agricultural employees (% of total population) WB
Dependence on agriculture Rural population (% of total) WB
Dependence on agriculture Agricultural employees (% of male population) WB
Dependence on agriculture Agricultural employees (% of female population) WB
Agricultural self-sufficiency Agricultural production index (1985, 1995) WB
Ecology Environmental stress Protected land area (%) GRID
Environmental stress Forest change rate (% per year) GRID
Environmental stress % Forest cover GRID
Environmental stress Unpopulated land area CIESIN
Sustainability of water resources Groundwater recharge per capita GRID
Sustainability of water resources Water resources per capita GRID
Technology Commitment to and resources for R&D investment (% GNP) WB
research
Capacity to undertake research and Scientists and engineers in R&D per million population WB

understand issues

Note: The data sources are: the World Bank (WB); Human Development Index (HDI); UNEP/GRID-Geneva (GRID); Kaufmann, Kray and Zoido-
Lobaton governance data set; Center for International Earth Sciences Information Network (CIESIN) at Columbia University; United Nations
World Income Inequality Database (WIID).

Page 2- 41

a 1% a

A7.UANTUNT ANATNIA LAZAT.EANY ANANA



TAsanng

N193ATERANNADUMANLATNTLTARUANIALIAINANTAN PN W lUAUATN g A

Social vulnerability

Built enviranment
and infrastructure

Community Resilience
Baseline

Natural systems
and exposure

Hazards mitigation
amd planning

Ju

225 dayan

4

fipannsdmiun sl ez iliudunsninguLedANA NN IONALALGAN AN

(Resilience baseline assessment)
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Cutter et al., 2008)

FaulaNNIN12ARAaNANMEUNNUEANANNARLUANNNEIAN (Cutter et al., 2008)

Category

Variables

Race and ethnicity

% African American; % Native American; % Asian or Pacific Islanders; % Hispanic

Age

% population under 5 years old; % population 65 or older; median age

Socioeconomic
status

Per capita income; % families earning more than $100,000; median dollar value of
owner-occupied housing

Gender %female; % females in civilian labor force

Employment % of the civilian labor force umemployed; % civilian labor force participation
Education % population over 25 with less than high school education

Household Average number of people per household; % families living in poverty; % female-
structure headed household, no spouse present

Access to services

Number of physicians per 100,000 population; % rural farm population; % urban
population

Occupation % employed in fishing, farming, forestry; % employed in transportation,
communications, public utilities, % employed in service occupation
Housing % housing units that are mobile homes; % renter-occupied housing units; median

gross ($) for renters

Special needs

Nursing home residents per capita; % social security recipients; % migrate to the
United States from abroad in last 5 years
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191991 2,10 FaudsninnisAnidenduiunistsziiueusfenlasaiieiugiu (Cutter etal,, 2008)

Category Variables

Residential Median age for housing units, Housing units built before 1960, Density of housing
units, Density of mobile homes, Number of building permits for new housing units,
Daily water usage, Value of all residential property

Commercial and # commercial establishments, # manufacturing establishment, Value of sales for all

industrial businesses ($), value of all sales for all farms, Industrial earning ($), Banking offices,

development Private non-farm business establishments, Hazardous materials facilities, # Small
businesses , # marinas

Lifelines Hospitals, Schools, Electric power facilities, Potable water facilities, Wastewater
facilities, Dams, Police stations, Fire station, Oil and natural gas facilities, Nuclear
facilities, Emergency centers, Number of hospital beds, Communications
towers/antennae

Transportation Airports, Bus terminals, Ferry facilities, Interstate miles, Other principal arterial miles,

infrastructure Fixed transit and ferry network miles, Rail miles, Highway and rail bridges, Ports

Monuments and Churches, Landmark and historic registry building parks, social organizations

icons

o o

AN9NN 211 AUsNNIN2A AR ANAN MU L LU ITNTN A LA NI T /AN

o

Variables

Area of dunes

Average dune height

Average beach width

Erosion rates

Acreage of wetland

Wetland/habitat loss (% change from previous decade)

Acreage of undisturbed habitat

Coastal subsidence (rate per year)

Sediment supply (estimated berms and offshore bars)

# and location of coastal defense (groins, jetties, seawalls, revetments)

# and size of storm water detention basins

Water contamination (surface and ground)

100-year and 500-year flood zones delineations

Storm surge inundation zones

Land cover classification

Amount of impervious surfaces

Projected sea level rise from Intergovernmental Panel on Climate Change reports
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F1979% 2,12 FaulsiinnsARReNAMILNNILITINABANATNLATILIUNINALAUGANTWLAN

Variables

- Disasters/emergency response plans (household and community)

- Building standard, codes and enforcement

- Hazard mitigation plans and hazard vulnerability assessments (required by the disaster
mitigation act of 2000

- Comprehensive plans (land use and growth management)

- Zoning ordinances prohibiting development of high hazard areas

- Continuity of operations plans for local governments

- Interoperable communications among police, fire and emergency responders

- Disaster recovery plans

- Participation in the National Flood Insurance Program (NFIP)

- Coastal setbacks for development

- Dune management districts

- Transfer of development rights to discourage development in sensitive areas

- Fiscal policies to shift public infrastructure costs (water, sewer, roads) to developers

- Provision of risk/hazard information to the public

- Tabletop and nock exercise and drills for disaster response
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2.6.5 Hahn et. al. (2009) 1BWmuN Livelihood Vulnerability Index (LVI) Lﬁ@ﬂ@:mmmw
@'@Lmammmam?}'ﬂuuﬂmqﬁmmﬁ lugne Mabote uaz Mona Uszine Mozambique
IpevinnngdnsaniaEean 200 ATALASY Lﬁmqmw%m@ﬁm socio-demographics,
livelihoods, social networks, health, food/water security WA natural disaster Was climate

variability (M19719% 2.13) La¥aAN1 Composite index Im%l?‘ﬂﬂmm@m@\‘iLLﬁ@Zﬂﬂﬁﬂizﬂ‘ﬂUﬂ'@ﬂﬁ

°

o a
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max Smin
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min max

FINAIAL AN standardize ufa  usiazesAlsznavtien gniadtivaA niAn

A9ALIIZNALNAN AQBANNNT

i indexg,l
M d - y
n

Toer M, = unilsluwinasdlszneunandwiuenne o [socio-demographic profile (SDP),
livelinood strategies (LS), social networks (SN), health (H), food (F), water (W), natural
disasters and climate variability (NDCV)], index,,i = e4ALlsznavtassequsiazesAilszney

WAN UAY n ABSNUINIENBNALITNaLtas ATt LV/ svALEWNE gniedaIn 7 adAtlszney
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A7.UANTUNT ANATNIA LAZAT.EANY ANANA Page 2- 47



8y - obed BUBRY MEYE LUBT BLUELIRY EUMLIT EY

(PLIBELL PEY IS

APRUE ] J1 YU BB EW B IS WS

03 Apojl] asowr) seiq [eaay H{apew
UOHEAIISOO [BENSIA OU) SISURS Jo Jpunu
PRIOH3I-][25 UG SIUETEY JUDSESS Fummoa s
AQ SLIUOLW Jo USHEWNST SSIEPUS|ED Jo e

B i i

aq 01 K131 Apsow aue saposida

AIDADE ISCUL) SEIQ ([EIIY AE] 2

Jo aaquiait B 51 oysm Supaefaa uosnjuod

Auapuod sas A

pauyap Apansalgns sea )1 A EXuoa,,
@

[BARD JO SMEWNSS ANIHNS SSIHNEM O

papniaul
100 aas 202 Csiadaaydoy s SsrueEyaaw

SE UINS SPOCUI@AT] [EIT0] IO ISE- 108

TEAIE MY U SIIUE] 10] MUOOUT 0 SI0IN0s
fEwd aamny ;g nogE payse Ajuo Aaung

ERIE YD UL SH[IIE] J0) MO J0 S2IN0S
Kaewnd aann s noge payse Auo faang
LCAnununuos ) jo apsino,,

ST IEYM INGEE WHISTL 0D A0 o

Jo apEne papowm snoeaand oy fnue)

YT J0 SIULEALL JUNOD 10U S30] ATIUIE) My
10 s B 51 oys Surpaefag uoisnjuod

“paacd aa uaag

FwEr 10 E i pu e sueydio paiapisuos 1ou
SMUNIUDS HIE SIS L[ILIE] J0 USR] D
JUDEAE 51 PUBGSTIY 10 18 aFo)

Al sHRuE) apdnmi usyan proyasnoy

S J0 PEMY Y ST o a SUTPOE §aa uosn juosy

JURSAE 51 PUBGSTIY 10 1 aFo)
Al sHpuE) apdnma uayan proyasney
S J0 PEMY Y ST o a SUTPOE §aa uosn juosy

TSREIYLAA 1
10 I PO YIS NOU S 0 ST B 51 o
INCHE UDESTLUND S S3IWE] Papuagx adie]

(900Z)

SHA s1aupag (£007) WA Y
oMM gy paadepy eLaeEpw
EIYY UL sHwapdy ey

o s1Edu)] INUoUoIa-00s

a1 o voneumuaaag {E007)
EWE[EW H2Th [jed/uonEziuEiig
yiEaH plaogy woy paidepy

(900Z) SHA woy padepy
{£661)
HuBg Paoas woy paidepy

(G00Z) SHO woy padepy

(L66L)

AHUER plroay woy padepy
JEYIE

PUE YSAPEL] JENN "SUGHIpUs)
Furary jo fawms aneuuonsangy
plroyasnoH {L661)

AuEg plaops woy padepy

(G00Z) SHO woy padepy

(G00Z) SHO woy padepy

(G00Z) SHO woy padepy

KrEjuamnmoy

YW T EULON San T

PPo (SsHA ansEap 1900T)
(SHAQ) faang pioagasnoH
INsMUOQ woly padepy

Lawely nof op s1au oinbsow fuew
Mol fpeg ApeEmanaed sueEw
st aEaf S JO STPUoLI YR AN

AITOUIS 10 HI0M 5SS 0 PEY
Ay ey syaasn g ased aya ur s
o5 uaa) AWE] nod ul Aucdue seH

Huayo

Aaaa s 128 Aoqa) (p AjEmucays
Amue) mof m ApogiuE 5|

shame) sy

B0 1aF o nok 3l 1 saap Suo] moH

INOE SE MUES

£135 O SIIAL PUE SAHE| 0 “IS2I0)
MY YN M ey Sunpans
13903 POUBSTION IN0A Ul 35|
aucawns 1o nok o ¢ sdon mold
PIOURSTIOY INOA Ul 253 FU0IL0S
A0 oA G0 45 EMIUE 35181 PIoy@snoy
MDA U 35E SUSHUOS 10 nok o

a0 01 AU NUIes WaIagip € o
off Apuwep nof ut apdoad Suswmopy

Lpap sey suaaed 1@ jo
YO A0 UG ASTEIM] asnoy nod ut
Fura1] sIUE] 1210 Wod ) P o siEak
F1 UFL) 553] URIPID AUE 31900 a0y

A100125 01 0F 1343 nofg pia

EPIOUDSTION U] J0 PN I N0 20y

JE sE
wayl apnn aseapd ‘s Aep £ 158 A
109 @13 1dajs pUE NE s 1001514
® pEY Mok §] jasnoy s ul sdaas
puE s1E2 oy uosiad Lasa jo saxas
puE safe s 151 aseaqd nof pno)

16 = L.E =13Upaq B usmo

100 op Al puE yaaep—Aenue [ wa)goad
® 51 BuE e paodas quapusdsay <85 a)

{1 =13Upaq oU g0 = 13 U] FARY | e Pl
FUpa AUC 1SEI] 1E SUIMOEEEL

o aansodyx s pajaodas sypuopy

.ﬂuo.s
T I5E| M UL SSIUNT 0 3N JI0M 0 [0S
SSIL O] PEY OU M ISAUa SRUE) [ 5E
1® aadaa ey sppoyasnoy jo afeuariag
Juapuodsal

fiq Alannaalqns pauyap sem ssaufll Ao
S| UCILD M Jaquua Ky | sea|
18 aodad 1By spioyEasnoy jo aFEuaniag
“RIRE) eIy IS EIU M) o

135 01 SPIOYASTIoN M1 530 11 U1 3Feaaay

SO =1 + £/ 1 = ¥apu] UCEIWISIANI0
POOUIIANT B IAFY [JIM S30aN053

[BINIEU 5133 |00 PUE S[ELLIUE 53518

SULIE] 1R PIOYRSNOY Y 5@ P oyasnoy

® g parrodan [+ sananae pooyi@al
JEININMATE JO IS0UNU 31 ) J0 3512AUT L

WO JO INNGE 5T 2N NILTE
Ao aodaa 1 sployasnoy jo aSEuariag

Knanoe

Harom Krewad nagp aog Aumunuos a3 jo
SPIFING SHI0M LM Jaquuain Sjnue) | 1ses|
1 adas ey sployasnoy jo afEjuaniag

“suaaEd o

A0 UL 150] IMEY oM Po sIER S g L uRIpig
aae surydag awey =y u Suing ueydao
1SED] ' AEL 1B S0y 3snoy jo aFEuaniag
TooYIs jo saEa O prapuanE

aney Aaap 1eyl suodas proyasnoy sy
JOPEM S A SPIOUR SN0 0 3FEIarag
TPIOYR SOy

I IO PEIY Y ST PIIUNGSI 513 [EWD] )
JERA dad SUIU0W 9= S0 3L W0 AEME
s1 pEIY AW E ] apEway stamnpe Aewad
AU MMM SPoYasNoY Jo aFEuaniayg

e o siEal g0 puE G
uassaa uonEndod s o afe jo saead oo
Jawo puE g 1apun vongndod ap jo oney

{z1-0 :aFues)
*APU] USTURARL] NSy
BLE|EW aF B2y

SEAUYIL 01 INP SAF I

T ASE] I UL OIS 10 510
SSILI 0 PEY UL AjRuE) E
FIIYM SPOUISTION J0 JUSI

SEHUYI

JNUoID Yum saquuaan Sjrwe)
I SPIOUYasTIoN o JUE000,]
(ssanupr) Aees

ey o1 2 ageaas

A 10T 0 :afurs) xapu)
UOHEIYISIAAI0 PO aAr]
[EIM NSy A ey

Aol

Joaxnos B se aunjnaage
un Ajaes uapuadap
SPCYASTION J0 U3

Ajumuuanon U e
B U Suniom 1aouaaa S)e)
YA SPIOASSTION JO JUROIR]

sueydio

Y SPIOYIsnoy jo Juaoiag
1@0Us papuaile

30U SEU] PROARSTION JO PEM]
I SPIOYISTION o JUI0I]

spioyasnoy
PAPEIN-IEWAY JO WD

orEr Aauapuadagg

yiEay

L H ]

aqyennd
yd erfowap-o1aos

SUGHEIRUL [FRU@G]

aoanog

uonsanb faung

suausdwna-qns o uonEuepdsg

spuauadioo-qng

suaucdwing aolepy

(6002 ""Ie 10 UUEH) anbIqWIBZON WUIZE[TI BLILBABIITEULY (IAT) Xopu] AljIqesauinA POOYIISAIT PERRBRIBURE[LYMEAYNUBKITBURLLYNE €1°C UWhLELY

m_ucw—.mj.ﬁwﬁj.zv@_.wv,nﬁ;m_,nro@ncrqcr@zwm,_Ero@ﬁm,_nh_uﬁrcwzvj_IE.S._,_@@Rrog‘wﬁrmgm\\hrchrczgw




6t -¢ obed

BUBRY MEYE LUBT BLUELIRY EUMLIT EY

uansanh
ul JEaf ) SUIpIET A UONENIIAE Op

AIUDL ANES
PUR SOOI |25 18U SH|IWE] JUNGD 10U 5300

stdoas jo
Anpeuoseas g Fupeeiag uonexgaads oy

ek wmuna

JHUART 0 1] 150 sjuapuodsa)
AN2IEIS POD) JO PUBIL [[EIIA0 Y] 13 10U
e Ssyuowm jo saqumy patiedas-jEs uo
SR Y LA TINNS,, Jo uonugER mpaagng

LAsoa, o unnuyap asnsalgng

[sanss

NP 10J USRI A0 0] SUIeS ] wE
07 ARl 0L SN [JEIaY SUMULIEaAnE
0] S151A PAOdaI-[9s uo AUEEY

spood AE@puow-uou
Jo afurya Japsuos 100 saog safueyoxa
Aauow papodas-@Es un aueEy

“uoddns{diay jo sadf panodas-jes uo
AIUENTY (PAPUIIND]) IANE[D E 51 0UM PUE
{ MEIPAULLIT]) AR S1 oM IR WOISD U

“anEuuonsanb s
Jo sasodind ayy ao) padojasaqg

“anEuuonsanb s
Jo sasodind ayy ao) padojasaqg

[L6EL)
HUER PLOA, wod paadepy

(L6BGL)
HUER PLOAY Wod) paadepy

“aqEuuonsank sy
Jo sasodand wp o) padojasag

(£00Z)
AN [OHM Wy pajdepy

[L6EL)
HUER PO, wod paadepy

(9007) SHO woy paadepy

1ERA AU 2yl moad

o] SPaas aaes K| nuE) nod saeg
LIRS J0 3 U I

B FULIMp 183 07 1534181 noA sdos
M1 J0 MU0s AEs A IUE] N0k 530(]

imoa ployasnoy

naf sa0p sdoi Jo puiy IEMm
{Pooj

yanous SulIad Agqno.y 2aey A nuej
mod sanp 1ead B S uo AUEi Moy
£PO0) YANOUD 3AEY 10U S30[ A]NUE)
mod ey aead a1 Suump sawn
AT T 10 IR A|OYM AY] POD)
arenbape awey Anue) mof saog]

Lpoaj st
0150w 128 Ajnue) nod saop

£d3 10j 1apEa) ununuos moi
0 JUDE ANUE] M0 U FUHU0S
10 o AE S1puow 7 1sed sy ug

£puow
158d 311 Ul SPUALY 0 SIANERI

o] Axucin AUE pua| nod pra g yiuo i
158d 311 Ul SpUALY 0 SIANERI
i) Asuow Aue modaog nof pra
[FADOE 5B SAI0U3 IWES ] SPUILL
Jo saaneRa djay fnueg anof pue
nod pipyuow jsed ay up {uaipige
Joaaed aye ] A fg paonpoad
SpOod 0 o s1npod (PUiuE [ps
I 10 31EY [EXNPHU 139 53]
Apwry mod pue nok diay spua
10 SFANERS PIP Yo 1sed ag) u)

aERf 0] 1B wod) spaas
SAEL] 10U OP JBY)] SPOUISTOU JO FEIU30a

ISIIEY 3Ea W) sdoes

FNES JOU O TR SPIOUASN0Y J0 AFEIUAN
0E0=(1+¥) 1L =xapu|

Ansaalg doa) B aael 1M BABSSED

PUE SUER] B YU aE e upydumd smous
1Ep proyasnoy v 89 {1+ ployasnoy € Aq
upead sdoas jo squmu ayI) o asiaau ay),

ANUE] N a0) poo) ulego o HEEnns
SPICURSTIOY SUIUOW Jo JHUNU AFRRAY

“suLiE) [euosad nmp wed fpaewd poog
nag 188 e speyasnoy jo afeuaag

“SUIUC 7

15ed Wy W acuEsIssE AUE 0] U anos
[E20] T} PR SE 10U aaky Al ey
P0G JEY) SPIDLASTION JO AFEIUINY
010§ =00E

AU AUE MOLIOG J0U PIP NG SSun Jua|
AU J1 puE ZJ0 3 = 0NEL a1 A pua
10U PIp ang Ao pamoLog ployEsToy
E 183 uow j5ed g w Auow
fuwpua) ployasnoy B ol yuciy j5ed ag

ul AR SUIMOLIOY PIOURSToY B o aney

|1+ oo 1sed

A ULAS[F IU0IUOS 0] POYISNOY B A uaald
diay jo sadfa jo saqumu ;) o {1+ yuow
1sed ) wi oy asnoy e Ag paa@ia

dia jo sadf jo aaqumu ap) jo oney

SPAaS MMES 10U
0] JEL] SPIOYASTION J0 JUaAg

S0010 MES 10U
O JEY] SPOURSNY JO U013

1-0= aduer)
xapuy Ansaanng doa afemay

(Z1-0 :a8uer) pooj

Puy o1 AFINNS spieyasnoy
SUIEL Jo 130 nu a5 By
pooj

Aoy ey Ajwe uo wapuadap
SPIoY3ISTIOL JO JU3013d

syuom g Jsed a

Ul FUEYSISTE 0] UMD AT
[E30] Hay) o) 3ued jou aAEy
1E1] SPIOYISNOY JO 2013

(50 :28uer) onel
fauoy puamonog afemny

(51-0 :a8ue1)
ORI 3AID 300y aFelany

pond

| IDMIIN [EII0S

SUCGTIETIRLT [ENU2] 0

aunng

uvonsanh Aawang

SJUAUGd WO3-gns o uo euE|dig

suauodinoa-gqng

squauod o Jolep

(GY) €1°C bLELY

m_ucw—.mj.ﬁwﬁj.zv@_.wv,nﬁ;m_,nro@ncrqcr@zwm,_Ero@ﬁm,_nh_uﬁrcwzvj_IE.S._,_@@Rrog‘wﬁrmgm\\hrchrczgw



06 -z obed @G@nm MY EUZUN YLUELNY EUMLIYIEY
[ENdED [EouAeId FOMAGIT DES 10] Paaelaie o
poad {L007) Y1 U PRSP UGHE]S I91Ea SEM ET PUR 661 uaasaq uonendoaad Aq uonendoaad aSesaae

N WOYS JEIEP AFEDAE UD a0UETRY

“potiad
W WS CEIEP AT EINE U0 BDUEEY

povad
AN LoYS EIEP STEIBAE UD BDUEIEY

(PRI 3G o
Alafy 150an ase saunful aaaas) seI ([E2aY

LAUNLIEM,, 0 uDiiugap aansalgng

(paaaqui aq o Al
1500 21F SIISESIP 2435 1500 ) ST B2y

SIIUIEIUCD J0 3715 TNOCE U UG J0 §387]

(aFe110Us 1208 M J0 SAED 2ANNIASU0D [EIDADS
SRR 0] K|3H)] adow) sel ey
AMEM

19903 SR AIRUE] WS S
[FAED JO SNEWNSD annalqng (saaem op)

SAINDS JHEM
AN IARY S IUE] UL UDIST LR

(s11u0 uaj0A
SR o) S|aK)] adow ) sl ey

ENISTIEIST [ [BUD CER] 0T 5]

(£ooz)

EINSNEIST 3 [FUD DER 0an105u]

(£00z)

EINSREISE P [FUDDEN 0aninsu]

aneuuonsanb s
Jo sasadind mp ao) pado@aag

(#007) WuSup Luafiawg
AnqsuwE|ig wo) padepy
AEuLonsan Gy ssaupareday
SPIEZEH [BINIER PlOURSTIOH
00z muduy Huadawg
Fmngswetiay wot) padepy

aEuuonsank sy
Jo sasodand ayy o) pado@aag

(£66L)
HUEE PREOAY woa) pandepy

(900) SHO woay pademy

(9007) SHO woij padepy

“aEuuonsanb s
Jo sasodmd auyy 1oy padoj@aag

MGCWK.?KwF?Ev@_.w?nﬁ;m_,nro@ncrqcr@zwm,_Ero@ﬁm,_n,n_.ﬁrcwzvj_IE.S._,_@@Rrog‘wﬁrmg@nrchrczgw

‘EEp Eraacad JE007-866 1

[Endea [Euiacad
AT UL PASEQ UHNELS JH[IE M
SRR ErAnand JE00T 8661

[Endes e anad
Y U PASE VOIS IR
D EOwAd E00T-86E L

L Enoapfauopiafpooy g

Furmp ap Ajnwe) mod ur auofue
PO AyFnoap auopdxfpoog) syl ul
paan fup Ajpue) aned uy aucfue seas

£pauaddey
W Jojaq yanospfauciiafpooy
YT INDE FUILLIEM B 3413020 NoK P

LL00E- LOOE Ul
WEnoap fauopRipoe)) e A pasage
UM EDIE 511 ST 520011 AUEL MOH

A aie saan) Auew
MOH §AUBL MOH JUT BEM 005
Al[Ensn no& op SIAUEIUND TEYAY

LAERAIRAT AQE|IEAR 1M EM SI1L) 5]

£AIN0S 13 EM
mod m 138 o1 a3 E Nsaop Suo] moy

FLELE

JEM INODA 139]]03 oA 0P 1AL
JAumunuos nog

up 1M EM 13a0 SIUes SUR noqe
paeay nof asey aead 1sed a1 ug

Auow aSeaae M) Jo UDHEIASD PIEPUEIS
“aoupaoad

Y2Ea 10 PATEIANE SEM E007 PUE 8661
U] LIuoL £ aumie sadieg wn
AlEp AFe130F A1 J0 UDHEIAID PIEPURIS
gAuAd

YIED 10] PATEIIE SEM E00T PUE BEGL
UIRATH] YU £q amiesadua) wn e
AIEp aFeJ30E 21 J0 UDHEIAID PIEPUEIS
saeaf g

15 ed ) urauoERA 10 Y EN0ap poog 212495
150U AU JO NS F ST SIMUaL AjnuE)
N jo aue jo eap 1o o) Amln ue aape
paadas 18yl s oy asnoy jo afeuaciag
“siEad g 15ed

MY uuaAs Auopd pue ySnop poo]
JIADE 150U IY] INCHE TUNLIEM B 3430
10U PR TR S PIRYasnoy jo 3FEUanag

saeaf g sed s u
spleyasnoy & paodal a1 sauoia
PUE SIYEN0ID “SPOO]) JO 13quInu [E1e],

{1+ plovasnon yaea &g palcis 12em jo
SI] |0 SN U 3FRIAAR 1)) Jeasaaul n ],
ABPAIIAD 22UNDS J2IEM

Arewnd 11247 1® 2)gE [IBAE J0U 51 I0EM
1R Modas 18yl sp oy asnoy jo afeiuaciag

anes e Aewd aEg o) paen

0 SPIOURSION MY 54 ) Rup aFeRay
W05 e A

N SE Aoy a0 pood “aE] 1aan Haan
B0l 1R sp oy asnoy jo aFEuanag
“RIUMIID 11

Ul J3EM 340 SINU0D INOGE PIEN] Suiaey
Hodas ey sppyasnoy jo afeuanag

(GY) €1°C bLELY

10 UDHEIASD PIEPUE)S UERRY

yumn £ auniesad e
winuiunu aFemae AEp w
10 UDHIEIASR PIEPUETS U

yumn £ aungesad ue
WMUINEN AFEIAE AP )
10 UDIEAID PIEPUETS UEI Y

s1Ead g 1sed a1 w amsesip
[EANIEU 213025 150U 2y Jo
ynsal B 5E yeap ao fanhg ue
Al SpIoy=snoy Jo Jusoiag
SIHSESIP

[Eanieu Surpuad g noge
FUMLIEM B A0 10U P
TEL SPIOYRSTION J0 JU3a
(£-0

afuer) saead g gsed ;)
suaaa aue|3 puE ySnoap
POOY JO RGN aFeIaay

(1-0<

safues) proyasnoy Jad parms
120BM 0 511 0 Aguny
ATRIIAE I |0 IEIDAL]
fddns

137EM JURISISUOD B SAEY JoU
0P 183 SPIOYISTION J0 JUIOSR]

[sanumnu)
ANGS M 01 311 aFelany

FNNTS BT [EINTEU B AZIHN
1EY1 SPIOYISTON 01U

SPIUOD J131EM Furiod a1
SPIOURSNOY J0 JUa05a

Angepea
MEWI pUE
SIHNSESIP [BIMIER

JEIE A



TAsannsnnsfipsziiAnaBLaNLaN 19U LILANIRENAINN 1A NTULIN TR INU LAWY R

F1979% 2.14 - asAlszneunaniiluradtaiiayuiionupninaeuaned IPCC aAMmiunisaiuns

LVI-IPCC (Hahn et al., 2009)

IPCC contributing factors to vulnerability Major components

Exposure Matural disasters and climate variability

Adaptive capacity Socio-demographic profile
Livelihood strategies
Social networks

Sensitivity Health
Food
Water

26,6 Kannami uaz Taniyoshi (2008) ¥4t Flood Risk Index (FRIc) Uuilugiuzes PAR
model  tievhanlFlumstlsmiupnandasanmamsniivionluszdissmd FRIC
Uszneudtanuides 5 Fu fal Hazard, Exposure, Basic vulnerability, Capacity soft
countermeasure Waz Capacity hard countermeasure WaazasAlsznavvan Usznaufiag
Sub-index %uﬂumﬁmﬁ%ﬁmﬂ@ 3 dsmnnidlusauLlsuamanunizaeusias Sub-index

o

(217 2. 27) aunnsvialdaes FRIc wansl@sail

U

Flood Risk Index (FRIc)=H*E*V/C,

In8l H = Hazard index, E = Exposure index, V = Basic vulnerability index, C = Capacity
index [Capacity index = (Capacity hard countermeasures index + Capacity soft

countermeasures index)/2]

Indicator ={LN(x) — LN(MIN (X))} {LN(MAX (x) — LN(MIN (x)}

Sub-index = Indicator1 + Indicator2 + Indicator3

'
=

o A o A ¥ A ¥ =2 Qv Y adl a
mmu@]zgﬂﬂmL@ﬂﬂmﬂmﬂuﬁﬂmﬂiﬂﬂmﬂm LAZNNTNUNIUBNRANTNTANINIRAILIIT LTS
AN NSINALNILENE Ty 199 International Center for Water Hazard and Risk

Management (ICHARM) AgiiignAniaanuandlumngen 2.15
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g 227 Taseaineuaresfilsznanaes Flood Risk Index (FRIc) (Kannami and Taniyoshi, 2008)

1% o [

AN39N 2,15  FELNAALAANA1TUINN9ANUIN Flood Risk Index (FRIC)

(Kannami and Taniyoshi, 2008)

Sub-Indices Indicators Data
1. Precipitation Average annual precipitation in depth
Hazard 2. Cyclone Proneness Cyclone proneness considering frequency and magnitude
3. Flood Source Water area ratio to land area
1. Basic Population Population density in the area where population density
Density is more than 5 people per sq. km
Exposure 2. Low Land Area’s Population density in the area where the elevation is
Population Density below 200m
3. Population growth Population in 2005/ in 1985
Basic 1. Governance Corruption Index
. o 2. Wealth and information | Life Expectancy
Vulnerability — — .
3. Instability GINI coefficient
. . ] 1. Potential Investment GDP per Area
Capacity Hard 127 5 tructur Paved Road Density
Countermeasures = HIASTUCTIIe avec Road Lenst ,
3. Forestation Forestation ratio in 2005 —in 1990
. 1. Literac Adult literacy rate (%
Capacity Soft acy > (%) p -
. . 2. Education Enrolment ratio for education (%)
Countermeasures — _ — . . -
3. Information Television receivers per one thousand inhabitants

o
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2.6.7 Disaster Risk Index (DRI) Qﬂﬁ/wmimﬂ Division of Early Warming and Assessment
(DEWA) waz GRID-Geneva 284 United Nations Environment Programme (UNEP) nels
1A39n19 Global Risk and Vulnerability Trends per Year (GRAVITY) (Peduzzi et al.,
2001,2002,2003; Dao, 2003) a4l DRI gninlUlfuFauiiaudaszuussudnelssimauay
1h39n19 GRID-Geneva lumstszifiuanui@ns parsaeunas finyar1nansuaznisimou

o

8a09Utn (PREVIEW) Im99n13 GRAVITY nnnnsnegeuiantd 4 Uszinn Ae wmiﬂmu

Auuds gnnae uazwiuiulug nsauLuIRntuansfiaaNn9Al
Risk =Frequency * Population* Vulnerability

T9E AAULAEN (Risk) = f-ﬁmf;uﬂizmmﬁmmﬁ%zgﬂ&lfwﬁi@fimquﬂizﬂmmﬁm%m/ YEG)
furivavuasiaTadnanuii
AL (Frequency) = ﬁﬂmwﬂmLuff;maﬁzﬁﬁi@ﬁqqmmﬁa
AWIULIZINT (Population) = "ﬁ?’]u’)uﬂﬁ‘ﬁjﬁﬂ?‘ﬁlLN%m/ﬁNﬁ@ﬁuﬁﬂﬂﬂﬂﬁﬂ\l
ANNARLVAN (Vulnerability) = Lﬂﬂ%lﬁ'ﬁuﬁmmﬂ?w'miﬁmmfiwxq@,ﬁﬂluﬁummﬁqmJ
NINBIUATIATI T
%‘q Physical exposure (PhExp) = Frequency * Population

4
[ A

PN Risk = PhExp * Vulnerability
AFUFUNY (Proxy) 189ANARLUAN ANnTnAuILlATaaaunisil

impacts
u proxy =
PhEXp

Tuaned impact (lunstidnenaes GRAVITY) = anuiufdeainfigniiuniniag CRED 1wl

A.A. 1980-2000 Adtit AINHLAEN AR WarTunaIsaLlsaasy

Risk = f (PhExp,Vulnerability Factors)
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'
a ' = o o !

fetfadeannaeuan Hun tTademiaAsugia-depuniensnasenisgodadmiuusiay

o

o = A o pry

Al fatanudssuazfatianuaauanngnaAnaanivelilulasnis GRAVITY uang
TuRNs 9N 2,16 way 2.17 neauuulAail Nanmmusdaiunndsgsssuansd nnldanunsn

T TumamIANIInIA IR IF Aouannuaauvan din1Image LA TWRIWN

]
=2 v o

WAIHgNA N19ANEY AMNAIWIRAeN Uszans qunnuazguewnsit ddieyadiounu

fadtmant  ansinldmeanuduiusivdieyanis@edinain  EM-DAT iiNenagey

o ! 6

mfawz‘immm@\mﬂ@zﬂ@urﬁmj YDIANABLUAN

o

2.6.8 Climate Vulnerability Index (CVI) WaunImel Oxford Center for Water Research #7144 CV/
dlusrinsaulauazresenann Water Poverty Index (WPI)  Imasiiniintladenng

- I s . = - .
nRAaninnediesiuaniundesnmmeaey suiuilsrlaailunisUssiiuamusauan

YBNTNTUAMNNITNEINTUN (Oxford Center for Water Research) %uﬂummﬁﬂ‘ﬁugmﬁma

dlda

{aagNINNIENIN FIAN Lﬂmﬂﬁw,@:a«,mmﬁ@u PRansNasanisasuLlacdin Aoty

sl CVI winnzanlunmegetANas ANt T uAa AN LTI P uIR9d NN

a

e nAluaqiy mw;{imzm@xmu@’mm@Lﬂ?}lﬂuuﬂmgﬁmmm pd CVI sznaudig 6
aeALlsznauvan 32 asilsznautes fuandlumsned 2.18

2.6.9 Food Insecurity and Vulnerability Information and Mapping System (FIVIMS) AN
Lavinfilng Food and Agriculture  Organization (FAO) luseautlszmplazsening
dszina lesumin Semzd weund wandsdeyannasiuamnediuenins anu
souvan sitepnuidasiaaniazinauins (FIVIMS, 2000) nsaukwafsmes FIVIMS §
A aTanlETz ML IATHIAANNBIMIT ATIFOULATANNIGNITALLYAAR A
wanslugi 2.28 (FIVIMS) Tael¥innsWiaiun Core indicator uaz Additional indicator tite
Wiwesasiialunsinmu/dsniuannuiung WAZANABLUANATUEINT TN TULAE

(%

funeing - Asuanalugili 2.29 (FIVIMS, 2002)
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1979 2,16 Usrlamiuazgilaassrnessatimnidesnialéilasinis GRAVITY

Indicators for risk

Advantages

Inconveniences

1. Number of killed

2. Killed / Population

3. Killed / Population

affected

Each human being has the
same “weight™

It allows comparisons
between countries. Less
populated countries have the
same weight as more
populated countries.

Regional risk 1s highlighted
even thought the population
affected is a smaller portion
of the total national
population.

10.000 persons killed split
between ten small countries
does not appeared 1n the
same way as 10.000 killed in
one country. Smaller
countries are disadvantaged.

The “weight” of hmumnan being
1s not equal, e.g. one person
killed in Honduras ecual 160
killed in China.

This may highlight local
problem that are not of
national significance and give
wrong priority for a selected
country.

AN9NN 2.17

FTHANNABLUANNINNIAAABNA115UTATINT GRAVITY

Categories of Indicators Source

vulnerability

Economuc 1. Gross Domestic Product per inhabitant at purchasing power GEO

parity.,

2. Total dept service (% of the exports of goods and services), GEO
3. Inflation, food prices (annual %), WB
4. Unemplovment, total (% of total labour force) WB

Type of economical 5. %age of arable land GEO

activities 6. %age of urban population. GEO

Dependency and 7. Forests and woodland (in %eage of land area), GEO

qualify of the 8. %age of irrigated land GEO

environment.

Demography 9. Population growth, GEO
10. Urban growth, GEO
11. Population density, GEO
12. Age dependency ratio, WB

Health and sanitation 13, Average calorie supply per capita, GEO
14. %age of people with access to adequate sanifation, GEO
15. %age of people with access to safe water (total, urban, rural)  GEO
16. Number of physicians (per 1000 inhab.), WB
17. Number Hospital Beds WB
18. Life Expectancy at birth for both Sexes GEO

Politic 19. Transparency’s CPI (index of corruption) TI

Infrastructure, early 20, Number of Radios (per 1000 mnhab.) WB

warning and

capacify of response

Education 21. Nliteracy Rate, GEO
22. School enrolment. GEO
23. Secondary (% gross), GEO
24 Labour force with primary, secondary or tertiary education WB

Development 25. Human Development Index (HDI) TUNDP

o
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M54 2,18 a9AlsTneunanuazedALlsznastases Climate Vulnerability Index (CVI)

cvi Sub-components / Variables
component

Geospatial (G) 1 extent of land at risk from sea level rise and/or tidal waves

2 extent of land at risk from land slips

3 degree of isolation from other water resources and/or food sources
4 deforestation, desertification and/or soil erosion rates

5 degree of land conversion from natural vegetation

6 extent of nsk from melting of glaciers

7 risk of glacial lake outbursts

Resource (R) 1. assessment of surface water and groundwater availability
2. evaluation of the reliability of resources

3. assessment of water guality

4. dependence on imported or desalinated water

5. water storage capacity

Access (A) 1.access to clean water
2 access to sanitation
J.access to irrigation coverage adjusted by climate characteristics

Capacity (C) 1.expenditure on consumer durables, or income

2 the under-five mortality rate

3. existence of disaster warning systems

4 educational level of the population

5. percentage of people living in informal housing

6. GDF as a proportion of GNP

7 strength of municipal institutions

8.investment in the water sector as a percentage of fixed capital investment
9 access o a place of safety in the event of flooding or other disasters

Use (U) 1.domestic water consumption rate related to national or other standards
2 agricultural water use related to the contribution of agricultural production to GDP
J.industrial water use related to the contribution of industrial production to GDP

Environment | 1.livestock density

(E) 2.human population density
3.loss of habitats

4 flood frequency
5.Species loss

L
o
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UNN 3

8n15ANEN

3.1 NTALLUIAALASTUNBUITNISANEIIRE

nsAnRaeil ulasanissiaiesaintasanisian “n1slssiiuani1ne AL AN TN RaINIA
a ' dl 1 dy dla a2, dl a
wadtlszinAlng: NM3ATITHANNIAEN UATAINADUVANTEINWANGR” seaxhl 1 @ nisdssifiuaning
AYINTURNANNYREINA WazuiangRzestszmalng edimszianuaaunanlufnuasegia-dany
al % Ce a dl d” dla a
auandenuaziyme  uarllsniiuauidestesgauluiuiingiainaniszannnsuisazeslululssme
o A Ao = 2 o o Al o o a 9 a
g Feuinsedlunsdnm  Ae  SaudauATAIEIINTIT  uazsndpanidani  Taeldnseuuunin
Vulnerability-led approach (UNFCCC, 2004) auinaRiaA3ana¥ 1 lulaseniesings] i The Famine Early
Warning System, FEWS; Vulnerability Analysis Mapping, VAM (USAID, 1997), Global Risk and
Vulnerability Trend per Year, GRAVITY (Peduzzi et al., 2001,2002,2003), Vulnerability indices (Dowing
et al., 2001), Global Natural Disaster Risk Hotspots (Dilley et al., 2005; Arnold et al., 2006), Food
Insecurity and Vulnerability Information and Mapping Systems (FIVIMS), Indicators of disaster risk and
risk management: Program for Latin America and the Caribben (Cardona, 2005, 2007), Social
vulnerability to climate and environmental hazards (Cutter et al., 2003, 2009) wkay Climate change
variability mapping for Southeast Asia (Yusuf and Franciso, 2009) snuszenaldlunistlsziiiv
a9mlsrnaLiaaLuan memﬁ’wﬁ“mmmmt.?ﬁm‘l,u?zﬁ’uqmu (Auamating TuiNuRinesgasanda
Tuwdrespnuidemnesiadiwinion Mauasnindduraslszaay ananiazanugussaaiulugiuuy
2099NNsiE ABUAY WIg uaTAuNAN  AaenaudiAsziiaasenMuaANseLTaN ANEeuluas
o o & o P o & e ado = e A ey o

ANAEnsn luNsUFuLa AT uAeAd A eNAINA IUIANaATINsAn el inelfiludeya
U991ing 11 (Baseline data) 289an1untsnitiaqiii Nazannsoir il luntsimuauuimianisidsugia
AN U AT ULa s UsnsaaduAnAnluewIAR  (Future threat) Taziazinnisawmsnzviuay
WENWNATHUAANSUDIANMIALY UALATHANABUNANNINENNYTENWTINNN Andayafiiuadiy
Reng AYIND ATNTUNIUALIYEZINANTRNAERIRSTINTNR (9naiE Auuds Wig uazhunan) Avugll
AunsimunATtip AR uANN19FudIAN AndayafinuiAsegiia-daan ulauny niwensssINTAnay
AwandenluseAuguTuasRiuniinges n1elfiuuadn Vulnerability-lead approach (UNFCCC, 2004) uaz
Hazard-of-place model of vulnerability (Cutter et al., 2006,2008) TngnATALAZATNNTIATIZHATHA MTL

NIlssifiupN NN LA EETIATAIIAREN  UAZAYTNABLNANFBEANANLAL NN WESTNT AT

ya o

Wriulaesiallumanes Tasanns  BAdelininisdndenuastianimuATHna dni109ANNIREN wAz

a

saRANaBwaNndANlfInzaniutTunaesdianing  IfainsnA s dwia g udieyate

wdaeasing o) luszAudadnasllauiessiumuauazmgiinn Aseaziganluumi 2 viadie 2.5
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o N o o g PX = - | i a
goaesfainwmuiunnt  FinliRmasdimnauseunanmutesguty  #uianislssiiiv
ANAINN T lWNNUF LAY R WA A T FABAAULIN L ARTIUNUT AN DUNANINERLATIZ AN
aauuaANINgA ( Vulnerability hotspot) \deinuinlna ldmetinsyuugiansauna (Geographic Information

System, GIS)

v

NUNUNTRIAMTUNIIANENT AD A9 PRCI TN T LAZIINT ALATATITINIE TpeRuaLLum
= < o o o = o o o a = a
nsAnALAszAUAIpas AulszALm A LA TuyTing nsavuwARTasnIsAnLandlugili 3.1 Tae

4 4
o o

P = a o ~ Ao o i
HAURDUNITANEIIAE (gﬂ‘w 3.2) N@AALY AN

o o o A A gy a : o o ‘v
1) NTARLARNLASWRNUIATUNLNIZAN L'W@iﬂjﬂ?gl,lluﬂqqll@ﬂLLV@N?Z@‘UW'TH@/MNNU’]U

a a '

2) nsdnsauazsusaniayalguniuasyiagiainudaeausing o) luunanm

a

3) nsmmsaauAmnIndeys Tinszifieyasosatinilessiu uazdnieagluundeya
4) msemsinriianuseuanlussAURauA Y TInuF ARG DRLTINY
5) nedpununATiiadNE A NIREULA TATIAN A UMAN LATTIATIZT
a o = ! a = a dgl A
6) NIIATILIATHAMNABUMANLAZUTEHUAT IR LUTINUT

7) nsAzi Sensitivity Waz Adaptive capacity 19Nt luN LN ANEN

8) nstsziuunananisliusaluaqiiuuasniadenaesnisdiudaluauan

3.2 MSARRANLASWRIUIATHIMANzAN  INaldilssiiuAanufauuanssALAUA/MTNY
TUAMIAUATASEITNINT LATIIUIADRLLTING
AauLlIMaLATEgNA-daAu Awandan  AudumssaInnisANklslmun nnalaslaiay
a .:4' o U o o 1 d‘

ANITAYINIULINTBN NENTA PN 1 NN AN ATRANAD AN AT AN LA e TuTATINN g
= Ao . o , o ~ o ¥ 2 o A @ o o \ ¥
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Aruauazuyiinuluddaunsmsssnsauazdminandaunn Inefudsdwiunisuanidail Covi 1§
ﬁ@’]?mﬂﬁ’mLﬁ@ﬂuuﬁugmummﬁ’ﬂLﬂmﬂﬁmm 1) Representativeness 2) Data availability 3) Sensitivity
4) Feasibility 5) Reliability kag 6) Validity (Dowing et al., 2001; UNFCCC, 2008)
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1) Define Goals

|

9) Assess Indicator Performance

l

2) Scoping

T

8) Prepare and Present Report

I

3) Choose Indicator Framework

7) Analyze Indicator Results

4) Define Selection Criteria

6) Choose a Final Set of Indicators

¥

3) Identify Potential Indicators

§U7 3.5 dumeunsimuwsaiaNaauan Nalfinszuaung Data-indicator-goal model

(AmLagan Cabri-Volga Project Deliverable D3; www.cabri-volga.org)

m19R 3.2 Reulauazndninasinnmsgudmiunisimun satiannaeunan

Standard criteria for indicator development

. Measurable

Relevant, represent an issue that is important to the relevant topic

Policy-relevant

. Only measure important key-elements instead of trying to indicate all aspects

. Analytically and statistically sound

Understandable

East to interpret

. Sensitivity, be sensitive and specific to the underlying phenomenon

. Validity/accuracy

10.

Reproducible

11.

Based on available data

12.

Data comparability

13.

Appropriate scope

14.

Cost effective
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UAFAIEITNINTUAZAINTARL TN
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8. %J’mguammL?ﬁﬂmmmqmimwmﬁLﬁmﬂﬂﬁﬂLLéNLmeqmﬁm TngsausaNaINd1inNEAIaILNe
AANTAUATATIIINIT UATAIUIARLLTUNT

9. fayarumadiludininunsdassnmauarasndnandauna Tusendwl 2007 - 2009 Annsy
AANLNINY AT TNTAL TN SeanildumeduresdmdnuasisssunTuazdminendans T4

29 waz 17 4018 MNAAL Auanslugii 3.11 uay 3.12 uar m99h 3.6 uaz 3.7 giudiayailumadl

Fvinnnsmaaseupmunnieyauarilszanndieyananmely Tnaldaunis

é(x”—w
(n-1)

SDjk = AndeauunifsgIueatinnuumedl weanen j (=1,...,12) waz U k (k =2007, 2008 uaz

2009); Xij = WBunoueudui i veadeu); X j= ANLRAYTRTN U LRI |
Mean_ SD = average(SD ), (2)
Mean _SD = Avaaesvesrndaauuninsgiuzestiunnumeduluwsazipeuszudng U a.e. 2007-

2009 (Hahn et al., 2009)

A7.UANTUNT ANATNA LAZAT.BANY ANANA Page 3-24



TAsannsnnsfipsziiAnaBLaNLaN 19U LILANIRENAINN 1A NTULIN TR INU LAWY R

1540000

1520000

15000004

1480000

1460000

710000 730000 750000 770000 790000 810000

[
o

dl a aAa d” dl o a = o o
U311 ivresanniiflafunnsadatBunasluresnsugnilasineuasnangadssnuludandn

axgauns dafufeyacusadusende U a.a. 2007-2009

1020000+

1000000+

980000+

960000+

940000

920000

900000

880000+

I I 1 - I I I
540000 560000 580000 600000 620000 640000

£
o

dl a aAa 4:‘1” dl o a = o o
gﬂ‘ﬂ 3.12 ‘1/1ﬁlﬂﬁl‘ﬂ\?@ﬂ’]uﬂi’lwu‘ﬂmﬁ"}@'}QLE‘N’]EL!EJH‘H@QT]?N@QE!HEINQV]EI’]LL@xﬂ?NﬂJ@ﬂix‘un1‘14@\‘1‘1)1’3@

azdauns duilufeyacusadusende U a.a. 2007-2009

A7.UANTUNT ANATNA LAZAT.BANY ANANA Page 3-25



TAsannsnnsfipsziiAnaBLaNLaN 19U LILANIRENAINN 1A NTULIN TR INU LAWY R

A9 3.6 TEAZIALATASADIRATIRT AN WINETY 115219 9T] A.A. 2007-2009 294915 A

UATATEITNIE
unasdiasa sganiil fifa (B ne) WA UTM (x) WA UTM (y)
NINGAULININE 552001 SER 574909.5 900943.7
NINGAULININE 552005 AN 600117.4 957382.8
NINYAULININE 552008 jalvey 544049.4 915274.6
NINGAULININE 552009 SNITGH 593378.3 1017074.5
NINGAULININE 552010 12090 608013.4 878898.1
NINgAULININE 552011 e Tigy 626703.1 896638.0
NINYAULININEN 552012 AUANY 588083.0 924186.2
NINgAULININE 552013 UG 558403.5 886546.6
NINGAULININE 552016 Wia 567127.8 946260.8
NINEAULININE 552017 UILBU 566078.1 913091.1
NINEAULININE 552018 WINHAS 589149.8 940773.1
NINYAULININE 552022 H9NAT9 563860.9 923038.2
NINgAULININE 552024 MNAAT 594618.5 956264.3
NINgAULININEN 552201 RGN 605687.6 929753.9
NINgAULININE 552301 RGN 618924.2 920942.6
nINgAleNINg 552401 AN 555043.8 929659.6
NINgAULININE 552006 GG 596741.2 989439.9
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A1319% 3.6 (5i9)

unasdinya sWaanNTl i (8N8) AR UTM () AR UTM (y)
NINgAULININE 552007 saunyad 589240.1 896547.5
NINgAULININE 552025 971Nl 594760.8 891030.7
NINgAULININE 552003 Walng 644369.6 885633.4

nIuNTAlTTNIU 27042 MNAAN 574909.5 900943.7
NINTALUIENIU 27013 Wag 604589.3 928645.6
neumailsznu 27062 YRR 574909.5 900943.7
NINTALUIENIU 27082 AURATNN 588080.8 925291.8
nINTALIZNY 27122 GG 593378.3 1017074.5
nanTalsznIu 27142 A 610218.0 878903.3
NINTALUTENIU 27401 VINANAT 580300.0 963973.9
NINTALUIENIU 27442 UILaY 560565.3 917505.5
nINTALITNIY 27452 wya 563824.7 947361.3
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A9 3.7 TUATIDLATDIADIRATIRT AN NI TseiangT] LA, 2007-2009 189991 ARLITIINGA

T
o

unasdinya sganiil fifa (Bne) AR UTM (x) WAR UTM (y)
NINgAULININE 423003 LAY 741152.3 1518980.2
NINYAULININE 423004 unerifen 7215471 1534299.4
NINgAULININE 423007 unadens 719728.2 1493338.9
NINgAULININE 423002 tuing 727212.9 1504395.2
NINYAULININE 423001 RGN 723890.3 1513293.2
NINgAULININE 423008 Fk gl 748704.6 1521264.8
NINgAULININE 423006 aundein 762880.4 1510334.7
NINgAULININEN 423005 NUNG1IAN 754135.5 1519103.5
NINGAULININE 423010 YAz 811960.1 1479867.3

QEEG PIEATI! 3052 UNART 738988.6 1518960.3
QEEG PIEATI! 3032 unerifien 721566.1 1532086.3
nauaalsEnIu 3080 U’W\‘iﬁwﬁLLE?EIfJ 730206.2 1533268.5
naNTaLlsEnIu 3042 tiuing 725048.2 1504395.2
neNTALlITNIUW 3312 TN IEAN 718553.9 1504395.2
nauaalsEnIu 3012 Lfl‘ﬂ\‘i 724972.3 1513293.2
nauaalsEn U 3172 AU 746509.5 1524564.4
RErG AT 3242 duntean 765034.0 1511463.3
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> (X, ~X,)?
SD, =1/= , (3)
(n-1)

SD, = Andasuuninsgiuesawinielunnaedt) k (k=2007, 2008 waz 2009); X =R1uuiulumn

2031 k; X, = AeRsasauIuiuluanaastl

Mean_ SD = average(SD, ), (4)
Mean_SD = auedzresrndesuuninsgiuzesiiuwnduluan Tusswdne I A 2007-2009

(Hahn et al., 2009)

[ % ]

3.4 mfifa‘quefauLmzmiﬁ’mﬁ']eﬁaﬁﬁm'a/rﬁ‘i'mam;jﬁ"m ewﬁ’aﬁnmmumwgﬁ'ﬁﬂu
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Tunsafeszuunsdndanazaansanisdiaziuazitlana  N19ARTIUNUNLALAIAIITITTaYA
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TN UNTAIANNADUAANLALANNIAEN BAZANH DL IDIAALAIALIIZNAUIBIAINNA DUUAN (NNIFUETARL

o a o

o o ' ar EZ =2 ¥ o © o o o
Tadende  ANaaRlIwazANNA N9 1NNTUFURD) QJJ’J@?;IMVL&]?QUTQNLLZW@91‘1/1’1?‘1/1’&@’1Lﬂ'ﬂ/fﬂ’m@/

4
o a

Wyt saniaRinesusiasuyiiny duiudadnunsdiossnnt MHdninsiadna/suamyting uas

Y v
a o o a

Arimmgting 99m9i9AU 23 611n8 163 AUA uaz 1531 wafinu doudsuinezidan lAdannsvasne/

Aua/myting wasinanyiinn :Nie&u 11 8118 93 AUA waT 876 MyTINu At NIEeNe/ALA/
" o

ity uanalumised 3.8 uaz 3.9

F1979% 3.8 At esiagne/Auamytinn uariamytinueesdmdnuasdesssusT

AmpName | AmpID TamName | TamID VILL_Name Vill_ID Point_X Point_Y
G 8001 ils 800106 | tinuuuls 80010601 | 610945.13 | 930258.00
fiulauy 80010602 | 618361.50 | 931063/75

TINULIUAN 80010603 | 613394.63 | 932570.19

1nums 800107 | fuinuAsul | 80010702 | 610563.38 | 930633.19

finumInuLaR 80010704 | 610963.06 | 928788.81
tinumue 80010705 | 60965.06 928788.81
WINUAT 8002 wanlan 800201 tiuluiu 80020103 | 589296.00 | 941042.63

tinuAa v 80020104 | 591167.69 | 940860.69
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F19797 3.9 FtIiAdINe/AUa/MTING LT

o '

ARMHTINLUDIRANT A RLTINTT

a

AmpName | AmpID | TamName | TamID | VILL_Name Vill_ID Point_X Point_Y
RGN 2401 | vila 240102 | fiwlazguinvinld | 24010201 | 723857.81 | 1515534.75
finuAaaLin 24010202 | 722051.56 | 1518142.75
tinuyinla 24010204 | 721409.00 | 1519098.75
tinuluy 240103 | tihuanaga 24010302 | 727842.06 | 1516114.25
tuinlszg) 24010303 | 727498.63 | 1515777.00
TINULNNaY 24010305 | 727936.56 | 1515791.00
UNART 2402 | UNEAIU 240204 | thugesiiios 24020402 | 735593.88 | 1516731.75
STQIYSTQ LY 24020403 | 734578.19 | 1515940.75
TITUARBNLNIARY | 24020404 | 735587.31 | 1514201.75

35 N15ULd Antseanaslssatanadayauazaquilsseaunyinw/siua d1usunis
o @ oY aa 1 [ 4 [ -4 [ [ d [
ATUIMATURAEA DA lULAazaIAlssnausaILazasAlsnauuaneas COVI Tuaanin
UATATETTNINTUASAINIADLLTUNGT

wasanEunsasIageuRnn ndeyaude deyansausananuiassing o TadiundniEeaguuy
A 5 ¥ o o 1Y ! L L3 o dl o =
wianvislsznnanadieyauaviaulsssiuvsiinuluusaresdlszneusesuazesdlssnaundn iiadnisian

BawFunisauansa®d  Covi  Foswmelianwals  danisidinuazdszanansioyauazdouls15 14

P22
o

Tsuns Excel @afluueiunszmmaaiidnasanislszaiananazinldldarumndludunausalyd wan

4 o o Al ! o L o ¥ o o ' o
fayauazsulmesiailuwsarasdilssneusesuarasdlsznaunan T llawanmen Z scroe Tnavin
N3 standardize dayaniusauarananuansteiiy waliegluanamaoii arunsaneuieuiils

naanaNafluvany sz AuieaanisAUInL CoVl BaamAiia Principal Component Analysis (PCA) ‘Ll

' '
= A o

Ny A = = A a 9 A o A ! a L
HUABANANRIAUNTRAAITHARNTIALARNR U ‘VlLﬂWﬂ’mmm;l]@‘w‘i'ﬂWJLL‘]J?VINWWI@]QM?@mﬂ')’]ﬂﬂmﬂ\‘mum‘]_l’msl,m

v
o

L < A oAy oA K ) ° o d
HLIUNIN ﬂ?@ﬁ‘ﬁiﬂﬁ@muﬁu\? A1 Z scroe @qﬂqiﬂﬂquqm‘lﬁ@’]ﬂmmﬂq? ANU

Zit = (Xit - )?it)/SDit ()
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Tne Z, = An Z scroe 1096@d i, X, = deyavisedaulsvesdail i, X, = Aledewessd /, SD, = A

Lﬁmmummgmmmﬁmﬁi WAY t = AR (RAMTAUATATITININTULA L AINTARLITAUNTN)

3.6 NIFATUIUATLY CoVI

o

IAinwnalla  Principal Component Analysis  (PCA)  NtiunldlunnsAuansail  Social

Vulnerability Index (SoVI) Imgl Cutter et al. (2003, 2009) wa Hazard & Vulnerability Research Institute

WUszenelunisAwInsal CoVv

o

35 PCA 1luaifiny@ianssaun (Descriptive multivariate statistic) NNFUANHAANANARTTINEIAN

'
A Ay o

WranFaniuwluuu Empirical Orthogonal Function (EOF) Wae Singular Value Decomposition (SVD) 114

a

o

ANARSNNARDINIALAZHINARNS (Hotelling, 1935; Hannachi et al., 2007) aviuniluiAsasilaninsziimng

anpndszlaminansfiou uazlaiinnstinundszgnildedrsunsnanalunisimsziaonuuilslsaudon

mmﬁmm@mmmmiu ﬁd L LL‘]J‘J‘G]WQ”'ILL@WNE]MWQ’] (Hannachi et al., 2007) WANA PCA N‘M@ﬂﬂﬁi‘]_lu

v 1 ¥
=

fuguniraiauazuang udeyaruinluglieyluglieiduiugiuaes Orthogonal (Eigenvalue/
. % | 4 a ¥ n:‘i aa o (% v A o 2 1o
Eigenvector) fagnsutlagiiludiayaiiadunse iveaniAzesanuwiumoulslivasanuoulianas wsdl

aun90esueANLssudaulun)lugudiesyaiin s (Preisendorfer, 1988; Hannachi et al., 2007)

byt ) AU X (X, X, Xype . X)

Tnel PCA 2091um3ned (Matrix) daya F(tx) A195usaudls ¢ (t = ;

1’ 2’

nanasluannIg 6

P (6)
F(,x) = ;aj (©)(u; (),

e p = AUIUIUNATD u(x), aft) = Principal score Tuluwn j, a,u, = waseudadusesasdilszneud

<

1 vitelvuafl 1 vesmsnd F Aflanuudslugegn, au, = uemudaduresesdilaznani 2 wbeluuni 2

' ' ¥ v '
= o =

1oas3nd F A nudstsuiuandun 2 il udaslunaignaineenaingiudeyamniipniludassse
o A A o X = ' " o 1 a
AuviseliAnuantid - Orthogonality @anazanANiLsdmuluusAarinunazinduAuulsdswlugudeyainu

TnadnAmnuulstsudaulugy sindsngeglulunnusn 9 w89 PCA (Preisendorfer, 1988; Jolliffe, 2002;

o

Hannachi et al., 2007) 93 PCA NAUIMANNMsINTANNKIUIMUIN (Covariance matrix) 284

U a ¥ o ¥ a <3 1 . . . .
FIULBRYALAN mmmhmLLuﬂm@H@LmuﬂﬂﬂLﬂumﬂ Eigenvalue, Eigenvector WAy Principal Score

9/
o

AUNTAMTUNNTILATIZN PCA LL@GNVL Q

Z*E =E*L Yi3@ (Z-L)*E=0 (7)
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A=Z*E (8)
E*E'=E"*E=] (9)
ATA=L (10)

e 2 = wisdndArnuulssuianauna n x p tnel n=Runiisresdaya waz p=sauis
E = wpisnda89 Eigenvector 1110 p X p
L = lssndnuenyuaas Eigenvalue 1110 p x p Taaisinums Off-diagonal HAnluaued
A = WFTNT284 Principal Score TW1A p X p
| = wednfiendnuaiifiuwis Diagonal Seniflunils luanieil sumi Off-diagonal HAnflugue

wala PCA TaRn1stinunaas s luusazesmlsznaunanuessdi CoVl (Exposure, Sensintivity Wag

Adaptive capacity) lngiussnddayarausiazadAlsenaunan a3ulilua13199 3.10 uazdumeunis

LR 4
o a o

Apsziiail Covi wanslugiil 3.13 Ml naualiunisiaszifaamaila PCA lvinnisulfusianisas

'
o ' o

o o A g9 o = , - o aa S e LA P =
veaTil e linasiluuiaresdlsznaunaniiAn19meaiu na19Re ATUNNANGILATA LAAIDNAIIN
@es Arngauluazauanis lunsliusgeuazan ANa1AU (Cutter et al, 2003) wananil&in

walla Varimax rotation Uaz Kaiser criterion 8niszgnafldinaAniaananusuiuunaes PCA (Hazard &

o

Vulnerability Research Institute, 2010) TaginasanaadAIAzLULaa9 PCA iAawdaan 18%1n1s normalize

v v
o

Aqe33 Min.-Max. normalization 3aiilumaiian 14 11n1531m31298 Human Development Index (HDI) sl

wialHi lfnasunesAinzuuuaes PCA Tuwsazasdilsznaunan anunsaufsaudiauiuls (317 3.13)

139N 3.10 wesnddaya F(tx) luannis 6 aeduwsazesdilsznatmanaessail Covi udaudn

UATATEITNINTLALAINT ARLITIN

AIUIR Exposure Sensitivity Adaptive capacity
UATATHIINIVT (17, 1531) (30, 1531) (24,1531)
ALLTININ (17, 875) (30, 875) (24, 875)
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uny 4

NANISANEN

4.1 TayaNUFIVIRINUNANE

4.1.1 RANIAUATATETINGT

'
o o '

~ @ o o A A @ o e o o o P
RINTAUATATETTNING b1 UAIUTANEN VISLMD_IL‘]JLL@‘LL@U 2 °]Jer,mﬂlﬁli@ds\l’]@’m@\‘mqMﬁ"}ﬂ{]ﬁ‘ﬁﬁu

o

4
o '

Hitalszann 10,169 199 TaLues vsaLlszann 14.9 % 109nAlH Asetlamziaenalng Tnaane f
Nziaenn 193 Alawns (AUnausIuinuAATasINT, 2553) AnmuznidssmaAutialfiiu 3 dou fie
a P v a P ~ @ A ° A
- Bnaiieanaiseaunae BuA  BnasnenanueAiasNma luiunreseneiiias
UAFAIEITNINT B UNDRTA BUNDIUBN BINBYINAIAT SUNDATUAN BUNBNINNAT BINBTAURYAL UAL
ALNBTZAA
a dl YO @ a e = y ~
- mwadmauatiaaing  WnsusiniBuasienainaunate i maianzia  Heveznig
Uz 95 Alawms Hudtaipassantdnamenannaunaanaasgesinavaiaans a1nediel
139UNUAIULL AD 8LNRTIUBN ANNBRTA BINBYNANAT ANNALNEILATATEIINMT Anat Nl
analdieslug) e1navilng uazanagzanns
a ~ o o v a dl ! =~ ~ a &
- inamnusuazduan Hun  isnamnussndiiienanuasAsssustuasiianngifin J
o I~ a [~ ] o d‘ 1 a aly A o a o 1 1 o o
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