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Development of a Community-Based Planning Model for Climate
Change Adaptation in Flood-Prone Rural Areas in Vietnam
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Abstract: This study aims to develop a Community-Based Adaptation (CBA) planning model for
flood-vulnerable communities in Vietnam. As a research method, Ben Voi Village in Quoc Oai District,
Hanoi, was selected as the study area, and field surveys, participatory assessments, and InaSAFE
simulations were conducted. The results identified a five-stage CBA planning model integrating
Disaster Risk Reduction (DRR), Climate Change Adaptation (CCA), and Liveable Village Design
(LVD). The proposed model incorporates an inclusive participation framework for vulnerable groups
and a quantitative effectiveness verification process. The findings contribute to addressing methodological
limitations in existing CBA approaches and provide a practical planning framework for climate change
adaptation in flood-prone rural communities across Southeast Asia.
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Z|oF=+o| th(Eckstein et al., 2021). 2024 | Yagi®}
TR U8 HEE FF A Fof A= 3007 o432 At
YAZE A SL L i B A A s 7F B E ik
(UNICEF Viet Nam, 2024). & ¢17-9] tj4}%] 9] 5}i-0]
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A 3o FHEA O R e &E]o] 9lck
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-5-(Climate Change Adaptation, CCA) A1 8]-& 4~ 3l &
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I TH( Weger, 2023). =4 DRRI} CCAZF E/) 2 -8
5o} 212l 1w 2} )8 o] SAITCHMatos etal,
2023).
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4 eE AP AT L AAR A 91

2 SHBk=t] £-§3HeHUNDRR, 2015). 121} DRR
R REEELEE NEE ETE ST
A=, 54 ol 27 7| 5ste] T A G

A e s S e S7he A71H 0=
2 2] B3t (Cradock-Henry & Frame, 2021).
7| 31814 -&(CCA)2 o] Al7HA Zuig 2]2-7]
o 545} th CCA= IPCC AR6S] RCP A|YE]| 2.5

7]8ko 2 20509744 0] 7] 55} I3RS Aupsta, 1
o tfahe 7] A S Ao o 48 7}
AH(IPCC, 2022). L& ; A2 2| =20 HEH,
A\ olo] A AR S AN G R
=7t A AFUE R Agshe A4 =T
F A5k} (Cradock-Henry & Frame, 2021).

ojHtt] FEAQ A= DRRJ—} CCAZHAA A
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4 A& (Hazard Mitigation Plan, HMP)¥} 7] 5 514
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8 45 AAA0] 2310 A1 e o3 2
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O AFUE 7|4 A 919 74 (CBDRR) A S 24
St AT A GALS] Fo7t A o2 FErEo: &
-5l ]9 2] 4] (Local Knowledge)2] A4 &h-8-2
AltAolH, JH Ff 7=, ol sjeAAF ZF Q14 2fo],
o] F29] 3| 5o = QIS Ay} A3 7 127t
AL Al ERlskaitt ol= AR U E 71HE A
o] A& EttE 7 A} AGA A7 2 &
2 A4S A £ Ag AT A8l A A2
AJAFRECE whebA A 5 9191 742 (DRR) 9} 7] 5-H 34
S(CCAYZ ATYE =2 T AE 77 ol A
7Aooz S3E 2 arh o, dedt dAA A%
= g0l Ag A Ao A% WHEA QLA 2
HoH(Trogrlié et al., 2022; Visconti, 2023).

2. ARUE7 |2t MS(CBA)2| 7|04t SHA

CBAE 3HF4] A g9 Hijte & A UE 9] S-4%
Aot 2AAAZ AYY] 2o g 4FoH, oA
A% R YE A oA Frlo] HA A A = 7]
5= A2 A 3FSh(Reid et al., 2009; Restrepo-Mieth
etal, 2023). Bj= A% AFUE S oz 3 A9
A Aelkob A Belol 4ok At Aok BAE
CBAMP 22 ATHRS W, /147 B4 Aup) F
Wl 22443 Baslol Age] Aelol 4150
2 £0}A]+= 21 0 2 YEFGTH(Markphol et al,, 2021).

T2y 7|E CBAE 7] A1 S 2=t A, A
A Ao1o] FA =, F410] ol -3 Ak 744
A =7 SR, Rz, vl o2 Heke=
R Eo] 2ol = of th(Kim & Kang, 2018). O}
BT A AT A SR FAEA FoH F
Aol 13 EA, F o AIS ol ol 24 A =, 3
ol 7197} A A 0 & Fol A e ALSeh Alfo
AAA AN A v A E= AR ol Aol
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3. DRR-CCA-LVD s&& ®Z9 24

ohx] AESHA] 7}A] 2, = DRRI}F CCAQ] HelF
AA, CBAS] AA| q10] A, F|FA S ol o] F-24]
e SdE 2A7E oty . 3 Al=stH Bt
gk o] A A gL B¢t & A+ = LVDE
Al WA S 842 =Y LVDY| o] 84 7=
Kim and Kang (2018) 9] Afohg A#of] ek, =41
A & =5H A5 A g B =2 24A

M5 FAZ B2 A dEeta, 1 xHE S
A2 BB e ANt 3y =g, 7]
Fuisto] Bot AEA 2412 2E AYAE U 2
o] 342 S v 2AA AT} 24 HA A
o] shte] E31E Ao 2 28 S ok Aol

Prana et al. (2024)°0] £-4]3t A7 2 €} 748 AF| o A=
Zhod 2] 4 7A|(design charrette) S 55l A-5-A| 42} 7+
A2 28 A7} FHolAlo} EA HEl meol 4
T 5ol g21=] 9Tt Fontana et al. (2025) &
Sloh B2 LF Aol A Aol B2 H A 24
oA 1) ulo] /15 sHE A1 ABE N
A9 AR BAR A4S Aol Uehg g B
Z90e} o) LVDE Tt A8 NS Hol, 48
FAS EY4 372 53l o= HEA 714
27158

Al 2] BAE <A, B e s
HdshEith DRR BRI F59 W Adati,

CCAL 1 1% 2318 RCP 715 AlLe) 2.9} 2815
o] 7] A=k i3 A5, LVD+= DRRO] 913 A
72847 CCAY] M kS #A1 4 &8 4A=
Agit 5o A BUE Y 29t e E aRss
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o (Walawalkar et al., 2023).
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2003),0] BE 27 Fof oz LB Ao 1. G A
W2 0w B Fasith ALEAL 7| 5ok s

B AL 53t R (Mixed Methods Research)

EolME7Ie 2T AN AFGSE A o garsie. 7|} Zokye ek, Aam A, A

ojfFold f Aglo] APOo 2 ABAFE=ABATY = y2w 2o ATA 2 glo|g el Zulo] TAE

AAEE 9] o1 STt Markphol etal, 2021). of @A) AL RRG $HEAAR AR 2
o] F&H BHH Y= AT 7 FHO]

1L e E3tt}. o]0 & A GIS 7]8E FHEA T 7] 5 A

el Agolete AFA i ARYEEE. A

AT Y B A A FREFigure 1 FAEN, ARZRAL Q¥ EolRR = M HES 2

S EAss gsto] ALY S A 2

[INPUT]
Literature Review + Review of Vietnam’s Institutional and Policy Framework + First Field Survey (2024.12) +
Consultation with the Collaborative Institution (VNU)

v

METHODS (Il &)
@ Mixed-Methods Research Design — @ Derivation of Evaluation Indicators (4 Categories + 5 Living
Environment Categories) — ® Data Collection (Mapping, Interviews, Surveys, GIS) — Triangulation Validation

v

MODEL (IVZ)
Community-Based Adaptation Planning Model
3 Axes (DRR / CCA / LVD) x 5 Stages (Baseline Assessment — Risk Mapping —
Comprehensive Evaluation — Adaptation Planning — Monitoring)

Figure 1. Model Derivation Process Flowchart

i

~ vietnam

ol
Figure 2. Location of the Study Area (Ben Voi Village, Quoc Oai District, Hanoi, Vietnam)
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FAFTH2 IV 22| 35 4% 5 DRR-CCA(H

4] 7]8h2F LVD-CBA(H /A o] 717t & =
g oM AgE = e izt Enh

@7:2) B2 ol MEW o) Quoc Oaid
Can Huu 7% Y Ben Voitl-&0|t}(Figure 2). ©] Ul
2 o IR} AR AR 5 AR EE,
Tich7o] Q1343101 7 Wgfol HE 4 0 2 12
SJ. Bhieo] EAJOA F 25km A 2le] 178w A
50 2, 2 eh 7} AR 3ALS 13 A1l
o Aksk] B2 el Qlxeprt 3] Ag Aol
2024\ 12 13+ @A A E1H vh vk BA T
oA 2 170cmo] E3l= 771 S H e ¥
F719k v ] vzt AEE 2 AR o)A 5
7} A2 9t} o] 83t 2 AL DRR-CCA-LVDL] E3t
298 A g0 ATE WS AFUE

AZHE W91 202492 71 20,2 20509 74A o]
7] 283} A1e] @ A-8of= IPCC AR62] RCP 4.59}
RCP 8.5 F A[L2] @5 B850, T3 Hl&3} &
ZA0NA A AFUE 9] F4 ' =Eo] of gA |
SFsh=x]2 W7FHIPCC, 2022).

2. QM KR &

AT M AE = EH 7N SR AR EE, @
R2AE BT WS, B2 AR A BAE A
EEEA

A7, UNDRR(2015)2] Alltio] L&) L] F2} IPCC
AR6(2022)9] 9184 B7F AL 1202 84
A4 2 7] UFS) TR AEE £33
At S A E+= Kim and Kang (2018) 2] FA4FA]
ok Aol A E8E 24 44 94 B
2 o] A,

A4, 2024 128 AFZRANA AFUE 2 of
A QuET 3 UE R 23S AL Bl el
of 2|9 Wtof| fgtst= A E A A E /5

A, M EGF LA RVNY) BE A7) B
5 458 50 528 AEAAY 94 APYL T
A5t oA ko] M9 e Bo) A
H =4 71542 A5 oM tH(Sambo et al. 2024).

3. HO|H +=&YH

2 A= AFUHEEE ASUET- 15 B9 4

w241 GIS 71/E 53¢ -5—44 4l 7}7<] PHZ S
oleE Ao, AE e Wer #HE 2IE
A HSoH= A @%(tmangulatlon) w4 o2 F5t

343 SR Stk (Markphol et al., 2021).

7411-‘4‘3@ 82 FHE0] S99 A, ti A,
244 B, e TAS 52 Y A 940 43
HAJSR= 2ol A4t oz, FRlE0] 71599
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TR e B0 TN
=

Fth(Visconti, 2023).
ASPUAER L OF ES= ARUE HE T2
= SFRHER3} QIE R 1 o T1F B9 R 4
ATt AR AR 77 229 A A9 @
4 Aole] g AAH 02 AL A AR A
B2, 3134 791429 93 727} Qo] B9l
A olg A HEI S Eele F Fa g oS B

TH(Weger, 2023). 13} @& 2 AL A &= FAFG A]7], of
AEIA, vk oA, e o i, vk Hol A 5590
9 ARYE Y E Ao s QIHES At AE
ol B2 AX|5kiTh

**“X*}L 7H- 9] 7] 5 9}01*‘ T35 4,

AL Y= AEslH L S =5l L2 olE
4] 0 2 HA| =, FoFAS 01*3'65’\1] o]} Q- A4
571999 40 Rol2 wAE] o) s 418
AL 2G5} (Koomson, 2024).
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Ao A4 Hr o R 35 1 Q14 glo]
B9t HA B 02 AEH E X HloE & 5}
L] 3224 A A QoA 53R (Gongalves et al,,
2022).
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1. DRR-CCA-LVD2

2 G2 Al 7HA A 2o 715

- 1B A E35lo|th. DRR-CCA-LVDE= 1
SHA ko, 2t 2 Y9 AHEEo] v 2
A9 Y22 olofAlE $AH T .
DRRE 1678 35Acl 27 A9 B e
8411, CCAL 15HA9} 381 7] 71 AlLte] 0
= Aststo] Ak HaEe A3t VD 15H9] A
27 FAHRE 5HA 9] KPI 32712 A @Aof 2
A 2H55tE], 1~30 Ao A =& E Y ek} deky
ol 4tA 9] Ee] & A 2 Hes]= A A 7H
Aok 0 2 e B4, CBAS) £ 95029
WAstolch CBAL £ BhAo] 25514 91 3
AAE BEohs = Y20 E A3t &gt 4
5 o] obd SAFEA- A =L E S A o)A
Zulo] 488 A2 /155t 2 2R T
ChHRestrepo-Mieth et al., 2023).
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STAGE DRR - Disaster Risk CCA - Climate Change LVD - Liveable Village
Reduction Adaptation Design

Stage 1
Basic Risk Assessment Rfinsfgr]ran”;rsodeiti: é
Diagnosis 9 4
Stage 2 Risk Mapping Workshop
Participatory Q-methodology Scenario Workshop
Mapping In-depth Interviews & Survey
Stage 3
Integrated Vulnerability Assessment Long:igtS:r}a:t\:etgreD;lzﬁt|on
Assessment

al,, 2023).

o] Nl Y& vl o E B n gL AR 7| 24t
2 djo] e YA, Fo 4 AHE L g
A ZAHHA)), SAF7HEDAD, AFUE 715 4
SAY FH@HA), LUEHP 2 53] B4 (5HA)
o Al dA 2 TAET Z e 1o ES
TG AEES 7HAH, o[ d B9 A Eo] T
A9 Qg o & ggfotA A h(Figure 3).

2. 1EA|: CHAEX| 7| =X 2 [|0|E $=F

19A = o A9 9] 7|5 st el ot gehy &
dE Atoto] o] & B E AY wte] SA 7Rk §
3o —E}ﬂlOlE} o] T ol A #QH to]B = 2¢HA

9l 3ol /1389 712 AR R -8 E L, 39 F9
%7}4 A dgge s O]OWE} (Figure 4).

93] Achof = UNDRR(2015)9] Alltho] T Q3
o ZAT YA =& F M- AT N HFE
A g&etth AT kE A e 94 QBT AY 5
A A5 2-8-5t0] GISE A3 34 34 o]
E] o] o] 82 FE2 A% T JEHFE B
Horgtet oA 13 @2 A gRlE H o 170cm
4 A ol 17U A5 A& 77k 7|4 L

A =H, IPCC AR6(2022)9] RCP 4.52F RCP 8.5 A|
4ﬂ2%@%ﬂﬂmw€%ﬂﬂ%¢%§%ﬂ§@

OUTPUT

Baseline Risk & Living
Environment Map
(GlIS-based, RCP-informed)

==

Living Environment Survey
5 Categories

Community Risk Map
4 Spatial Types

Vulnerable Group Sessions

Living Environment
Synthesis Analysis

Vulnerability Profile
Priority Project List

+ Physical Design Integration MASTER PLAN i
(Walkways - Drainage - DRR + CCA +LVD 4
Housing - Evacuation Paths) Integrated Output :

I
\ Stage 4 Risk Reduction Design
| | Adaptation Plan (Drainage - Levees - (Rgl;a}fgﬁsapguggaﬂe)
| Master Plan Evacuation Routes) g 8
L ...
Stage 5 InaSAFE Scenario-based
Monitoring Effectiveness Verification Damage Reduction Evaluation

KPI Tracking Effectiveness Verification Results

Figure 3. Conceptual Framework of Sequential-Complementary Integration of DRR, CCA, and LVD
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Stage 1 Output: Baseline Risk & Living Environment Diagnostic Map (RCP-informed)

Goal: Diagnose climate change risks and living environment characteristics of the target site (RCP 4.5 & 8.5 scenarios applied) |

Rainfall, intensity, heavy rain days
[Sources: VNU Lab, CHIRPS, field survey (Dec 2024)]

Flood proximity, population density, infrastructure
[Sources: WorldPop, JAXA AW3D30 DEM]

Social: elderly, children, disabled ratio
Physical: old buildings, drainage condition

Flood Risk Assessment (DRR - Sendai Framework)

Prevention infrastructure, community capacity, finance
[Sources: interviews, People's Committee]

IPCC ARG RCP 4.5 & 8.5 applied — flood risk projection to
2050

' CCA:

Living Environment Survey (LVD - Kim & Kang, 2018)

Walkability &
Mobil

Lol TLTTRSTE T | Location and utilization of community facilities

Public transit accessibility & primary modes

Electricity, water supply, sewerage status
Housing condition, accessibility

ic

Accessibility to key facilities & evacuation sites

Economic activities, job accessibility

Figure 4. Stage 1 Output — Baseline Risk & Living Environment Diagnostic Map (RCP-informed)

gty ol & 3l 1A ClA AA] 9 (DRR)Z 1]
] F-(CCA)ol SLL A AA oA A At
e

K257 A% 14otofl = Kim and Kang (2018)2] A
ks AE 7|Ne g HYsg - ARYE 3%
SR A FARG AGHA S5 5 HFEE A8
gltt. £35] 654] o)A} AL AL, obE, ofigl, 71 2R
S AFASY) A T HEE EEE F A5t
o] % A A 9] F2 A o] A A of &85t}

3. 207 FOIR| QUL 2 M QIATA}

2 19 Holel g who 2 AR e}
Fulo] 44 7179192 A Estn A2 £A2 A

Goh B0l o] BAG A £5E e 914 Hlo]
19} AR U E AR = 3A SE 7] HA A
Y gh o= o]of Itk (Figure 5).

174 A g0 A= AU E HHE ez 5h,
1A A 55 GIS 7] 2 B0l 2 7| T AU 0 5
Bgotol 4% 71 TR B0 AUS FHD
th. o] Yol A Q&S &-8-sto] AU E e
2 A thg LA oAgt A4 Holg 2 H 0 7
oot} (Alfie-Cohen & Garcia-Becerra, 2022). 12} &4
ZAL A gelE £ 4 Qe S LA ok
CEEEEEEERERECERRAC IS

SHA| 2= =, ol21et /14 Aol & A 2

o] &5

27] S04 7hA skt

= Areas at risk of flooding, vulnerable,
or exposed H
* Major facilities: Locations of
hospitals, schools, community
centers, shelters, markets e
* Pedestrian routes: Pedestrian paths
and roads
* Aging buildings and houses

Figure 5. Stage 2 Output — Community Risk Map & 4-Type Spatial Classification
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22} 352 T AAE A= o, ARYE
WS AN 2o 2 g3t FHES ALY
A, A, B, F A, w3 AE 52 I
A= 9lof A FAIokL, 1 AIHE AE 57, I
2, 9942, AH 8 g9 vl P02 BRsict

o] W2 T3t tofE £3& Ho] FHlEo] 7| &
AP JFH 02 145kl =0fol= S5 P o2

7]%5 3tk (Visconti, 2023). £3] & @A o Al &= IPCC
RCP A|YE] 25 93 3o A4 E3}51o] F1lo]

2050 9] 7| Z AJS AAE ARG EESIEE A

A=, ol Al AT Il A 552 A=
ol g sk 2 /-9 94 APE A o] th(Drescher
& Skoyles, 2026).

_uﬂl

HopAE Fol M WY EH HAS S 0
ek Gl A ol LS 17 P 215 A
2 WEE Sgstol, U YA#NHE Eef] of

2l&ol59] ysf A A
gtk 34 A o] 7187} ol A = 2]
= Qe HAA A Aol A viAlE 4= Q171 “ﬂ—”‘:oﬂ
(Koomson, 2024), 0] A T150]A == ¢o]
A FoFd B7tol Al ARk 11 HlofE et :rl—‘_ro}‘ﬂ
o) Hopy Zasel T4,

rlr

1Sk 2 AN A S8 g ol
53 B4stel A E| 2] A4 @ vlef Hopy

28 Y SNE9IS EETH T

Aoleh. o] BhAe] 422 Foky Beus 94
9] A1 B 2L 45k thaE B 0] 4 1R
013,@}\-0] | E}(F1gure 6).

=

4
c

o= 19HA A o 1E19]r2‘?_}741 ﬂv‘%ﬂ‘%ﬁ%
= 5L 7t Folojoll A F3g5te] T4,
T, FokA o] Z7H B E ZotA 07 L5}
gtk 4, 715 AlYe| 2 24 0 2, RCP 4.5:8.5 ALt

2 0.2 85}0] 20509714 325=9]3] o] W32 A}
Skar, dAY ﬂ%éﬂa} Aslsto] um 9 217 A2 1

& , ol AR
iz 240w AR ﬂﬂ-%“t‘&%ﬁﬂ-%%ﬁl%
A BE 5 M E G2 o] sjuAA Fko] 9 B
LA H71E v W HESITH(Sambo et al,, 2023). &
254 ATE glo|EE =P A 9] ok xgu}e]
R JH/dsto], ForAS O Fart SAE] Aol vt
FE 7 AL 2t o] HA oAl = Quoc Oai A HF:
4%, sheol FYAY 5 AL AP
7 AES

5. ATHA|: AL E|7|E

=B ERE

427 = & 3] A DRR-CCA-LVDE] A L} ]
A7Fshol mpAE S 0 8 S5t HA dAofth
1A E 36A| 9] 9 Hgkat Mk iR A A
E2|2 A4 2 AT Figure 7).

Ag +H2 5 HA (co-design) T2 9] YAE2
ol AL 7F7F kRt A ok Al AstaL FHlo] A

Stage 3 Output: Vulnerability Profile & Priority Project List

Goal: Integrated analysis of quantitative-qualitative data from Stages 1-2 to assess current & future vulnerability

I

Regional Master Plan Review
Quoc Oai Regional Plan,
Hanoi Master Plan & upper plans

4

1

Climate Scenario Analysis (CCA)
IPCC AR6 RCP 4.5 & 8.5 scenarios
— Flood risk projection to 2050

!

Living Environment Analysis (LVD)
Qualitative data-based
Living environment improvement needs

|

(1) Vulnerability & Exposure Analysis

GlS-based indicator mapping
Quantitative statistical evaluation

Integrated Data-driven Analysis

(2) Adaptive Capacity Assessment

Survey & interview data
Mapping or statistical analysis

(3) Stakeholder Multi-criteria
Analysis
Leaders residents-vuinerable-officials
Priority comparison

Figure 6. Stage 3 Output — Vulnerability Profile & Priority Project List
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Stage 4 Output: Master Plan (DRR + CCA + LVD Integrated)

{ Goal: Integrated master plan for flood and climate change adaptation capacity (Holistic Approach) [

HOLISTIC APPROACH
p y £ \\\\ F V. \\‘
Community-based M‘ DRR & CCA IM Liveable Village i
(Local Knowledge) ‘\\ (Plan) (Design) /
. . // ‘n\ / 7/
~ > :

Integration Mechanism (Sequential-Complementary Integration):
¢ DRR, CCA, and LVD operate complementarily to strengthen community climate adaptation and disaster response capacity
e Stage 1-3 analytical results synthesized to integrate adaptation plans with design elements

e Planner's advocate role to actively represent vulnerable groups' needs

Figure 7. Stage 4 Output — Master Plan (DRR + CCA + LVD Integrated)

S5l b4 0.2 oA E| B A S S 3o Fontana e 9l 9 Beljo] o127 91, Aok 924
0 2025) o] 3P4V 14 @AEAS] QR A o) Bl ] o122 HopA2S Ha S A 3
oA BelE T /1Y $AEY FFL Wsol e HolH 4302 a AR A dTe
2.2 A, F2A 7|9E 27} g4 2 AE| S LVD Y3} (Fox-Rogers & Murphy, 2015). 0] 5}3F4] 2]
o] 3 T4 R4 B AARE B ANLE  AFEA wElo) o] 21 QholA] AR S )
A A T 2FA = A5 Bl EeHAAE 5 T A5k7] f1gt 24 Aok
el Bel 4 A 42 BskE ) Fule] 94
o= A% 2 991d AX % (Kim & Kang, 2018), 2 6. 5EA: ZLIEE L S1HY B4
BHo A= A3 ko] 374 o] Al o] A STHA= 4T A A - E 23AE Y] avE HY
PRy 9ok, 1 A0 192 BRstel 0hg 7712 7]

A% 7N AR SRS ROl AL 8 o] ek B Bl Aol o] §F 7

Stage 5 Output: Effectiveness Verification Results & Feedback System

Tenpth of wads By Risk dogh, Median. Low Not Depoves® $arard Aggregation Summary

’—\
— !
14
/,,,
|

-

* Simulate the effectiveness of
community-based disaster
response strategies (e.g., flood
prevention measures, evacuation
route planning, etc.) through
InaSAFE
Visualize simulation results for
various disaster scenarios (e.g.,
increased rainfall, flood d
inundation) | —
Provide quantitative analysis data,
such as damage reduction rates ‘
based on disaster scenarios %

.

.

Figure 8. Stage 5 Output — Effectiveness Verification Results & Feedback System
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AT U2 4 RHE BAH Aol A
A 2] A|A = 4 HchFigure 8).

[ B4 of| = InaSAFE (Indonesia Scenario Assess-
ment for Emergencies) i 2-2 &-8-3FCH(InaSAFE, 2024).
InaSAFE+= QI v Ao} =7HA 2] % (BNPB) T 5
Z A2 World Bank GFDRRO] 3% 793t @ T4 A
At Algdold B2, 2 AFoA= 228 93
3 o], A& Haf Al A, A AE & s
5= RCP 4.5-8.5 5 A|U2] Q0| ] 712} A g3lsto] mp
AEEH T4 Ho] AA AYE AU LER H|
9 5.

HUE G AA=EYA A E SAol LA gt
W19] $5 WS EYHEE AT, 5
Q52 3}, APt o3| F7F AU E
o 4% 52 AT EKPDE Aol 4
Yol 7|tfol= B5 HeF AA R B =L A=A
S 2743tk Walawalkar et al., 2023). Y E 3 3}
o4 F10] Tt 37} dgol ofd U o] 7
A2 oo =N G714 o0& AU E Y AA Al

o

oo N

% og Y
[T~ O% oo N

=

oX

7% 48 oleke 2.
V.2&

2 A= WEH 51120] Quoc Oai¥ Ben Voi P}
< o2, 71E 71585 43 Algo] ot Q= Al
7HA] 22 Z9 Q1 DRRY} CCAQ] £2] 28, CBA)
A7 Aof B4, HIAG 9] 24 nHGS 5
Al s adte 5THA ARUE 76 A8 AR S
Aot g o] #4l A A Yeli= DRR-CCA-LVD
o] 244 B YA o2, 7 w137t A
A 9] AFEE-S 2 0 7 Hiol BAS A3lelyl F
A= A +2E P43t CBAE By HAS
Bote &9 Y o= YASkE, 54 LU EH
IW7HGA R SFEE £3H nsu e 55 2y
H&H el AAZ St

1= o

fo md rie mo rt

AP P EA 40 A8A TAZ A3
itk uhe 3719 459 BR AAL ARIEHE
B PPECE AYHYT, ARYE I 7+ 94
491 Q1419 Fol= LD A4 445 B 2T S

o2 TYoF B AFaACH, HeAF) T2
A EYF2 HE 205 AA A A-HH 2A7
Sj9ick ol ¥ 177} £ 7]31e] ol 24 25
A G @R 7N HE Y S HolEh

2 917:9] 5144 7]of= o2 2ok 37, DR
CCAE AFUHE £ &2 Al B0l A 244 o
E Fh= YHES AlASF AT Matos et al,, 2023).
S, LVDE DRR-CCAS} A4 0 &2 B3 E| = =
2 A 2 d oz /g sfsto] 7]E CBA g 9] 4
A do] FA AE HHEH O & o Aot thKim &
Kang, 2018). A, A= 205 AlA, 3ok =20t
29 74, 4219l $37) SR g Ba) HtARo)
295 FoiE WAL 724 PHES WA
THKoomson, 2024; Jung & Kim, 2024). Y17, IPCC RCP
A2l 0.8 2 Aol 8 Sstol 354 /1%
A7 Zhof A Q14| /S Aol 21 (Drescher &
Skoyles, 2026), TS A InaSAFES 2831 A FYE
9 AG A FFL HHECE 7€ CBA Y
o] g etallc

2 A9 A= A vAE S aVE AT
Hoz 3 wAPt ol 2354 Yohs Hol
t}. 50| A8 2L naSAFE 7|Ht Al EFo] 4L 1
UE P A9 #A 248 A5ty Qlon, d &
NMe =S vAHER AF4 A 457 =
o]27] Zol3utt. ok @ A A 7|8 =Y A
2 A8 RGNS AN AL F2AF ALF
o ol whE Aol HetoA o] 27 A4S0l 2]
o}cH(Malecha et al., 2024).

4814 o]z, W= 27h A0 4 DRI} CCA
Ao 2o £8 A2 AU Aol ATUE 5
20 4 BT AT PHS AT LA Ak
=] FANL G AN = A 5HA =
B B7H AR AAE 7193 F 5 AFUE o
A 712 902 BT 4 et 55| A 4
oA HFASZ F24 E2T AR A {to = 5
257 o r e, A8 58 SARE Ao
& Nt she A AR Al e okoh= Aol Al

3t
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