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ABSTRACT

Climate change is accelerating, increasing the vulnerability of coastal areas to natural hazards such as typhoons, storm
surges, and floods and resulting in greater losses of life and property. Addressing these challenges requires reliable climate
crisis adaptation information. The Korea Hydrographic and Oceanographic Agency (KHOA) has operated a coastal disaster
risk assessment system based on historical data and is now developing a forward-looking framework that integrates climate
change scenarios, particularly SSP5-8.5. This study reviews domestic and international cases of risk assessment under climate
change, focusing on the production of adaptation information, applied methodologies, and strategies for practical use. Recent
trends show a shift from hazard-centered assessments (e.g., rainfall, strong winds, waves, storm surges, and sea level rise)
toward more integrated evaluations that consider exposure and vulnerability. This reflects a growing recognition that risk
assessment must move beyond single forcing factors to include socio-economic dimensions. Building on these directions, the
study applied future-oriented coastal disaster risk assessment to the entire coastline of South Korea. The results categorized
projections into the three periods of near future (2021 - 2040), mid future (2041 - 2060), and far future (2081 - 2100) to
reduce uncertainties and enhance practical utility. Practical approaches for utilizing adaptation information derived from the
assessment were presented and evaluated, confirming their potential applicability. The findings suggest that improving coastal
disaster risk assessment systems can strengthen governmental and municipal decision-making, enhance disaster risk reduction,
and support the development of effective climate adaptation policies. These results can serve as foundational information for

planning and policy formulation to better protect coastal areas in response to future climate change.
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1. M2

A AAFCR 715HstE It Hoe 4 o At
I low olZgt msf= A A YoM B FHSHA
Uehtal Qti(Brown et al, 2014; Kim et al., 2022;
Petzold and Ratter, 2015). £3] AQMoA LW A5 &
L= RS BEA AP glon, 11 A A
A, He 9 Z239Y HRIE 371 JESA 59 9
o] F7FsHL ItH(Kim et al., 2022). 7| FH3}o| #3H
BHE FYA(IPCC) AR6 B7FHIA A E HE 7|F
H3l AE] QoA 2021 ~2040W ZQF HF 7]2o0] 1.
5C A5 ACE Hi glom A A4 A& 2% 5=
AlRtste et s ASolv d= Wt 59 52 &
7H]g Ao =® Astal UTHIPCC, 2022). o|et T4 =
ALt 2 L YEhd AE3 5 AHKTY1618), Bt
O]AK(TY2009), J1H1=(TY2211) 5o] F4E A, AAl, &
Ah, 23 5 AQF Ao & HSiE FUot olHg 7%
Ha7L v A= FFFol A FRAAEA &5, HE 5
I 22 AAAS) HAN =T SUkeka 9o, e 7]
SHstof ogt At A 9] Hsi= B A ALE H
QIth(Ha and Yu, 2023; Park, 2023). o|x¥ <ot ¥
7% 93} g5l Hrp H=2Q1 o] " askA|gt, dA
7HA] 71 RSEE Qg = A9t X9 9] s HIHA
A v oSt 82 v|Ee Aol

L FRAFIL 20108 FE] IPCC AR4 (IPCC, 2007)
B7IENAE 7|Rte g2 vt AQtde] tigt Afs F
OFYS W7} SO H(KHOA, 2023) 2024FEE [PCC
ARG (IPCC, 2022) H7} HIlA 7|8t SIAB7HAAZE A
et HAd 7|Hke] @S Brbstal ot
(KHOA, 2024). ol AAs] A9H7HE 1=stst
7] 915t A-H(Lee et al., 2024)°04 53 H7HA| 179
ESHAGE 7HAdsh] At SEEH HAEde] 284
= 7FZ35IQH ole} 3 715917 HZAHE BAE fl5]
oot e g 7|5t AuE e 7|ut vl AQHY
S AFFIHAAE AW S5t B7FSHITHKHOA,
2024). nlg ARMASH AFTrA A& 7| TS}t A
U= 4%, F, Y, o, sl Asol gt 9
i@l = o= A =E487 FHeHdel
sl 48 7Fsgt viE 71 st Aue] o] BAjet Azt
= 771 SRR ASEHE ASHE iy AR
AdF7ol| AH &850 of ARMAFGel EAst
7] wj&olct. o]t A WriRtRS] A=A U Ayt
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ol Bsy] 98} 71 FHstE Teiet AL 9H
7t e 9] AT AEE ARSI 0F) AgkAE) 9
YUtz BAEE 715907 AR BET WA
2 ANSRA Bt

AMA FoF B 7t FHMGEARNA 201097
B eyt Agtol xRt 7370 712 ARA| (A=)
£ didoz AMAsol digt Hebde dFE o= Bt
SH7] 13 A= 12w, IPCC AR4 H7IHE LA A AA]
3t =Z(Exposure), Y= (Sensitivity), Z2-3-52(Adaptive
capacity)®] T2l HOPH UES 7vko g T, ch,
Hgsee A wd U RS A G5 A
L 48 9 gEoz 5T & o, ol JYska
U ed % UgES] mE WA oS Afele AR
2 E35he o A} Slos, A gL A3 7t
S4o] glomz Agstert. olo] et Foky Bl =
I YTE AAA S =& A 4(COastal Disaster exposure
Index, CODI), APASN W= R4 (COastal Sensitivity
Index, COSDE E53F WA HEFA|4(Coastal Potential
Impact Index, CPINZE =51 o] & &84 HAoHA Y
of WAH o) +2L JYHINT o] ANE Erf2 A
A B hS Wt AXNE BHOE Sich

SN

4th
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no

COastal Sensitivity
Index (COSI)
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Fig. 1. Coastal Potential Impact Index classification

(CPIN)
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OB_OPZH OH Z=EA|5(CODD= S, s, w24, d

TH ST 2 o AAd o] At Izt &0l T
e % ~7}7§]x40] A 0B Merstatnt. A9k

|

S RAEACOShE AT, U, A94 540 &
AAA S FHeF 245 Wgsto] 1A WA=, 24 Wk
, AP IR AlZekeile:. AMAE E3Aet
HEASE 7INez AE A FIAI(CPID=
A A dF 2715 UedH, 153325 E 55
HESMA & SN sFoE FEE(Fig D).

rE H‘I flo

2.2, AQMKHaH fI=Bt

IPCC+ AR5 (2014) 2 AR6 (2022) H7IEIAE 535
AR N ASAAE elaTwe FH AAZ A
Bt AgLeel FRAS ZESIATIPCC, 2014,
2022). AAAE] FIFAHE 7= IPCC AR4 FI7IHE A 7]
uF Aok AEER WA TEEoL A
Fs Ad BA, AAAY HS5Y R4S WY

Foe B Aotk Ed FA(@IR) BN 3

Table 1. Definition of risk index by grade and
considerations for countermeasures
Considerations for countermeasures
Grade | Definition | Likelihood of | Urgency of | Required
damage response cost

i Safe Low Low Low

2nd Mostly safe Mostly low | Mostly low | Mostly low
3rd Moderate Moderate Moderate Moderate
4th | Mostly risky | Mostly high | Mostly high | Mostly high

- High risk High High High
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oF 30|%te] A g g 83t AiErtE ggEo] gt
187F BEsiglon, ol2 Qs Hrtade A Ee
24 B7hE TR Aol At e Ak a R
IPCC AR6 H7}H A4 AAI5H Yol (Hazard), s
A (Exposure), ZF9FA (Vulnerability) 3} AS-geA
(Adaptation-Response)2 Egol= 7|& 2| AF(Risk) 7H
HES 7|Wo R ghrh AR ¥ BW7H= IPCC AR6
oA EARt HAa Y JYAE VN E Asf TAY 7t
8% A85Y 845 1 HIHAAR =7 E AR}
Ao 745 A 4 Ao EEE =€ T U= F
X—lo] 011:].

o714 A "418*301] == X AAAE 9
2 23000 2t o A 257 oj2ie
Snlo] EASEE ol WEol SYE A4z B
o4 oM A% U Ade
A, B0
sz A Aot 91
Ao AL GFHo Hl

AR BE, B9, AL, W, Aed 52 57 A

, TA%

¢ 59| 87 A%, 7

rlo

ﬂllﬂl

RS 1HAF, %@*léi‘-%, Aedd 59 70 78
29 tiu) &, AdAsiHE7g, 359 5 5 5/ AL
A2 23 127) NER T %E}(KHOA 2024) ojokA|

3
3 EAGE 7 AHo] NHEAE RAF T FHbsiol
3(%’4@)77}11 sz 53
e
HAXGL Table 19] Fejalgon, Aes) Hok4m7}
o} QAoks) 9187t AL Fa FHolFL Table 20]
3 AN

Table 2. Comparison of coastal disaster vulnerability and risk assessment

Classification Vulnerability assessment Risk assessment
Reference Climate change risk concept in IPCC 4th (2007) report Climate change risk concept in IPCC 6th (2022) report
Coastal Disaster exposure Coastal Sensitivity ’—‘{ Hazard | | Exposure ‘ | Vulnerability ‘
[ I ]
Framevork &=
Vulnerability = f (Exposure, Sensitivity) Risk = f (Hazard, Exposure, Vulnerability)
Method Relative evaluation based on standardized probability scores| Absolute evaluation based on extreme value analysis to
ethods
and cumulative distributions determine occurrence probability
. o o L 5 hazard indicators, 8 exposure indicators, and 12
Indicators 18 indicators considering exposure and sensitivity. o
vulnerability indicators.
o Used in policies related to climate change and disaster mitigation
Applicability . . .
Used to provide foundational data for local government planning
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2.3. O|2f HQARHSH A=Yt

AMAS HAF7IE 7INto R 7| FHSto| wE vl
ok Aele] Sge Woshy] g9 Assh Auteles
2835 A7} B AP JTHKHOA, 2024; Seo et
al.,, 2023). 7|3} AYZ| E IS vl AL
W7k Amel As, JeH, A 8ol4E SR
2 a5t ZAE A4 e 7|SR9E A
CMIP6 (Coupled Model Intercomparison Project)of]A] A
ZoE SSPS-85 AlLtEl 08 ALgatt. Qe e
7F 84 F #1814 X]’\E ks AF, 5 MY, =
o, slew Ay XSS J15Hst Aelest 44 4
§HE ooz A|THs Aee H2AEE it
of Z-§Hth(Table 3). 124 7]& AFH7t A &

H 7|22 m e} 7| $ R AU e AeAte e A3t OH
B, BA F71, Als 491 52 SHA Aolsto], Bt
aste] VLS FATKE A WAV} S 4G 5 5
o A% AVEol Bagh Aol B, BLE A
9 At WRSHAT st Ate) ool
HE7 1kmQl 49, UBF AW AFHL o
IAES 25kmS] A%, 342 740] RS AMG
% Stk o2 AFE 15 AR A Ao
THEEE T84 & B9, 4 AR g 48
% gi7] thEo] Fotel 7| FHs} ALl RS A
B7HA Bl fiRdol #a FrhE= 2A7F Ak o]
AgEst Auele Hg Welrt 9o glelolat g
103 FH] AP 78 At A4 Aues
AMgRto 24 mlEo] B 7t ¥ Brkshet &

A7F A

N T
1- e

aly
[e) 0
]

% of sk of

jgrsﬂru
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AT

CTFEE - M
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3. g4 UH

st Autele Jut oE AekAe) sigEtet A
SAE &80l Higt U= Est] sl sUie] B4
ATE o= thget HoleHo| Aot HMAZE &-&
sto] AAITE ZARGE Fl ATE FUSYEA
3} KCI (Korean Citation Index)E ©o]-&35}1 =9 A+
+ Scopus, Web of Science, Google Scholarg &3l A}
st AA 7] E Aok _?4*6‘1:7:17}’ ‘Qdgr =

ez, 715Hst Auel e 52 ALgalst A
T AA 71L& IPCC AR5 B7H A ¥ 21591 2014
Y ol% Wid ATE oz ssion of F ARus
Aot 715 ALt 08 A ast ATAE BEe
t}. olof met Fuf 27, =9 57, F 719 A+ AHElE
743+ o™ (Table 4), ZF AH|o]l thsto] B7F WHHE, Al
dele A8 oy, 484 AE, AT Azl ek A
= 71l E EA5t =EH A3E AYstiith

3.1. U S AR 2M

7|FHSE AU AEste] YAETE 3T =
U A7 AFEIE dEstlt =W ALAE A”E 7T A
g A2 S Aol FF= e Aoz AN
o A WA A7 AR(Dom. D A= &9 S-ARE
B7HE S =7 A AE oF ol ]t A+

=, HadGEM3-RA 7]¥F9] RCP AU E &85}t
T+ WA A7 AHE(Dom. 2)= 715 Hsto] g3l fiet
sHro] 71&S JfAsH7] 95 SSP AUl o5 &8st
of gaff d& % g A%S FYT Aotk F 7HA
A Aol 5t /RS Table 59 A 2lste] AA|5tSTt

it

ololr

Table 3. Data for each indicator of hazard in coastal disaster risk assessment based on climate change

scenarios
Resolution
Index Indicator Data Reference Scenario Period
Spatial Temporal
L L Korea Meteorological .
Precipitation Precipitation L 1 km daily 2021 ~ 2100
Administrtion (KMA)
Wind speed Wind speed
— CMIP6
Wave Wind dir/x and y-vel . .
Hazard HighResolution SSP5-8.5 25 km 3h 2021 ~2099
Wind dir/x and y-vel,
Storm surge MIP
pressure
. . Korea Hydrographic and
Sea level rise Sea level rise . 6 km yearly 2021 ~ 2100
Oceanographic Agency (KHOA)
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Table 4. List of domestic and international research
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No. Research title Authors
D . 1 Development of index for flood risk assessment on national scale and future outlook Kim et al. (2020)
omestic
Analysis on the Establishment of Strategies for Flood Evaluation and Flood Defense Criteria
(Dom.) 2 . . Jeong et al. (2023)
against Climate Change (II)
Flash Flood Risk Assessment and Driving Factors: A Case Study of the Yantanxi River
1 . . Chen et al. (2022)
Basin, Southeastern China
Potential Sea Level Rise Inundation in the Mediterranean: From Susceptibility Assessment .
2 . . . . Rizzo et al. (2022)
to Risk Scenarios for Policy Action
International . K K .
(Intl) 3 | Seamless Projections of Global Storm Surge and Ocean waves Under a Warming Climate | Shimura et al. (2022)
ntl.
Coastal Hazard Risk Assessment for Small Islands: Assessing the Impact of Climate Change | = .
4 . . Giardino et al. (2018)
and Disaster Reduction Measures on Ebeye
Assessing the Impact of Climate and Land Use Change on Flood Vulnerability: A Machine
5 . . . . . Abijith et al. (2025)
Learning Approach in Coastal Region of Tamil Nadu, India

=W 1 (Dom. 1) A AtloA= A T sidS
7lvto g2 Byl @49 71EAE AP435t HadGEM3-RA
7|9 RCP4.5 3 RCP8.5 AU & 2-8-5to] ] T4
AA=E Brlstslt. Yaide A Hd 5, 39U o)
345¥, 80 mm o4} 59ASE AR50l Thkt 44
EHO H]—Oﬂ ]_o:lon:] },:% O O]:TL U]EQ} ;q. 8 %E
T A AAE A ARS 2T THFAT. 018 F
3 A delo) d¥E AT BAAAS ol
15Ws) Ageles et vle) HE AW AAste
24 271 9 ARA L] BAA YT HeAF £ &
s AL BHo SIQith AE AR} Hae s
Z

G lou AE 7 FEAT BRE 7o) o

2]
2 7]k chk, kA S o2 She 91
EXAF Z7F AT 9] Aeko
gol AltE 7ksAdel AU

=Y 2 (Dom. 2) A+ Ao = 71433 Al& RCP A
uele 7]k 9suAllErd Atmet HASA
(International Institute for Applied Systems Analysis)Q]
SSP AlutE]Q 7|9t I ¥ GDP HYARE -85}
A7 32 A Elﬂa -awu} 7%%}9} 494 %

AN 01 A
Beds

yojete BaHon %6}1 Ol% TNos %—%01

Table 5. Overview of domestic research

Classification Dom. 1 Dom. 2
SSP1-RCP2.6 /
Scenarios RCP4.5 / RCP8.5 SSP2-RCP4.5 /
SSP5-RCP8.5
Hazard, Exposure, Hazard, Exposure,
Framework . .
Capacity Vulnerability
3 Hazard indicators, 3 Hazard indicators,
Indicators 8 Exposure indicators, 5 Exposure indicators,
15 Capacity indicators |2 Vulnerability indicators
Periods 2030, 2050, 2080 2021 ~2100

¥o Ade anAoz Awste] 2t U A 9] uHA
7 Mg S| B8

stolch AR Qo) o 7o) mafe) 24 2
188 4 g0l FAF AT sSSP ALt
P AYAtRE 2718 weie} s
Z2719] AZFIAEE 7HAH, 98- Q3 ARE xF}
st ot 88 7Mse 7‘3 stlout FrHiES] o
HAREA HLAHL o 74
T3 A8 AR AR RS
Z15use] me A7 9 %
3 Wspt SRl A AR FFA0R B

O

3.2. 12| A7 AR 2M

T = gt 7| FHst Ay 7Hte

ot
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AMA S T AFFIE E HA A EEe] Y=L
Act. & AFollA HESE EHQ 5714 F8 =9 A
A= dieA AS, 2FAY, 1 5 SFEARA A& &
A5 1sto] ABFIIE FHotuTt.
H(ntl. )= $F 55 Yantanxi 7 §9& tjio=z
7|13Rst AlUE| .8 H8oto] T 9 3
ol & ¥ A+ AHE(Intl. 2)= AF
2 eH dsol 1E T4 A £
S A Yt Aol Al MA AT AHH(Intl. 3)=
A oA 7|1THSE It 2FY E T HstE
AEatal At A G H-g E AL +HS ERE A
Tolw, vl ¥ At Ab|(Intl. 4)= "HEA| = Ebeye 4
< ez o] gk AluE| e Azt 7iE&A )
ool AFgE ER=E 3 Aot mAge g oAl
HA A At Intl. 5)= = BFEUE ok tide s
HAled 7|9k EFH S A2E AR Aol 571
A Q] AFAtE H2E Table 69 F3HFch
=9 1 (Intl. 1) A7+ At 3= Yantanxi 7 &
o s 7|gHstel A AAA 89l wrgst F%
25 9E97E ¥ote AL HHOE it o]
915l RCP4.59} RCP8.5 A|L2] ofA] g 739 oie
312 BASIaL o]2 SSP29} SSP5 AR AAl AlutE] .9}
Aottt 24 A3k, RCP8.5-SSP5 AlUE] 204 4=
Aol 71 AA F7Foks AR Yeigoy I W
o Zpat 742 9] F7t=2 Qs AAA Hof Rk IA &
2 Ao= d&Estqrt. olygt A= A9 AY +H
3t &5 AojAd A B &8 5 e VAR
2 &84 4 on Yot A gaEA d 7| THs}
g dF o 593 IAE ATt E5] Yol
B oty A AA ARE 7| TS A Qo] vrgst

Ir

o
4
9]

(E oo 2 o

Table 6. Overview of international research

2] 2 (Intl. 2) A A= =71 9 ARA Y F-7]
Aot A-ZA oot #el-JA Sgof &8 7Hsdt 9
AEA Y FE AT HHoZ P ol ¢
3 9148 718k 2% =9} IPCC A|F 49 /&5 Alvhg]
Q(RCP2.6, RCP8.5, SSP1-2.6, SSP5-8.5)2 ¥-83}0]
205097} 2100499] A A H4= AFS Skt sl
BARE), =2 9 Y B7HE 26t A 52
AT olF 4dA SFRI~RHOE TEIAC). B
7} A3}, 205093} 21008 ZEF SSP5-8.5 A|UfE] Q.04
SSP1-2.6 AlutE] o] HIs| RI(A{R), R2(FHE) 5+
9] H&2 AL R3(ILYY), R4EIYY) 539 1l
&0 F7Fh= AL = YEt ol& &3l 4, S, 3
ofe] thefet 7| T WSt AU 8 H-83t AQtAs A1F
B7HY] gAE gelotlon, E5] B7F AJ-E 2050
4, 21009 528 FEsto] Zggsieitt

9 3 (Intl. 3) AT Al 7 9 ARA ] B
AQHfel H-gx I Y JAEA Aol Ea
gt WEy 2AE ukRshy] flof +=F= . CMIP6
HighResMIP2] TEJAME (25 km) MRI-AGCM3.28 2ElS
2gato] 19509 ~2099d A A mg E ZFHU W
3 AHHoRE AEstal SSP5-8.5 AU 7|t
highresSST AEARE A-8oto] 7|FHslo] & A A
T 42 A9 nig-E3d Hsh FAS Ao ER &
Astelet. 1 A3 Mgt dittolA e g £F
sfdo] ZHagt vhd, FEE I FHAAGNA= STt

+ dFol HErter ofel Heke A9 A7

Classification Intl. 1 Intl. 2 Intl. 3 Intl. 4 Intl. 5
. RCP4.5-SSP2, RCP2.6, RCP8.5, RCP2.6, RCP4.5, SSP1-2.6, SSP2-4.5,
Scenarios SSP5-8.5
RCP8.5-SSP5 SSP1-2.6, SSP5-8.5 RCP6.0, RCP8.5 SSP3-7.0, SSP5-8.5
Analysis of Changes
Hazard, Exposure, Hazard, Exposure, . Hazard, Exposure,
Framework . . in Storm Surge and . -
Capacity Vulnerability Vulnerability
Wave
Lo Lo Lo 12 geo-environmental
3 Hazard indicators, 3 Hazard indicators, 5 Hazard indicators, . .
. Lo Lo Storm surge, Wave, Lo factors including
Indicators 3 Exposure indicators, | 4 Exposure indicators, . 2 Exposure indicators, .
L L Sea level rise L precipitation, LULC
2 Capacity indicators | 4 Vulnerability indicators 2 Vulnerability indicators
and others
Periods 2052 ~ 2100 2050, 2100 2015 ~2099 2030, 2050, 2100 2030, 2040, 2050
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Table 7. Comparison of domestic and international risk assessment studies

Classification Dom. 1 Dom. 2 Intl. 1 Intl. 2 Intl. 3 Intl. 4 Intl. 5
RCP scenarios O @) O @) x ©) x
SSP scenarios x @) @) O ©) x O
IPCC risk framework x @) x @) x @) x
Scenario on exposure/vulnerability X O @] x x x x
Focus on flood hazards O O O x x @) @)
Damage cost estimation O O O x x O x
Machine learning X X x x x x O

vz wistel It Aol Sl AoE EAES
E5] St 8 sjooA= o=t ZFs o] %ﬂo?
L oFito] EIE]9ith MRI-AGCM3.2S BE AEAg s
7]

% TF 35 5 A AF8Itel Bact A &
= Asstd dHAREA B840 w2
o] SSP5-8.5 7|9k 7] 9 Ago] st A=E F
A 5 Aot ol2dt Aite 71$Het Ay 2o HE
A A WeE L ASTo=H FF- 3t
e, A, 4e8F ol 3ol 8%t ArEd
Y =72 $8d 4 USg BT

9] 4 (Intl. 4) AT A &R 4 9 AAT) et
A9e] 953 e84 U S A Ak ZA
g wdskal =7 2 A9 L] ARt T FA T A
0& JAER S Adste Ag BRE SR o8
3 X2 ¥(Delft3D, XBeach)& &-&3dlo] upEAx
Ebeye 18 o2 540l 45, . HE. A

5 gt olejo] M thEAls) AYe FuHos Bt
o}jr_ A& A7 Ao gt BHstach Y&y 94
+ RCP2.6, RCP4.5, RCP6.0, RCP8.5 7| SH3} Al LtE]Q
a& ste] 2100971419] si4d A5 2 W 279
stg wrdstelon] olg B3 miH A4 % A4 9%
Bl BT AR AT, A4 A, A%
#9 59 ARg AgstgoY vE AR AH @
1A

)

otol Blo] 285t vie Wk wrIsha o
of 24 A3 71 5uekE Qe Ak ws|ee 3~ 4,
A7 33} QA7 28 F71% O e|EE et o] A
SEEELRE B LIEEE L B E SR
3 Q7 Wabh WX etonE ulg ws st
i B 3 BohE 7FsAel Yol Bl o
A7k et deit oEAs AREE 20E A B
Hol HH AATORA 7|1F] AU BEY
AEe AT FRY AR Bl

30 filo md mlo rE

Q,

o]
AR

=2 5 (Intl. 5) A5 AHolA = Qe BFUUSF <At
A9& hAFoE CMIP6 7|8t SSP 7| T/t A|uE] 2.9t
EXZ]o]g 9 1E(Land Use and Land Cover) ¥3} o=
2 wegelo] v 84 A3 WS RAGAT. EA0]
$ % 52 Wske v 7] Y (Random Fores)st 2B
A45A4 ¥ oE WMAEE A49e Few
Cellular Automata 7|¥H< Z-&3lo 142000, 2010,
202049) A =5 7|HFO.Z 2030, 2040, 2050 9] o]l H
3= S5t o]F SSP AU L 7|8 CMIP6 74+
Aot AZE B0l W TE 4T T 12719
AAYNIALE PAUGR P A B

=R ’E—ﬂ"g/\]ﬁ Random forest 7| O 2 A 7154 A

£ Aot 5g38kste] mlE 717k S ARG Oﬂ
&5ttt o L:rL Az 7|5 Hlel EX|ol-§ ¥}
EHog B4 oS A & Aes AFHoR
SRIstth. & A+ Atle #HAlEd 7HE 42 S5
g AAA G FHH R AEst L FHAGAR} A
5] sPANA 715R5 g 2 EXo]g e nidA
< 9% o5k 2AE AStt AHE B7HEH olE &
S FS H%J }Oﬂfﬂ ‘:‘1‘]31‘6‘ 7]‘?_ %*é‘wﬂ

935} AuE e B8 9 IPCC Y YY B, A5
AF A7 AU WY oF 5 5
(Table 7). o]& &ofl vl=h <At AHB7H= vl B
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