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ABSTRACT

This study aims to classify 226 local entities in Korea according to the type of climate vulnerability to provide appropriate
climate adaptation policies that consider local characteristics. Using climate impact as the y-axis and adaptive capacity as the
x-axis, we can create four types of vulnerability and plot 226 local entities on a quadrant. Unlike previous studies in this
field, we consider the concept of uncertainty while calculating the exposure index, which is a climate impact component, by
estimating the probability of disaster risk. In addition, using the principal component analysis method to calculate weights
for each index increased the statistical robustness to our study. The results indicated that Type 1 areas (those with high climate
impact and high adaptive capacity) included coastal regions or geographically vulnerable places that could overcome climatic
restrictions through their high adaptive capacity. Type 2 areas (those with high climate impact and low adaptive capacity)
were the most vulnerable, and included several local areas on the west coast of the Korean peninsula. Socially vulnerable
groups in this area may need support from the central government to avoid negative climate impacts. Local entities in Type
3 areas (those with low climate impact and low adaptive capacity) pay less attention to climate adaptation issues, but they
are exposed to the potential risks of climate impacts due to their low adaptive capacity. For Type 3 specifically, further
education and enhancing public awareness on climate change adaptation are required. Last, Type 4 areas (low climate impact
and high adaptive capacity) include mostly urban areas where vulnerability is the lowest, yet potential risk could be the highest
due to large populations and extensive infrastructure. The findings will contribute to map out locally specified climate change

adaptation policies in each local entity.
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Table 1. Data used for exposure index

Sector Data source Method
Physics-based model, use
Forest fire MOTIVE .
normalized valuefrom 1 to 7
. Study for landslide .
Landslide . MaxEntprobability model
production
MaxEntprobability model,
Flooding Self-production Produced based on existing
data
Number of deaths from heat
Health MOTIVE _
waves,use normalizedvalue
Average cultivation suitabili
Productivity MOTIVE erag v
for rice, barley, cabbage, apple
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Fig. 2. Probability of disaster risk and uncertainty
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Table 2. Variables for sensitivity and adaptive capacity

‘?‘1#9} TE HolHE Ze H ofH=el
Fopgel g wHe= ArelE Ak

HjAISAL 47]9] AHEAFS 7|E 2= off Table 29}
o] g5ttt

wol, 715
oJagolets ARl

Category Variable Source Period
Orchard Korea Lanq and Hqusmg Corporation, 2018
City planning status
Rice paddy Korea Lanq and Hqusmg Corporation, 2018
City planning status
Dry paddy Korea Lan(.i and Hqusmg Corporation, 2018
Land use City planning status
. Korea Land and Housing Corporation,
River . . 2018
City planning status
Forest Korea Lan(.i and Hqusmg Corporation, 2018
City planning status
Sensitivity Marsh Korea Land and Housing Corporation, 2018
City planning status
Local Number of business in agriculture Statistics Korea, Economy census 2015
in d?lcsetlry Number of business in forestry Statistics Korea, Economy census 2015
Number of business in fishing Statistics Korea, Economy census 2015
Population density (population per 1 km?) Ministry of Public Administration and 2016
P ¥ {pop P Security, Korea urban statistics
Resident Elderly population ratio to total population Statistics Korea, Census 2018
life Infant population ratio to total population Statistics Korea, Census 2018
Ratio of elderly living alone to total population Statistics Korea 2018
Detached house ratio to total house Statistics Korea, Housing census 2018
H Number of students per faculty KOSIS, e-local indicator 2017
c;miltZT Number of doctors per 1,000 population KOSIS, e-local indicator 2017
i Number of hospital beds per 1,000 population KOSIS, e-local indicator 2017
Green area per population Korea Lanq and Hqusmg Corporation, 2018
City planning status
Korea Land and Housing Corporation,
Physical Sewer system supply rate City planning status 2016
. capital ini i
Adaptive P Water supply rate Ministry of EnVIror}rpent, Water supply 2017
. statistics
capactty Korea Land and Housing Corporati
Embankment area per total area orea Land anc Housing Lorporation, 2018
City planning status
Institutional Number of residents in charge per firefighting official KOSIS, e-local indicator 2017
capital Proportion of public administration budget in general KOSIS, e-local indicator 2017
accounts
. . GRDP Statistics Korea, Regional income 2016
Financial . - - -
- . . Ministry of Public Administration and
capital Financial independence . 2018
Security
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3.3 HoHy X4 M5 wuz

2 Ao A= FoFA A4 (vulnerability index)E A4
1931, o158 9%t A= o] EE3h W, 72 X H9] I
of WE R A%, dYA =EZ 9% A4 IS
AXt. BESF AL z-score HHAS 0|85, o]
WY BAEE ARt ATERE 5 9 A4S 23t
7} =9 4= k= Holth(Yoo and Kim, 2008). E323}
£ AR Amso] o) PPl whet 258 AHstolop
SH=H, z-score H-2 7]E0] H= Fholl tigk AtE A
©% BHSH: BEoh Po|nR Vzuct A ge] 4
=0 B35, 7I€RY 2 Yol diside g9 F2E FT

=3
ok HgFe SYoks We sted, WA 199 3
P
e

™
©)

L)

&
= AL SMESE H3 Tl BolAle A& v
stog, Mgl 742t 342 A Folvt BiUt 24
olfole 7+ AFaadz AeE AAletHn. 7]5HS}
off tet go] AlLFS Witeo] w08 7|5 FFA

Qg w2t I qFAFE =&

IF AT 71T =EN UHER 740
UFAEE Foke AFe4dd EXClE, FUAE, A
A 59 Al F2ol diste] 24 AFea W Mese] 7t
SAE FHE BAE S5t =& H olE

It &, o] AHE 715 eE] sk AsfieE: At

fh)
)
)
T

A AGAE HRIZIA|E of#ff $24]0] Hoja= Hle} Zo]
AAE, B A&, Axd AR, FEAHE U 845
Is1TL ek 18] 7o) 94wt Eetslal Qs WSEd
FSAE Foto] FHOoEHN LEEE, 4 ARAE
o] Aegds Ao RN ASATF ASFE ottt

I
M o
o

Ad0)+ VB e, R)+ N AR+ 3 F8 (0, T)
i=1 i=1
4

7ISAE Fok=dl ol&E FAF B FAHEEA
(Principal component analysis: PCA)2 11X} 9] o€ &
ALY o[z Z4A7]E oItk AW HES A
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7F VOl Agustolet b, a € Kol 8] Ap=ap (
0% W= pe VI 24 A, oF Y WG AY)
goleal skl p2 TR o] Soke TR et ek,
A BAH0IA LGUEE o 8A asho} Bl
g, LRUEe] Arhgko] = Aguso] FEako] A1%
g uFste] 2izke] o] B Uk WHEY
S84 B4 S8 4 9lojok eh(ang, 2006; Choi et
al., 2007).
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4 78e Bestel BYY UHE 19 4BBAT A7
Moz Qoplud Gtk FHREAS EAslt WS
2 43 AYFORA, 2 WrEo] BT Ak HRE X
e E AT 4 G ARE AFRSE WS 45
Lo HYATOR oTolW UFUFES FHE
olebn Rttt FYRBHY BAHS 459 FYRS
0l8, MAEY AALAE AR Aolth 1z A
WA FHRE VG L MAES BARNE HFT 2 U
£% Tauy, T oug 2YRE A WA 2R 59
olEAE A WA TR el A P olE
e 4EEE waEd R4 RHAA 19w
(Eigenvalue), 11-3-#E{(Eigenvector)2t= 7fgo] 5451+=
g, ol thewt ol el 4 Uk AZ K] HFE
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M2 067] 712 A ARE FUsIo] FAREAL
St A3, 7 AR AR A WHSK Orthogonal Rotation) &, Q.21
ZZ|(Factor Loading)S St Z¥&= Table 32} 2t} ZF AlELa4
e A A AR 9 ) Re B A o
HlE 3 71537 =250, o] 7 AlE W e Al 9 A
QUYARE 4157 et L0 7 ol BAIECE A
SAgE o] ARl Aget | g2 =6 94
XGRS oL e AR S 7Rt EXolE 9 A4
= 282 7185 A] Y BlF 1R} ARIAISG BlSelRks o
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Table 3. PCA result

Variable pci | pea | VRSPl o
ned
Resident life
Population density -0.2691 - 0.7298 0.072417
Ratio of elderly 0.5088 | - | 0.03445 | 0.258886
population
Ratio of infant 0.5054 | - | 0.04739 | 0255437
population
Ratio of elderly living | 500 || 006214 | 025141
alone
Ratio of detached house| -0.4023 - 0.3964 0.16185
Human capital
Number of students per 02969 ) 0.8645 0.088142
faculty
Number medical doctors | coqc || (688 | 0475505
per 1,000 population
Number of hospital beds| - (oo |~ | 0320 | 0436353
per 1,000 population
Physical capital
Gireen area per 04721 | - | 05371 | 0222882
population
Sewer system supply 06053 | - | 02389 | 0366394
rate
Water supply rate 0.6072 - 0.234 0.368698
Embankment area per | 00 || 9127 | 0.042026
total area
Institutional capital
Number of residents in
charge per firefighting -0.7071 - 0.416 0.5
official
Proportion of public
administration budget in| 0.7071 - 0.416 0.5
general accounts
Financial capital

GRDP 0.7071 - 0.1034 0.5
Financial independence | 0.7071 - 0.1034 0.5
TR AL B9 =2E 4 ARAE 7S FFAS

9} HGAF A 44 AFRHY yE3 xZ502 1
ZAA 9] g E2”SH =W 22678 712X AA Q] 53
3} A3t= Fig. 59} Zot AAEHI o] AAA FEE 4

M2 TEY A9, xFL QEZOR USE HGLo]

EoHX7] wZo] FHepdo] o= AZ AulsiH, y&
2 A2 eESE 7|5t didt A Gl Bl
EEEERE Hofo] worlttal & & Sl

2267 7|2AAA] S¥3} AWE vigtog 7 9¥8Y
542 4w ke ek Table 40 eI vhe} 2o,

Yt A 515

ARY AARDL /199l i 2 AT HLY
3 Aog, BAFA, AH
A, LA, Hebdeo] 48 | 2AAAE 712
set7tel 9t glek. ok, A2l Y ojzl
o= I8 AIHE 2, Z BAANALE + F T2
ALE + AR T 7S4S ] Q{ 15} ;qoﬂ.g_ Al
St itk Mg 7| AR A9 S5, o
A 5 ZAA GOl Ak XHGH‘@J%‘ 7Fe730l =2 Al
1790 &otng Exjold 3 AY Ahelof ofzgt Hef
-suqil_i o5}k _ﬁ]—a—HE—_ oﬂlﬂ]—f‘ﬂ— Ea 31_
AE D}%‘lﬁ}: Zo] Fasitt. Mg SHAA o5
Ho2 AR £3 Sl 497t got %%i

S 1AL HlEo] 4] ¢l kFAF A =
Aol 7t WA et 2t opyt, FAFH 3t &
S5Eo] obd e7h gob Rzt AdiA o W2 &
goltt. Bl 7|Fgge] 2 FIoIu, dFstARe] AR
A2 Hseel 7] vzoll, A Aol ol <= = =
A, A=A Age wole WA vhdske ol H3stolor
et ZF ZAA7E Bt Qs 71 RsE Ae gl A
olef wet 1 Hepgol EE & Stk dld, SFAE
9 ZgxlHo] Uy AR oz Hokst xgdx|gE ol
AR 9 AEA o] Hold AA] A9 945t 28
52 1Y 5 glow, o] H9E EAFITHKoh, 2011).
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Table 4. Type 1 local entities

Municipality Local entity No.

Seoul Jongno, Yeongdeungpo, Dongjak, Gangdong | 4
Busanjin, Dongrae, Buk, Gangseo, Saha,

Busan . .. 9

Yeonjae, Sooyoung, Sasang, Gijang
Incheon Jung, Dong, Michoohol, Yeongsu, 6
Namdong, Seo

Daegu Jung,Seo, Buk 3

Gwangju Dong, Seo, Nam, Gwangsan 4

Daejeon Jung, Yoosung, Daeduk 3

Ulsan Nam, Dong, Buk, Uljoo 4
Euijeongbu, Gwangmyeong, Pyeongtack,

Gyeonggi Goyang, Guri, Osan, Hanam, Icheon, 13
Kimpo,Hwasung Gwangju, Yangju, Yeoju

Chungbuk Cheongju 1

Chungnam Cheonan, Asan 2

Jeonbuk Jeonju, Iksan, Gunsan 3

Jeonnam Mokpo, Yeosu, Sooncheon 3

Gyeongbuk Gyeongju 1

Gimhae, Tongyoung, Sacheon,
Gyeongnam Changgynyeogng 4
Total number of Type 1 local entities 60
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Bol v okt o172 2153 9Iek Koh (2011)°] w}z
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Table 5. Type 2 local entities

Municipality Local entity No
Seoul Nowon, Eunpyeong, Gangseo, Gwanak 4
Busan Nam, Haewoondae, Geumjeong 3
Incheon Bupyeong, Gyeyang, Ganghwa, Ongjin 4
Daegu Dong, Soosung 2

Gwangju Buk 1
Ulsan Jung 1
Gyeonggi Ansung, Yangpyeong 2
Gangwon Wonju 1
Chungbuk Okcheon 1
Gongju, Boryeong, Seosan, Nonsan,
Chungnam Dangjin, Buyeo, Seochun, Chungyang, 11
Hongsung, Yesan, Taean
Jeonbuk Jeongeup, Namwon, Wanju, Muju, Jangsu | 5
Naju, Gwangyang, Goheung, Gangjin,
Haenam, Yeongam, Muan, Hampyeong,
Jeonnam Yeonggwang, %angsung, Wando,p }J/indcig, 13
Sinan
Gyeongbuk Euisung, Goryeong 2
Jinju, Geoje, Milyang, Haman, Hadong,
Gyeongnam : Hapc}ieon, Nyamlglae, Euiryeong ¢ 8
Total number of Type 2 local entities 58
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Table 6. Type 3 local entities

Municipality Local entity No.
Seoul Jungrang, Seongbuk, Gangbuk, Dobong 4
Busan Yeongdo 1

Daejeon Dong 1
Gyeonggi Namyangju, Pocheon, Gapyeong 3
Gangreung, Samcheok, Hongcheon,

Ganewon Hoengsung, Yeongwol, Pyeongchang, 13

£ Jeongsun, Cheolwon, Hwacheon, Yanggu,

Inje, Gosung, Yangyang
hungj h B Y
Chungbuk C ungju, Jec. eon, Boeun, Youngdong, 3
Jincheon, Goisan, Eumseong, Danyang,
Chungnam Gyeryong, Geumsan 2
Jeonbuk Gochang, Buan, Imsil, Soonchang, Jinan 5
Jeonnam Damyang, Goksung, Gurye, Bosung, 5
Jangheung

Kimcheon, Andong, Youngju, Youngcheon,

Sangju, Moongyeong, Gyeongsan, Gunwi,
Gyeongbuk Cheongsong, Yeongyang, Yeongdeok, 18

Cheongdo, Seongju, Chilgok, Yecheon,
Bonghwa, Uljin, Ulreung

Gyeongnam | Geochang, Gosung, Hamyang, Sancheong 4
Total number of Type 3 local entities 64

AT ABAREE )2 derE e
AlZ"oA oo B3 & A= 7 ﬂx—l %QOM Azt
S A2 235 EQF WobA Aol ot FAAE A
o = AgolH, 7]F st FAof His) TAo] ¥ &
FoJth(Koh, 2011). & A9 {IJs} Ao w=H
Table 6974 Ho|x Xti%*S LEE AQdstal R
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sFote AAAE FEoE FEEAS. 7ot 23 F
5 TR M2 FhE Ao &3 divke=2] ARA7E A
3RBLeE YEgthe Holtt. ol A ek Aol
7152 gt AR gho] W2 o 7% ol=
FHE A oA ATy E24A/do] =71 el Al
3 YTt WA EEEAT 715 s e WE o
Al ITFRET} 7] v ek o e gl 7]QIg
0 2 4 glk o} FUE x]cas A7, B, F
SRR Pgo] HutzRog Fo
Koh (2011)9] &A70] wj2w, & v<§°ﬂ &3t Mg o
By Aol wg Bk ozl A9l 7|5 Hsle] of
% Q4] 9 FARE xR Hopo| ot WA,

_I
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Fig. 5. Classification of 226 local entities
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Table 7. Type 4 local entities
Municipality Localentity No.
Jung, Yongsan, Seongdong, Gwangjin,
Seoul Dongdaemun, Seodaemun, Mapo, 13
Yangcheon, Guro, Guemcheon, Seocho,
Gangnam, Songpa
Busan Jung,Seo, Dong 3
Daegu Nam, Dalseo, Dalseong 3
Daejeon Seo 1
Suwon, Seongnam, Anyang, Bucheon,
Gyeonggi ' Dongducheon, A.nsan, Gwacl?eon, ' 13
Siheung, Gunpo, Euiwang, Yongin, Paju,
Yeoncheon,
Gangwon Chuncheon, Donghae, Taebaek, Sokcho 4
Chungbuk Jeungpyeong 1
Jeonbuk Gimje 1
Jeonnam Hwasoon 1
Gyeongbuk Pohang, Gumi
Gyeongnam Changwon, Yangsan
Total number of Type 4 local entites 44
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