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ABSTRACT

The recent global climate crisis, including on the Korean Peninsula, is worsening every year, seriously affecting all sectors,
including human beings, ecosystems, agriculture, livestock, marine, and fisheries. To reduce vulnerability to the climate crisis
and enhance adaptive capacity and resilience to natural disaster damage, national and local governments are establishing
adaptation measures every five years. While VESTAP is utilized for regional vulnerability assessments, it has limitations as
the relative nature of its results makes them difficult to use and compare across assessment items; however, some prior studies
have proposed a grading system to reduce the complexity of assessment indicators. The purpose of this study is to propose
a method for grding VESTAP’s relative vulnerability assessment results and to analyze the correlation between graded
outcomes and its component indices (climate exposure, sensitivity and adaptive capacity), thereby formulation of regional
adaptation measures for climate crisis. The study compared a total of three grading methods: equal-interval grading, utilizing
Natural Breaks (Jenks), and utilizing the Quantile method. The correlation analysis showed that the equal-interval grading
method yielded statistically significant results. The other methods also produced meaningful results, suggesting areas for future
improvements to VESTAP. It is expected that local governments can utilize the results of this study to propose a method
of converting VESTAP's relative vulnerability assessments into an equal-interval graded system, which can serve as

foundational data for understanding the actual degree of regional vulnerability.
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A AANA 7194717} sfutct
EH7—“ﬂ AL Y, A B

F= 71AAL Itk A A BT
Pé}i Uom, A AA oA o4
| ekl wheth v ik 22l
QtH(Ministry Concerned, 2025; WMO,
2023). /\1]74]7]%7]?-(W0rld Meteorological Organization,
WMO)O| w2 202492 Aol 7 w5t df3lom,
A3} o] F (1850 ~ 1900H) S~ HE Tt 1.55C+0.13C &2
7122 7|23 tHWMO, 2025). S-gi}ate] AL 2024
Y ¥ 7]|20] 145C2 BYE((12.50)E) 2.0C =o}
19734 ol 7MF =%, YT FFFS 1,414.6 mmZE
BH(1,193.2 mm ~ 1,444.0 mm)¥}  H|S5HA] YERGT
(Ministry Concerned, 2025). o|A7| &2 Q9] HjFgk =
=, oA TS W =71 SE A 1§ Z27F A7) 1
s gt = Sk AW % At H3j Sol TS
(Ministry Concerned, 2025). B|&, &35 5 A<AA| 5]

W ST 7% A Qolo] wAlshE, 1 471 7
of |8 WIHHsIA YeLtal ITHIPCC, 2023; Lim et al.,

2023).

71%-947100 digt FHF S Eolal AAA s, wsho] et
Aol BB L kol7] YA 7t B APARTA
L 5ot 7)%9)7] HSohAS 5Patal SICHMOLEG,
2022). F7H= 2023d0] 71& FAL B A3 =27}
715971 A Aok (2023 ~ 2025y HIIICH,
202698 HE A4t b 71597 S (2026 ~
2030)0] A1%82 o] FoIHME, 2024). AYAAEA & 17
AN FAAAAE A4zt 27} 71597 4o vigo
2 202795 A4} 71597 AehAS ST o4
0|3, 7|ZARAE o|d A 5 7|7bol whet Ao
2 71397 oML o3 W AlF &5l 9ok

ZTHQ N3 $US Yo 71Tl e I
Hopg-ea 7} Arke Bgold SHMeR 2A7
gqst ;qu_Q 73?(46‘]-1:_ 742 uHO = Jq_s].q.(yu et al.,
2025). oo 7| =oJAZAFF= AF FHoH H7t Al 7]
59)7] 2opd WIETF(]8], VESTAPYE B33 9L
om ARAE AP, B-F D] JA Fory
Bt Ae B89 HSohH ARARALY 59 A B3
AR AHgsta k.

VESTAP-2 2010985 2013E7HA] = &3 75k
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Or - &Y - M=3 - ol - 0|
A A GIS 7]k el 7 2A4H FHpA BAET
CCGIS, LCCGIS7} 7127} Eof YA s}t Chon et al.,
2014; Kim and Kim, 2016; Kim et al., 2012; Yoon and
Lee, 2017). o|F A|A®lo] o]fE|o] =t H A+ =
ANFANRGANA Frlute] Hopd HAET
VESTAPS 7J¥5l311(Oh et al, 2016; Park et al.,
2017), A9 7]5Hst AU HA, B7iE 74,
adolel A4 B A&Hel A AAe WPsdc
202595 VESTAPY 9 1 ¥el7|eo] ZuatAt
selow ofpEgon], 2o o 79 1AREE AT &
| 0] X] (https://nier.go.kr/vestap)S 53l FFA H7} 21}
7b AH|AE AL Qo

VESTAPS 7% 9 325 At 2loks
Ha e4ed] 240 WRd Yue xﬂ%a-m(cme ct
al., 2017; Fiissel and Klein, 2006), A| £ H7} HS

83 3|94 B/ Bol5t olgfat] 44 Aol am
(Lee and Kang, 2018). £3] - 8HSTE ARESE X H 7|4t
of Aei4 7} ATHe Fgstol Molol olxAY Ao
E&8S F11 QIth(Brooks et al., 2005; Eum, 2016; Eum
and Kim, 2024; Kim and Kang, 2022; Koh and Kim,
2010; Lee and Choi, 2018; Lee et al., 2015, 2020; Moss
et al., 2001; Park et al., 2017; Yun et al., 2013). 3}&]qt
A Aok W7k Ane Agsich By AoHel Fof
Hreg @] ofdlT, 48H 7 Al A7} e 2 oAH
o] ojFt}(Park, 2023a; Yoon and Lee, 2017). Y 413
Q7o e Aok AL Ak oAk R 5 4 2
AR} FHeele] $H49E Aot B Ego] Hh
Hoto g 5H31E Aokl = 51 th(Balica and Wright,
2010; Cutter et al., 2003, 2014; OECD, 2008; Park et al.,
2021). ot 553 Wl wEt 2219 Febd S5l
SebA gHe $H2S} uE S gons A
o4 7t ATE AV Ao WMo S Uy
of tiet HEZF F Qs

olof & A79] ZHe VESTAPS] A4 Fok4 7}
U34S VI HOR SISk, A Bk Asks)

S5t 23 1 4RAAE Mgl A A9 e

2= Al a7Foz F83F 4 Qe =335} vore
olch. & AT A3 Fal A% 7% A
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Fig. 1. Flowchart of research methods

Table 1. VESTAP sector and assessment item related

A5
A4S AESGTE 1 o)% 374

to heat wave
Sector Assessment item
Mental disorders due to
Heat wave
extreme heat
Health ) Heat-related illnesses due
Heat-related illnesses due
to extreme heat
to extreme heat (general) .
(vulnerable social group)
Territorial/
Infrastructure for heat
Coastal House area for heat wave
. wave
infrastructure
Industries/ Heating and cooling management (costs) to heat
Energy wave and cold wave

= flet FNY K- ST Yo S 1021

e 283 HoPY FUASE ST 533 2
e} 715 s A, R A, 359 A A A
WAAES BA5] HE20F VESTAP F A B/l 2
g /Mg W A9shs S0k Wk Ashs Aol
VESTAPO] B7} 23} &2 98] ok mrla= &
O 73Rt I AdAsier 2 A 2Ql AldE wt
7 AL "o|Auh 2 thato] L5ty W QI
372 o]ojF £ Y= TP A0 FHUIES HF

519111 (Kang et al., 2024; Kim and Lee, 2024; Kim et al.,
2006)(Table 1), A7, & AL, A1 -o|A] F& F 4
7 RO EY g Y AP B ATE
Z3Y5} A tH(Table 2).

FloFd B7F 23 v A] SSP5-8.5 A[UE|E 7|0
2 griglon, 24 7|7k 2021 ~2040d0]H, 24 A
AL 2024 d EHo7 Qo LPAF =2 APy H|LO]
AY =otd AAGE, 239 E, ASEEA o]tHKDCA,
2025).

2.1.1. VESTAP Fotd H7t &

VESTAPL A4} 7]5.917] ASdjd 49 YL 935t
4 716te] AHiA FoFd B7H=F-o|HH(Oh et al., 2016,
2017; Park et al., 2017). IPCC AJ4x} 7T LA (AR4)2]
ZFoFA (Vulnerability) 7|9 &83) 71T, AL, &
S58 ARS B&s) Pt YrkBack et al, 2024)
F4 (). 71FeE AR FS 714H H7 715
# AYE 2(RCP, SSP)9] 17|12, Ao 59 o]
HE AMgsly, UEel Aesd X Ho| A4S 2rhnn
713%2] A HolEE &&3l ARE F53Ith. VESTAP
37 242 9 AP AR 1)

o B7F 2TE AlBRh AR HE 93RS
A ®E3E BYo] dasith BES HHoRE
-2 agkZ o83t AAY AEA(re-scaling) WA
8ot (4] (2), B2 ARG 3L HAO~
DE e TE3ch(Jang et al, 2023). 1 o|F BZ3}FH
R 7%112 Tslo] 7T N, A9l X%

A4g 23T AXY ASE AECIFeE, 1%
=, Ags zaﬁ AL 7HEXS T W o Fakol 7%
L3 AL URE A5, A85Y 442 AEUT. HF

[
Hom 7]—rlr:€ 240} WIZHE 2|48 Tleta, H2L5Y
A5 WA FPY FAASE A2 o) HIFe

Hepy 918 Brkac
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Table 2. Indicator and weighting value for health vulnerability to heat wave

Factor Indicator
Factor weighting Indicator weighting
value value
» Number of days in which daily minimum temperature exceeds 25C 0.083
Climate e * Number of occurrences where the daily maximum human-sensible temperature is 33C or higher for 0.563
exposure 2 or more consecutive days
* Annual average of maximum daily human-sensible temperature 0.354
» Ratio of basic living recipients to the population 0.209
* Ratio of the elderly living alone to the population 0.27
* Population density 0.021
* Proportion of the population of cardiovascular diseases 0.112
* Proportion ratio of more than 65 years old 0.057
Sensitivity 0.297 * Proportion of the people under the age of five 0.04
* Proportion of outdoor workers 0.155
* Proportion of urbanized dry area 0.015
* Unemployment rate 0.012
* Mortality rate due to heatstroke/sunstroke per population 0.08
* Proportion of people with disability 0.029
* Population rate having health insurance 0.024
* Number of staffs in public health centers per population 0.268
* Number of emergency medical treatment centers per population 0.372
Adapt?ve 0.163 * Financial independence rate of local government 0.065
capacity
* Gross Regional Domestic Product (GRDP) per population 0.132
* Fire department personnel per 1,000 people 0.093
* Ratio of green space area to urbanized dry area 0.046
Vulnerability = (climate exposure x ¢) + Table 3. Transformation of relative vulnerability index
(sensitivity x B) - (adaptive capacity x y) €)) to equal-interval
¥ a, B and y are the weights for each assessment item Class Class Value within range of 0 to 1 Description
1 08 <X <1 Very High
P 2 0.6 <X < 08 High
Bnormatiztion = 5, 2 3 04 <X < 06 Normal
max min
4 02 <X <04 Low
2.1.2. XOH Wy} ZIp =25} wi 5 0<X <02 Very Low

Source: GIZ (2017)
VESTAP F9F4 X|4Q} 2 A& g E thE O

AAZ Aol vieto] AAEQ 0 H(GIZ, 2017), ol 57 719 oL HSle| 2 530 &% A
S et F Al 7R A=Y A WA, 5HE ZAA 9] HFFE FARE A2 THs = e ®jtolth
HrH o M2} 7hetsly WA o7 o]t 4= Qloj(Park,  (Jenks, 1967). mpAEf o2 HQ$ ESk(Quantile) B2

2023b), 2 9 9 o]y I gR7} QAEH Al HRE T T3 HEE U SEEE 43 &2l £XxE YEHY
S okl Hiotolth(GlZ, 2017; Kim et al, 2014) golE 7} E8= @S HAY 4= 2 o]4dX](outlier)
(Table 3). = WA, Natural Breaks (Jenks) %2 Z} S 9] &S ¢ wroKIdukunda et al., 2025), J2] o|3j<] of
& Yol B3 HAE FHAssty SHA 7] #HalE F S #5sH URAA @ ) fEeh ket
d3lol= SBAHY 7IHo R, SHA Yo 58448 =
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VESTAP 91“3 ?:]'X]
J1(OECD, 2008), | ®#io] %‘49.“3 37t 23E 4 bt
Iot=A] &I5t11A} 51 tH(Idukunda et al., 2025).
7N1TrE, UHE, A3sY Ap9 A A53 ol
, %aﬂ% FoHd B7F A= —1-:/\1"%‘ tlojEloltt. =
T 2+ &=fl(Rank) A EE S4517] sl Aujoint 4
A|4>(Spearman rank correlation coefficient)E A}&-5}o]
A S 71519 2 9 (Tellman et al., 2020), A=
AT Egoj(version 4.5.1)S B85t}

o @

" o
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Health vulnerability assessment results by
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Fig. 2.
heat waves in Gyeongsangnam-do

Table 4. Health vulnerability assessment results by heat waves in Gyeongsangnam-—do

Vulnerability Administrative Climate Exposure | Sensitivity | Climate Exposure Index + | Adaptive Capacity Vulnerability
Rank District Index Index Sensitivity Index Index result
1 Changnyeong-gun 0.5 0.16 0.66 0.06 0.60
2 Haman-gun 0.52 0.11 0.63 0.05 0.58
3 Miryang-si 0.42 0.14 0.56 0.02 0.54
4 Hadong-gun 0.35 0.19 0.54 0.04 0.50
5 Hapcheon-gun 0.35 0.2 0.55 0.07 0.48
6 Uiryeong-gun 0.38 0.22 0.60 0.12 0.48
7 Jinju-si 0.43 0.05 0.48 0.04 0.44
8 Goseong-gun 0.27 0.17 0.44 0.05 0.39
9 Sancheong-gun 0.3 0.18 0.48 0.1 0.38
10 Sacheon-si 0.32 0.1 0.42 0.04 0.38
11 Gimbhae-si 0.37 0.03 0.40 0.03 0.37
12 Nambhae-gun 0.2 0.19 0.39 0.06 0.33
13 Hamyang-gun 0.2 0.18 0.38 0.08 0.30
14 Tongyeong-si 0.15 0.12 0.27 0.02 0.25
15 Yangsan-si 0.23 0.03 0.26 0.01 0.25
16 Changwon-si 0.23 0.03 0.26 0.02 0.24
17 Geochang-gun 0.09 0.13 0.22 0.05 0.17
18 Geoje-si 0.04 0.02 0.06 0.02 0.04
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3.1.2. 3YHT

SSP5-8.5 A|UE]Q 2021 ~ 20404 ZHHE ZFo| 9
g A% FoFd B7F A3 157 ARA F =AM, Fof
T, oAkEol 1~3¢9= UERton 13~ 15&99 29
Al, AATA], QR A o8 o FHoRgt Zlo®
EFSTH(Fig. 3, Table 5). =AMA], HFA], dlibit B 7]
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Fig. 3. Health vulnerability assessment results by
heat waves in Chungcheongnam-do
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heat waves in Seoul

Table 5. Health vulnerability assessment results by heat waves in Chungcheongnam-do

Vulnerability Administrative Climate Exposure | Sensitivity | Climate Exposure Index + | Adaptive Capacity Vulnerability
Rank District Index Index Sensitivity Index Index result
1 Nonsan-si 0.53 0.16 0.69 0.02 0.67
2 Buyeo-gun 0.45 0.2 0.55 0.05 0.60
3 Yesan-gun 0.45 0.15 0.60 0.03 0.57
4 Gongju-si 0.47 0.13 0.60 0.04 0.56
5 Seocheon-gun 0.33 0.2 0.53 0.06 0.47
6 Hongseong-gun 0.38 0.11 0.49 0.03 0.46
7 Asan-si 0.42 0.04 0.46 0.01 0.45
8 Cheongyang-gun 0.39 0.18 0.57 0.13 0.44
9 Geumsan-gun 0.31 0.15 0.46 0.04 0.42
10 Cheonan-si 0.39 0.02 0.41 0.01 0.40
11 Gyeryong-si 0.33 0.02 0.35 0.03 0.32
12 Dangjin-si 0.27 0.06 0.33 0.02 0.31
13 Boryeong-si 0.16 0.15 0.31 0.03 0.28
14 Seosan-si 0.13 0.06 0.29 0.03 0.16
15 Taean-gun 0.02 0.14 0.16 0.06 0.10
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Fig. 5. Convert VESTAP result to equal-interval in

Gyeongsangnam-do

Table 6. Health vulnerability assessment results by heat waves in Seoul

Vulnerability Administrative Climate Exposure | Sensitivity | Climate Exposure Index + | Adaptive Capacity | Vulnerability
Rank District Index Index Sensitivity Index Index result
1 Songpa-gu 0.51 0.07 0.58 0.01 0.57
2 Jungnang-gu 0.38 0.2 0.58 0.02 0.56
3 Dongdaemun-gu 0.45 0.14 0.59 0.03 0.56
4 Gangdong-gu 0.46 0.1 0.56 0.02 0.54
5 Gwangjin-gu 0.45 0.1 0.55 0.03 0.52
6 Seocho-gu 0.5 0.04 0.54 0.03 0.51
7 Gangnam-gu 0.47 0.05 0.52 0.02 0.50
8 Seongdong-gu 0.42 0.09 0.51 0.02 0.49
9 Gangseo-gu 0.3 0.15 0.45 0 0.45
10 Yeongdeungpo-gu 0.4 0.08 0.48 0.05 0.43
11 Yangcheon-gu 0.33 0.11 0.44 0.02 0.42
12 Gangbuk-gu 0.24 0.2 0.44 0.04 0.40
13 Nowon-gu 0.26 0.15 0.41 0.02 0.39
14 Guro-gu 0.27 0.12 0.39 0.02 0.37
15 Eunpyeong-gu 0.24 0.13 0.37 0.01 0.36
16 Jung-gu 0.29 0.14 0.43 0.08 0.35
17 Mapo-gu 0.32 0.05 0.37 0.02 0.35
18 Dobong-gu 0.2 0.15 0.35 0.03 0.32
19 Dongjak-gu 0.25 0.08 0.33 0.02 0.31
20 Seongbuk-gu 0.2 0.09 0.29 0.01 0.28
21 Yongsan-gu 0.21 0.1 0.31 0.04 0.27
22 Geumcheon-gu 0.09 0.15 0.24 0.03 0.21
23 Gwanak-gu 0.1 0.09 0.19 0.01 0.18
24 Seodaemun-gu 0.01 0.09 0.1 0.03 0.07
25 Jongno-gu 0.02 0.12 0.14 0.13 0.01
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FHHEO VESTAP oM FAASE =2
SRt A, =AM, RO, dlabE, F5A 478 AR
A7F 15302 7P Fokst Ao g yehgth AdE, &
g, oMHAl 37 ARAZE 255, Y, FAE, HA]
37 AAA7Y 355, ABAlL BRAl, BPA 37 ARHA|
7F 455, AATAL HiSHE 271 AAAI7E 55Fo R F9H
B7F 237t =& EHQUTHFig. 6, Table 7).

Legend

Fig. 6. Convert VESTAP result to equal-interval in
Chungcheongnam-do
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Fig. 7. Convert VESTAP result to equal-interval in
Seoul
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Table 7).

3.3. Natural Breaks (Jenks) g 0|25t £

Ssaet 21

ji

oy

3.3.1. B¥E:

oA FoHd 87t 272 Natural Breaks (Jenks)Z
Agket A3 AP, T, YGA 31 ARATE 155
oF 7Y HAo] w2 AR EEHAUY. otet, T
A, g, AFA| 47 ARAA7L 2655, 18, A
o, ABAL AL, Fellat s AR 355, FEL,
EA], FAA, FLA], AFE 570 ARA7L 45202
A= ATE AAA 1] AR A= 55528 ZF| gt
A7 Fdol o2 A3t v P wf FhH o= FHek
o] 7} ke Z1o g UElTHFig. 8, Table 7).

Yangsan

Fig. 8. Convert VESTAP result to Natural Breaks
(Jenks) in Gyeongsangnam-do

3.3.2. 3HE:

Natural Breaks (Jenks)Z& S-&3}5t 7é]5’4' =AM, Fof
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AT, BT, oML HER F 4 ARATE e
FTARE, A F 271 ARA7E 4552 Al

=

T 10O
i, 355
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B, AL BEFA 370 ARAA7Y, 5552 AAAI%
Biott & 271 AAA7F =& E Arh(Fig. 9, Table 7).

Legend

Fig. 9. Convert VESTAP result to Natural Breaks
(Jenks) in Chungcheongnam-do

3.3.3. ME2EEA|

VESTAPS] A& #9F4 17} ZA3}-= Natural Breaks
(Jenks)2 SH2Iet 23 3, SI, SHET F5
T, AT, Az, AT, e S 871 AAAI7E A
Hog Zoo| o3t A7}t FoFgo] Y e 1520
UEHHL 2550 2e AT, 2T, FHF A5,

LY F S ARAVE ZEFHAAL 36 FS FETF =
B, F:rl Ol EL, T8 FEATE F 671 AAA A, 4
B4, S, %ﬂrQHL Z 47l ARA
A 7‘47} EEEAT ATt T2 S 271 AR
o]]/ql— Z o] oJgt A7} HokAo] Ao E AR} e

oz Yehd 55308 AAEQThFig. 10, Table 7).

!
J e

Seedaemun

Legend

Fig. 10. Convert VESTAP result to Natural Breaks
(Jenks) in Seoul

3.4. 293 2&(Quantile)
s At

——

=2
3.4.1. ddE

94 £ (QuantileyZ E-&sto] SHIE AT 4
I G, AR, YFA, ket 47 A7 1552
2 7P g0l A EEEHAT FHL, A¥L AF
Al, I, AP, APAAL 678 A7 253, ZSAL
ot TAdE, TGAlL FAA] 57 A7 35, %

Al ARAZY 455, AR, AAA 270 ARA7L 56
o2 AALE lth(Fig. 11, Table 7).

Fig. 11. Convert VESTAP result to Quantile in
Gyeongsangnam-do

3.4.2. ¥EE

VESTAPS] i FHoHy B7t A& ‘:‘%’4
(Quantile)Z SF3FsE A3} =ARA|, Foft, o4k
A AAAZE 15322 EF o5t A% FHA l 7V
A EE2HAT T ARE, S8 5 F 3 AR
A= 265, oA, AU, 4 F 37 AAAE 35
. AL ABAlL RN, BFA] F 47 A= 45
o8 TEHUTh AARAe} HiotE F 271 AR A= 5
SEoE ZHol ot A7 Mol AR TP R
< ZO0E YEKTh(Fig. 12, Table 7).
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Fig. 12. Convert VESTAP result to Quantile in
Chungcheongnam-do

3.4.3. M=25EA|

VESTAPS] b Ziory 7
(Quantile)g o] &3l 55FC=2

SHET, de AT 3
AoPHel 4 EAED) £aTID, 7, 22
BT, HUET, E27 5 A ARAT} AEo
FofFgol 7HE RAGSSE) AdE A M2, e
T+ AT AT AR X]Z}ﬂ]h 25d, 9ET, FA
T+, BET, 29T, PR 28T o A= 354,
ST TR, =5 AT AET S ARAE 45E
o2 YERthFig. 13, Table 7).

& pois
F3,
ARA 7 A

O!'N r_)li OE
g =

E
?7
=

Legend

“Geum  Gwanak
cheon

Fig. 13. Convert VESTAP result to Quantile in Seoul
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o
o
=

3.5.

VESTAPB] A& FoF
9]-0]— A= 51:]- Jyeo
%‘J‘a*EL SuoF g E}E} =8 AR N7t o
& Apo|g BT, 53] 45FoIA 7MY 2 Folg et
ek Al 7HA BRelA 52 0} sHe T2 7lZX]XPXﬂ
+ 1550l 371, 2550 37, 3540l 274, 455l 171,
sl 142 tehget
% HEo A, Al 7HA oA LT S5
l AR A= 1550l 370, 2550 270, 3550l 17,
ol 371, 550l 271& YEhHth Al AR
%Eﬂ 3% eER Vg gL Aolg 1
MEE %‘/\H - Al 7HA WHelM &
o A2ARAE 1570 57, 25101
AT Al FARAAA F ASE-A }

] rﬁ7]- AIE A 71A] HHo
O t}23} ZtH(Table 7).

nﬂi

@'(Quantile)—,% AH AL 5
2 A Al ARA] 2

]1__ A=
i od

22 77 x]x}ﬂ] }UH suol
YL o2 A A7 HEE A0 o
= clil]\];]‘(Longley et al 2015).
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i

]
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3.6. VESTAP [<f
AmE) 2o

f9 Got 2aet HAY S=

3.6.1.

AT, SR, 4SSN Hopy FYASE
A0 SFele] | Fud, UPE L 4858 A
9} ThE2} ZEK(Table 8). A
BgE AgolA 2o gaArt
SR, ol Hobl S0l woldeSG ~ 15
). N A22] gro] AXE e ulgiet.

g At M § 59 AL pvalueZt 0.001

o

oI5t 1% oA F9%t Ao & yetytth. o, Tzt
T A5} F R E%S_ ARG T A= 0.0212 10%

ZoA QoJ5t Aow Uehd, IS ALEE
Ne gAHoR Term ore Ao yeptth 4%

S} HEEWAC A9 A5 X450} o] ATAA



AIY 7122P7| HSHH 8 XiEs ?ASt Fofd Xl S58t 4ot 37 1029

Table 7. Total result of Health vulnerability assessment by heat waves

Index Administrative District Vulnerability result Equal-interval Natural Breaks (Jenks) Quantile
Changnyeong-gun 0.60 1 1 1
Haman-gun 0.58 1 1 1
Miryang-si 0.54 1 1 1
Hadong-gun 0.50 1 2 1
Hapcheon-gun 0.48 2 2 2
Uiryeong-gun 0.48 2 2 2
Jinju-si 0.44 2 2 2
Goseong-gun 0.39 2 3 2
Gycongsangnam-do Sancheong-gun 0.38 2 3 2
Sacheon-si 0.38 2 3 2
Gimhae-si 0.37 3 3 3
Namhae-gun 0.33 3 3 3
Hamyang-gun 0.30 3 4 3
Tongyeong-si 0.25 4 4 3
Yangsan-si 0.25 4 4 3
Changwon-si 0.24 4 4 4
Geochang-gun 0.17 4 4 5
Geoje-si 0.04 5 5 5
Nonsan-si 0.67 1 1 1
Buyeo-gun 0.60 1 1 1
Yesan-gun 0.57 1 1 1
Gongju-si 0.56 1 1 2
Seocheon-gun 0.47 2 2 2
Hongseong-gun 0.46 2 2 2
Asan-si 0.45 2 2 3
Chungcheongnam-do Cheongyang-gun 0.44 3 2 3
Geumsan-gun 0.42 3 3 3
Cheonan-si 0.40 3 3 4
Gyeryong-si 0.32 4 4 4
Dangjin-si 0.31 4 4 4
Boryeong-si 0.28 4 4 4
Seosan-si 0.16 5 5 5
Taean-gun 0.10 5 5 5
Songpa-gu 0.57 1 1 1
Jungnang-gu 0.56 1 1 1
Dongdaemun-gu 0.56 1 1 1
Gangdong-gu 0.54 1 1 1
Seoul Gwangjin-gu 0.52 1 1 1
Seocho-gu 0.51 1 1 2
Gangnam-gu 0.50 1 1 2
Seongdong-gu 0.49 1 1 2
Gangseo-gu 0.45 2 2 2
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Index Administrative District Vulnerability result Equal-interval Natural Breaks (Jenks) Quantile

Yeongdeungpo-gu 0.43 2 2 3

Yangcheon-gu 0.42 2 2 3

Gangbuk-gu 0.40 2 2 3

Nowon-gu 0.39 2 2 3

Guro-gu 0.37 2 3 3

Eunpyeong-gu 0.36 2 3 3

Jung-gu 0.35 2 3 4

Seoul Mapo-gu 0.35 2 3 4

Dobong-gu 0.32 3 3 4

Dongjak-gu 0.31 3 3 4

Seongbuk-gu 0.28 3 4 4

Yongsan-gu 0.27 3 4 5

Geumcheon-gu 0.21 4 4 5

Gwanak-gu 0.18 4 4 5

Seodaemun-gu 0.07 5 5 5

Jongno-gu 0.01 5 5 5
Table 8. Correlation analysis results between I} Zth(Table 9). Al AAAO|A FLHA 7|15 eE A5
vulnerability factors and the equal-interval ek =9 AdAol E=EEdel, ole FHFE Sa°l ®
Spearman’s oFdLE(l — 551), A3sd A9 #hol AR A
Area Factor tho p-value oju)gtt}. E3F pvaluer} B 0.001 Tjuto g EA4H &
Gyeongsang ClimateAe-xliaosure -0.791 <.001*:* 9 o] LEHAY. ULAE Ao+ AAGES %{‘%ha]'l:i_
nam-do Sensitivity -0.539 0.021 oA £9] AlAo|, ASEHA|A 49 Aol &
Adaptive capacity -0.359 0.144 Foth AAGE ol 2H YL oA F ok SFo| o}
Chungeheang | —omeie posure | 0098 | <001 A — 15 AR 249 glol AR Aow
nam-do Sensiviy Sl L Ehgout, A&l wtle) e Btk H8%d A%
Adaptive capacity 0.094 0.74(*)** 9] 76]_?_’ 7(:])/%]_%59]_ %_%] %}E‘E‘ %9] %y&%ﬁ]‘% Eoll
e ASEBAE Fo 4REAS BTk ALSEAL A
Seoul Sensitivity -0.060 0.777 oby Zo] L,i‘o};g—/,\—i-(l _ 5%%) Hore 1]5,\—9,] 2

Adaptive capacity 0.367 0.071

p<.05, “'p<.01, ""p<.001

7 =EE9 ol Ay S0l Roldsg( — 55
B), M85 A5 gol AR A iRt A,
AdEs we 20 BAc A AAA BE A4S
58 449t S 4TUAE pvalue 005 OO 5

A feligel ekt et

3.6.2. oM mII AL Natural Breaks (Jenks)
HSE 0| FAY S5 AoA 2N
AR, SHEE, ALEEAN Y HHd IEAFE
Natural Breaks (Jenks) B0 2 Sg3Sloto] 7| =, Wl
e 9 HS58 AF] A 435 23k oS
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o] AX= AT HFoY, AAGES} =AY = v
o AFS EAh Al AAA 5 UfE A5, 255
A0t 5F9 AATA7} p-value 0.05 o]0 2 FA
9782 UEhA et

3.6.3. #ofd HWIt Zuet 2l5 2€(Quantile) WS
0 A

AT, 3T, HEEUA A ARA VESTAP
Fopd FUASE BOS BRQuaniloR S0}
Fwg, WEE, A85Y Aot JUUAE BT 2
35 chg3 ZekTable 10). Al AAA 25 75 gw
UPE Aok o) 4B BT 5 Ao 53

455 -

158) 715es 9 U= A5 g
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Table 9. Correlation analysis results between
vulnerability factors and the Natural Breaks
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Table 10. Correlation analysis results between
vulnerability factors and the Quantile

(Jenks) system system
Spearman’s Spearman’s
Area Factor p-value Area Factor p-value
rho rho
Climate exposure -0.924 <.001"" Climate exposure -0.827 <.001""
Gyeongsang . Gyeongsang .
Sensitivity -0.430 0.075 Sensitivity -0.433 0.073
nam-do nam-do
Adaptive capacity -0.289 0.245 Adaptive capacity -0.254 0.308
Climate exposure -0.916 <.001™" Climate exposure -0.835 <.001™"
Chungcheong . Chungcheong — "
Sensitivity -0.457 0.086 Sensitivity -0.557 0.031
nam-do nam-do
Adaptive capacity -0.059 0.836 Adaptive capacity -0.009 0.975
Climate exposure -0.937 <.001™" Climate exposure -0.881 <.001™
Seoul Sensitivity 0.025 0.907 Seoul Sensitivity -0.037 0.861
Adaptive capacity 0.342 0.094 Adaptive capacity 0.337 0.100
p<.05, “"p<.01, ""p<.001 p<.05, “'p<.01, ""p<.001
ol AXE A%S Bk Al AAH BE 7T A% Ao yehirt
= p-valueZ} 0.001 T|9to 2 BAZ A4S BTt 1 Natural Breaks (Jenks)¥} £9]4 E8(Quantile) H'HS
U UHE A4k SHEET 0031 10% 529 & B8 SFAF AUE 7|F0E A5E go] A4S
GYL BT HSEY ASk AYGEY FYIEE  FHPY SFo] Ropd o= Uy, SANORL
=9 ABe B, ASEEACME FY dEde FelskH o Ui At A8 Y Aee sEd
Btk 2 MY S0l OISR — 158 A% Z AR 37 $Fol YRS YA, FALA £
SHAL 3858 (59 9Po| AL AFL HIA  AHE vertd otk FTE, A AL S5 9
W AR FPEEE WY AP BAth Al A old 7%eE (47t ALSE HoPY SFol kol
A B H35Y A 552 Al A4+ SAACEE o5ttt Wi, 1A E A4t 455
o] pehkA] hoke. At S} 7 A\%0] JRBAT} S5 o AL
o Rlomd HoL Stor KO £ ot Ap etttk 1 ol disides A Al 7HA = g
3.6.4. VESTAPL| F|ofd Tt Zutet 3oty 55 7 o 22 olt}, X WA 2@} v]ZEd Afolo] QU XH
prud ol ‘='A‘| _75_3}
#2438 BAYE 5 A4 89 2 ot Ack BY 57
Al 712 e F88) AAEE, SHEE, A5 o] dBAYS Eolz L, BrgAge] #=3) Al 9
AE gos ﬁm W ARE ERse 0 E0d  ¥E VNS 4 UL AMT 4 UckDerel o al,
0% SEBSH WHo] VESTAPY Hoky W7l 29le  2023). F ¥ WAESh Hg5e) AL Yoo
l:l

N¢

Vg EIHOE WS R0 ekt 7] 5eE
HIZE 259 gho]l A4S Ay SFol BAG — |
5 Vom0 Ane), 485 149 ol
AQSE AP SF(1 — SSHE A EEHAHS

o JBA). &, TN VIR A571 ASE A
opol AA Fopd ol R, HeEY 47t

A8%5E Fokyol Holdl ok Faol WolHt Zo
2 uehgc ol FeE A5E $3% $A40R
R A0 veort WgE A5k FHGEOIA
W BAZOE oY Fo Uehdth E3t, 435
Aot A RS AR BE BAROE A gL

A1
R

= 93 dgiFos A1 7 gobd EAXCE A
HE/go] HotA FHF T3 9= € o ¢ HEo
EAT 4= Qlrh(Park et al, 2017). BFREF A WA, Al
&S] SAARTE FAste] Al @99 SAARE &
&ttt By A AR|Fo| A FLRL A HEo] AEH]

of W40] gro] Zjol7} glo] AA ] EAH 4ol
e efotet.
4. A=
£ Q7 VESTAPY Athd oM w7t Aue A
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e BeEel s5R AAZ SR
VESTAP 571 239} 535 434S 2 A

e £ Al 7P a9Fo g &85
s ue made A BHoR U
Hory W7k AnE SR sl Al A
We SestuTh A WA 504 WS BeSRL, T
HWH Natural Breaks (Jenks) H'*H& &85}t wpA|=t
o2 295 BFQuanile T8d ATt 7ok
4 W7} Ane SRe A3, S8 Pl U 71z
AR FFol FekAE AL ST & AAek. Ak
4 W7k £33 VESTAPS] Fok4] B} Aol
Ag 243 AW, sgdes s
VESTAPS| Zlob4 W7l Aag 71 %
2 Uk A% Sl wolA Hef
NFed A%, ABE A4
AN AE DY BT, 7192 A5
Ro PR ASE SARORE §
2 SEI 2% s HAE sYsHA Ul
of 2+ S0l 44 el YBHOZ oafeh] AT,
9] duE HY BAS SAHTE A
oA &&sl7|o] F-8&5tch(Balio et al., 2025; Park,
2023b). 2B EE AAA A Heh A - A ATHA
QI B7F 23 siA & &g 5ol TAHS SE0] HEd
& ol FHo2 8ol ZPsT AR Az Kim
et al, 2014; OECD, 2008).

o8l ATANHE Bedof Ol LALHA T B
7b B3t 7MY AAAE FeR AFE AFYSIAA
TFolAs A= 174 Al &2 22670 Al
?'HL— Yot s AAZ FHd B7F
2 o8 AshE £EEA 27} A7
Qo 4R, 5 5 dore 7]
289 ol ¥ el B0 ol
935t} Natural Breaks (Jenks)
R —E—’@(Quantﬂe) Suek U FoF
d S EOIA FFgol AdSE 7|FeE, U=t
AX L A-G59 A7t ZofAl= o] HiFE HEht
A kAL, 1A E B A5 Aok el B4
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