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Locations of cooling centers according to spatial patterns of heatwave vulnerability and
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ABSTRACT

The impacts of heatwaves exacerbated by climate change are particularly severe in densely populated cities with high-rise
buildings, where vulnerable groups such as the elderly are at the greatest risk of adverse effects. Seoul, Korea, has
implemented policies to address heatwave-related risks, with the establishment of cooling centers as a key initiative to reduce
heatwave vulnerability. However, analysis of the effectiveness of these cooling centers for mitigating heatwave-related impacts
has been limited. In particular, studies that integrate spatial analysis with the distribution of the elderly population in the
context of heatwave vulnerability remain scarce. In this study, we empirically evaluate the effectiveness of Seoul's cooling
center policy by conducting spatial analysis using data illustrating heatwave vulnerability and the spatial distribution of elderly
inhabitants, including those living alone, across 423 administrative districts. We assessed the heatwave vulnerability of each
district and calculated the capacity of cooling centers. We used visual mapping and LISA analysis via QGIS to examine the
spatial alignment between cooling center locations and the distribution of the elderly population. The results indicate that the
current locations of cooling centers do not sufficiently account for the distribution of the elderly population in areas with high
heatwave vulnerability. This finding underscores the need for better-targeted policies at the district level. We provide policy
insights by presenting empirical evidence through spatial analysis and visualization, offering recommendations for more
effective placement of cooling centers.

Key words : Heatwave Vulnerability, Cooling Center, Heatwave, Seoul, Elderly, Spatial Analysis

Lead authors : Kang, Soowa ‘- Kim, Jinju - Jeon, Sumin ORCID 73522} 0009-0000-4946-0233 3EA3] 0000-0001-6325-8031
tCorresponding author : kimym@ewha.ackr (52, Ewhayeodae-gil, ZAF 0009-0004-9265-8201 Z31] 0000-0003-1521-6069
Seodaemun-gu, Seoul, 03760, Korea. Tel. +82-2-3277-4030) Z4=4l 0009-0006-7194-3884

Received: July 22, 2024 / Revised: August 28, 2024 Ist, October 30, 2024 2nd / Accepted: December 6, 2024

http://www.jccr.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2024.15.6.1001&domain=https://jccr.re.kr/&uri_scheme=http:&cm_version=v1.5

1002 et - YTE -

7% Hsko]| gt AR 7F E o)A (Intergovernmental
Panel on Climate Change, IPCC)o| W=, A|AA] 7]
= V|2 Qlsk AAAIEE vIro} HrF G2 AR
QIO T(IPCC, 2022), E3], IPCC A|53+ ZFEITANA
o1 ujo} Zo] ZQIe 7| gusio] e gEA A
A % Sluo]H(IPCC, 2014b; Shin and Park, 2016), St
=g B ofAlof Ao E Eede] Zrh /| THst
2 Qlgt A% Y¥Eoz ofAX QIck(Shim et al.,
2019). AAZ1717< F9< 9 A9 Hd 7=
o @A3] w2 7]20] 4 3Y o} A&HE LR
o5, digtels 714 8M e @ A3 A=t A
A 33k ol A5 FHU2E HOARTHKMA, 2021).
20249 79, 9 AF H7]20] 17.16E5 7|E51H
AHE HIAE BARTHWMO, 2024). =9 ZEAUAs

= 22 1087 14092 590 AsED o,
201890l 71AHEE ol F117]L9l 4158 7|=E5H
EQU4E W o] 39 ol Be 315U BaE
THKMA, 2021; Park et al., 2019).

EQe 02 /FHs B A 2ol FYAe
NAE Bl He HolAw wd daol BT
B2 Q1w 812 oloid % THKim ot al. 2006). £
o APy, A4, A 5 52 Ao ololxu, Azt
A ol& & hﬂr(Klm et al., 2014). 3+=29] 7 20184 ]
452659 24 AEA7} WAISIH A (Park et al., 2019),
20228 RO £ B AFGA = 69 1,000 °1F
O 7 ZAMEQIth(Ballester et al., 2023). 181 ZFOo =
Qg AT WAL} SAY BE A4, A2 W gL
A S Sl s AAHch e B34
Agus 48 QA £US o AHH B el o}
glo] Wzolct,

el EESETLIEERE
g0l Y23 ok A R FABe) 7
Qo] o] A - A1 - Ak} Frjo) uh
%+ Qe AAANLL AL, A 3
Q2% gHe vl Sdela . w9
9% BRI Sistel ASAAA FoF A
229 75beta QUHKim et al, 2023). QEHO &,
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WA WS Fole AT FBWI YUtf(lang and
Lee, 2019; MOIS, 2010). Z-EA| 42 0] &3t Algo& 7
L0l Erh= 3ol 9l2m(Yang and Yoon, 2019), 9
27 Ajele] gRoz B ok A2l 4 5L T
A7l A7l Qe Aoz HrMETHChae et al.,
2016).

Af= Yol L[ A(Hazard)@}t FHoFst ARsl® %4
(Vulnerable social conditions) 7FS] A5 2-8-0 2 QI5f 4t
AISFCHIPCC, 2014b). whehA, G FAo] gifFo 7 4
HHL o7 sfiAe D9 F”RiskyS HES]
poletat FAlof sl Ao A o] et vt
gasttt 22y, @ FE9] dE B 7 A =
o FoH43 Ak AR BES EAHOT Tei 44
o] ofljzt= H]mto] A FFTH(Chae et al., 2016; Ha et al.,
2014; Kim DS et al., 2020). jufsld, tfHE9] T
e A= +4, sFUAE, ASH 5 7129 F3A
Aol A= A= qlon, AFAI +a I 4o
gk &40l o|Fojx|x] ¢ky Qe AAol7] wiZoelth
(Chae et al., 2016; Yoon, 2022; Yun et al., 2016). A=A
o] 73, 20234 7% A 4,11370 FE 9 HE ] 77%]
SfFot= 3,116717F BET AldS E-85t0] &FE L A
o, oz uBATH R HEol £ U welE
S ek ol REi9 e HH 5 A w2l o
% 327 BRe A,

AR SAES WY Bo9 48 Fo] Moy =
Horgs) Ak Aol BE 542 wejsta 94 Feta
%l€S A|ASIHCho and Lee, 2018; Eum and Yoon,
2015; Kang et al., 2020; Yang and Yoon, 2020). 12|t}
AG7HA Y] A At TRt ARA 89lS 1Eet A
A e F AAsH7 e SA7E JloH, HHES ¥

oAE Z7HH o]AA 5 I EAJo] 2E3] TEEHX

5ot Qlvh. Fo 9] HE9 B2 9 g Higt A+E
AdE ZopE 4~ QJ O} (Kwon et al., 2020; Seo et al.,
2016; Yoon, 2022), thF29] A7 £ {3 5 Al
gt 243} d=o](Jang and Min, 2021; Kang and
Kim, 2021), T3] Ao 24 w311 JthKim EY et
al., 2012; Ryu, 2006).
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= Flofdut 21 QIS Vit RO EH K| St MSA| AES0 tist S 24 1003

wQlg EF ol AT Holeg BEste] UHS F
AZESISE B2 BAS AT 53, o] ATE 9
F2 24 BT fo] A, &, 7 99l B4 /)
AR 743 o] AL AUsH LefskuAt St o]
g Sste] Hgo] Bt AnHoz 3T & Yt T
9 e A9 TAH AY Were BastuA et

2.1. 7|=H#st FHoY Han SFo| Bt =2

713} F9FA(Climate Change Vulnerability)o]] o st
AR Y] =0l IPCCE FH2R BEH o] F0iX]
I gtk o] et IPCCO 7 Agojet el A1 A
g vigtoz J|9Wst Aokl Y U 74 248 7
Ealol, B9 Fopdo] gt A% 249 Edig whds
A} gk, 71 gush HobRe AlAdo] 7l 5Hste] 2
ARl Jgoll FHefotal dixd 4 fle H=OIthIPCC,
2001, 2007b, 2014b).

71533} Fofgol Hiet dy 4 84e 254 W
skotar Qi 20079 IPCC A42; SHEIAE FHFIS
Agasie] BAHe 2HH dFL Wi AR Hf
™, =Z(Exposure), W T (Sensitivity), &S &

5

o 5, P2 715Hste] ol Ak kEH 1, 1 Wt
of duttt Rizkste, J1of B8 4 9l s¥ol dvit
HEAE gt S84 Aidelth. I, 201449 IPCC
AsAE SFEIA M= P Hort Het st
I E3HE o s WA 7129 FeHd Jdoel ojv]
At 715 ste] Aute] 23e SR, AsH FEE
A9 FoRd g Hot I Aola 2ol AEL
2 7155k 244 9 e 7hedeE Aol
FHeHda D e sk st on, 715Hst
o] A% ool a2 Wk 53 AEAESt] 4
AEG ARt 59, A4 FHEINE g
FoHd 54 F8 A ;oA AHAR] 4R =2l51%
ou, AsAk FFEIAME= A NES BusHA =5t
HA e E OE AR PUletA gfod, =& 9 A
S Y AoAEsts tAIARl 8401 FHFe
O& THETHIPCC, 2007b, 2014b).
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48 5o 7|utstel, B UgEe] BAH I
248 o] gt P BISKL Atk ol AT FG

9] oj&Lo] 7]Q1%KChoi et al, 2018; Hwang et al.,
2023; Moss et al., 2001; Park et al., 2017; Yoo and Kim,
2008). olol, o] ATL HoFHe AE BAY Ay A7
of 7Ixtsto] k&, WIFAE, 28 5ol it A=Al B4
B4 29 Fop4S nokstn ROy g8 IAE Ble
A} Shok

g UYE, A% 5L JFuste] AFe] Gue
| SAHl doln, ofo] wet FHopge] AT
£ 4 9IH(Ko and Kim, 2009; Nam and Kim, 2013).
Hato] et =& VAT H2AYE £ AS
2 ok Fopdol 48 & itk BAzom
ofit Q1 Fgke] SAo] whet Hokgo] Aolsh] Lt
ElUA E|EZ(Kenney et al., 2014; Kim et al., 2022), A
A4 o] st S Te] WéAolck WA, ke
E2 A AL F 52 AEA, &4 71, ARlA E A}
9, 7)uk Aol AA, Ag] B E3kA i) 7|5
sto] RAAQl AL W BAo] Fol7] He AL o
S]GHEHIPCC, 2014b). o] 23t 1BL B 19o] wgE
o 48 o] wet 77] B R ow YerdTH(Choi
et al., 2018; IPCC, 2007b). T3}, Kim et al. (2022)2 =
=0l AHEE 2 FHE 5 I8 A 7FeAEY S
e Be 71Fus} Hopgor olojxnty Fgst
o, FHoPgat 9E OIS ofsishs Y asem
Hotth wehA, o digt $42 g9 7]$Hs} of
S-S 93] ZS=o|tk(Shim et al., 2017). k=&9] 24 3
1L Wk £Y - B9 MR B4 59 FWFAY
o TP N, i ASE, ArdY W, =I5
A 2L TG e FES B8 THAdger,
2006; Fiissel and Klein, 2006; IPCC, 2007b, 2014b,
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sk

N oo N R
T

18 1%

2 wigjo]
o 2 Qe We /HsAo] Bkt golth. Tt Wy
E7b ol 1 4% BoAL B8 4 AUk 59

3k 2% & QU $9Y Ao K54S ujstel, 71T B o a4sh At % AAAY =, Aoy U Hg

gk 7+ AT ANgo)A] SAISHCHIPCC, 2014a; Kim et al., 2022; Yu, 2020).
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ol Jlttd, oGS We 4 Stk PP vzt
ol A8 LI & $£2E £93 IS nx]7]

Folot. vit= 2HE AJAks WS AEA Wl 715
Wt Hok A9 AF 1T v E dx, A4 2 A A
&4 52 18slo] =%3Ith(Adger, 2006; Fiissel and
Klein, 2006; IPCC, 2007b, 2014b, 2022).

opREto B, A-g Y2 7| TRt tgotal o]F &
HHog FES £ e 58S uisiH, ol AAF,
AN ApAE, ALSlH YIEQ A AE, A A} A,
T G, A7 A5, B, 281 71 S AREY] A4t
g 7]dto] 3A 9E3JITHIPCC, 2007b). A-S 58S 7]

N

o L.
FHskz Q8] TS 719t B2l H8d= &
g2 gokst, FRA0RE JFusle] JFe Hast

stof g uziwo] ofgt /) ¥ust Age sttt
(Choi et al., 2018; IPCC, 2007a, 2007b, 2014b). o]XH
%o A 5 WA /TN HpS UE &
QItH(Choi et al., 2018; IPCC, 2007b). &8 532 HH
U AR GA o] 71 o5 A E A, 34
A AA 5 Qlzmete] £, GDP 5 ZAAE, 987 AAH
gd5F 59 @7t 3 EcHAdger, 2006; Fiissel and
Klein, 2006; IPCC, 2007b, 2014b, 2022).

olejgt IPCCe] /g Bes A4 slsh Foky
& 2457 9w e A7} ol2olAT ek
Z O F Moss et al. (2001)2 7|& =&, WAz 8 &5
Hof| gt Al Mg A5ty #2E3F S AR
TS Fpde BAoR AR Aok-eey
A #E X d(Vulnerability-Resilience Indicator model, VRI)
< NSkt VRIE FoHd S40l 7 &dsHA &8
e REE Ot A5 Aol A8E L 1. Brenkert
and Malone (2005)¥} Malone and Brenkert (2008)= VRI
& Tgslol QIwo| Jlgust HeHlg Baslson, @
= #Y AFEE Yoo and Kim (2008)1} Park et al.
(2017)°] VRIE 9] Aol Hrs 7j4sto] x|d
FloFd A} &8 WS AAISHAT o] L= FoFA
of 7ido] 7% o BT ARE o187 AT
0]20{Z|11 QIt}. Dessai and Hulme (2004) 7]% o=
Aol R AFgalo] AAH Hotie Biel
Aom, Apreda et al. (2019)2 o|gg]o} U&Eg 2 H9
A3} Fobo] w4 AT HAL QL B1a)
7] A3l AsA S A8kt 12]al Sugar et al.
(2013)2 =AHAQ1 TA] 7|5 W3 Hlo|HE &A5to] &
39 g Aux AL TS susos,

=2
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Birkmann et al. (2015)2 A7}2ELE thiloz A AA
AP = R4x(World Risk Index)2} A& B7HE Al 4
85to] Hlolgl 7|8ke] &Y Ad Tl oS M= A
Q.

oly3t 7|FHs} HFS S8t tiido] He 7|E
st AF BEAo] Jhsditt EHo] F
EASH A9 s dYar]L, 2IY

et al.,, 2018; Eum and Kim, 2024; Hondula et al., 2012;
Hwang et al., 2023; IPCC, 2007a; Jang et al., 2023;
Rosenthal et al., 2014), £3], ZIL+ 5 ZF9 e}
A& AIZE, ®WlE7E SQas5thal ZFESTH(Shim et al,
2017). W E= =9 5 FF AS A+ H FFH], A+
=, Zofil 4 BlE& 59 ARE EE35tH(Choi et al,
2018; Eum and Kim, 2024; Hondula et al., 2012; Hwang
et al., 2023; IPCC, 2007a; Jang et al., 2023; Rosenthal et
al, 2014), 48 5L BAL 5 o2 7% 2 9, o
9 3R UL, %4 WA SO BIHIHCho ot al.
2018; Hondula et al., 2012; Hwang et al., 2023; IPCC,
2007a; Kim and Kang, 2022; Myeong, 2011; Oh and
Won, 2023; Rosenthal et al., 2014).

o& E£of, Hondula et al. (2012)37} Rosenthal et al.
2014y AHT71L3t ] WA W 9 A% 50| 7%
WA A;et A W, &5 $F, A 4, =4 A2
4 & ARA ARE ARESHo] w5 BHA 78O &
A FoRdol @ w AW W AFGEC] nA= ¥ &
X519t} Choi et al. (2018)2 VRIO| 7]¥l5lo] 7% =&
= BT, ZAYS, o E, P EE v 65
ql o] QIF- v, FU7|2FEA HE, AL k9 H|
S 107} 842, A3 59L& 79 44, k9l A7t
A A, B 4 5 67l 4R SHst £ FoH
AFE9c}. Bae et al. (2020)2 SOLWEIG 2d& &8
ato] 10mx10m A7} 7|50 2 BALEE AHEsle] Zg
Hergo] =& Ao FEHo D], Kwon et al. (202002
Landsat 94 J&S ol8oto] A @ BEXEE Hig
o= =Y PP ANYL

>

Mo Uz o



ZoH Xk} 10| O

[

|

rot

24|

i

87} gL 595 H(Cheng et al, 2021; Cho et al,
2015; Kim YM et al., 2012). AS]& ok A&9] A2 F
Al, AA|, 2, AE "4 SHoA Forsto] Ad ¢
of tigt diuv|et thA 5ol Lt AFFEo] Hls) F=5}
oh mEbA], g k&0 gt BhAo] A1 Aol
AR og HESlo] 1 17} Ath(Bae et al., 2020).

4 FoF A H9 # ool disid e ohFt =
o7t o, A AT JAHo e WS, ALSS,
ds, "HAAAZE o AFol AZEHW(Patz et al,
2000), FoF Ao 2= w2l, ofdo], 49 Agh, 4% 4
g B 59 v A% A, AA5Fo| xHY
(Arsad et al., 2022; Bao et al., 2015; Williams et al.,
2013). 2020 Rh= 7] S W3} F7FE A= 654 o4
oL, fole} ofzlo], AlHE % A T AR, ol
A, =5l AAA eEo] B2 AFES Y 5 S
Aol Wzst FoF Hdto g BR5ky QIthKMA, 2020).
ojoJofl i ARRHAA Ko7t Hadt 5AkCl, IV %
AEeFAL Q1 S5 AL AR, I 2 oA T
7} ZSHEITH(Chung, 2021; Seong et al., 2020; Song,
2013).

£3], 6541 o4 Q1 ¢ ool i L A
o8 W2 AFoA =9FHi JYrhKim et al, 2022;
Millyard et al., 2020; National Institute on Aging, 2022;
Shim et al., 2017, 2019). JEZ O 2 Kim et al. (2022)
A+ 13 1t £ =S FoM, Aol g
Y] TS AdEoH, ForAlore] 2P}t A4

of F=3foF il A At AR, HHo= Q%
ANFELS BA ol R AAH 654 o] =Rl AT

Hl&o] &2 A Ho|A #A YeEhdTth(Bae et al., 2020).
654 o]/49] wQl 19l oFet WA AP 7
34 W3t YA w2 AEHAR ojojAH, ¥}
AR 2] AHgo] ofHAY FFH|o] et FA|A REo=
T2 2o Higt A8 sEo] RES Aol Q7] W
o]t}H(Cho et al., 2015; Fujimoto et al., 2023; Kim et al.,
2022; Shim et al., 2017; Vu et al., 2019). B9}t ojyg},
AR A w3t= Qlsf Al 24 o] fasty v A
319] 75 A =olAth(Kenney et al., 2014; Kim et al.,
2022; Shim et al., 2017). § Yo7}, EAxQl9] A=
AR RS} or] ottt 37 2o B Fot
o] YL Z7FSt}(Forsyth et al, 2019; Kim et al.,
2022; Pleschberger et al, 2019). AA|ZE, 201445

2018W7HA19] 654 o 24 AR} YHES 10.4%(5

o>

B K| Sk MSA| AESH et St 24

1005

H B2 654 v|gt WABE 4.7%0] H|5| 2F 28 Erh
(Park et al., 2019). TS, A3 Ato] =24 = Q1+
TFz9] w2 PR 2050 dtholl= oF 1,040% HO 65
Al 0]49] kQlo] Zof EEH, = QT AFE 2
Al Z7Fe Zolgkal £3%kc(Shim et al., 2017, 2019).

tetd, ZaEel 2 AW Y ML 2 3
oF A5l QI QlFto]l thet |l mpetxt 1Fo] FQ
sith A8 A= AEHYU AR #5HHQl BdF vt
gog &4 FFdS HrlelaL wsiE E45k oy
(Choi et al., 2018; Hwang et al., 2023; Kim KW et al.,
2020), FH 9 8 5 FAAR FAo| FEsko] Thrgt
ABIAASHY EA4ES SHHCE HUIRE A= ARt
Zlo|t}, whetA, o] A= FE 9 8 BHY| FH BH
oAt A1 £ FoF ASQl =2 Q19 Exe}
Zd FoHds THH R uEsto] RH e HH JAE

.

O

S
oy

Mr
ol

2.3. MSAl 2 Hun 209
24y

oix

B X 482

=
S

ol WAL/} =2 LA AL ZY m= Udg
Aststa gick. Aol g2, Ad 104142014
H~20234) A9 HF EGISL
[ox]
=

o,

A4 15.642 AAEA
a1, 20239 AEA] 2F A= 20102 A o]
82.7% Z7}6FATHKDCA, 2023). Kim et al. (2022) 1]
B g9 2uPTh= Ao gt HFS TEAE A
olm E3], Ago] 7P FHoFst A o] & ZHojzta
skt olo] A&Ale Zdo tSat] st ™S
ZHo g RASHI St A=A 718

—% o= = RS
2023 15 T HF o] m=d, £ 7] FE B
E gE AA 7hs, 19 S8 A4 FA 5 F9

A Ad A, B2 2424 FY 52 :
ER FY FoF ASS HEsh] s FHA dE 29,
9, 2=, oo 52 4=

o}
5t= Ao 2 WrEE]A Qlth(Yang and Yoon, 2020).
FUAE, 429 5 T3AEEC] €4

71t 9 HEE AFE, AGAAEA 7T et
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Zof
A7 i
oF 409 9 FRO] &9
ol g *JH 7= —E—Xﬂ%
10% Sd5}od X L3t} (Seoul Metropolitan Government,
2023).

FE9 HdEY Z2 FF AHlA AEY A, ARl
A A= AT 2 7iQle] ArlAY it £ES
Aestr] ol Fal, B Ao A AR|ATE Al S E7
&= | AolA FHAE A7 YT 7ol
Eth wEbA, o] A B8-S drEsto] AFe AAl A
o] WA o|tH(Chung, 2012; Koo and Chang, 2021;
Ticbout, 1956). 58], %ei] 4ejeh ol ol g2t 43
WEolok s A4 A9 F240] Be Fastow,
A= oA =8 ¢ HLo FPAATL aIES 1Y
5t YR AAo] "Ao|th(Eum and Yoon, 2015; Kim
DS et al., 2020; Yoon, 2022). 181} A AP Q=
Fo9 8 AL wWyst dA GrF AAEA do
o, 7|&0] A" FIAEE HF=E A= Uk

S3AA A AAE AFsH] A= A99 E4
I} o]-g gAY A4 Tt F7H4 gol d
42 o]t} (Chen and Fu, 2023; Umar et al., 2015). 374
A7 B A4S E8oto] SAZHCE {Fott A 9F
EA4S A48T 4 o, I JIF a2l Higk AF=
o} =PAE BEAY 4 th(Kim and Lee 2014; Kim et

al., 2004; Koo and Chang, 2021). 59 €& = A9

o|n fr rlr

'10 i

. A

= O
o=

A7 B0 A0l BB et B4 MEAI
w2 B9 29 Fu9 89 A8 WA

(Nam et al., 2020), Landsat ¥4 G4 7|Hke] =A] Y &
B Q] AT, F FE LRZ o] goto] R 4
B YA E A7t cHKwon et al., 2020). LU}, AE7+
A 29 7= FO9 HEY] Y JEE AASkE

SrEIs| - ZR0|
3. g+ 44

3.1. g7 W

o] A A& 257 AT 4237) WHEE) B
oFge Brlelm, B9l e QAo el A7 Bk
AS molet & I3t R4S H8sto] R 48 o
A& W 3, 4% Q7S vitos 7 5ust 3
obg W7} BYel VRIS BjFOR 7 PYFO| 2o ot
S T &SI (Choi et al, 2018; Hwang et al, 2023;
Moss et al.,, 2001; Yoo and Kim, 2008). Z¢ ZFAdL2

A (1) Zo] IPCCo] 715w 3} 2}_]01:/\3 o] 7]akstol

w23 R GolAl 2G5S Agste] ALkt
AL 24 grol 4% o9 PHE 29 ok
o] £&2 oJnjgit

Vulnerability = {(Exposure + Sensitivity) / 2

- Adaptive Capacity} / 2 (1)

1_.

O

-
L

ol 9ste] B B F, UHE, A4S @
HolEE $H3FAtHChoi et al., 2018; Hwang et al.,
2023; Park et al.,, 2017; Yoo and Kim, 2008). <24 &9l
24 ARE tew 2o 3 B ARE EQUse
Arjofdsrt mEEY, EGASE Q17 20| BE

o1t Aokl A3 A71o] 255 o8 ol
Htt(Jang et al., 2023; Park et al., 2017). L=
= T 654 ol I HIE, V2T Bl E
W7 2egAt HE, AL kel HE, 54 %S H]g, =
7 2pg4F 5AXQ vHlE, Fd 72U, =i £,
I Wi, Aofiel 4 H&o] ZIHETKGarssen et al.,
2005; Klinenberg, 2003; Michelozzi et al., 2005; Moss et
al., 2001; Patz et al., 2000). &3 53 ZF FFA A
2ol A4 JFe A % gk 249 FE9 4
48 A9, BAs U BARS 2 WA 2, 9= A )
£, =X HHog = ck(Heinrichs et al., 2013; Park
et al., 2017; Smit and Wandel, 2006; Sternberg, 2003). Z-

g % jom, A OFA 7l ZEo] X|oF A= - e
j !J;M j =4 198 = ;{:; éﬁ _' Uﬂ‘i_" A= A HE= Z-scoreZ EF3}OT T
ol =37 Z 5
232 5 A 4 et FHHA a7 RES SR, 4] BAES ol HoF A=ol ol U EA
2) AY AFoMs madt WHEEY 23S 530l w2 7HSAS FoIstal JUTH(Choi et al., 2018; Yoo and Kim, 2008). o= &4 9
T A5 5ol 2Ist HFE AHske pCCo 715 HAHA A %*,:-_61 WGt AR, A T =23 UHE

gto g FAE7] w&Eo|tH(IPCC, 2001, 2007b).
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/ﬂo EQH O]Z—] X]Q .{é]ﬂgl 7( /Ké 7l }\_Q_Q_,] Oﬂok
TEet 27h 7| AFTAS A E Tk Tobler, 1970).
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A (T A 9 olg AY)S W= = oA
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2ei9) 28 2820] et B0 Y LE 9L 2
ol18+t(Seo et al,, 2016). LISA 242 3} B
dolAl £4 tia Ao WA" S A71dadE 1L
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I 22 FHA EEE f335keto] A4 diHE HojE
E}(Chen 2024). LISA B4S =3 A7kl 2= el

£ 7 451 24 5 R ko] a3 440
A o2 "t ol §-85HA &85 3t Anselin,
1995; Moons et al., 2008). o] A<} @0] ulo]32 A Y
919 B4 AN 49, B4 7 o $E5Y 59 4
OFg 9] StATT FEATE AT £ QUoke oA
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9l B HF AFY w9le] RS FYHOZ TR
o). o] AT SH 71T} B A} Be A o
TolA FY FoFgol Wlf &2 AP EFE= 654
o =2l IFE YL R ATH(Kim et al., 2022; KMA,
2020; Millyard et al., 2020; National Institute on Aging,
2022; Shim et al., 2017, 2019). E3}, Tt 654 o]A} =9I
AU MAF ZAWLRlo] tet EAS ZH2 AAIste] Hot
TFAAR] BAA A5 =&

A4S floto] ASAl EH OB 714 7%
BEAHAA AFote 4l ArE 8ol ZF F
oFg A= AL flste] Edo] Hidt =& A=E 57
Sh7] 99t A ;] ZHLet dojord e 71 7%
AHEE O] YA Loy 20219 Representative
Concentration Pathways (RCP) A|Y2|E -2}t
(KMA, 2021). 4) o] oﬁl:[LJ: —6147(45 1—4—_?4 H/Hg _?_]—a].oq
RCP AU E &85yt ZHLSet Erfjord o
et A 15 Ame & 9 FIAY] T AFE Hlo]
BTt A5 O‘O‘% RCP A4 Q Hlo|HE &3 3

T HoHE &Hd 4 Utk RCP AU e+=
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BAIEE 71ME AEsto] 1km AR} @919 JHE
st7] wiZol s &9 240l ZFsstthe Aol
. O] At 715HSke] AT 2] ARl o
7] %t BH a9 #d B2 A3 AFolA &8st
= RCP 8.5 AU 25 #8350 E4519 th(Choi
et al.,, 2018; Kim KW et al., 2020; Riahi et al., 2011).5)
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BAFOE ASHTHKMA, [date unknown)).

ARG 7WOR 2 & % FAXo] S 1km A HolE2]
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(TE), AMEA T 2GR FAHEE), A=
Al EAR] ARFIESE), A R B =)
AF(EEY, AEZA QT (), A=A ol @
FEoNTIEsE) FAE Z8SATH(Seoul Open
Data Plaza, 2021a, 2021b, 2021c, 2021d, 2021f, 2021h).

spRero.R, Fe 9l A HlolEt 20239 ALA T
9 HE0 Bas 4 HARAE 20219 AA BA
& Y HARAEE) oA 35 tH(Seoul Open Data
Plaza, 2021g, 2023). *4 =2} 9|8 1g H|&2 7 3
A AR 201799 MEA] A7 71HEE) SA % A
A 9= 713 FAF o= 1E(EE) A" E(Seoul Open
Data Plaza, 2017a, 2017b), =X HAL 2021 AEA|
2] 8% B72] 7 o5 E B-&3h%AkSeoul Open
Data Plaza, 2021e).

Table 1. Measurement indicators and data sources

HA 7 AHEE =
Fig. 13} 2o, 2 %
o] e Aolth. FETF WIF093)°] 7
Ao BlE|gom, F2T 0|35 (1892 7
7P e oo tehgh ARAozE 424
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BRI Q). GERIFT. $347 9, 120
R AR(QFAT D)7t EGo] Foke Aoz Bal

J
flo uR
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ox,
s o
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o‘;' j]-n%
o4,
o({-)n "
— ofl

10, AN
Az ofN ox, 1O v ol

o o

o 10 g

[¢]

W

el

1

o

= FPG A Aot 107 PF &2 Table 29

Category Measurement indicator Unit Data source
Days of heatwave days
Exposure KMA (2021)
Tropical night days days
The proportion of population over the age of 65 % Seoul Open Data Plaza (2021d)

The proportion of the elderly who lives alone

%

The proportion of low-income elderly

%

Seoul Open Data Plaza (2021c)

Sensitivity

The proportion of elderly living alone who are recipients of

National Basic Livelihood Security Act benefits

%

The proportion of recipients of receiving National Basic
Livelihood Security Act benefits

%

Seoul Open Data Plaza (2021h)

Youth dependency ratio

persons per 100

inhabitants

Old dependency ratio

persons per 100

Seoul Open Data Plaza (2021a)

Adaptive

capacity

inhabitants
Population density persons/km? Seoul Open Data Plaza (2021f)
The proportion of disabled people % Seoul Open Data Plaza (2021b)
Capacity of cooling centers persons Seoul Open Data Plaza (2023)
The number of public health centers centers Seoul Open Data Plaza (2021g)

The number of beds in hospitals

per thousand beds

Seoul Open Data Plaza (2017b)

The proportion of medical service personnel

%

Seoul Open Data Plaza (2017a)

Green areas

m2

Seoul Open Data Plaza (2021e)

6) T A A A9 A ARV Ag
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Fig. 1. Spatial distribution of heatwave vulnerability

Table 2. Ranking of heatwave vulnerability index

opio] e WyFol It ool T npEA(16A F

97), A0 F 107hHE A=At o|AH, 2 3
5o ZF FHoFH EEE A GFQI Apol7) S-S &9l
g At

o9 dE $88& AnE7] 9oto] 4237 FF5

9] 19l QItet Fri9] HHO Ex A%S AFRE W
1B SHH Fig. 29} Fig. 33} Zth®) WA, Fig. 2= 654 o4
AA =91 A} ZALS] I9] £x Afgolt. HA|
wQl QI M @S YA 2WT AdEEoR
8.44570l, ARl A7 7P w2 A
S23% 03 26960 It HA
ST, AR, AET, TR, FHT,

—Ll

27, ZAT,

Ranking Local name Heatwave vulnerability index
1 Beon 3-dong, Gangbuk-gu 0.9360
2 Suseo-dong, Gangnam-gu 0.7958
3 Namyeong-dong, Yongsan-gu 0.6809
4 Jeonnong 1-dong, Dongdaemun-gu 0.6569
5 Gayang 2-dong, Gangseo-gu 0.6509
6 Myeonmokbon-dong, Jungnang-gu 0.6155
7 Jegi-dong, Dongdaemun-gu 0.6066
8 Songcheon-dong, Gangbuk-gu 0.6021
9 Junggye 2.3-dong, Nowon-gu 0.5378
10 Cheongnyangni-dong, Dongdaemun-gu 0.5346

414 Yeomchang-dong, Gangseo-gu -0.6767
415 Gayang 1-dong, Gangseo-gu -0.6820
416 Gongneung 2-dong, Nowon-gu -0.6897
417 Banpo 4-dong, Seocho-gu -0.7613
418 Sanggye 1-dong, Nowon-gu -0.8125
419 Guro 2-dong, Guro-gu -0.8907
420 Pungnap 2-dong, Songpa-gu -1.1159
421 Irwonbon-dong, Gangnam-gu -1.3139
422 Sinchon-dong, Seodaemun-gu -1.5288
423 Thwa-dong, Jongno-gu -1.8992

Note: A higher score indicates a region with greater vulnerability.

7) AH FASo| gt =G F A A4 Appendix 1(https://url ki/6etxdg)ol| £Z2E o] Tt

8) 22T H T &

& dlolE7t 2AEA gko} BAoA AT,
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Fig. 2. Population distribution of elderly and elderly living alone
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Fig. 3. Distribution of cooling centers
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Fig. 4. Distribution of capacity of cooling center
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Table 3. Capacity index of cooling center
Elderly Elderly living alone
Rank
Local name Index Local name Index
1 Yeokchon-dong, Eunpyeong-gu -0.444 Insu-dong, Gangbuk-gu -0.507
2 Hwagok 1-dong, Gangseo-gu -0.370 Songcheon-dong, Gangbuk-gu -0.462
3 Insu-dong, Gangbuk-gu -0.313 Yeokchon-dong, Eunpyeong-gu -0.422
4 Yeoui-dong, Yeongdeungpo-gu -0.296 Sanggye 3.4-dong, Nowon-gu -0.415
5 Segok-dong, Gangnam-gu -0.295 Suyu 3-dong, Gangbuk-gu -0.367
419 Wolgok 1-dong, Seongbuk-gu 0.734 Sinnae 2-dong, Jungnang-gu 0.753
420 Sinnae 2-dong, Jungnang-gu 0.787 Wolgok 1-dong, Seongbuk-gu 0.755
421 Sugung-dong, Guro-gu 1.023 Sugung-dong, Guro-gu 1.048
422 Guro 2-dong, Guro-gu 1.127 Jongno 1.2.3.4-ga-dong, Jongno-gu 1.078
423 Jongno 1.2.3.4-ga-dong, Jongno-gu 1.266 Guro 2-dong, Guro-gu 1.082
Note: A lower score indicates a reduced capacity of the cooling center.
Sl FEA A8 dA AEAES Bk 24 A, 2 AYLL)ele Az, FAFE 2B SE AUE
% Flopdo] tha Moran’s I g2 0257, FEi9] 418 = 7, 7, AWt ZPEE A0 vehdtk. o]2at X
820 that Moran’s 1 3 27 19lol A 0284, EA 94 Kol Aoldt FE9] 4H 9 HH|A Fopz
QoA 026322 YEHgoH, BE 1% oA 2% 4 ok ditdoz o] dHe Y BAZA 9
A SIAHQTHIO Theba, A2 WHFO] B Aok S ATt WA, B¢ Fokdo] ke AL 4
At Rog) A8 £89 A% BE AP A7 Bk 9 A LA UAIST Yk A2 Sof, BT AL
T BE %S YT Aon, e SRR SAMe Ry HEe] sa%(sy) F 15877 184] ol %R A
= fOI 4 FU Wl v e AN vhE, 29 FHokgo] £ A A
ceo, e Hopgu Fog HE 28 o BATY A9 167N T HH F ol R ol
LisA B4 ASIGIE Lisa BAE 304 A48 2ol oot
‘go] EAlsh= A8 2AA 4 1}71*0*74"51% L U, L oM FHFER e FAol UEd
B, =44 &3k9] Fd& High-High (&2 #°l & AYe AT 4 A F2T Ae, HEls, 2]

© gt T, HID, Low-Low (52 gho] 2 43t <
A3, LL), Low-High (F2 gto] & 2t I3, LH),
High-Low (& kol W& gt QgT, HL)Y U] 744
Yoz BRAT BT, Stad STage] et 2
2 W TEF % ArHp-value=0.05).
=] Fopgol et LisA 24 Av: Fig. 5% 2t
54 23 29 Aol B2 BHFL Ae Fro, =
o e PHFL PRI Axo] Dol Ak
Aoz Flgolth. AT, H Fopo] L 0
2 S8 AGHHONE S, BEF FAL BB,
EBT, AT, FHEFL mPEn, B Hopgol

o

10) Moran’s 1 ZF2

9l 9.011 (p <0.001)°]t}.
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Fig. 5. LISA analysis results for heatwave vulnerability
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