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ABSTRACT

This study aims to quantitatively assess the resilience of 229 local governments in South Korea against heatwaves using
the Relative Disaster Resilience Framework (Zobel et al., 2021). This method is an extension of the Resilience Triangle
Theory that incorporates both loss magnitude and recovery time. The framework allows flexible and objective evaluation by
employing resilience thresholds of zero cases of heat illness and average electricity consumption during the milder spring and
autumn seasons. Physical resilience was assessed using the number of cases of heat illness, while socioeconomic resilience
was evaluated through summer electricity usage. Results showed that socioeconomic resilience was generally higher than
physical resilience, indicating that energy systems recover more effectively than public health systems during heatwave events.
Latent profile analysis revealed three distinct regional groups: Group 1 (43.7%) with high physical and socioeconomic
resilience, Group 2 (50.7%) with low physical but high socioeconomic resilience, and Group 3 (5.7%) with high physical but
low socioeconomic resilience. These groupings provide critical insights into differentiated policy responses. Group 2 regions
require improved access to emergency medical services and heatwave shelters, while Group 3 regions might benefit from
enhanced energy efficiency programs and demand-side energy management. By combining quantitative metrics with a flexible
theoretical framework, this study offers a replicable method for evaluating urban resilience to heatwaves. The findings can
inform evidence-based policymaking and support the development of tailored local adaptation strategies in response to

increasing climate-related risks.

Key words : Heatwave, Resilience, Threshold-Based Measurement, Heat-Related Illness, Power Consumption, Latent

Profile Analysis

1. M2

[

E= ol ZAA% o3k AA 9171 4 238 A
o] SIHHIPCC, 2023). AA7]43717HWMO)O]
IPCC (Intergovernmental Panel on Climate Change)o]l T2 202392 g 7Y wet SiE 79 8Y2

o5t 2011 ~202080] A A AEH LEE 1850~ A 7T w2 V&S 7ISUH SEUEtE 69-8E 1

o
H1 of

1900d tiH] 1.1T £7}5F90oH, o83t 7]&Msl= o] T PdHEn 7|2o0] o, 24de HAAA =3
20 A7, A 9 R AL 2 kg ulH /R F ATE QAR S AU 329 29 3
11 UTHIPCC, 2023). E3] &Y Z71= Q79 AMYET} 2,818o = 2022¢ THH] 80.2% SV}l tH(Korea
TCorresponding author : jekang@pusan.ac.kr (2, Busandachak-ro 63beon-gil, ORCID  ©]Z:& 0000-0001-8080-6466 73782 0000-0002-4144-5984

Geumjeong-gu, Busan, Korea. Tel. +82-51-510-2451)

Received: March 21, 2025 / Revised: April 23, 2025 1st, June 2, 2025 2nd / Accepted: June 16, 2025

http://www.jccr.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2025.16.3.309&domain=https://jccr.re.kr/&uri_scheme=http:&cm_version=v1.5

310 0[X|Z -

Meteorological Administration, 2024).

AAs 2 I3 1 @ wersd FAoR Qg
AZ{AR W F shp= 2gd% IBE 7 E 10

2 g 57}O]D}(IPCC 2023). 24T A2
Q% vgol ALEIS W AAT 2AS o1 grow
g 7159 7545t U AFgOog ojojd £ glomg
(Knochel and Bouchama, 2002), 23+ 9FAJof ot A4t
U4, Z24Hel W7 @ 48 235 59 thee] Basit
(O’Malley, 2007). WehA HHL Tt BT IX &
Ao] ofUjet BERA0] A7 9ol Wrh. Eo] B

7

ool wjet zjol7} Lhei, u
= oja] AS|AAA, st a9lo] met Hol7t g Ao
&2 HQIt}H(Korea Disease Control and Prevention Agency,
2020). EGL QU W FaAwA ghon, 7%
gAY ot FAAY Pl e A A8
£41 5 B9 A% 9P v E O gaze 4
AR SRR, R AAY HE 57 Axe B

oA A28l A5 F2E 5 4 SIck e LA
go] 2719} olo] T2 RAHel AFAAE wejrt =
S B B 00 MRS 4eSR0] F712
ololA, Sgel A58 3 AU olofl £ ek
(Hatvani-Kovacs et al., 2016). 3t Y-S Q35]8 =
S 71 Yol iRt oE%7t EokAlE F
T ZAstt}(Candido et al., 2010).

oA g 7|FHsto] tigt Yol AHol wet -2
UetRTk ofyet A ANAHCR 7| TSR Qg 15|
£ Eolg= A& =go] o|FofA 1 St} St

7133} 2GS AL FAV|FHIFF e I 01’6”
< {5kl 2A7A A53 A gFo AL A5
Al
7}

Hu:

n°l'

A3t F87d0] BZrgof whak 2008 0] x| =
94 713971 HShHARA =t 713 HS F
FAE jo] =AY o]lF HAAZY =7t 7|1 FH
3t H3d# o] 59 T2 Yo REER tofet
i Eo] v = ot

BAA ] A AL UL FES olg Fu} Kol
Wolg FEshL glott, £a HAse] Ma) WA ol
FAH0In @14 g3l 24 230 ol

2023) = *61 o] &2 7|F 3} Yol AH=E i-&5HA
55HA ‘4', 7390 wekA= Q A-3(Maladaptive actions or
Maladaptation)2] AHH = Qlth. QA Folgk A-Z XX
7 247tA W& 71, 71t tijt Fkd F

Journal of Climate Change Research 2025, Vol. 16, No. 3-1

o
2y

7h BA A4, A E8E 57
gAd F7EE oloAe BEE
2023). E3F 7| FHEFE QI Hj7t <l
YA E & ohgEt RokolA A

1
etz & o ot g F

_ﬁ
ol
19
Slis
o ox
i)
rO
ih)
E
v

lO JFI'
11‘.?15

4 el ST 5 A AGA3 Aol e
#zd Bast Ut

ojzet oA ESAET B0l FEHA= 7]
Trstet 22 R FA0f FdsHA g5ty /gt AlA
9] gFE TWdsh= 7lE(Davoudi, 2012)Q1 2|&E&EA
(resilience)o] HAS Hky Qlth. S|EEHHAL thofst B
ofofl Al AFEE|IL lom, A FoFE FHOE A
ALS] 2po] Al I EEEAES SAoHLA S Y
Sol AP=HU A2 JEHEY S AFHow 7
sh7] gt dEAQl HEQ S ETEAY A4y ol
(Bruneau et al., 2003)’0] t}Fgt Hole} o] &%
T}(Aldrich and Meyer, 2015; Datola, 2023; Koliou et al.,
2020). I EHHY A4 o2 AEHIHS AFH L
2 SAY 4 AUth= HolA w7t 24, Z47] vE F
Al A"O] BlEEE] Blart ofPths A0l EA1R
T}, Zobel et al. (2021) o|Z3t SHAHS HA5lo] A
2 =2A3 A 8 E Y5t 7|1&2H S AAst, oAFE
AR FHAAE A BT & e AT FEREA

4 Y AHZE Agsioi
71Faste Qs 2o WA v}
Sl =9 99, 94 3
A 2L 5iek 20 5
A wsf 2 AJolsH] ‘/}E‘r‘/}
ﬂ%‘%@l"éoﬂ w2t A Eot ol2g 4194
sto], & A= Eo] digt A9E 3 Ege
qoz Briskw, 1 ANE vigor ARA
seo2H wEd 43 S 72428 4
E2Zx 07 st} o]E 5| Zobel et al. (2021)0
A A SEeEYd 54 mEdYaE &
THos ﬂﬁ& FF= AAH Oﬁ%k(uﬂﬂﬂﬂé =
§ R Mg 7
AL x%%x% o7 A&ttt o]
re gstel 42 2297 A2
47 e 24% 9T, ey
S st X AT 4% =

olt

ooy
H1
N
=
X

4>
[
%

juiil)
A =

_EL ol I‘E
o
e
Eh)
>
:{omlo—‘“ﬁéﬁﬁi

10 H1 oo

O o 2
o oX, ﬂl{g‘; 18 x> N o
=

g
ol
-

_‘O
i—‘;

fO e o o

o B

f
2
X

ob o g
a3
_xé—\?ii
N
© %
ﬂoﬁ
E
—‘l
3]

Y]

o2

it}
jglr
JFL

¢

031
;\1 Jﬂ

o o Mz omX o pol N, HI

&
=2

ME ANGORA, A
2 sgo] 44l 7|2

2=

=2
N
)

NEL o
o
o
2



oo
=
ﬂ
mju
o
0P
rot
A
19
nE
i
o2

22 89 4 Qg Aog J|yHch
2. S|E5EEMol J1E ¥ =H0j| 2tst Mttt

slEEEgolg= M2 &4 ot H AR 59 A
23}, A81st, Aol 0271717 tiekat Rofol A ALe
E) 31 QJth(Bruneau et al., 2003). Holling (1973)2 &3] &
Adoldd simerede At 837 g A2
o RS A4S AR Aado] WS T4}
I o8] x&d 4 3l Jo= o5ttt sig
L BReEye A

o
AN
A A2 Eol/te &5
of #HL % SRR

=
8ar A|2Elo] 3]
Aot w2 "711‘r(d1sturbance) A YAA oY=
A4 & /J\%X]E THACE He AH ey 3EeE
X (ecological resilience)S H-F5}0] Ao}t ofH A
A7t AL E WIlslr] Aol E57Hs3tt J_J’—E}gl HEE}
= 74% = g AAE ALS 5 Ae 5
= 5 (Adger, 2000 2Jm|gtt). o]=gt AEjetA]
He 999 @A TR A o = o
% 9 oebEel W] EHE Tk
A SlEeteEdat 2ozt Ut ol9F 2 A
EetE AL ARSI A EHA (social-ecological) T
J(evolutionary) 2 &2 H 02 go] EA4E o]
857 AZFsF9cHDavoudi, 2012). ©]&
IEEEHL Ao R EATE 9|t

lﬂ

R
- O
280l
CER

= (engineering resilience),

g
B3l o dele Az

2 fmogl
f
T JEL

_I_4
ol
1o

o o9
=
ﬂ_lg

) 2 ton
=2 toly r:“

ol
=
X 2 e

PO

o] olyg}l, Bast AIS|AE A|AHo] AEH A}
H-eote] Wekskal A33h Wstehs sHoR

B T o = o f o A O o TR ;;
N,

e
o 1ok 2

4> Qlth(Carpenter et al., 2005).

719R3}F A-g Folo Ak IEEE o] bt =
9lE]11 QO m(Engle et al., 2014; Kim and Lim, 2016;
Tyler and and Moench, 2012), 7| ZH¥3} 3| &4 =9]
o WAL of| AR EL EAF AR 7|55 A
& ol & HE 5 J=AE dZ=h(Johnson and
Blackburn, 2014). o]& Zg9] #¥o=w AZsiy <&
AEH A0 iRt BA AARY] FHS FolAY st
I FAOREE A&SH ET & s HHZ F
slEerg/dolet & 4= Qlth

I EHHYO Fa/d0] Fx
BelgEAe

9] A AL A2E ZE EE ALY W o] SR
2% 2 B 45480 AU ehEg o|F A%

go] e} AP 9

Aoz 2AsluA; Ldst. ety

R RS |

lon
Ji
il
A
0x

Kl

%o
40
ogh
fon

311

]
0_1.

233 = AL 1% ol ofyt}. v AP A (Cutter
al., 2008; Feldmeyer et al,, 2019)= S|EEHA] o gt
ZF x44 Y21 o] 7vuto g A8 A 9 X RBE

At AFE Fastolct ol
]oﬂs}ﬂ =l q-cwo} Holo] A EE wrgE &=
Aoz Axo A4 7IE, A
%3}% W, 7HEA A S

EE 2 B2 e
iy
OI' _|>4 S

Bruneau et al. (2003)2 A ¥ 9]

o gedoz slRuEde 24 o 2%
42 Agst BEge 429S F8Y AL AU
Ak A AT AL W F ARUE Qe

7b E4E AL oo wt ARS] AlAF] Z]so] A7 T

POt AZto] whet Q) BEtE e AA ARE 71N
O % AR &40 PR IEHHYS FFHCR &
A5t A}F 51T} Bruneau et al. (2003)] 93] A|tE 3]
et A4 ol TAAY ©efolA 9] IEEE

A &4 mEdYaE g2 d4AEe] &8st 9lon,
A4 W2 A]AE]l(Chang and Shinozuka, 2004), A7}

Al A"l (Jufri et al., 2019), =A] W5 (Serdar et al., 2022)
T ZA9 o] AAH9 SEREY SANE Z-EEHS
o}, TERE ofyel RA] Axto] A3 IEEHY HUtE
et ==l nHYYazE g &= Yk Aldrich
and Meyer, 2015; Datola, 2023; Koliou et al., 2020). 22
APASo] F|BREHA Azte o]2'S adto] b}
I ARE AR =, 7HE & dAFELE &AL 2
me A2E 5 B4 o Aole] Bl Bobstohs
Holth. Sjueey A2td o EL BReAL Aogel W
A o] gtrr AXFSIER, tiido] H= AA 7 Z7] &
&40 Aol 3E A7+ JHHets £ost 3Rerd
X 3Ee e % Stk AVE Atk 2, 27 249
Fme} B whEs|7 247} HrjE ] ofdthe o
wlofc.

Bruneau et al. (2003)9] A& 7[Hlo 2 3J|EEHAY
ek} WP o2 4R AU ek, ol shuerely
o] 4+ Yl 7k #4 84—/ (Robustness), THA|
J(Redundancy), A+-5-YA(Resourcefulness), Al&4]
(Rapidity)-2 g oJst= FLHo|th o] mEddas ¥
o AT o2 AL, T A ol
2857 9ct. o714 37
9L, HAES A dAy EH?P‘—*.

U= e, ALEES Aol digt

http://www.jccr.re.kr



=

AAE Bl AFeHFHL @l
= 5745k= Aol ofye}, okt
Hoz HWriE £ A 9tk SHH, Simonovic and
Arunkumar (2016)= 3| EEEAIS At 7oA 54
o= HIlsle SHAE FFe ol WHE A5k
o] A= & FFolgh= WA JEHHALE 545
FARE, I HELS opfet Bofoll H-8o| 7hsottt &
A IETEY FEHS AAHY n 58, 84,
lEES A7t 42 BIAFOEH A|AH9 F|E

T A

stk ol HHel 54 WAlo] ofy

2% 79 549 HEaey 242 JRsel v
ot 54 4 HIWZ A% 7hett HAy s Eg
He Qs 434e AanelE AT, 71 FHs)
g Mol 53| S8l 28 4 Atk

O] Zobel et al. (2021)> ‘SJEEHY 427 o]&'9
B9 BA 270] Zhsolths AL fAskEA, W
7F olfth= S AiAdsh] s AE eS| A 3
E et A (predicted disaster resilience)(Zobel, 2011)2 &
P EC I EEE R I BEEL EC T

)
>

= AERAY FHAE whgste] Adid ETHA
A & ATE T Aot ol EA, dZE E
A2 59 B AA7E A t-85te] AAR of
Bro] eSS AP =A ] A A 2F
AR QIS HIF o2 AT e o1F 2382 T & U
= oju]o|th(Zobel et al., 2021). 3|EEE P =435}
£ 71ES JAREAATL A St A2 A9 B AAH
o] Wet &LoflA oAbEd IYat FFo| A U ¢
YATMA Aot 4= Q= EWi7F €k alSE Ad 3&
g2 AlA" ZE HIE 95 EEEAd Efols
Q I(trade off) TAS &3 AT} EFAIZE 1] oAt
€2 IdE 28T 5 =S skt 71&9] 35Y 4
Zgol AA43 e Wae 45T, dSE At 35
ey Y dYIoAE FA ofd HaS ZARE A
ARRtEE o5 Soff 7] £A4T B tATte] v o 3
H94 = o vrdE & AES Sy ERL oS
H A B S S5t IOIA HZYA AL

= 1=
4] = (BCM, business continuity management) -0F9]

[ rr o

N

Journal of Climate Change Research 2025, Vol. 16, No. 3-1

MBCO
-
'
'
'
'
'
'

to t totT Time

MTPD
. Threshold-based resilience concept using
the Minimum Baseline Capacity Objective
(MBCO) (Torabi et al., 2014; Zobel et al.,
2021)

A ¥ RAYA ASA EF(MBCO, minimum business
continuity objective) 7§ @S Z}-&otc] ‘AAZE /S &4
8519t} Fig. 1914 EojS= MBCO= 34 T4 A] A
A”lo] A Fofof St= FHA 9 AFE Ees AHIAE
Rtk oA Dot 818 7hs e 9] HoiE ou|st
= YAl 2 & Aok diF YA IE 7 AlAE A
7t HEAY &4 17 Ao|gARE 4 V&L
2 I 5 ks AFo] Ak olF B3l A oAt
AL SR Mg 48 nal, BA o
ulg) SBerE Aol dig AlBolHo] e A o
Al =4 B7ht=th B3 JAZ(MBCO) Hi7iRE A
PHoT HET S YL, AL suwe g 2
ol tet siAE o & wtdsty] fisto] FHAA G
A 4= Qltk= §40] Qi

Wi7fEE S Tloly 7IWte] e AR}
7I5ke] FA%t siAe & alEste] dEEEY SA4S
283 AFZE= COVID-19 WY o]59] ZF % (supply
chain)9] 3]EBE+HA AFSH Alikhani et al., 2023; Ghadge
et al., 2022; Ivanov, 2021)E A|E3H A7} tjFEoltt
FolAle tel A7} A SusE e oe 9
Ao, EFo] 23S wE A= vH|g AFoltt A
W I ETEHo R SrfisiA HuEYH IETHHY HE
A4 &8 ®Ok(Lee and Byun, 2020; Yu et al., 2014), #]
H* 74 9 X4 =&(Kim et al, 2015) S theFst HPHO

£ BPAZRE W 9 WAt ek
stz A% £A9] $43} do] e sjEeey



RIZ RS XU BN F=ERIM =

= =2o L

g H 7det 313

Physical

Heat Illness Patients

=
Y

Socioeconomic

Summer Power Consumption

Fig. 2. Framework of the study

Table 1. Measurement indicators of heatwave resilience

Resilience Type Indicator Source Temporal Range Spatial Range

Electricity data open portal system, June to August 229 Si-gun-gu

Physical Heat Illness Patients Y . pet p 4 . ¢ o g- g
Korea Electric Power Corporation (2021 ~2023) (cities & districts)

. Heat-related illness surveillance system, .
. . Average power consumption . June to August 229 Si-gun-gu
Socio-economic . Korea Disease Control . o
per household in summer . (2014 ~2023) (cities & districts)
and Prevention Agency
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AAAE AR A7 W ARAAA 29 S EEEY &
3 AE 7IRte g A HE {FstetaiAt s, ojnf
A Z2ad EA(LPA, latent profile analysis)2 &85}
Aotk A ZEord 242 FAYTE EA4(LCA, latent
class analysis)Q] 3F 2591 H3y A4 ndy 2
Holw, £ W ?J% 7]‘* = 2yd W ZA sk
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2010; Howard and Hoffman, 2018). <, LPAE= A E0|
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g vigon maE 440 54 HRE e, 29
A, A%, 292H 5oz EYUKSang et al, 2018;
Vermunt and Magidson, 2002; Wang and Hanges, 2011).
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AAsttt, detd o g AHH A]<4(information-theoretic
methods), $X=H] 7% H(likelihood ratio statistical test
methods), NEZ 1] Z]<$(entropy-based criterion)S Z g

0.
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29 4do] 7 wol A8HE R AL AIC
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Information Criterion)7} It FX X|$= AR oz 7

Information

Table 2. Descriptive statistics of heat illness patients
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wjEo]] BLRT (bootstrap likelihood ratio test, 2 EAE Y
7Fsd &F HIAE)E tiAlste ARESTHMcCutcheon,
1987; McLachlan and Peel, 2000). BLRT+= k-1'H#] 2=
A0} kA FYPAL] FE HAEE 35k, pato]l &
oW kA ST} k1814 S|4 2R T o
olglo] W ¢ & Y=th= A& YEhdth mpReto g,

Egn A4t 2RO BIU4S sMom w
(Celeux and Soromenho, 1996). 7| EZ o5 H& E3SHA
4 M FEoA AR ZEE F7HEH, dERT=
AE 25 B Aol BRe] RIS 2
G2 7k A Shgo) whe AR T BA ekt A7
spe AE R ARl 0~ 1 Alo]9] IHE 7, gl &
<75 290] o 23t sjA e 4 Ath(Celeux and
Soromenho, 1996).

Ol

4.1, HU§N simEizy DTS U B Bl
Etei B}

AU SR THES &85 2 JEEA
Bt AAE AHET] A FHAE 2GHA}
(20214 ~ 2023 69 ~89)9} 1 H 7l AALES
(2014 ~ 2023 69 ~89)9] 7|2 EAFS AuE Q)

AR 59| AFS A EE, 202193 20220]

2021 2022 2023
Statistics
Jun Jul Aug Jun Jul Aug Jun Jul Aug
Mean 0.47 3.80 1.57 0.83 3.63 1.98 0.82 431 6.41
S.D 0.82 4.57 2.39 1.32 4.00 3.13 1.28 4.65 6.85
Skewness 1.97 2.16 2.68 2.83 1.60 432 2.26 1.70 1.80
Kurtosis 3.85 6.15 9.87 12.48 2.49 28.74 6.01 2.71 3.15
Min 0 0 0 0 0 0 0 0 0
Max 4 28 17 10 20 29 7 23 35
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Fig. 5. Distribution of heat illness patients (June to August 2023)
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Table 3. Descriptive statistics of summer power consumption
Statistics 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Mean 208.16 209.31 216.09 215.14 230.49 211.16 211.15 233.13 232.03 228.98
S.D 29.67 30.22 34.04 34.53 4129 36.42 36.70 48.50 48.11 49.70
Skewness 0.21 0.21 0.23 0.23 0.23 0.23 0.19 0.21 0.08 0.10
Kurtosis -0.88 -0.83 -0.86 -0.91 -0.98 -0.91 -0.96 -0.89 -1.03 -1.01
Min 153.28 150.59 155.13 155.78 160.01 145.86 145.38 147.38 145.35 137.56
Max 286.97 294.51 313.17 309.97 340.15 309.49 303.24 357.95 344.19 341.43
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Fig. 7. Distribution of power consumption (June to August 2023)
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St AAA e HEAel £ HEgege 07
2 Uehton], Qubdow Eolo] qia AREAE 55

24(0.72)0] A1A4 SJETHE/F(0.67) 2t EA UERE
TH(Table 4). AHAMETF 7151] ZHo] oigt A3 HA
SlEEE AL F4gho] 0552 Mol Muldoz =o

522 Bol itk LAV} 5 Jvre] ARH B
S Heglo] 0.5 olste] ¥ £AE Bel Adx
e, B HALS AAIAA sseely oy

2 G THAE AGE e A9 7 ARt 2 &

%1\04

=4 ﬁ—“—%‘%@l"é Az Aoz duEy o
T} Zth(Fig. 8, Fig. 9). 2FA3A} £+5 7|Hlo = o=
Zdol gt AAA 2B GY] A 57 AL FAE
FAA] 570.89), FUE SH7(0.89), AZtd e Hed
(0.89), BAEE FLT(0.89), AAET 11 (0.89)0]
o, GHZ AP SO 2GARA} HAX (1Y ~2
R WP A Sl uh, A4 sjuere o] u
= AgE2 AFFEAA L AFA(0.42), BEEE L&

> 1:1
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o
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Table 4. Descriptive statistics of heatwave resilience
using predicted disaster resilience

methodology
. Heatwave
Heatwave resilience . Average
L resilience based on
Statistics based on heat heatwave
. . power .
illness patients . resilience
consumption
Mean 0.67 0.72 0.70
S.D 0.10 0.04 0.05
Skewness 0.04 -1.17 -0.04
Kurtosis -0.57 3.05 -0.40
Min 0.42 0.55 0.57
Max 0.89 0.80 0.82
N
>
- L4
<
» &
t -
) Heatwave Resilience
r e . wn (Heat lliness Patient)
’ [ 10.42-0.56
. [1057-0.63
9 0.64-0.71
) N 0.72-0.80
o ws s " okomess N 0.81-0.89
Fig. 8. Heatwave resilience based on heat illness
patients

Al(0.47), MEEEA Z=EH048), AJHE ARA
(0.48), 7%= AA(0.49)01H, AF71ZE F% FE3] 1
g ol LA} w7t LASIALL F WSt FH
162790 o|=Ft}. 2td, o5 JHARET 7IHte] &9
of gt ArRFAA slERE el A9 7 AH2 A4
5= AFA10.80), FAEE AEw(0.67), SHEE 54
(0.76), BEEE £74(0.72), FHEE =4HA(0.71)0]
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o, 319 57 A FL AEE F47H0.55), AAEE
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mjo
e

g3t 29

[

EEEEBNE

tol

42, 1 D2 24
3}

2 Aqs FAo digt AAA, AREAA BlEgE A
T 7Rt g A mEand BAS Zgste] H=2] 229
N NS BRI 4, 7FY A4 IS =5
A5t fiste] A A+F AHEItH(Table 5).

A 2d e oA 7P AEqt BdE AEst]
25lo] AIC (Akaike Information Criteria), BIC (Baysian
Information Criteria)S A2 og HESIHT. AICSH
BICE gro] w242 o e 2d HgwS e
(Masyn, 2013). E3F 58 23H440] Hz9l dEZ
2t LPA Welo] Hlo|EE uht 2 pHSEAE 2Ha
TH(Celeux, G. and Soromenho, 1996). ANE Z1]= (0] A]
A9 ghE ZHAIE, gro] 24 dlojge] mank
A7t =28 YEFATK(Tein et al., 2013). $HH, BLRT
(bootstrap likelihood ratio test)yS AFg-5}o] ZgHAd-S H7t
sfitk. shio mda mzwelo] sht e nd
(k-1yZ H]13Fe] pgre] 0.05 m|gto|H T2 7} k-1
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Table 5. Fitness index of latent groups
Classes AIC BIC Entropy prob_min Prob_max n_min n_max BLRT p
1 1305.74 1319.48 1.00 1.00 1.00 1.00 1.00
2 1305.52 1329.56 0.50 0.79 0.89 0.44 0.56 0.13
3 1275.51 1309.84 0.59 0.75 0.89 0.06 0.51 0.01
4 1279.77 1324.41 0.54 0.37 0.88 0.04 0.44 0.45
5 1285.68 1340.62 0.46 0.38 0.90 0.05 0.33 0.85
6 1291.56 1356.80 0.44 0.13 0.92 0.05 0.34 0.79
7148t9] slEe=E AL Group 1, Group 2, Group 304 &
) Latent Profile Analysis Results Aoz oolst pol7} 9Jolom, M ALEEE 7] 3]
N EEH A2 Group 13} Group 3, Group 22} Group 3014
KquIskA Fol7} ek, IAYH 7 B FAHOE
Ao EE, QAR S 7Eke] HFo digt AAA g
i Eetg Ao A= Group 10] 0.757% 7F& =11, Ittg0
0.0 | 2 Group 3 (0.638), Group 2 (0.597) A2 =3ttt A
""""" Class AR 7IHEe] AR B AA S EEE Ao A= Group 1
iﬁj """""""""" % 1 (0.722)7} Group 2 (0.730)7} H[S=8F =& 32 HQl v,
> 2

25
5
P Y S,

Resilience_Patients Resilience_Power

Variable

Fig. 10. Heatwave resilience by latent groups

7Rl Bgat kil BP9 Ak Apol= At = AR
A 7177 webA 2R 71 k7Ql AR Hdo]
o 42 HEAdE ZR1T 4 Ak(Masyn, 2013). & A+
A= i 79 SRA ER AL EE HARSHAL, o]
% AIC, BIC gto] 7F& Zrow, BLRT &= {93t &
27 3709 e 2F HHSHAH

Fig. 102 94 A3 g2 XA = sjZ5ezd g7t
ARIAA A o SlEereEA 242 37 Ad ¥9:
Bl Jefzo|ot. AP TGS 7t AR REE o,
A2 7y Aeko] Hatghold, vrAE ZF oo EEHEAL
£ ougitt BAREA 9] ATK(Table 6), 2 18 2%
95% A=A Heko] Hato] fojulstA Zel7t QL
== ¢ & St Scheffe AASAS Ax}, 2FHASA &

S

J

N

Group 3 0.6260.% 7P @2 ghg& Holi QIqith

ZF o] EAS FFoto] 2zt ZHo] gtk AAH
A AR BAA g o] R =2 X9 (Group 1),
‘HPof gt AAA IETE o] Rl AR FA A D5
ge/do] &2 A’ (Group 2), “FHo] tigt AAA 3=
gEgo]l =1 ARBIAAEY  IEEEAHo] E2 A
%*(Group 3)°.= ATt

7 A 37HA E£x(Fig. 109 A g A
(Table 9)= AT EH th37k 2ot = 22970 Al 5
oA <F 43.7%°] dfFot= 1007 AlEollAl ZHo] of
et SEEE o] & B BT =2 Z(Group )& 1}t
Eon, o2 My ow ZuF Exro] it 1%
NAE BAFIAIE AA 167] AT 5 1270(75%)7F
Group 1°] &3 71 3lEgrg o] w2 AJo= Uet
won, SHEL AdE9 63.6% A o] Group 19]
o= sgsle Ao e

2297 AT 5 11670 Al2THF 50.7%)7F & WA &
% (Group 2)0]l &dto] W2 A7} o dfsf 2Ld
A g3 7FsAgol &, oAl Eol AAA 3] EEE o]
w2 Ht dEgo] it JEHEAYE =2 59 £33
T}, Group 20] 43 AFEL HAIFH o7 127 EI35}
I e Hou, FFFIA, SARFGA|, FAAEEAA
Group 2°] &3t Z|AA| v&o] A YElHth o] A&
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Table 6. ANOVA results of latent groups
. F
Type Mean S.D Min Max
(Scheffe)
Group 1 (a)
0.757 0.056 0.667 0.889
(n=100)
Physical Heatwave .
. Group 2 (b) 189.907
Resilience 0.597 0.056 0.419 0.674
. . (n=116) b<c<a
(Heat illness patients)
Group 3 (c)
0.638 0.103 0.524 0.889
(n=13)
Group 1 (a)
0.722 0.025 0.664 0.785
(n=100)
Socioeconomic .
. Group 2 (b) 92.124
Heatwave Resilience 0.730 0.027 0.651 0.800
. (n=116) a,c<b
(Power consumption)
Group 3 (¢)
0.626 0.029 0.553 0.661
(n=13)
"p<0.001
Ao R WS gl 4 A%k ol U o
N HEO| AHoA HFAQ] A ARl 7wkt AHS] A
A ) Bj=erE Aol frhe 2 oJulgit.
", Group 39 &3t 13719 A AAl= o548 =
o 4% e A ¢ AN, ABFAE FEEy
A]

Latent Profile Analysis

: Spatial Distribution
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Group2 [ ]
Group3 [ |

T T
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Fig. 11. Spatial distribution by LPA results
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Table 7. Results of region classification
Type Regions

Seoul (Jongno-gu, Jung-gu, Yongsan-gu, Gangbuk-gu, Seodaemun-gu, Mapo-gu, Yangcheon-gu, Gangseo-gu,

Geumcheon-gu, Gangdong-gu), Busan (Jung-gu, Seo-gu, Dong-gu, Yeongdo-gu, Busanjin-gu, Dongnae-gu, Nam-gu,

Haeundae-gu, Saha-gu, Geumjeong-gu, Yeonje-gu, Suyeong-gu), Daegu (Dong-gu, Seo-gu, Suseong-gu), Incheon

(Jung-gu, Dong-gu, Bupyeong-gu, Gyeyang-gu, Seo-gu, Ongjin-gun), Gwangju (Buk-gu), Daejeon (Dong-gu, Jung-gu,

Group 1 Seo-gu), Ulsan (Buk-gu), Gyeonggi (Anyang-si, Gwangmyeong-si, Goyang-si, Gwacheon-si, Anseong-si, Hwaseong-si,

Regions with high
physical and
socioeconomic

heatwave resilience

Yeoju-si, Yeoncheon-gun, Yangpyeong-gun), Gangwon (Sokcho-si, Hongcheon-gun, Hoengseong-gun, Yeongwol-gun,
Pyeongchang-gun, Yanggu-gun, Inje-gun, Goseong-gun), Chungbuk (Chungju-si, Jecheon-si, Boeun-gun, Okcheon-gun,
Jincheon-gun, Goesan-gun, Jeungpyeong-gun), Chungnam (Cheonan-si, Gongju-si, Asan-si, Gyeryong-si, Geumsan-gun,

Seocheon-gun, Cheongyang-gun, Yesan-gun, Taean-gun), Jeonbuk (Gunsan-si, Jeongeup-si, Gimje-si, Jinan-gun,

Buan-gun), Jeonnam (Naju-si, Gwangyang-si, Gokseong-gun, Goheung-gun, Boseong-gun, Hwasun-gun, Jangheung-gun,

Gangjin-gun, Haenam-gun, Muan-gun, Hampyeong-gun, Yeonggwang-gun, Wando-gun, Sinan-gun), Gyeongbuk

(Gumi-si, Yeongju-si, Yeongcheon-si, Uiseong-gun, Yeongdeok-gun, Goryeong-gun, Seongju-gun, Ulleung-gun),

Gyeongnam (Goseong-gun, Hadong-gun, Geochang-gun, Hapcheon-gun)

Group 2
Regions with low
physical and high

socioeconomic

heatwave resilience

Seoul (Seongdong-gu, Gwangjin-gu, Dongdaemun-gu, Jungnang-gu, Seongbuk-gu, Dobong-gu, Nowon-gu,

Eunpyeong-gu, Guro-gu, Yeongdeungpo-gu, Dongjak-gu, Gwanak-gu, Songpa-gu), Busan (Buk-gu, Gangseo-gu,
Sasang-gu, Gijang-gun), Daegu (Nam-gu, Buk-gu, Dalseo-gu), Incheon (Yeonsu-gu, Namdong-gu, Michuhol-gu,

Ganghwa-gun), Gwangju (Dong-gu, Seo-gu, Nam-gu, Gwangsan-gu), Daejeon (Yuseong-gu, Daedeok-gu), Ulsan

(Jung-gu, Nam-gu, Dong-gu, Ulju-gun), Gyeonggi (Suwon-si, Seongnam-si, Uijeongbu-si, Bucheon-si, Pyeongtaek-si,

Dongducheon-si, Ansan-si, Guri-si, Namyangju-si, Osan-si, Siheung-si, Gunpo-si, Uiwang-si, Yongin-si, Paju-si,

Icheon-si, Gimpo-si, Gwangju-si, Pocheon-si, Gapyeong-gun), Gangwon (Chuncheon-si, Wonju-si, Gangneung-si,

Taebaek-si,

(Cheongju-si, Yeongdong-gun, Eumseong-gun), Chungnam (Boryeong-si, Seosan-si, Nonsan-si, Dangjin-si, Buyeo-gun,

Donghae-si, Samcheok-si, Jeongseon-gun, Cheorwon-gun, Hwacheon-gun, Yangyang-gun), Chungbuk

Hongseong-gun), Jeonbuk (Jeonju-si, lksan-si, Namwon-si, Wanju-gun, Muju-gun, Sunchang-gun, Gochang-gun),

Jeonnam (Mokpo-si, Yeosu-si, Suncheon-si, Damyang-gun, Gurye-gun, Yeongam-gun, Jangseong-gun, Jindo-gun),

Gyeongbuk (Pohang-si, Gyeongju-si, Gimcheon-si, Andong-si, Sangju-si, Mungyeong-si, Gyeongsan-si, Gunwi-gun,

Cheongsong-gun, Cheongdo-gun, Chilgok-gun, Uljin-gun), Gyeongnam (Jinju-si, Tongyeong-si, Sacheon-si, Gimhae-si,

Miryang-si, Geoje-si, Yangsan-si, Changwon-si, Uiryeong-gun, Haman-gun, Changnyeong-gun, Namhae-gun,

Sancheong-gun, Hamyang-gun), Jeju (Jeju-si, Seogwipo-si)

Group 3
Regions with high
physical and low

socioeconomic

heatwave resilience

Seoul (Seocho-gu, Gangnam-gu), Daegu (Jung-gu, Dalseong-gun), Sejong (Sejong-si), Gyeonggi (Hanam-si, Yangju-si),
Chungbuk (Danyang-gun), Jeonbuk (Jangsu-gun, Imsil-gun), Gyeongbuk (Yeongyang-gun, Yecheon-gun, Bonghwa-gun)
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