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Abstract

Extreme heatwaves driven by climate change have emerged as a major public health threat to cities and local
communities, affecting not only physical health but also mental well-being. Despite growing attention to these impacts,
empirical studies that systematically examine regional differences in heat-related mental health outcomes and their
socioeconomic contexts remain limited. This study investigates how the relationships between heat-related illness
incidence and mental health outcomes vary across regions and examines the socioeconomic factors associated with
these variations using a spatial analytical approach. Using data from 229 local governments in South Korea, a multi-
step spatial analysis was conducted. First, a Geographically Weighted Regression (8WR) model was applied to estimate
the region-specific effects of heat-related illness incidence rates on major mental disorder incidence rates and age-
standardized suicide rates. Second, the GWR-derived local coefficients were treated as dependent variables in spatial
regression models to identify socioeconomic factors associated with regional differences in these effects. The results
reveal clear regional variation in the associations between heat-related illness incidence and mental health outcomes. The
effects on major mental disorder incidence rates were most pronounced in the northwestern metropolitan area, while the
effects on age-standardized suicide rates were stronger in southern rural regions. Furthermore, stronger effects on mental
disorder incidence rates were significantly associated with a higher proportion of semi-basement and rooftop dwellings,
whereas stronger effects on suicide rates were linked to higher proportions of agricultural, forestry, and fishery workers and
higher unemployment rates. These findings indicate that the mental health impacts of heat-related illness are shaped by
regional socioeconomic conditions rather than occurring uniformly across space. This study underscores the importance
of region-specific climate adaptation strategies that integrate housing conditions, employment stability, and mental health
support to strengthen local resilience under climate change.
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AAe] 4 2EYAF F7HAA GARE - EAUAl- QY § oY
3 2AQRTE FESi, A% B AR olF 4= Atk
(vl <], 2020).

SEuolA= 20189 71549 £HE AVIE £H9 91
ol 24z og YAESIC, o]F ZP2 HAo = AT
o] WjFof] E3HEQlch. A FA2 7155171 s H 9| 9
Az 2] kA, A= AAA A 231 F 715971 A8
A F ZY B giFo] o 48%F AT B2 FIF v|Fo]
B = AHERIRE, 2023). olofl weh FHo= QIR AT ES
fefslar, Ao o] MR vlsy] 917k =2 A Sjs
3L QIeHEIA - 2319, 2020).

o= g Q% Yol AAA AAEAE dol H4l
A7 922 FEI ek Holl FE31L Qlo). SAR =
20224 IPCC A63t B7RR A4 7|58l oI5 Boka}
LEHAE AYsHs 71 FEMclimate anxiety) 7l'do] A&
A=A, = AYAPFFAAE(CDC) Al BAA3E
7|3l mE F8 3FEI ol ohFal ok, Syl
M AR =7} 7139171 25 Q2021)% 71H L2 7|3 A
o2 gt A £AE =71 A 7|13 ez Hes]
AEFst e H, 7|3 ste] whE A% 9% 2AAA = %
AeRAL 7134 d ESkeu} HIx|E Fo] FUHI Ut =
el o AR AT E £ =50] B, 42, AR 5
7t 5 A0 ol BRAEE Ak Fol A& By
3L 9JchPadhy et al., 2015: Berry et al., 2018: Kabir, 2018;
Thompson et al., 2023: A1AG 21, 2023 Gianfredi, 2024:
AR, 2025).

Jyo)= 58kl 7|13 aslet 17 9% S HE 7l
& AT F=2 AU ol HEuEe 5 AUAA 1% 9
ol 288 Fof FATHAIA D 9, 2023). ZFH2Z AT E 2E
271 713, 2, =% & DT #EE ATl
qQleg Z{e 4= 9lFo] AAHI eU(Padhy et al.,
2015), FHo] AAAZ EAR olofA= FAH Y A2 gt
A A A o2 AR olct, £3] dofjt FARR, B8R
A4, A QB4 1P T2 U7 AEBAH
Forgol A fde 7HAE & Asol= B8kl
(Chen et al., 2019 White et al., 2023; Janzen, 2025 ZA%&,
2025), ol WL FFH 02 nF A7 FEHR Yt
&, FHZ AHAY 12 =S ohe} opel@F AR, BA
2% 915, ARlF 3y A3t 5 AR A A 290 7R 3H
3 B2E ST BAAT 982 v 5 A3k, °olF
AAH o2 E4T A7 EF Aotk o] ool A3
Folie FEYFU Eriofdet 22 71F =5 &S 8BS
ToBN, A2 =53 I2 U3 A= WA AR IHE +
BSHA| Zohe @AI7E Sl olHRt A2 4 w37t A9

A2, FARE, A=A, ARIAAE 21 Gl w0
BA GEAE S-538] AWk bl Aleko] Aot

oo £ A= FHolghs 7|1¥F kd I AAH:, FHL
= Q] AAl= AR Aduse] dxel 2gas UAE] F
3tk 2943 AES daed 1 k& EE NHYEe
A 37} opdet, 2|9 Q| ASIA A A7 Fol TR L= v
A7 FAle A% A A RE & 4= Qo) £ A ol 2F
g WAEo] FAld7; Aatof ofwFt PR v A=A, 2LE)at
71 FEol| AYER o FA gd=A Yeh=AE $RAE 5
3 7+838taLa} gk,

TAAH 2= tighl= 2297] 7| 2ARAIE Y eE, 28
g EAgEo] =8 A IS AR RESE AHE| vlA|
€ YFE 2485 ol & HI3l 2217153 B (Geograph-
ically Weighted Regression, GWR)& 2|-83l0] x| 4T
FEE 1L, °olF GWR 45 B3 =58 A9 34
T5 FEHULE AAsto] ABIAAA alo] o]t 2|9 4
o Zpole} ojugt WAL E AY=AE FUEAEAE B3l 4
B35}, £ s Yo Qg dAdus|el 2gds Al
27 7] BAE A W Jojx dFEHom EAFOEHN,
A 2} Bt5y 7|43 A =t S EgEA AE 9
T QA A AR E Al gl ol 99E Ad

I, Ml o F
1, B0t HAIZIZO| A0 B3t T3

F 71FRster FAZ77 1] Addol didt AR Aol
S7FskaL Qle}, 7|3 Hstel A7 WAE o E A A
Toll =, Tkt 713891 FoAE 712 HEE A4t
7 2] 3iElal QlE Ao 2 uERtHCharlson et al.,
2021). §3], 2ga 22 3 122 B AEYAE F
7HNZ|AL AL ¥4, AAR FEoly Ala 22 dFos
742 o]ojA = 9= Aoz HiE3l 9JtHAnderson, 2001;
Stevens et al., 2019), Egt ZH 02 13] of7| = A A A%
ofsht AAA ol AAHAY AP FAA REE 74|
70, o]t P& A3 AR Yl WA JHE st
3L EAE YAk Ao 2 B9t A, e, RS 2
2 F4A AAME 8T 4= UK isse et al., 2022; Clemens
et al., 2022} Whitmarsh et al., 2022; A=0] €], 2024). ©]A
d ZYo| A7 njAl=s Y= ¢ B Rk A2
Hhe, AR w7}, ALElR @703 Fo| ABAg s B3
ZAZE B3l YA JepdtHZAE, 2025).

ZGa AAA7% 710 AL s v AFATE F
3 El=]aL Sk, =9] A2+ Liu et al. (2021)°] HleHEAE
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B3l FE A0 o8t 7He] RA A d/go] ikt At
A A=A UEPdS ER18HI Padhy et al, (2015)2 FHO
2 QI3 g AEF A7) Bl &, Aol F 7123l 3
OJEtA 7| a%le B 2GRS AAISHH 2, Hansen et al.
(2008)2 T A& B3l &9 717 59tel 29 2E A7 A
AAS olgh 2t AFEES F7HA7 = AE EISHE, Burke
et al.(2018) Q4] v]= HA|ZE o2 §F BAof| A HUE
7| Aol AE F719t AR E foldt diAE A=t
3L 238kt Thompson et al. (2023} Y3 i17]20] 35T
oo g 3¢ o4t X&E S FAATCE QT YYEol F
Fol gli= Al7] diH] ¢F 9.7% 3715 ASH o2 EAI8ISI
o2 Kabir(2018)¥} Gianfredi et al.(2024)= 7]5Hi3}o]| o
T A UAo] FErE &, B 2B A T R FAY
i3 fo] F7IRttal Bastgict,

Tl A 7|1 Fstet JAUARE FAR T A= JA F
7Fke A5 Holat Qlot, 41X €1(2023)2] =y A1sF &
A W29, IR A= 20154 o|A v FEE FHE B
o|iL it} Jang et al (2023} L2t} QLTS dFo R
7|58 RS AR ARG, ] €(2023)% Y
715ES HAEE E83F 491 2,000 4 2AIA 90.8%7F
7|2 B9k L7)al 93-S ER1SH%th Hwang et al,
(2024)2 712 A5o] 49 & 34 71 BAES AT
A8F%AL, Park et al.(2025) AQ2E Aso] A4 Al I £
g ) F71eh AuES 243 AR Q025 G4l 713
3t E¢tol S5 A 55 A =T woMl= A
< Zsk3ct,

ool AsdE2 EYo| et &3 A7 ueE dst
£ AA@ ol 127) ¢hat, Q17e AElF QT ALElA A8
IGO7IA] WS v|Al= B3 AddS AARY, 28y =
9] ¢tof| vl el A= FHH FAA7 7S] BAE AAA
o2 BAZ A= o43] Al AAolct, E3t =7} e
71393} o8 Aol FAA7 A7 2408 SieE7]
AlARgE A2 8|alA] 2ol A= W HEL AlEA = B4
7} Gl it A2 == F83| o] A)A| K3kl JIcHA
o] 9], 2023). ol BA| Q14 fol EHoZ %t 28F
S A A7) 73he] Aol ofwRt WAl o2 vEhb=A],
71 gEFo] AgE R ofFA FEtRl=A], 12l ofHF ALSI A
2] 2K A3E=AE AT T Dot Qi

2. 2 ulsHet At=lZHE 2210] 2ot nE
SURL A FHo| WAsIEEE 1 ws) P A g2 =

213 24, ARIBAIE 2, A A9 0] gie T Sl
nEh golshA veRd = ATHR71S 2, 20200 59 4,

70 TREAE, H612 H2E (2026)

2022: 2% 9AE, 2023). 3| FH2 A7 A7 A= Ax
55, 184, ARl ofx 5 53 Adol AFEe B%8E 2ol
o, o] A Y Tt B3 49 HolF HIA7I= U2 E A
FeHA - e, 2024). ol T AHIS EHHo] Tedt 713
3] Y2 dol, EAIY ARlA- 37 2319 AEe 5
A Y-S AR

oje} =30} Klinenberg(2018) 19954 ©l= A7kl &4
ARE BASIY, A HHOE AT AFYE ARSIl H F-Z(social
death) 2.2 7I@3sIgict, ol B3 FHE 1 AA| ks ALE]
A okt uiA, A9E5EA Y 57t FHo= U ALE F
ZAZ 29191 A e, £ w7} AFe] A FL2of WHSH
Ha=o] AUSE 7423t E3 Lindley et al.(2011)& AH
A Ford 7|33t 1ol F7HA Wt RS A=l
P2E HHIL, Chow et al.(2012)2 7123} AHS]H §4 7He]
WAE FHEAE B8 AEsH I AFolAE Fgu] 9
(2016)= 7|1 HBLR QI7E 717} o] A HHR JolsHA et
@& ERlsiglon, A3y - 7eg @021 AR 1% =&l
FAA s ZX3h= Zo] ot 7 AT YELE T3
8 & e AN A8 A84=(2024) HA| A%
A, AR, =AIEE 29 R os st £Y
O] 93] EE5 7|37 9 T =5ttt

o] AYATE2 F4 Hal7t A9 A=, FARH,
EX] qlze} Fof w2t fE2A Uehe 4= 322 35222 AN
s, £ 9= olls}7| flsiAle 71 FaQl® oh} AFS R
AA 29 A nHY WAt A2 AR olg Wz
oA Kovats and Hajat(2008)2> &4 H3fE &3}s}7] 913+ 4
A qlgoz FE A, ede B, = 2 HHAS 8
33} T TRt AR - A=A Yl BaldE AAIRE BE Qict,
Walker et al.(2011) E3t 7] $-2]-g0] &2 0= o]Fo)z|7] ]
S Aol W 7dee] S48 vhade 2% (ocalized) 4
oo] Wage Azeion, Al osis B A
o] YR FAY dBH HITE= APFTY AFE 2
o] 24 oA £0E o Axpo] okl AAsH

s, A 9d AFREAIA 2919 Aol £Y =& FEL
BE T8 FAZ ojojd 4= glen|, o] ERFor £Y 4
39 X143 Aolz yEhdtt, wbh ZHo| v|A]= FFE &
A diofl= T3] 713 - 87373 2ol %38l7] 2t ABIAA|
A W2k 9 e art giot, 22y @79 e
A9 £ e Aasid AdA +E2 vluwshe 9+
7} o] thRerry et al., 2018), olof wt A ¢ 43tE)=
7|5 RIS} AR oA Bk 53l £ oS A vpisy]
Asirle Sdet BHaT FH9 FZ2 dol, A 29E F
HOZ ARBIAA A 29 EAE N9E 30 253 A=
9] Agto] 2 FEtWalker et al., 2011).
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1
0%

EH
=

£ A= U@ 22970 71 2ARAE 37 SR 81, &
oz Qg A EE WYtk A Q4147 7 A
E AR 2481, o|Hg FF] AolE Ash= AR A)
A 99 =&k AL FA o2 3t ol 93 24 dAe
oA R - HFigure 1).

1AM = 8 W59 7|23 £2 S4& 7ofsl7] 9
3 7| A B4 FAHEE A4S sk okee] FAld
7 W4=0] 771448 (spatial autocorrelation)& AE3t
7] 918l Moran’s 1 £4& AA8IE}, U¥HE O = Moran's |
ol 19 7S K9 B VEFREE, -1 7k
£ 39 3N RAAE, 0ol 717hE AL 37 ERAE
oJu|3ltHAnselin, 1995).

AN A7 HSE AR (GWR)E A8t 2948
Aol AAl7dol| v|Al= FFFe] 719 kS AQEE 3
515t GWRE S50t S 74] BA7} 2|23 944
of whgh Gebd = QUvh= e aleish, 2 X E 124 3
AATE 4% HFotheringham et al., 2002), °l& 53] A
o 7t = 9| Zojot F7HA HE& A o= FAIY = Sk
= 3HE Adot. GWR #4014 =& 3HAls= 4 Al
A 2gg dAgo] FAA A vA]= A A g ek 7
EE oujsty, 3fARY] grol 5 siF A4 Ha 7H
BAZE FiA oz 7elA YehdE AJAgEE, oleg E40R

Step 1. Descriptive statistics and spatial distribution analysis
» Descriptive statistics of key vanables
+ Spatial distribution analysis (mapping)
L Spatial autocorrelation test (Moran's I) for mental health cutcomes

+

(il ™
Step 2. Regional impact analysis of heat-related illness on mental health |
outcomes (GWR)
* Dependent variables
- Major mental disorder incidence
- Age-standardized suicide rate
* Independent variables
- Heat-elated illness incidence
+ Estimation of region-specific effects

L ey
s " B
Step 3. Socioeconomic analysis explaining regional differences in impacts
» Dependent variables
- GWR-estimated local coefficients
» independent variables
- Socioeconomic indicators
+ Models: OLS, SLM, SEM
L » Model companison critena: AIC, LogHikelihood, R2 J

2

Identifying socioeconomic determinants of regional effects

Figure 1. Analytical framework

A3 GWRS F5He9 S 2 1A\ A FE Aole} F
7H3 e BA3H dlofl &85 o] feHE 714 - BARE, 2019;
7730t €], 2023; &t AN, 2024; 013 A - 5, 2024).

3gAol = GWR #4233 =28 A9 IAA+-E F
SHLE 481, 7 A9 ARIFEAE 29S8 5P 3
of B|AEAE s3I o= 2EAE FAYo| HAHA vl
e FFY A9 2o]7t o AR AA 2l AuE=
A& B0 s eS| H3 24 DAl 7|ERPoEE
A A3AGE WMYsHA] Y dRt3AE Y (Ordinary
Least Squares, OLS)& A-&33on, g o F7H4
528 sk TR (Spatial Lag Model, SLM)
T} F7EeARH(Spatial Error Model, SEM)& Ha3tgict,
SIM2 45 7he| 3748 43288, SEME 2430 £
W= A A3ALE 47 WYt 2ol E 23
A3t = AIC(Akaike Information Criterion), 21-%%
(Log-likelihood), ARAI(R-squared)& $d2 2.2 3125}
gom, UukAoZ AIC7}4 ol Z4stal, 21959 AAA
w7t 3718 AL 239 4ol IE ALE wddid
(Anselin, 1995).

2. 28 K=

QA AARE BA W A-8-& f8, & Atellds s
Z@og gt A7), A7 Az AEEAA 219 Al
HEE JHEst] AAstaod, BE Wt 3454 E 33
olEE 7|¥rO. & 581t Table 1).

WA EQog Q% A7tuls] W IUARET A
AFoH= Al O 2828 ARE EEto], A4 A
Y A A4 RESR 284 HYE(H/AU BE A
olgict, 29SS £ =R A A7 IFE AP
gl 2 A3 A w2, ZHo] AR Zefigh A7)
9] AES F71E 4= Uk AolA A9E Z=thAisu] 9,
20205 A2+ A3, 2024),

A% A W 8 FAESH ST 9R RS
APE(H/AT BE s Fa FAAE ES &
gol AAlA 247F Aol v|X= YT EZHOE Yhgsh= A
#2, A7 P HAAPE7Hho A 78 8 A ESHADHD,
EUF, 2, 25, 2&%, 289 AEFAE &8I
ik, A HED ANEL ZHT T2 FFF AEH A 8Qlo]
ST FAA7 AR olojA 4= S-S WSk ARE,
A GEF YA DA Al AG9E A FAEE
|15t} o= AY 7t A7 & AJolE FATLEMN vlart
TS HET 4= Qlok= FollAl 97k Qi

AR AAE 8Ql MeE AYPATE R FAR, ALE
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Table 1. Variables used in the analysis

Category Variable (unit)
Heat-related Heat-related illness incidence rate
health impact ~ (per 100,000 population)

Data source (year)

National Health Insurance Service (2023)

Mental healih ~ Major mental disorder incidence rate (%)

Health Insurance Review & Assessment Service (2023)

outcomes Age-standardized suicide rate (per 100,000 population)  Korea Foundation for Suicide Prevention (2023)
Employment in agricultural, forestry, and fisheries (%) Ministry of Employment and Labor (2023)
Semi-basement and rooftop dwellings (%) Statistics Korea (2020)
Elderly single-person households (%) Statistics Korea (2023)

fsaiil;)riconomic Single-person households (%) Statistics Korea (2023)

Multicultural households (%)

Ministry of the Interior and Safety (2023)

Basic livelihood security recipients (%)

Korea Social Security Information Service (2023)

Unemployment rate (%)

Statistics Korea (2023)

2 319, A4 8884, =% 12 5 EQ0 AT ASY &
A& Whgsto] sk, FAIRCR, HAA WL, AREE a1
d, AR A Ao 2 33 AGAA 0184 o3 FeE
3 hEAQ Y HeAT OB S E o] 2 WS S AF
7HE, AR 7HE, SRR S B88HrHE gl €, 20185
4715 9, 2020; 7 9, 2022; 23 9T, 2023; AL
A8, 2024). ol<t 7 AT AP 294 Aud
ol W2, vd F22et sl AR F8 3 AT
S8 HIET 9}, ol WHYste] & nE £EO B
ARA 25 S-S WES s TAR HIE, AAF
BT AR A AEE A EE WHgshs AYEE A
AF 82l wiz=o] EFBHAE. o Uoprh, HE Aol &4
F8ol A ApE A argdat A F AR o uhE A QT
oL Wtk ARE 117 vlE7HA] B8kl Qlo] &
oM = EFSIACHES - AP+t 2021 FAA- o,
2024; o5 £, 2025). BE ¥ A9 7 R Aol 11eist
of QI+ E= 7 IR B8t

Table 2. Descriptive statistics of key variables

F8 W59 7220 BE ST A 9E 3 2 P
ujotst7] 918f 7184 4 (Table 2)% F7HEE 4 (Figure 2)
< Y33l

w4 23, 2494 AL AFEL} PF Uls 47 Ay
oA FeiH oz ¥A vehgon, MHAEA615.29), B A
(412, 148/4% 93) ol diEAolc), ¥hd ZY A L =
A AGCIATE, AL, &5 B Aaes B2 i
&2 Byt A7 2] FEEE AuEy, 8 A4
A WYEL HE TETQ5.8%) - 2GT18.8%), AT+ T+
(18.9%) 5 A& H FAAE TH2= T ti=A] A HofA] A
o= A Uebhtth olof B3} APEES; AES I A
F(55.8%/A1% BF), AE PHZ(G0.28/AT FD), F5 S
424698/ ¥ F 8- AE-AE FEAGAA &4

Category Variable (unit) Mean S.D. Min Max
E::]E?ﬁﬁgct Heat-related illness incidence rate (per 100,000 population) 50.8065 44570 00000 6152946
Mental health Major mental disorder incidence rate (%) 55411 0.2026 07207 257965
outcomes Age-standardized suicide rate (per 100,000 population) 242555 04915 52000  55.8000
Employment in agricultural, forestry, and fisheries (%) 02915 0.0243 0.0000 25663
Semi-basement and rooftop dwellings (%) 1.2246 0.1348 0.0751 11.0560
. _ Elderly single-person households (%) 135476 0.3903 47000 275000
fsafc‘;'(?rim“om'c Single-person households (%) 371890 03427 179554 572813
Multicultural households (%) 59621 0.1426 20440 123754
Basic livelihood security recipients (%) 56328 0.1497 00144 122151
Unemployment rate (%) 23035 0.0909 0.1000 6.2000

72 rREAE, H61H M2S (2026)
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(a) Heat-related iliness incidence

(d) Employment in agricultural, forestry, and fishery workers

(f) Elderly single-person households

] 204-370
= 370-5.13
Bl s.13-6.79
M 55870
Bl :70-1236

(h) Multicultural households

-
-
-4
[ a70-8.80 e
= s80-12680 +
B 12.60-16.70 g 2o

[ 072-38
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B 6.19-9.38
M 5381484
Bl 1484- 2580

(b) Major mental disorder incidence rate

-0.15
<041 4
-0.81 § &
1.36
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B 16.70-21.40
Bl 21.40-27.50

a8
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feliy Bl 45263
Wi ¥ M 53 -8.49
W 5au-12.22

(i) Basic livelihood security recipients

Figure 2. Spatial distribution patterns
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(c) Age-standardized suicide rate
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(g) Single-person households
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(j) Unemployment rate
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Ueh, TA] A} A 371 E2 S 29 ARE
A ale] FHEEE AvEy, FolY FAKA} vlg-2 A
FH2.57%), A% HE1.75%) - B51.36%) N4 ¥4 Y
ERton, Wh|3} S AEE S g FH(11.06%) FE
T9.87%), 77| HHA09.76%) & A& RS2 Aol YFH
o] Exah= S Boch SARWNT vl A
(27.5%), Ad 1ET027.1%), B AD226.8%) T LB}
Ak eEA oA wA VR W, 117 BlE2 AE
OFH(57.28%), BAF F7H(54.83%) 5 HEA] R ol A LIE
U A 2] A151F] gy ST 5E N9 1133t E40]
FA o7 FREY] e 3RIE = it chES7IE ]

2 A AYE(12.38%), A7 AFTA(12.20%) - QHAHA]
(11.95%) 5 AHAHA] AZoA, 712A88<+FA vl &2 B4 9
EH12.22%) - 5 +(12.17%)2 ST FTH11.43%), AFES A
A 57H6.2%)- FBTH6.0%), A& HH(.3%) T HAAAGES
FHOE 52 g B

3HH, 2943 AR FAA7Z Aol v]X= FFE £4
g7lo] UM FE5HeY FHATIGRAEE AF37] 93
Global Moran’s I 142 438l%{tHFigure 3). 1 43}, F4

Moran's |: 0,325 (izolates in weights are removed)

(a) Major mental disorder incidence rate

Moran's |: 0,133 {isolates in weights are removed)
w

|
|
|

. |

T T l T T 1
-6 -4 g 0 2 4 B
(b) Age-standardized suicide rate

Figure 3. Global Moran's | scatter plot
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JA1AZ AL 0,325, QB EES) ALEL 0.1332.2 e
won, £ A& BE {o=E(p<0.01)0A fofdt K+ F
TA7VFB3E Bt ols F A7) 37308 R £
£ Hol7|Hok= 4% o §4E AU A 9visiH,
W 7 BAE ATl o] 37 B4 s B4 WY
A-go| BaFE AR,

2. 2EE YHo| FLzZo| ojxl= X|9E ST 2Y

QA FHEE EAoM F8 HeS X SR EE &
Fe AR £ doA= A7 ARE(GWR)E 28
slo] AL MIEo] =0 FAilde YAEY AR EE8 A}
AFEo] uj2)= G 2719k W] A gEE oA Yeht=
A& A5

GWR &40f $kx 23 2-8-0] el FESH7] 93 gyt
HAARFOLS)Y] 71 71420 A} AHdat ol BA oRE
BRI HTable 3). ¥4 Fi}, F FE¥e 25 2219 At
85 ASH= Jarque-Bera A 99% F-2leoll Al R85k
VrER ¥hH, @a0] o|HAMYS A3 Koenker(Breusch-
Pagan) A4l f-2lg a7t ERIEA] gt ol OIS
B3o] HYH FHUAE 4%k s 2 EA7F gl
R Aoldt FFF F2oF exke] FHA Aol & FE35] A3}
719z FHA7E 92-& Yulditt. olef 7 OLS ZF3} GWR
23] A vlugt doofA e, GWR 20| OLSo| H]3|
YA (R -squared)7} 3L AIC g2 27| Vrelu o] A3g
< Eelsisict

olo] GWR A& T4 A9 FFHs sfiAsiait
(Table 4). ¥4 A3}, 2GS WS Fa HAAS IS
o v]A= AY9E AAAST M= -0.0448~0.0746(B
0.0043) 0.2 Jepitt F3Fe £EH, B3] A& AH-F7)
AR Ao A o2 73 ) 3 e, ole
oI5 Ao 2gFtC R QT F AEYH AV} B = F

Table 3. Comparison of the result of model fit of OLS and

GWR model

Major mental disorder  Age-standardized

s hia incidence rate suicide rate
oLs GWR oLs GWR

R-squared 0.011 0274 0.004 0231
Adj R-squared 0.002 0.146 -0.005 0119
AlC 1166383 1142568 157297 1563562
Koenker (BP) 0282 0.002
Jarque-Bera 127561 39.383"*

©0<0.001, ®p<0.01, *p<0.05
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Table 4. Results of GWR

Category Major mental disorder incidence Age-standardized suicide rate
Mean~Max -0.0448~0.0746 -0.1651~0.0341
Median -0.0040 -0.0132

Mean -0.0168

Coefficient

[ 1 1 [e[g-:2

AAAR HAE 71 A A8E 73S Al
H 72 55 9 48 -39 AQoME ()Y ] ERlE
glom, o w2 9 A QoA aHTo AFEA
3443 #&0l uet Zolgt A3 aglo] BitH o 283 F
2 3 4= 3t

S, 2AAE P EC] AWRES AUE vl A9E
3| FA T ¥ -0.1651~0.0341 (Bt -0.0158) 2 e} F
2 Ad-Ad-AF T IR 52AYE FH2E K9 ol
e, ol ol YA 2FZg LAEo] AFEES)
AAE S719F AuEE AFe] AdiF oz Z8H UedE 9
u|gic}, BhE ZhY B3 W 3 AR G &) ghol B
gleH, ol olE A9 ArgdtEy AT F2 5ol whet &
B3 A2 g,

MY, 29 HAo) FA A7l iR 9T AFH
S8 58] o, A9} & AolE HlRF A QL ZA|
T2} AE A A B0l wet 93] et wEko] Adolgt
Aoz yesitt, £3] 42 A oA B2 ()9 A=
ZH 9ol §AY v W AL ] Rhs,
2GS FAA% 7 BA7E A o] 2D BAQ AJolof what
ME OE 22 ol ¢ IS BT AR SN ¢
ek, of=g NG E YT zolE Kt AAH L2 0|35}
A3l ok HoflAe AEEAA 8] PAE F7HHeR B
At

3. XIS B X0l MBI MBIZHK 201 24
A7 FIARFGWRIE B3 =29 A9Y IAAs=

et £ AU E HIHOE, W I AL AG9ER
oA FEAE=AIE ol3fistr] 21%t A d A RE B 4 3

tHFotheringham et al., 2002). ©]ol] Y& M3AL A= Ak
29 A9 AAFE T5 249 YRR BEsto] A
9] F7H4 W& RS FR3sAY A F 7k Alol & sk
292 HES v} UKL et al., 2016 Kopczewska and Cwi-
akowski, 2021: Areed et al., 2023).

£ Ao A% o]zt Aol 7]Hksto], GWR £4& 53 =
&9 294 3 AAE TSR AAsto], A9 I Ao
£ Ashs ARAAIA 89S A o8 A3l 71ER S
o2 AR ARF(OLS)E sl on, digtngos F713]
ARG FTARZESIM)T AP (SEM)S A3t
Al 7 2% 7t Lagrange Multiplier(LM) 7782 AAISHSCH
(Table 5). 7 A}, F8 FAEAS TP EY AYRES} AHHE
< o 3B BERoA IM(lagitte] BAIZ LR {23}
Al Yeh, SLMe] SEMe]l H]3] AtfA o2 235t Ao 2 29l
it

Eg BE AYHSS] BARAA(VIFE 10 9o 2 et
U 5344 S Sle Ao ERiEglen, 2 g

Table 5. LM test results

Major mental :
. S Age-standardized
disorder |nec|denoe Rl

MI/DF Value MI/DF Value
Moran's|(error) 04718 1185™ (07848 1945

LM (lag) 1 193.40"* 1 370.86™*
Robust LM (lag) 1 Tarre 1 3177
LM (error) 1 122 78 1 339.70"*
Robust LM (error) 1 0.09 1 061

LM (SARMA) 2 193.50™* 2 371477

400,001, ¥p<0.01, *p<0.05
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Table 6. Results of spatial regression models explaining regional differences of heat-related iliness on mental health outcomes

Major mental disorder incidence  Age-standardized suicide rate

Category VIF
oLS SLM SEM oLs SLM SEM
(Constant) 00176 00032 -0.0037 -00402 -0.0045 -0.0060
Hnplaymentiaguayliicl 2263 00000 -0.0004 -0.0006 00217 0.0071* 00059*
forestry, and fisheries (%)
Semi-basement and rooftop sock X s
dwelings (%) 1335 00065 00005 00002 -00026 -0.0004 -0.0007
. _ Flderly single-personhouseholds  y ga9 50001 00001 00001 00013 00002 00001
Socioeconomic (%)
factors Single-person households (%) 1477 -00005* -00001 -0.0000 -00009 -0.0002 -0.0002
Multicultural households (%) 1236 00018 00000 00000 00011 00004 00003
Basic livelihood security ik
recicients ) 2040 -0.0022"* -00002 00000 00004 -0.0001  0.0000
Unemployment rate (%) 2901 00018 00003 00005 00133 0.0029™ 00027
R-squared 06276 09400 09415 01476 09188 09177
Log likelihood 663903 83555 83191 439701 670706 666.192
AIC 131181 -1653.10 -1647.82 -863402 -132341 -1316.38
Spatial effect £=0949" 1=0979" ©=0954" A=0968"

#45.0.001, *p<0.01, *p<0.05

H7lgt A4 = SLMO] OLS ¥ SEMe|| H]3j Aukaoz 2
3 AP eEPHtHTable 6), olof w2} SIM 4 43
FAHCE AHEY, T FAAS PAPE] gt 2FA8 WY
9] A9 FIF2 RIAEH S5 AFRR (%) FAHE
23 H+)e] AE BtKp<0.05). ol FAZH| Ee
8 29AS WYE] T2 HAIAS WA v]x)= G
Z33tEle 7% it &, 9 A Aol ¥ ¥ A4
o] gt FAYE Fol AFH AHYY+E FYUe 7 2¥
Agto] WSt 2 AAIAS WA v|A]E= FFol T
7k 7Fs/30| o ulgitt, ol A= FAFA Y Ho)
ZHo 2 At AAF Hart ZAA7 BAZ Hol== 2o
X Za3 aQlo2 A8e 4 )3 HAEY

FHH, ARWRES AE] gt 2EASH I ES] A9 o
F2 5Hd FAR vl &R AUE RN TAXE 79
& YERTHp <0.09). ol 85 =E 0] %31, A
A &5 Y50 & AQY4E Z4o= AR 243 TYo)
A AE 712 ol 7FeAe] w2 vttt EF HY
9 F942 29A8g et A% 34 2EHA 291
o] 7129 AAA Bt AT} 18 B9 e 5 AdE AL
BAH JAA7 ANE BEE 5 IS E BAEL

A daks 36, 2948 W EC] Fa FAHS I
B v|Ae 9F2 FANE T2 93 - IE A% 249
P o 37 = vhy, AP RES) ANEL 185 1 A
AV EXRY T F2A AEHA 919 ARE o o Ut
A REg3h= A o2 ST 4= et o] FY oS- Aol &Y
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g Aol ohujz}, FA1% Ao a2 H ] AR BAA &
3& 7 APESHE o3 AHeE dAlE 84S AR,

V.

my

E

& @ YR Qv 2gde wAo) Al A vl
Ae A9 I ol2 o ARIBAA 89& dFEHR
243 A7 ARE(GWR)H 38R (SLM,
SEM)& 23 TAZ BAE 3T 2, 2948 T8I
A7 Aol vlAle Y2 AGER JolsHA Yered,
A FARBI 38 A A4 T AREAA Fepdel 1
Aol Fdshke 78 8010 R ARIA Fa duet Y
AARE S ot 2t

A, LBAR WA Bl vAE G2 AGE= A
ol3tH, olof m} X|AHH| HioA el Bi5d 71F-2A die A
2ol "asith, Fa Gl TYEL AR B} ALES 2
F H Y AV RS o, GWR 24 23 244
gL BA| JA] A A BFASE] 2719k gkl ()T
F(+) ] ez TA o] e, ol= 284%o| FAAT
Aief v| A Gl A=A o2 F58HA] @on, Ao 4
off met h=2A| 23S Sjulgic), mEbA FYER T
A7 AHHEE, A9d Y w50 9F S R dE
o] Wasic},

A, F93 AR A 39 291 NE died &
7)) 334 G912 FH3 g 3AA =0 Ta3Ith FSHAEA



X|HE S22 wlnt Yz 2H 2 3 ASEHA 201 24

£ S35t A7), SIMO| 71 B HRES HYow of= &
gk upalsh AAA% 7 WA QA Aelte] 4BA8-e S
shirels B7Hd s aaE XY S oujRich teb E e
W A% A AA) 7|22 wele] A o g g Bl
ele] Fela oA, o X1 7 A9l 91, Al yEy
3 72E Basi,

A, LeAg o] FAAZ] n)AE JTE ALSAA
z70] whz} Aolsiu, oAb Ak el ApusiE A S
o] Masit, SIME F402 x| 43 xjol2 AHshe A}
5474 aole BT A, 30 AU WARE 74
Qqlo] i ow 2gaigch ol dof okt FA% )
A, e A9, 37 elmds, BEdliree) dgd Al
#3527 AAE B EHoE A7 H - WA
odake g3 Wat 9leg AN, W, ARmEs x4
o 5 729} AAH B4 Q9lo] YH o g
o}, ol B2 U S9E FAR} B Aol FHoE 2
87 A, mEAIRE 24, 25 oA vk, AR oAk 4
AA% AQE AR 71w E-0 B Ao] Wage A
Apgtet, Aubdo® ofaigt Ak E4 g o] WA 1)
o) A7k dol, A AR Qo] Fa A JAA% RES
A R B9k dekos 3 Wavt 9lee AN,

2 A7 2dAs W] AU vjAE dake Ao
2 £333, o} B4 qios P8l WY BEHS
B3] 9] AL3)7AAA Q.olof et x| o] theA Lhet
e AzHom Basir, o8 B3 oy Hfold Zaut
A% BAE A E9olN AAHoR Bast A7t S8
317 ke A, Thes] Aol 2 Ao (where) S AlMaH=
dlofl 27)7] gk, ol & AWk Q9l(why)7HA 2287 Sl
24 B3} AT 7P5AL AHHTk: HoA WEEA A
BOERLELY

thik GWR SAAGE 2R 24 BIU4S Ymslo, ol
g FousE P BAL A o] AFHe] vt
E5 A7 ol ALSIAAA o] Wt Astaolaks
S ZART, B AToAE AR thist % A= 27,
A W AR E e S 24, cEugo) 7y
B4 BYe B9 At Adnrz B 5 5o B9 v
RAAZ Ak 7o) BAE B} JAH s Bas) U Bast
ol

A=
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