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Analysis on the Spatial Relationship between the Residential Area of
the Vulnerable Groups and the Hazardous Area during the Heat Wave
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Abstract: The purpose of this study was to find the areas most vulnerable to heat waves by
interpreting the spatial relationship between the residential area of vulnerable groups and
the hazardous area during the heat wave. For this purpose, nine vulnerability variables
relating to physical condition, living conditions, and economic status were selected and
mapped within the city of Cheongju, located in Chungbuk Province, South Korea. During the
heat wave, the distribution of the average radiant temperature was mapped in 10m grid
units using the SOLWEIG model. A local spatial autocorrelation analysis was used to find
census output areas (COAs) with a high risk of heat waves and large populations of
vulnerable groups. The analysis indicated that the COAs located in the old city center were
at high risk for heat waves and highly likely to be inhabited by vulnerable groups.
Additionally, the analysis demonstrated that it was statistically significant that these COAs
were concentrated spatially. The results of this study could contribute to improving the
environmental policy sentiment of vulnerable groups exposed to the risk of heat waves.
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As3t 4, B9 AAE Y3 A AR g, BARERs me
=L APt o714, BFEALE(mean radiant temperature)= <1
Aot BAZ B9 42 wsl 29 HHo] HFERA QXS E
AL Qe B A 9 20 gt W Ayt &(flux)9] F 2 Afn|gt
o 27ols 28 AEH AT AR AAGAIE Y Ao QlAlete] &
e I g QAo mAE 29 AEHA A Hrto] EEEHIoH
<ol dejollAe 24 H&Y 4% % F7 5 AFHEA7H HEEHL
ATt

Al 3749 Gty B4 ¥ SOLWEIG(the solar and longwave
environmental irradiance geometry) @& €851 t}7) ZdoA A
AP BHAEARZEE o]&oto] AEAE, EESEA Y A5 st
FAH R KOst} AT A=9] Sky view factor®t THAR T,
o] 9l3t Ground view factor, W} AIZPE 7|& ST, YA ARE

&oto] 33+ o}, Au BARES AAISHLL o] & o] &5 BHEEARRE
ArEH T

F

24

3

il

7) SOLWEIGE 22 334 EAF &(flux), 1A siel H3}, I8 g YA EARR LY
A -2 HekE A H 0 & 29l6h] o) A9l Gothenburg tigtol| A 7id
StQITh SOLWEIGE 22 20099 1.084 0] F7H=lon, & Ao A<= 2013a H
AL AFESFA T SOLWEIGY] QI #o] A& MCR(matlab compiler runtime)& ©]-&
sto] TrE0]A it
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[y =

(O8 2) WRSARE 29 52X

AE3UNEE 15 AEH £ =3 oly
» PA|HZ/AEEE > = Skyviewfactor
= EAmE ol d Ay s ZigAlii=0) CiATIEIgelE S e
24 ®HH2| 3pd SAEHA 29| a7t
= AL Sky view factor o
= S Sky view factor » A3/l T A} = SiB/ASEEAEHA
* Ground view factor Es ¢ O A=A AL AR
» J2iAfE » AO/EIFAETERAL | = Skyviewfactor
=3a AWS, HHRHRE
A2 7| dxtE o * AR SM S S « M AMEAZ2A
.72 == (HerERE
=5 * GoEAEE
= FA/AMEAUAL
A2 A2
= FHALR |7 7|HF HBME
= SEMHIAE

(O% 3) Zofl YHE= XY R XIEH Xz
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0, Bgolzdo] U 3ol AFste FUg gudth. & dA7olM=
FHAAISA et WERRIE AAA FHkarl, FAA Ferall, 2oy
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2) MEQ 47 Y 24 Y

2 Aol B3 A7 FEAGRE ATFAFEAE o
EA%9 20164 3FA AAT Aol A7 @ 5
S AATE FAT, 174, RS B
AT Bt BeACt

Horadlo] SgEs 979 Mat A%HsA W] w13k
Y42)-0124 FeLB)oT BEIAT AL HPATE B
T8t} EAol8o] et 2AX D 6, HANY 2, B} A% FEAS &

1

SUAG 0.6, FHAG 0.3, A=A, 24, FA, WA,

’ ’

ZEAEAY
5, WEAY 012 Fofatrkelald, 2004 WD 5, 2016). ol
EX3EE 7FEAE A8 olgt ATHIAA HRAL BB

gersto] gigte] BEAG3 FHe w4A

’

=
>,

e 4e o 7t EAolg =
He T Aol ER 2 ATt A, 2 Aro] 2L
F3 9 i A4 EAolgo] B 87 4L Moz B4
o] Y4 W A X BEIHS kol Sitoleh. AAR HoHAE
o] A%G 7HsHol Hg B FANGY] HENG BA Holdt uhd,
A% 54l Qs EXANElE HE5AE W Rolsigt. 7 U

e
fu 4
|
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ﬂ
)
)
N
o
ﬁ
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7|
rsk
)
o,
j&
o
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N
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L

A9 &2 9l AWE W7t 7= BES} ol 7 AE 5% 4 B

o
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>

Sk
o
i)

Xo

2 AN = AFHAANA 2 F{FaRle FHEEE S5 9
3l A Jenks natural breaks classification(79-7])< -85}
AA G52 BHAE 7€ E suUle B4R E0l1 4 557 #AF
S FYgsle Ao 7~105F olst R i F2

1967; Wiki.gis.com).
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4. B D FAAS HFIIS 82U ST AY LH

B AT AE ArcGIS 10.3& o]&ste] 37 2 $PHE T3
on ITHEARAL GeoDa 1.14.0(Luc Anselin, 2018)8 &3}t
< &

&2 AFolA S0l ofye} SHEARA S A=’ o= S38= otE
T A9 AolHA FHFAFo] ol AFths AdE 22 o= 3
DA SAA A2 & o 7] WiZolvh. AA, 7 = 57t
HEE ALt A7l A=AE AASH] HsiA A9 F3¢
A7) A4 (Global Moran's )& A|&Z3Ftt. Moran's [ Al A3
Aol FARGE A 7HAW ghol ARHEA (HFh= 7HA AL 9] Aus
AZF dom, A= o]FHolH (3= 7HA L 9 A e AL

—5H/Htﬂ- th— o= gqsﬁzq 1174]¥7P 01144741 deJote 07+

=
E5Holct.
A, 25H 9 FFASY FH 4= &Eoto] FFA W ZA
FHASA FIA F ¥ 1 SHEAE AA5H] AsiA 544 F
A7) dE 4 (Unvariate Local Moran's 1 and Bivariate Local
Moran's )& AlEstglth. 3SR EL S 7108 AokEhe,
dZtAo] JIHT BS BT 7AE Fost= QueenH?] &85ttt
o4 712 p0.0012 Skt FFHoE, A JAFA] FAHI
(similarity)®} &}o]/d(dissimilarity)& T-&-oF 3 E&5tF o 57t
A7V A g HolF= S9AF Ycluster map)S 235kl

A

=

8) https://geodacenter.github.io/download. htmlof A W= §to} AR&SF 4= Q1.
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(O3 5) 22Xt A2H12A] 302, 16A] 30=)

dFARA AF EHE Hol= 712
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(1% 6) AIZIHE SALR 2| HeRAZSE 7:00, 14:00, 20:00)

ZAAY &9 At 22 T8 dFer BAEARET A
Aoz 97 YEith ofABE =2 B AE SA0IA 7P 2 wtol
UER AL, A= Ao e obd 9 B3 w2 YdEA2E
= B2t 59] vjad B FAA FHY =3 O HiFo R R E Y dut
EANGFo] Hot A Yebdth. ZFAl A GO, DA A He
Lo ARF Yo wEo| o /Y 2O BEAILEE Holn 1224
oA W AZE 2GR JFoz AF oz W BAR L e
2oz BAHIY. A5 AUFARFo| A= 1HAS] FFo] Ao 4
fHoz H2 EARLEE Holil, I3 F4o] AgtEE ZAIoH(v]
A, FAA) A2Y AN E w2 BARZETT e FFA19]
4+ ¥H 255 7|F09F natural break 7|HS 53 107 58AGoz
TFEoRL 7MY 227t w2 A 159 A9ut =& Ay (A" H%
2

QA7) BIFEMRETL 7k &2 X144 7IF)
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A 24 - 265

BEFAONA 4A) ofdt FRot IFE L85, 24w, B, A%,

—9—045 &4F 5 %%%‘31%%17 F2 Fxsh= YA ol 223}

—1’1}7}%63%—% o]-g3to] 44 olst °§ °f

st Y28 Z7EsEa A
AAT-2] 4] o3t %‘OPOL

. 3 A ZE F@)e] A LE

il Sl&& & o 9o, EEle g2 0.50(p<0.00D)22 %2 ol

& a5 gl A

5~14M] obgflTe 085, 2w, EHiE, 4%k, Atds, 585, &9

& 9% & A9 dHHoR Hol AFchke AR dEhdth

(Moran’s 1=0.55). HFAI9] 654 o1d Rl7= AHiA o= vldd, g4

H, dEW, 5 P AGe] ol AFshe AR YERon kA

A= a5, dds 285 His 5
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120.67).9 =8} A%} B

)
i=)
o
>
of
=
Y
N
o
)
o
fijo
N
D)
=
o)
o

i)
i
-
fr
oxt
N
>
o
i)
()
é
o
O
-l..l
ﬁ

9l ZolE AMOME AMA]-2E REE
% % -";LE“ A9E THLE Ao 2= o Al%iﬂfﬂ, *J?r 7H‘:1£
< dFE =38 A7t @A dEds dFE Bt (Moran's
I=O.41)(<1% 8) A=)

A

9) FA19] 654 o4 LA} QI WekE HH 3717 7HE 2 A1 92 W 18(1219),
E15(116%), dolH( O )—"Eoltﬁ 70l M 2 A 92 & ARE6,7%),
B2 585(7.5%), 27 (6.8%) <=°ltt.
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(I8 8) UMM HAQQIo| HAT SUEE

¢ . 7.y
(a)4A] 015 (c)BBA Ol ()25t x4
2) MEO{Z! F/21Q0! £
HFANA 191 7 27 B JA7E AL e A9 oF
= %5, AT Eds, 58 Ml HdE 528 ustEd
o CHR =Py

o
Eoke J o2 YEPE Tt (Moran's 1=0.21). ZFA9] FH0]9] AAE 2
S5 2w, 5T, 75, MilE, £%8F 52 JATolA ®ol 235t

= Ao & YePgdthiMoran's [=0.13)(1H 9 =)

=h

in

[T LGN
THIT

(@12l 7t

(c)20 v O|5t Z=E (d)ZFEH0]2f A
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HFA A F7NA7E 7Y 2§08 LR A1} TAT oA
A 2 AoE et ZAME B, o4, +4E, T,
HdE, &5, 845, 845 IF FJAFANA SAIAZE 71F0] ‘7%71] u
EFTHMoran's 1=0.46)(1¥ 10) =).

(73 10) ZHIF HAL0I0| YAT RE U HH Hf20lo| 3

"h.:!
(@SMAP =2 (b) A 224291 3t () TA B2 MK

4) FAAS AFtsH 24

HHAS AF7FsA A= 718 9719] FHekg Rl M AAE st

A0 2 (I 10byet Ztt. HFANA HAFAS 7%T7l~a*51°1 =4
A= e, 285, SUs, AKE, Wds, &5, 25, 28%, 5
5, 255, Ms dF Ao &2 ’6}L Ao=Z Yettt. AdAlet 19
(39 10(ep)= B9, At =

AN SR A H T LA ¢
2 EESHY U L 5 UHh FFAONA FHFASA Qg FHH
=2 A7 AR A FE Zotli7] /134 Local Moran's IS &85}

FAL71A3HLISA, Local Indicator of Spatial Association) -
F3Yotoiet. B4 23410 {95E 5% oY SRRl Y

)

10) Global Moran’s &= #9F/go] tigte] HA| A HS 02 FHEA73TAE AAl
= Qlon, FAF R ofd A goA FF o] eI =R YER|R| & £t
o}, webA| Local Moran's I(LISA)S &3 244 B3 EAL 24519
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Elgor ol fARE HAYS 7HA L e FAFEC] AR -5t
A= AL 9wttt Moran's I 7+ 0.572(p<0.001)E =2 F+)<]
7H4 7143

2~

0o
N

3L
o
o] EAsHE Ao tehdth ZUEAE Az 1% %
SEolA Fopo] S RS BWE, BFE, UNE, BE S35 5

o AAFER YT E 100), (o) F=).

°FQ 9l 79| 57 A = Bivariate Local Moran's
] < 39l ZFHH Aret AAA FFadd
o AE & AT & Y =59 -?4"—%“610] EOHA FA AA
Ea HATE Zotaat sHqict.
44, AFdAAYlA FAf0] w2 AFolHA 654 ol
Ql7H(Moran’s 1=0.25) ¥ =33} A4(Moran's 1=0.17)7} &2 HAF=
FE FEAAYoZ YEHATH(LE 11(a), (b)) FE). o] A9 A
H3f| AA5] &eo] Hold A7HAY, IA L=FFEE0] Yol R3Esh=
AASEA ZAABALY tdA o] wol ZoE o] St ZALFo] =
2 A Fo|HA 4A] ]3} FoHMoran's 1=-0.01) ® 5~14A4] oF5(Moran’s
[=-0.18)7} =& AAT= F& A=A Gl Zol et 11(0),
dy #=x). o] Ags2 /‘H & FAGAZE AYEHIL sholy A7Fe0]

7ol gl A olets EAol Urt.
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a. ZHCE X654 04 |b.EALE X L HSKIS o EFLE x5~144| OFF |d FS=Ex4M 0fot S0t

ZANE A=t Aol Fokael 7t F1AE Bivariate Local
Moran's IS OI%EH AR oI5 B £ =29 ¥l wod
o] H& HAFE oA shgiH
& Aol 191 77}
jilasy ZlQ(Moran’s 1=0.21)& °W EEH uYAE0] gol AFdte F
T FARE A0 8 UEET o] A95L AR S7kelo] go
AFT 7HsAdo] 2 A gojgty B S JTH(IF 12() HXF).
ZA9NYo] =& AHo[HA 309 ol FEo] WAL (Moran's 1=0.24),
FE0]9] A7} g HMoran's 1=0.10), 20 nt' oJs} F€o] W A+
(Morans [=0.02)= o Fka S Bls) 4 AFo] YHE Ue=
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3. ZGA L BN FAQQ 71| SZHUA =M

ZAY Aot AAA FHek8el 7+ FHAAE= Bivariate Local
Moran's IE ©]&3f AAstrt AT et AHAQ A58 A=
= QAH R Lol o euE 7HHHoR
7H, FANATE 52 Bl 5T 4 AUtk 2 ArolAe 29 g9 ¥
/o] o WA FAO] AR R JAFE Zotlaiat shit

42T AR NN ZHeE AFAGoHA FAATPE W

A9 A HES Fgojd FFallo]l B2 JATt FARHIH
(Moran's 1=0.29; (19 13) =) ﬁ-_rﬂ% Z]9] QLR = At ofmtET}
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4 Aol AR Urefstth, FAS BA7E SEEA 22 w4
2 FEA, QR Alo® TRY & ol WEE, AR5, BE 5
o] Z|gjo] iRE TLAof fFEE GO ZHYAE £ FA |
HHAS AT 7P 2 A9 . &, FHol & 740
& A2l EA0] L] ofele FHMASE Ho] AZY 71540 ol
ol 9 Fordol w2 Agolgar & 4 AT((TH 14 IR).
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ol FddSAge +HT [, AAE =eo] E 4 lthal wdd
o FAISel Het AL +HET oblet, SYE, FFZ, 29
ZE 59 Y Hi3AES AT 4 ofd A Ho] ¢4 AT AJMAE
24T fe =20] @ 5+ ASAolt

2 oA mEet £9 AAAG 2 FHAS 2 FATE gl
Z 3T £ Qe ARlezE A, AREA AL dAISH oy A
At 289 A | FAFN Ade 48 & < Ao diRE F
7g7go] dofetil, oojidt &2 WA S FHE & glof BT
I FARE 20| kEHA O AETE FAEE A9t B Wit

=4, FAFASO] Bol AFdh= AHe SHeE A 2], 1
FoAA, O 9 FEY HHY &2 AS dne 5 5 715He
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YA vhEe art o

AR, 22 FHASS AFoHL e Al ofmet Adel 3=
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Bl Aljkd Mo g K 497 Witk wEtA BT 4 Sl Ade
Aeros dE Hag 242 g3 5 e sEE 9FE A0
7P S831H ol 8 F4, &, F, A T 78 71FHe 43
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