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ABSTRACT

This study attempted to analyze the characteristics of heatwave damage in Gurye-gun and Sunchang-gun in 2018, at the
height of a severe heatwave, and to identify detailed heatwave-vulnerable areas through spatial analysis. Data were assembled
in units of aggregation zones for detailed spatial analysis. Shadow patterns, Sky view factor (SVF), and average radiation
temperature distributions of 5m resolution were calculated using a solar radiation model for high-resolution thermal
environment analysis. Individuals, environments, diseases, and weather factors that can affect heat wave damage were analyzed
in units of census, and variables with spatial autocorrelation for Gurye-gun and Sunchang-gun were extracted through the
model of Global Moran's I. In the analysis, Gurye-gun and Sunchang-gun showed the greatest difference in correlation between
SVF and heatwave duration days calculated based on the characteristics of the high-resolution indicators in this study. Using
the extracted variables and the average radiation temperature calculated from the solar radiation model, a map of high risk
of heatwaves and high vulnerability was produced. The proportional area with high risk of heatwaves (level 4-5) was 7.2%
for Gurye workers and 21.4% for Sunchang-gun, an about three-fold difference. The results of this study can contribute to
establishment of local government heatwave response plans and can be reflected in customized response policies tailored to

detailed areas, especially depending on vulnerable factors.
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2 d&E K Ministry of Environment, 2020). | 304 7|
22 20A)7] X} 1.4C 5=t 1980 olls AB+
7120] 134THo 1990dtioll= 14C2 A ALt
20180 = Ut W5 VIS FAYS Ao, 2894
SHATAIAA &9 ol A1 &7t g HoE 715
Fick. Hedo o3t 2HFETA HA] ABTH2011 ~ 20179)
2SR 1,132, AFGAZE 117891 ¥l 2018 d0]l= 2
QAR 4,526, AFGANE 48708 2 Fog FTREAC
2 A=A HMinistry of Environment, 2019). Z9] 47}4
2 715l ofs] B A F7F Aolw, 214171 (2081
~ 21009), HAT 7|22 2A47EA e Ao wket |
(1995 ~ 2014) thH] +1.9 ~ 52T A5 ZOo0Z AHLE
™(National Institute of Meteolorogical Sciences, 2020),
205077 Z@o]l 2 ~7H} FVHFE ZACE ASH4
(Fischer, 2021). ol2jgt &¢ Hlwel wo] F7k= Y,
AL, A 5 TRt EotollAle] msiE EAAIXIT. vl=o]
A= 80t SRERE] 2003971A] 713A S F EA2T 7
o= QIgk A7} 91.6%E AAISHAIL, EHo] A
20039 FHolxl= 35,0000] o] Apgstar 1309 g2 o9
T&j7} AEFTHHeo et al, 2009). ZFL A&A|, WA, &
7, A4l g 59 284%s WAAIZIAWKIm et al,
2014) AW A2xd 75 AsHAA 25 A TYES
0| 7(Kim et al.,, 2016), £3] ¥ X117]L0] 33CE %73+
Al AFEo] E531s A4S HQItKKim et al., 2014). 5
FA|Zo] W= FH e e} WA B2 A-E0] 2P
of gtom, T30 1ol Qe HY AFYAL Atolo]l f-2jH]
3t 34do] 9lom(Jian Chenga, 2018), A AAZH o= 2N
H E<H]s) 2jo]7} YEftal(Sharon, 2018), £3] 5&1F =
A9 284 WgEo] tEA Rt X|H7ke] Z<]us)
zo] EALS BA5H= A7) APE|ojYtH(Park and Chae,
2018). A|94 oA HQES o gt Il sfidstes AY
A ZATH Hof= E4FHCE UET(George
Luber, 2008), ZFthet A3 s Hot o LS =
o= A7 A= et okl A9 E44E st
FEZAQl o] "Qslrtal AAE Ak Julia Kravehenko,
2013).

Fdo]l o3t msfl= 53] 654 o P ARt e A
2 5Eo] B3t HAZAA wi$- A% o] 1(Kim et al.,
2014), AGERE= 22 FPF1Y HolAE oFH BEARRE
o] WAt AA A Hof APt thEA UErdth(Bae
et al., 2020). WepA HSiIHf thek 374 E4Jo] Bast
ot 7]5sto] ek FR7E F o)A (Intergovernmental Panel
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AL Itk Bae et al (202002 FFAIE tHC= AT 2919
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AT} 2 PHE o] 83| EHus) AAA=E 2
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20181 01 AT B2I0 AM ZHHoH

o] gk2ygdt DBARES o85t9ith A

A A Az A= S5 *9 =71 S 51970

o] 71HolA oFE SFE HEER, FHeE it 24

LA B 2 34 AAE tiide® 4lard Aol
4

B 59 AEE ATttt 2948 TAAA Ames 354
S RS L FASAARS Y E S AFo]7] iR S
F4o] ol Q| Mg o= omr|He] et 2gddS
A} ok Afol7h UeRd % ck(Table 1), AL 24|
AAE S EEER - ARRIER?] KCD (Korean Standard
Classification of Diseases)-82] HIQ} A ojof whErK Table
2). 2018 7R = <SFH AAAE 7o R SHES e,
20189 olF == TP Y Z 7IEeE ATt HH
Act. FRAFE AT Aok WEF A+ DB A=
£ gmHYd 7IQlE BE RS e R BHE P4 A}
55 EYE AE AREA FIAAEEIH] £, B
. ok A EAES BH 9 sha AT5ZCR o]
85 £ QIEE 7lgolo] AlFSHKPark and Chae, 2020).
2018 Ay 2948 TAAAE Bof AP3E 244
AP 4,526, AFGARE 480w, IRIAGEETH o
% O+ DBE B0l AFgE 2FARG= 44,0945 0=
AT 294 FAIAA Bk oF 108) B2 gRprt
A=At wbA ZHo] o3t AT ARE A
o 283 Aloll= 71 7t AAwE2] E4E olslishk= Aol
Zasict

Table 1. Statistical data on the status of health
damage in the heatwave

Data provider Explanation

Korea Disease Information on patients and
Heat-related ..
. Control and deaths who visited the
illnesses

Prevention emergency room due to

surveillance
Agency (KDCA) thermal disease (T67)
Health information data
Customized National Health | prepared based on insurance
research Insurance Service premium claim data
data (NHIS) submitted by all medical

institutions

29l 24 - TYIT 2HAS (fyOZ - 663

Table 2. Main symptoms and disease codes of
heat-related diseases (KCD-8th revision)

Code Classification Major symptoms
T67.0 Heatstroke and sunstroke Central nerve dysfunction
T67.1 Heat syncope Fainting, Dizziness
T67.2 Heat cramp Muscle spasm
Raising body temperature
T67.3 ‘ & body femp
Heat exhaustion, Sweating a lot
T67.4 .
anhydrotic Sense of helplessness
T67.5 -
Vomiting
T67.7 Heat oedema Edema
T67.8 Other effects of heat
T67.9 and light

2.2. HOEXI2 SMH2e 7182 g

Back et al.(2020)2 201892 TjAro 2 A= 2297) AR
o L, A5, LE2E 59 HY S A
Aol AR A"E ol&sto] IS A4S
IBM SPSS statistics subscription 0]-85}%.0H, & 257] 4
Spaidest LAURR} 4 Afo]e] A A3t HE 117
FHSE TE3IQIT) 229 x 229 AR Ao isf 1134219]
Euclidean distanceS AFE5}o], AAH A A BAS &
S 7P vt vl A el AR SRS A
stk

Ao et AL 713A% B4 sl A7
9] R AmE ol&SI3ith 710NN AsT RS
AWSIE 25t slot RS At B
UARE SAEE B 0] YA Bk EIE AR = 1A
TSRO0l Aot X3S AAsto] FHEEE st
T A, ReRE] F2 ATl Aol e o
o 797} Qonz F)Ae] S| AREAY HRg
AR A 71eARE olguth Yang e
al.(2019)2 ZAFY S sl 718 SRS km s
) =0 GPRM (Gaussian Process Regression Model)& ©]
85jo] TR, AL, Sfepo R REe) A2, EAuE,
$E A|R] Zlo], BATAN, FRAFAA, At 5
o] FHipES Uidsto] 1 km SPFE] A7 VIARE A=
SkoiTh 2018 o}54S Yo R A1 WSl IDW,
Co-Kriging, GPRMZ ©|-&dsl Rod5E H|wsIoH,
GPRMo] Tjolet Huisee] g80] Bolala me] B8] ¢
ool AR AT FFS T AR RS 2
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Fig. 1. Distribution of GPRM Tmax in cities, counties, and districts and districts on August 1 and 2, 2018

th. GPRME Bl A8E A7 g2 A7kt AxA g3t
BAX0A Bl ol Hls) Heert R 4 i ¢ F
A7 AR diEel, HaAte] st dRs £
o 2j0] AAgHIo] Aatele). 20189 AFEeRY =9
o ot 2JA%l Al7EZ} H(Korea Disease Control
and Prevention Agency, 2019)0] W2 Z G AgRLe] FA}
Y F 7P B2 I AFRIRHE 20.8%) 8 1-2Y= o
Ao 2 GPRMZ o|83] ¥ 17|12 ExE BA519rkFig.
D). TS 3o o Al £330 HEA UERe
o, YEAGS FHOE &2 7l20] Ueid AHYE £4
EQlth & Atoll A= GPRM A7 17 ©]85to 2018
| o Fell S A B9 SEYS ZARE
A, FoioF Y5 Abgsto] vl 24531

2.3. AL S 233, 1Y, 2R

re

A=

rie

FelEat <32o) A EQACH PRIAS 919 17
T @9(cencus output area area)Z Al=EES =014 JA|
T 7|Z2HTE 7902 QIFH(F 2] 5001), AFS]HA
A ARFERE, A7hS AEoto] =53 HA BA Y
AFHo|th&A BAR Y EHAH (SIS,
https://sgis.kostat.go.kr/)). <52 oF 1/30 12, EA
A BAREE AFcks Ha FATH DR A& oF
16,0007, 7] eF 20,00071], 174 <F 5,0007] FHoZ L+
ojA QUtk(Fig. 2). FAT BAVIES 712 H9ITE SHE
2 7ol dglo] B2, ofd, Hk, AbsA 53 2
TETAQ BERE APAES olgste] Lt HeTFHE
Sk YA 2AF AR FACIA A BAket SAA

(SRR S

et 4O s e )
S [ s d

si-gun-gu

.|:| si-do ’ e

eup-myecn-dong

: i:| si-do
&

cencus output area

Fig. 2. Administrative district of Korea (sigungu, eupmyeondong, cencus output area)
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(a) Gurye downtown(4 km x 4 km)
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(c) Grade of old houses
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Fig. 3. The grade of old houses in urban areas (4 km x 4 km) and the distribution of the number

of hypertensive patients in Gurye gun, Sunchang gun

SEARS AR/ U UlA Bgslo] o 2 Bt
A5 BAPCIA FET & A=F AFHL ok Y
AAFE & 507N, &3] HAAE 587oIch A &9l
9] BAAES FRoRlTE, kLRI, s, Hauh
o], 1SR, o], LRE e, 919, 9 ofd
72 olgsleict

A EQFH RARAE 99 WA BT 75
Vet AmE +Ustel Basolt. AEBARe] 2018
H EQo= QI S A THY AR o w2 2F
A% Aud F P g ae Aow JA9 <
13.8%2 ARk A B4 Fol= oF 51.9%5 Hut o]
&= AR AEAl= 654 ol kA Fe At
Sui7k AR 412%7} oA P B b
Fuo A9 AT Bl FFL Wiy, A AL 7
o oz Ao etk 9 7120 B Ay e
ol H5ES Eoletl, 54 g Y7 7|22 A=
d] 7]& 4 Qlth(Mavrogianni et al., 2012). =Y oflA=
19799 9% AZY AT NN AGOZ BAVEE
YHos T B ATNE 2T
oA et ‘HYATE ST EEZ AE5HT HA
T Lo FHEE AT PERPHAAE AP 3
SE JAE =% 555 JEE UshiH, =% 55
o Wt 1 ~ 10 5RO o] AT T2 E2HL,

ok 2R Aokl Z|AYARS vielal] Sla) 2
QAR AR AR FeA B Ay

pg

-{Olt

—_

=

2 st AT FRARS TG 10 ~
115) , 94873 E10 ~ E14), TAEZ(AE7]S ET9),
OPYAR(UTA APYE SEAHVI93) 4, AN
W73 21 ~ 122), HEZAE7])E 160 ~ 164)0]H, 200 m
Azt g9lo] B4k AR B RES 0] g3 7o
23 0] WAT 9l IARBRGE TS B
TR WdslikFig. 3).

24. NZ & XRHE

mjo

Qe

A9 @ & S A5 S5 BdEAEE
SOLWEIG (SOlar and LongWave Environmental Irradiance
Geometry-model)Z 018513t} o] AL AYdl Gothenburg
8} Urban climate group©]|A] 7= ch(Lindberg et al,
2008). 20099 1.08 % o] T =l oH, AASH 2P} A
=%0], EAIE ZEE o]&3 AxE SIYEL} A
Z|4>(Sky View Factor, SVF)E AAlslH, 334 BAF &
(flux), & FoHd B7lo] 583 BAEARZEY] AIZHS
32 ks AHor HoJF 4= QIth(Fig 4). & ¢
TolM e EXuE] g sEtu|E 2-go] 7hset 2019
2 o] 85ttt Lindberg et al.(2016)2 IS4 AS &
3l SOLWEIG Zdo] AA| BARZYAS 2 BO|stal 9]
=2 FRASIAIL, Yi et al(2018)2 ME& FTF AFS WA
o2 oM AL, 2 97} 5 ol Hisf SOLWEIGE
AEe A3, AAFHIHEALS] R*E 0.98, RMSEE 25.84
WiE %2 45% UeEhdS E3ith SOLWEIG 5%
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GIS data

DEM, DBM
DVM, Land cover

*DEM : Digital Elevation Model
*DBM : Digital Building Model
*DVM : Digital Vegetation Model

Met data

*SVF : Sky View Factor

Urban geometry
Wall aspect, Wall height,
Ground and building SVF

Vegetation SVF

=

2t

(East, West, South, North)

Shadow pattern

QOutdoor Thermal Comfort

Tair, RH, Global SR,

Kup, Kdown, Kside

Direct SR, Diffuse SR

Lup, Ldown, Lside
Tmrt

*Tair © air temperature
*RH : Relative Humidity
*8R : Solar Radiation

Fig. 4. Flow chart of SOLWEIG

AalixE Al A3, AEEel, EXTE, AAzo] JEI7t
ggasitt. 2 dFoAe FEAYPEYY] SARILY
(2013¥) o83 A Y EolE AYota, FPIHE =
ERPFA AE0219 29ALE of&d dExEo], 4
5 EXGE AER20199) AEE o83 EAMEZ A
Jotar, AR d=(1:5,000, 2019 7E)E o83l A48
0| ZEE APgote] et ol sl 5 m =R
SOLWEIG YZAaE 123t tHFig. 5).

SOLWEIG R9E floflAl= tdA G ATHE 7|2, &

*Kup : outgoing shortwave radiation
«Kdown : downward shortwave radiation
*Kside : shortwave radiation from side
*Lup : outgoing longwave radiation
*L.down : downward longwave radiation
*L_side : longwave radiation from side
*Tmrt © mean radiant temperature

=, QAR AT, ARh 59} Jast Basi )
A SRR AS AR SWVSESESAR
(Automated Synoptic Observing System, ASOS)o| A9 4=
o] o]FojA 1 Ql=t], T ASOS Ao] gl gt A
A A A8sh7lolle ARt A9 £ wtdstrol Al
ofo] glo] & AFtollM= 71780 BFQL A H R
H(LDAPS, Unified Model)9] A|7PH 7|2, &, QARRA
A, A, Al A=7E o85St 7147 LDAPS AHwo
S e 1.5 kmow, AZ O & oF 40 km7HA] 70508 F

(a) Digital Elevation Model (DEM)

(b) Digital Surface Model (DSM)

Gurye Sunchang

Gurye Sunchang

&

High : 826

ILOW:Z

(c) Canopy Digital Surface Model (CDSM)

(d) Land Cover (LC)

Sunchang

Sunchang

Fig. 5. The input data on (a) Digital Elevation Model, (b) Digital Surface Model (building and ground),
(c) Canopy Digital Surface Model, (d) Land Cover in Gurye, Sunchang
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2018 OIF AT Tole &M =3

A3
“J=]o] Ut LDAPS A}E+= WMO (World Meteorological
Organization)of| A A|A|St Grib2 4]0 & A|lZ= ™, Grib &}
2E Ascii TEE WSISHE kwgrib2E AM8Sto] T2t
AT Fohes AR FE5H] AP 712, |5,
A GAKtdsws), A LAKswdir), AFFLANswdif) 52
S5t ARG 20189 45 & 2L AFGATE 7F
% ol WS 89 192 AT VAR 3
A} 7|22 AAH o2 ATl ¥ (T 24T, 16 ~
18A]), FH2T EQF R A<to] 7t B =T
AAFS Z ZJol7} JUA|RE, 13A] o]F =3<to] ekt o
E9kon 14419 Zdf 382 W/m’ A Yergton, gwist

HE2 AR LR THFIg. 6).

2.5, X7\ MEEM Bl

A ZRF RS YAEHS Qo] ZHne] FHFRRIE 7]
A9l 3489l 7QlaRl, AskeQlo g FHESI K Table
3). FFAISC] AFT 7FsA0] T2 AGLFE =Y 9

ot
-
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on,
o,
Hi
R
I
)

|
%
R
19
fo
)
e

breaks classification S 7|&0 2 7THAR LB o]
2 A e B 70 E 58 W AR &
o|a, 7} E%t AR F[tiglels WAl E 7 ~ 1057 ols)
T2 1 = LEF(Jenks, 1967). 3TEEARZAS ArcGIS
103 & 0]835d AFA IZRPIAEEEA] Global Moran’s 1
HPHS A}8519t}. 2771 A K spatial autocorrelation) £
A2 B 449 37H tiglS 7l&stal A= dl Qlo]
S vjgo] gt ZRIA| of ¥ FARE g 7H
dE0| FH R d-9] HHE FA5tal Y=AIE B
517] QIst A=l o]t Anselin, 1988). Moran’s 19] ZF& -

N g

OF
2t

0z

29l 24 - TYIT 2HAS (fyOZ - 667
0l 574 @] Basfso] AR ANE NMHEA 5
© BRI YeFL Aolth
YN, (2~ 2) (2, )
1 — (1)

E(%‘*E)Z

— n X
2

441 19] Ii= Global Moran’s 1 543 ZF& 9Ju|sict.
Qgsa(e,)9) Ol H(r 0] HH] HFO 2R WA
FE AR n JAF 5,z g I HHHQ
R S CCE "=
Ao] A et w, t FWIEAREE 74

Sl= 71EAE oulsith Moran’s 1 AlSE QAT XY

Table 3. Variables by vulnerable factors

Factors vulnerable to heatwave damage

Heatwave days
Duration of heatwave
Tropical night days
Shadow pattern value
Sky view factor

Weather factors

Grade Grade of old houses
Number of old houses
Number of nursing homes

Environmental
factors

Infant population

Elderly population
Population density
Average age

Aging index

Support fee for the elderly
Agriculture population

Personal factors

The number of patients with underlying
diseases

(Hypertensive, Diabetes, Cancer, Cardiac
infarction, Stroke)

Disease factors

(a) Air temperature, surfece temperature

(b) Solar radiation

w
£

w
3

%)
3

Temperature (°C)

——Sunchang air temp.

=== Sunchang surface tmp.
Gurye air temp.
Gurye surface tmp.

______

IS
|5}

1 2 3 45 6 7 8 9 1011 12 13

Time

14 15 16 17 18 19 20 21 22 23

1000

= = Sunchang swdir
Sunchang swdif

0
S
3

»
g
S

~

——Sunchang tdsws

Gurye swdir

=
3
S
~

Gurye swdif

o
3
S

Gurye tdsws

PO
s 3
S S

S
S

Solar radiation (W/m?)

200

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23
Time

Fig. 6. Time series distribution of meteorological data extracted from LDAPS from LDAPS on August 1, 2018
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o] FARRE JAE 7HA™ ho] AAHA (Hdk=s 7ML &
9] RA}71AF T A (positive spatial autocorrelation)7} 1 0.1,
A& o]FHo|H (-)FhZ 7HA AL —1o]¥ AT F29] A7
A4 A (negative spatial autocorrelation)”} &A@ LEH
Witk 53] FHoFRIIEe] BRI EEA Arg o
g9 TANIBELS T Gr 8915 FE5n
TN 714, B4, 84, 34, 64l 5 Y ¥ A
7t o2 dEXARE AAISte] A58} H4(Analytic
Hierarchy Process, AHP)S 3}, of7|oA T&H =
3

GO 7HEN S o] 88) A A Hord W FHAS U
i BEBALE JJe Adat FHsle] ZHH

o] %1, ZoKt Aol oty B4

o
e
>
_?L
2
o)

3.1. 20184 02 TZW 22| LUV
2193 54

2QIBASE APVYR AYRIFG 422 1}
e 34 o= AAHE BgnPe] 45 79

Oz - =EH

o] 167, &=&o] 3 ox Fto] oF 5H =T
U BE Y57 |Hhs o E A AEETH
oA FElto] 277, &3] 152808 3+to]
5.68) B 2FEAFTE YAE[AS YA 73] WU
of weh 2FHeARO] 2o 7t wiR- AolshA YT

FEET £4ES gALe 2 IPCColA AAE ZH 9
T(risk)oll =t I3, k&4, F19Hl sigste AlEAl
#E2 APgsto] =S Hwol{tH(Table 4). {I5H/d2
715 xslet o] & QIR B4 FFo] A s HE
= ARE A HiU)L, I 172 33C oA 4, A
% 5o 9108, 714 ASOSARE o83 AFEsISiTh
ASOSAIHo] g FARE 77 7Phe wAEe] AR
£ ojgaiglh WAL Aot Algo] 4t BAHo
2 7|55t Hofo] w2 YEE 654 oIS, B
ol vlg, |25THYA vIg So| Uk HPHL 7T
R R EEC R E R e
AFZA A 1)E, AU, A7 3R]
I 5ol St QA g FHMHE FH5E AEA
(MOIS, https://jumin.mois.go.kr/) At2E o|-&35}3ioH, =

L2

Table 4. Detailed indicators of the number of people with thermal diseases and the risk of heatwaves in Gurye

gun, Sunchang gun (2018)

Patients with heat-related illness Exposure Vulnerability
Gurye  Sunchang Gurye  Sunchang Gurye Sunchang
Ratio of the elderl Urbanized
KDCA 16 3 o O e SR 314%  31.8% foanizec area 2.46% 2.04%
population ratio
Ratio of infants and .
NHSI 27 152 2.0% 3.2% Green area ratio 74.41% 90.24%
toddlers
Ratio of the elderly 7 o g0, | Water area ratio  2.62% 2.52%
living alone
ional
Hazard Ratio basic livelihood Giross regiona 553,644 720,399
recipients 5:0% 3.5% domestic product (million won) (million won)
Gurye  Sunchang (GRDP)
Financial
q 9 . ind d
Tmax 300C  31.6C Total population 27,117 29,209 ndependetios 18.5% 14.8%
(before the
reorganization)
Financial
Heatwave days 29 40 Female population 13,191 14,156 independence 6.3% 6.3%
(after the
reorganization)
Ratio of people
Tropical night days 2 4 Male population 13,926 15,053 | covered by health 95.7% 96.4%
insurance
Relative humidity ~ 823%  75.6% | Population density  61.18/km> 58.9/km’ N“I?Eeihzf;:’;“ers 176 159

*source : https:/jumin.mois.go.kr, https://kosis.kr, https://data.kma.go.kr
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Distribution of the number of days of heatwave in the summer of 2018 (June, July and August)
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Fig. 7.

In the summer of 2018, the number of days of heatwaves per count and the number of days of

heatwaves continued in Gurye gun, Sunchang gun

http://www.ekscc.re.kr



670 7| - 2

GPRM o|-85f HAH ZHUS, ZAAEKLDS BT
T SO FAT ERoA E AolE BloH, 714
9] FEFY 2018 EF U= 299U whs AT
23 Hof 36Y7HA] Ueit & Aol UedlthFig. 7).

3.3. 714280 § EAxeFMAe BeE

DY dicd BAS 915 THAGT, WA
S, WABALEE AEst] PAT wole] BuE was
Gt DPATE UE A0 6A)RE BB FHQF
74] 308744 308 FA0R Ak, Agkael 9 A
TYAGEE 0~ 19] GO AETT TAAET Zho] 0
o 7PheSE 9 A9, A4, 7o) ofs) TYA} Bl
B AR B 5 gtk AR SHeS Tt Ao
S| e AYetstn BRIt 7|5iE A Bk Ale] WAk
o} S sk 0 Qelth F3io] gojo] gl
I Y ARl HAHSE 1)1, F9 APolt AE,
AR5l ol BE TEAE Aol 02 Jehtow £
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i A9l AAAR] 7|55 o] Aol e s A5}t
sto] Awsicl & JLoAl: Lindberg and Grimmond
(201194 ARERE WS o]-8ste] FeEldt 3+ 5m
= AR E ALt I8ART, WA RS
= ol-&sto] A, Tt BAREHACL 3F F FH Bl
ARBERE FHHEARREE ARESH "ot BHEARRE= )1
Aot BALE B €& n¥ohs ¥ 1S HI2E2 A
AE XL Qs EFdsh 9 23] dut ¢ Au} &
()] 5 & JuleH(Ashrac, 2001). fHoE B
ARES GG ool 2 ARgSiaL Qlok

HHog Qg 2FES AR 7Y Hol WARH
2018 89 1Y FHwY YW HAEAR2IZ(average
daytime Tmrt)+= Z|off 53.8C, 4 29.0C, B+ 34.1CE
Uebdth &3+ ] 56.3C, A 30.8C, B+ 37.3C
2 o, 24 HFEARLRLEE 1T v5h dg ot
PHEARETF TR 3.2C 574 YeEREThFig 8).
AFEE HHEARE BE2E EXYELEE o839 Atdit

(b) Sunchang average daytime Tmrt (T)

! 4 ]
.'.(.
X[ W High 5479
I
i Low: 2897

Fig. 8. Gurye and Sunchang's average day Tmrt (5m x5 m)

(b) Sunchang average daytime Tmrt (C)

(a) Gurye average daytime Tmrt (C)

W High : 5385
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Low : 29.00

W High : 5633
I

Low :30.77 |{
tud|

Fig. 9. Average day time Tmrt in urbanized agricultural areas of Gurye—gun and Sunchang—gun (5 m x5 m)

Journal of Climate Change Research 2021, Vol. 12, No. 6



20185 015 EAT TI2 ANl ZHFHLY

2ol

[y

A - FHZd =HTE HYeZ - 671

HI

Gurye

Sunchang

(a) Shadow pattern

(b) SVF

High : 1.00

High : 0.92

|

Low:0.79
! l

o

Low : 0.91

%
(c) Mean radiant
temperature
(2018.8.1.) ‘ r

W High : 43.24

-
Low : 32.01

M High : 0.96
Low : 080

f High : 1.00
_

Low: 093

™ High : 45.86

—
Low: 3171

Fig. 10. The distribution of shadow patterns, sky view factor, and mean radiant temperature in

Gurye—gun and Sunchang-gun
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o)

93 FAPVSREAS 530 AFEE Moran’s index2t
p-value, +FEE EXES Table 59 YERJITE. Moran’s
index Zto] 0ETH W & = W2 &4 999 &4
(clustered)E HEF™, 094 9= &4 D9E 1 34
Jo| FAE ofufsi, 0XHth 2+Z A= == B
SAEAE9] EiHdispersed)S oJw|Rict.

TS S AT AP RN IR R
A A= vd AdolshA A= QT Moran’s index %ol
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(a) Sky view factor
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Fig. 11. Gurye and Sunchang's SVF and duration of heatwave
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£ BEEALES} FA B ATE ol 88 T2
3} 4479 ZAYPAEES HEAATHFig 13). B A=
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Table 5. Moran's index for each heatwave vulnerability factor in Gurye-gun and Sunchang-gun (Moran’s |

value is grater than 0.5 written in bold)

Hazard Exposure
Gurye Sunchang Gurye Sunchang
0.526 0.402 0.192 0.427
Heatwave days (p-value 0.000000) (p-value 0.000001) Infant population (p-value 0.000008) (p-value 0.000000)
Clustered Clustered Clustered Clustered
0.591 0.017 0.242 0.475
Duration of heatwave (p-value 0.000000) (p-value 0.454450) Elderly population (p-value 0.000000) (p-value 0.000000)
Clustered Random Clustered Clustered
0.704 0.437 0.601 0.265
Tropical night days (p-value 0.000000) (p-value 0.000000) Population density (p-value 0.000000) (p-value 0.001243)
Clustered Clustered Clustered Clustered
0.383 0.739 0.167 0.580
Shadow value (p-value 0.000000) (p-value 0.000000) Average age (p-value 0.000081) (p-value 0.000000)
Clustered Clustered Clustered Clustered
0.036 0.703 0.254 0.457
Sky view factor (p-value 0.236856) (p-value 0.000000) Aging index (p-value 0.000000) (p-value 0.000000)
Random Clustered Clustered Clustered
Support fee for the 0189 0493
elderly (p-value 0.000011) (p-value 0.000000)
Clustered Clustered
Vulnerability 0.057 0.050
Agriculture population  (p-value 0.401805) (p-value 0.392016)
Gurye Sunchang Random Random
0.008 0.501 0.064 0.177
Number of old houses  (p-value 0.556152) (p-value 0.000000) Hypertensive (p-value 0.076282) (p-value 0.026834)
Random Clustered Clustered Clustered
0.180 0.738 -0.035 -0.064
Grade of old houses (p-value 0.000026) (p-value 0.000000) Diabetes (p-value 0.756316) (p-value 0.594331)
Clustered Clustered Random Random
0.190 0.020 0.008 -0.015
Number of nursing homes (p-value 0.000008) (p-value 0.666900) Hyperlipidemia (p-value 0.550881) (p-value 0.974844)
Clustered Random Random Random
0.102 0.359
Cancer (p-value 0.010034) (p-value 0.000019)
Clustered Clustered
0.753 1.104
Cardiac infarction (p-value 0.000000) (p-value 0.000000)
Dispersed < 3 Clustered Clustered Clustered
) ) . 0.230 0.651
Spatial Autocorrelation (Global Moran's 1) - ArcGIS 10.3 Stroke (p-value 0.000000) (p-value 0.000000)
Clustered Clustered
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(a) Map of heatwave risk in Gurye

(b) Map of heatwave risk in Sunchang

Fig. 12. Map of heatwave risk in Gurye—gun and Sunchang-gun
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