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Analysis of the Impact of Urban Spatial Environment on Summer Daytime

and Nighttime Air Temperatures Based on Multi-Scale Approach
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Abstract

This study examines how urban spatial environmental factors affect temperature at multiple spatial scales by analyzing
intra-urban spatial variations in summer daytime and nighttime air temperatures using data from the Smart Seoul Data
of Things. The factors examined include land use and land cover, vegetation, and building and layout characteristics,
encompassing both two- and three-dimensional attributes. Daytime temperatures ranged from 17.1 to 30.9%C, and
nighttime temperatures from 13.2 to 28.5C during the summer in Seoul, revealing substantial spatial variations. Among
multi-scale models with radii ranging from 50 m to 1 km, the 100 m radius model demonstrated the highest explanatory
power for daytime temperatures, while the 500 m model was optimal for nighttime temperatures. Across various spatial
scales and temporal scopes, extensive low-rise residential areas and grasslands consistently contributed to increased
temperatures, while higher normalized difference vegetation index values were linked to cooling effects. Additionally, larger
proportions of railway and road areas were associated with elevated temperatures, whereas larger river and lake areas,
higher building heights, and higher sky view factors contributed to temperature reductions. However, several of these
factors exhibited time-specific effects or were significant only at certain spatial scales. These findings provide empirical
insights for improving thermal environments and climate-responsive urban planning strategies.
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PER) gFon vkt EXuE 54 59 Fsl et 4
It F7HA W37} 91& 4= %tH(Yan et al., 2014; Johnson et
al., 2020: Cao et al., 2021). L% EA| AF YolAE A=
OE 239 7]122 QAT 2 v 93 B4 E= FHY
iU diFE 53 di7] B4k F3E ol Ads] v 4= 9l
THYan et al., 2014), AA2 ZARIo] A73H= G 42 di7]
250 o AHAQ FFE won] LA YolAk X HEE 4
o3t 7]& BEZE Ueh B2 v|A|A Z}¢19) 7]2 £40] a4
o}, B33 2A] 8 YoflA A A 71 7] Ajolet 11 AelE
olgfsld F7tA o= AU d Ust kS vidsh= o] &1
9l JEE A5 <= cHjohnson et al., 2020).

EA] 2EE OE B A7 29 8] XY 719
712 A2 S 5= EA 948/ HUrban Heat Island, UHID)
o &g 2FHL =T ‘R}E]-(e,g,, Yin et al., 2018; Yao et al_,
2019: Yao et al., 2020). EZt =] 0] 210t TSt} 24| of
7| 2ER A E2H 225 FAS A7 A oE o Bl ¢
3J=]9ltke.g., Zhou et al,, 2011; Zhou et al., 2022; Patel et
al,, 2023), Z=A] Y 71L& dide 2 d A AFEQ 4739
dl, S AFlME olzfdt Aol EAtHe.g., 31H 9,
2013; HEA] 2, 2015: B 9, 2016: 31EA-HE, 2019;
ojdds 9, 2021), ol A SRR &3 720 B3|
#44 dlold 7]Rke] A #H L= A&7} EA] Ao tigh 2%
BEE ¥ 3R AFsl] dEos Held, =AIE4A
Qe Aol mAQ) 9 H|EA] X]Q0] 2k A2 SHY
Q1o vlaLF] gAjo] -golsirh= 4ol t}, E3ZF 7]20] A
G 9] kA, vigdell gt E9 ol F, A AEAgel |
# Fo= Q3 25x9] F oy FHEAE ML TA ) o] A&
H 2eHn & o B3 fAYES 7Htk= A(Yan et al.,
20145 G5 7103 Ao 2 U}

F 712 SEAAE Y] 9L Fistal UG 5 71 &
5 7olsl7| Y thiFE sold A 228 SR tlolHE
2-85HAY uty 7]7] 7|9ke] % 574 71HE E-83k= 9
-go] o]Fo]x]al 9tk Xu et al,, 2020; 7RS4 7415F, 2022
A FA, 2022), ABPFEe] 712 dlojEE HEoE &4
W 7]-29] AlFHA s sig-g EAsHs A7 2ds] A9
=31 9o (Johnson et al., 2020; Cao et al., 2021), ©]2|gt
tolHE &-83 AAFolal e A7) B aE= A%
olt},

20 EA] 229 3 7 BAE A8k AtolA
£ &40l ARgEl= dlolE 9] 37 ey EAIA S D A A
BYof] A= F O T sl Ho9] F EATHE
A7, A& S0, Alavipanah et al. (2018)2 X &H 2%
olg] g4 H7]|9} FUZ 30m x30m 9| FHjdER 2D E 3D
FUTE B40] =Y 2=9 vjA= %L B4t £

224 "=EAE, He0H Mi5= (2025)

289 2(2019) 2 2314 9)(2014)9] AollAE 22 A&A]
AT =Y AT BRTHE 2AESE s =
Ao} B4 AR T4 BAof oisf £ R

Aot foje) 3 EAER O 299 A71 33 24
U(Scale)}& Akl YA, £A] 7123} FHeHE o] #AE=
2ALof w2t FFE W& <= H(Yan et al., 2014: Lan and
Zhan, 2017; Johnson et al., 2020; Liu et al., 2021). %=A] #]
Suitt 2%, 7148, EX0IE, A+ 4 4 Aol EA]
gl AHER B4 ARt F 2A|do] s 4 deH,
LT 899 9% HAE AQuitt oF 4 AHSu et al.,
2009), ol= ‘37t @9 Yo EAl(Modifiable Areal Unit
Problem, MAUP)2k A AEHOpenshaw and Taylor, 1981;
Su et al., 2009). MAUPE= golA Ash= 37 2517 49
Zo)7] Wigoll, 33t D919l A1 75 Aol we} FHEA
U 5A £49] At debd 4= S AulgeHAT A, 2011
o|Z1sH 77, 2013). webA] T+ AEARE dlofg 7]¥e] #
A EAA YA MAUPE o]3falil, A7 |de] 93 FAE3}
+ Zlo] Zasit, ojg WA W4 ko] FA7}F I 24
dof) w2t Febd 4= vk Aol FHE3H, MeEE 2ZF o
5 ¥PEE AAshe Al=S0] o)FoA|7]E 3K Su et al.,
2009). 22 U =A] B B3 2opllA tiF2e 71E A
SAF T 2A LS A = E 2, MAUP A1 A
Az oz FER AT A7t 57 AAolnt wehA oot
33 2A| S AAste] 2A o] wet iAol 7120 viA]
= %] AR BHA=A 2481, 7|23 S wA
gt 241 EHscale effect)E AH EE A7 Hasi,

o3t vl 2 BT thF 2AIY HZel 7Nt EA|
SR 54 7129 BAE A F R A5k, $7 &
ALo] o]t FA | v|H= Y LA Tk, WA, 3L
e 712 HolH g &-83lo] A+t EAIY 71 £ &
Aslal, EA i 7129 37 A2E AFE 2 wofjitt o
22, APAT HES T3l AEE EXCS % H&, A4,
A& 9 A 4 22 230 9 3 3 29 £
oz A, olF 80| AEE 72 A= ¥¥E &
A Ao}, of&d, F70 ot 7128 FHESH ARt w
£ 3 27199 Y 307 89 FF wAUSe] °l%
A g A Bl 248k} gt

I, MHHT HE
1. EAl 7|20l B Olxl= S2HEE 22

EA] 7120 9FL viAle Fa7 0 802 E A
olg H mE, A, 123 e E HiA] §40] ok WA, B
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Aolg U v E42 oz A 9 W 20 AFE viE
FE9 AolF B3 7120 A ¥FE v|AHWard and
Grimmond, 20175 Zhang et al., 2020). A2 EZJo]§ 2L
o & E4& 34 AZIst A g 2] @ £ 22 vA| 7k
AYog FE8 4 ok, F4, Y, 44, 1F FY A=
olFol 7 A7k8} 2|2 E=A] WA (urban area), 21F A (arti-
ficial area), Z1& H#(building area), 2% 2 (paved area),
E54 B3 (impervious area) 52 A HEE A=Y, o]
23 SA42 EA Y| 7122 Eole bl 7|98k AeE UFH
tHYan et al., 2014: Song and Park, 2019: Johnson et al.,
2020; Liu et al,, 2021).

Hr FAAQ ERolg H g& £ M2 AlEsiste] &4
gt AollA= AR f-R ol el 7120 vl FFe] Aolsitt
£ A& HolFal gk (&34l 9], 2014; Park et al., 2017; Lee
et al., 2019: 28 2], 2019: o} -AFF, 2020). AIE &
of, 23 £](2019)9] AL A&Al EAIGHAY 299
=93 87 EAE FA8] A8l FAAE - AGAAE - dFAIAE
A3 vlgs B4 HE, 53] 4 QA olA A HA
HlE 59 ¥ 883G o] F ¥4 AYl F 9%
o2 s MrEe FAAA - AAAE 983 e 251 )
£o] ERIHALE. 71AF 220249 AFelHE FUT FA4E
= A Yol A= d5FAAL B3 A Fej H3f vlald] HE =
o7} & FEFAAIA Bl Eo| B A ¥o] & ARz Q13| A
B 227 Ao Yold 4= 13 HojFich

B, 9 43} Aoz AR BR|9 £ 22 A
A4 PHE BEA 842 U, O, 4 B 2 52 S
LA 7). 95lel= A} QtHBowler et al,, 2010; Vilker
et al., 2013), Thgh, o] &3} AW JA) HA|ot =49 {F,
7], Bgolut 7 &7 9 AR 59 2| w2t g2l 4
QlcHPark et al,, 2017; Pan et al,, 2023), & &°], Y%t =
A9 frgolets U7t B2 & AY2 2R\ vlgj| ¢4 2
= B4 F A ¥ vAYSE B3 =4 € g3t B8R
o &Y 4= QeHGrilo et al,, 20205 Suen, 2022). 49

<, Wolu ALH= Wzt a3} vjulsiAY, 23] B|E
433 4 e £ Bl o8l 243t anE {5 8lof, Al
2t Aol whet Wzt &3Pt o2 vebd 4= 9Ick(Yan et
al., 2014; Pan et al., 2023; Yang et al., 2023), T3t %2 3}
3, 40 Z2 gt FF o FEE 4 o, fREe d
F7t 9 3 A Es shue] fFTE TRl Jlo] AR £33
o) W& 7] A FATE vlashs bl A7} ik

EX9F WA #elo] Sl AR (Normalized Dif-
ference Vegetation Index, °13F NDVI)= A9 g3t} 4
HE AFeRke ol 78 g AN sl g, B a7l
712 Aol %S vlA= Fa% 948 HAET ez

2], 2019: Bowler et al., 2010: Grilo et al., 2020; Yang et
al,, 2023), =3 H 22193 Q) EX] EAJ#G ohzt, 331413
82191 ZAE 9 ujA] 40| 7]29] v]X&= Gl FEI= T2
A7} o]FojA5L QltKlan and Zhan, 2017; Park et al.,
2017; Tian et al., 2019; Liu et al,, 2021 Yang et al,, 2023),
A5 aQlez2: AR Uk, wol, $3E, Auen 22 4E
Aot wAH EAdo] gloH, Bk ohet AE e} ufA]
A H[REE BAER Yt B2 FREZ ojFo|F AU &
Al 8732 dREH o g 218 Ao]9] BAF EdfH(radiation trap-
ping), T2E2] A 85 571 522 QU 712 Aol 7143}
Agk, 2E ¥4 3] AfE B3 712 AReE 9% vE
4 QItHPark et al., 2017; Tian et al., 2019 Yang et al.,
2023).

Lan and Zhan(2017)- E=A] ZAE0] F WFE HSIAA A
d S Atk A% 9 3ofar Azl gl ol
2 A& UE, AE9 local Moran's | ¥ A& 0|, 8352 4+
Y goet A2 w7129 BAE EAsiglen, AE
7] &2] BARS Fd] 48,9~53,4%7H] AYE 4 dctil Bi1stg
o}, E3E A 3719 uljR] BAdo] 7|20 v|X= FF AT
Liu et al. 021} A& Y&, ZE w°|, 83&, dA3le& 5
S & F4H ¥ FHEHE Wt EF 9 A4 HES ey
£ A& s 9L 57 A 2R Busigic

AE g & wjx]el PiE 3394 aglogE F2 AP
#&(Sky View Factor, ©]3} SVF), EHAZA7|(Surface
Roughness, o]} SR) §ol 1eH, o5 ¥t /A, &)
e, GollvA] ng 58 2A3 EA] 7|20 L vjH}
(Martinelli and Marzarakes, 2017; Park et al,, 2017; Tian
et al,, 2019), ZEo] YL 7o) F2 TA] A H2 LGyt
Zog W2 SVF k& 7MY, ol e BAl| didt &2
AAA 7]20] Wold 4= Q| ¥R 3] 452 ASAA
ok BAF AR 73Skl 712 35 U ok YtHlee et
al., 2017; Park et al., 2017; Zhang et al., 2020). SR®| &%,
AAZ 919 371 53 1 ol G 7)ol Q- ujA|H,
#hol 28 vl o] A 7| e 298 4 U
(Grimmond and Oke, 1999: Park et al., 2017).

ot =AIQ] AET vjR] o] &0 u|A]= FFS B4
g ATE TooflA] 2Es] FYE oY, S BAE s
T AT AdFor BE3 A4 dFE FEARY L&
off gt} QUrHLi et al., 2019 71AF 2], 2024). Li et
al.(2019)9] Aol AU, A&HAHA, SVF, SRE X3
g 32H B 33 a49 A& 2% 7He] IAE B39t
4 43 SVEeF ARY 25t H+HQ BAE 7K, ol
3 WFe R MY Arrt 1 &8 AR EE3h: HY
EALfUR| 7} oA =7t Adhe Z02 S| gt W,
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SRE S04 Awat sl vz Aud Lwe} &()e)
A 7l A0 Ueitid), o8 AFolut A ozt 1
Lol gyos AR LEE BY 4 Y AL S Aoz o
Haigct,

AT A A}, Exog U nE S0 A3 $3L o
£ A7Ee YR ZAFAT, of5 ATIHE TR Q&
3} SA7H AolIaL o8] TR W FHE 420] B4 B4
o] Wol thzolx|1 qlek, weba] thaket A7 WSlolA Al
2AQ) Bx] B40] 7120] vt JEE AFHom B,
Sz 7)1 2] u|xE o] o B thEx selsks A7t
Washc 533404 549 A8 9 W alo] FEuw 9
£ 7hed), AT Ao AEHE S0 uet 2 S43 7]
9] AP} gelxl o) glo] Ykel AES EESE o 7
AP} olet, S8, FujolA 339 S} x| 20| PAo]
Tjgt A5 Bajo] ol=ojA L glont, 7] eute] WS s
AT o Rag Aol vilatoR, /)& A7S
ME B4 2] 248 93 WeSHe U 297t ugte
W, okt 2ue BRY 02 Tejgt ATl ojds) HEst ¢
olct, whEhA AT AR 420 EXjol8 9 uE S43}
ggo] At 33910] A 9 vjx) S FRHow was
o ] U 7|2 A viAYZ] chs) ZRHolw AT B4 S
A|=8his gk,

2. CES Aol 2 =A| 3Zketzat 71290] 2|

EA] FA0) 71200 vlAls ] 5 L AL =
=R a1, 1 AA o) wEk ek 4 Qlrke Aol F531
THIRE A B 2AIYE B8] AT} o] FofA| AL T, T
AL AEAE B8R 7IE AFE2 BA Y 7 Bt
7 3 BAZE ALY B LTk Ae FUskL, 29
B4 B AL E AABEIL i, R FHE AR 712
of frojulRt P v F1 MAE EESA. € S0l
Yan et al. 014 F= Ho] Q9] S99 T 9 AHE %
O 20meliAl 300m BF37HA] 6702 ## % (buffer zone)&
A5t EX 5 vl&E S48, $3F AA L) w7
EXu & {9 7] Aok AR - A7 2y digol g
2= 2e AU o 712 ¥ske A2 ARl
20m RH3, W Al = 200m B 2HofA 71 &2 A EE
AR e, E3F 7] 20| oigh x|et AE A vE
of Adj# FAe] Alztdieh 3t 2A Dol wpet oh=A] LER
£ A& B335t Lan and ZhanQ017)& F5 $3HA1E diA
O 50mOAl tkm Y3714 S0m M08 AE ot v
oA A B ¥t 712 742 FAQ) BAE AR}
o, 200m W] A 545 712 7 BAE 7P 5abE e

226 =EAE, He0H Mi5= (2025)

2 MAPsk= FAHQ 37 2A1 4 Y-S AABHT

Johnson et al.(2020)2 F+&-A] W <F 1507]€] 7|2 444
& 71222 50molA 1km7HA] chRt vy FHg AR},
EXUE 84, 4E 4k, A& 93, NDVI 59 &4 7 A
HE 53190k 2 8910] ol Axe] F7F AA YA 7]
I} 718 e WAo] e AHE Axt, A4 g5 NDVI
£ 42 200me} 1km ¥H0lA 7123 71 & &) BAE
UERd vk AE W22 600m BHEOA 71 2 9K(+)e] T4
£ 54l 37 A7 7P B0 w2 WM 2 ¥
FURS 831 TAA ohiE SR dE FEFeEN 7]
o] F7H4 WIE &3t Liu et al.(2021)2 Yan et
al.(2014) {7t vEIRAIZ S5 v S diAde.R tE A
oj|A] =A] FZH A7} 2AI G, Bl 5 A 71 v|X=
P W 2AY 5IE 245 200mFE 3km7HA]
o] WA AE U=, 245 A¥4 59 ¥ ey W
A4 U EF 4 55 A& EAJo] BAFGH vlAlE 9FE &
A% Ax}, 37 Fe) W 800m~1km ¥HEoA] 71 o
AgEE 7H] = Z 02 Uit

APA HE dif, thg AAYE RS A 209 &
A3t YR B TA|(<f], wlo), £, F8)dl gHgE o] o]F
ojpernz duiste] FHAL S & <+ Sk Ay 71, 1=
Y oAz Mol wE A F7H B JF= WA
gt Ao F7+ 2A|1Yo] AdolsHA| JErT webA 712
FUE 7 BA | gt 2AY &3} & 30 AAYY FF
g2s] +gsl] A8l ket A S iR g A 2a
& AR, B3], Sdjellde o 2A1Y el 79l =
Al F77E0] 7120 vX= FFE A% AH7E AL glen
2, 2 A7 o3 A FAE 2A% = Qi)

I, gt
1. AR X EAT

£ A9 24 A A= U FAAYAAGA F =AS 5
0] 7F w2 ASEHAR Aot Al o Uert
3L A eg B33 2A] §7oln, AFH 7120] A A
3L Qltk, AT F5Hal 7129 FEAEE FHe
2 50m, 100m, 250m, 500m, 750m, 1km ¥+73<] 67} ¥=
oz pAslqct A 1km=2 A3E B4 vhg2 S A
Aol gRlE v)7|1F 9 F $ FFEE st At
THe.g., Lan and Zhan, 2017; Johnson et al., 2020). E3 &=
Al A d ZYA Egof o] A8AHY FUNH IR 7157
e 50mofA] 1km7kA] o] SAIA e F8) E7 LAY
o] Gk uloldt 4= =T At



CHS A7 F20ll 71Rist =A| SZHEIE0| GISE ORIt 71201 0jxl= T 24

4 71702 202399 6~899] o} S5H R ARt Fa)
OfZt A7 - f18] ERAEATHolA AlFsh= 20234
6~8Y AEA 4 -EE A AESIIH. dF 717 4=
2 05:10~06:01, YE-2 19:04~19:58 Ato|ict, 2 A= ¢
AFZ710] QP A AJZFRES: SlefEkalAl 7R 7:00~18:00,
OF7h-21:00~4:00 M2 A7gstsict, HFH R SRk A7k
o] Hat 71292 67 W9 37k 2AY BHE AMESle] =
Al 0] 7120 A= G HAFEH R A8t} &
ek,

2. 9=

1) 848+ (1R)

2 A9 F5u A8 7122 ASAA AlEdhe &
FEAE EA] H|oJE AlA(Smart Seoul Data of Things,
S-DoT)] Z3ARE &&3te] A= AHTable 1). WA
20234 6~8€9| Ui - AIZIE Bt 712 HlolEE 5310 4
Akt ALA] AHofli= oF 1,1007 A7l S-DoT =7 A4
7+ A2 = o] glot ASA| oA E Alefstal Wik v A7k

Table 1. Variables used for the analyses

9] 71&0| BE ALdEHE NS AT 2, HFAe=
1,0107} A& o2 7|2 HolHE 45 4= U ol
2= IQR(Interquartile Range) W& ARg3to] #E3Ig 0.
o, & gdFoAe oVdAE B V€YU AT AAL
[Q3+3xIQR], 3l%t A2 [QI-3xIQR]Z A7t £
AFolM= 1,01070 A9 L - AR Bt 712 HolHE
AR ot glo|E 2 AR Fofl, Wit i A|Zido] sigst
= HloJE S o]-83]| Folgte] Bt 7|2 HlolHE FH3ISi)
FE5He 152 AT 712 o8 A= Python WA 3.11.5
£ B-&3to] 3=

2) MEHL (TA| B7HEH)

Ao sFshe BA| U3 §42 3A EAolg %
mE, A4, 248 9 oz e FYEckTable 1), 24 M=
£ a4 AT 67) HH Fol wet 67) AIEH LFEU
o, A 152 A Y Hloly A= o A9 F
H A2 2ZEgo] GIS(Geographical Information Sys-
tem) & B-8310] £ EGE UA, EXo]§ W nE B4 ¥
£ T155P7] Sl8l S RoA AlFshe Alds EXATERE 2}

Source

Seoul Open Data Plaza,

Seoul Metropolitan
Government

Category Variable Description
. . Mean daytime air temperature
. Daytime air temperature (7:00~18:00, Jun-Aug)
Air temperature — -
Nighttime air temperature Mean nighttime air temperature

(21:00~4:00, Jun-Aug)

Low-rise residential area

Low-rise residential building area ratio

by buffer zone

High-rise residential area

High-rise residential building area ratio

by buffer zone
Used area : — :
iidliistralanss Industrial building area ratio by buffer
zone
Land use and Commercial and business ~ Commercial and business building area Env:ronmental Gf—zographlc
land cover area ratio by buffer zone Info_r rmation Service,
Ministry of Environment
Transport Railway area Railway area ratio by buffer zone
ared Road area Road area ratio by buffer zone
Grass area Grass area ratio by buffer zone
Greonand River area River area ratio by buffer zone
water area
Lake area Lake area ratio by buffer zone
_ KiGrailag titetaraa Measure of live green vegetation based Earth Explorer, _
Vegetation Vegetation Index (NDVI) on the difference between near-infrared  United States Geological
€9 and red light reflectance (-1~1) Survey (USGS)

Building and layout

Average number of floors of each

Average number of floors building

Standard deviation of DSM data
Surface Roughness (SR) including terrain and buildings
Sky View Factor (SVF) Proportion of visible sky from a certain

observation point (0~1)

Address-based Industry
Support Service, Ministry of
the Interior and Safety
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B2E E83ioltt. £ Aol 20224 71E A E E8e%le
o, & 41719 EX|uE 53E vigo s EATS By 49 o
vl 3 f32 WAoo s ERg XY, 5FAAA, F5FAA
A, TUAA, A | AT, 2R B8 A, 27, §13,
49| WA Blgd AHE3IGl, o] F 4 24| HAE EX|
& iR 71ed A83le] AEsaL Ut f32 AR
7|&2 2831 A3t 25 X199 A AR EAY
E 58 FEFTAYCE EREe 2E 782 TS T4
atgch, 9EFAA S (Low-rise Residential) OF}E, 9,
WEkE AQA FAAEE uishH, F5FAHAIA(High-rise
Residential)} oltE, Y, Wats ZF3Ic} ol 71+ = 7]
&0l ofz, AHE0| 294 FH B 7|82 25T Aol
A8 A9 W9l NDVIE 9485 A& Landsat 8
Collection 2 level 2 Science Product (L2SP) At&22 2250
=55t e A== v|= A A £A (United States Geo-
logical Survey, USGS)OIA AlF3HH, &4 o4 21921 A4
7} 3 path 116, row 34 F ol dis] 20234 dlojel & +5
515t Landsat 8 91442 5Y AFE 169 F7]1=2 #5322
202301= 2 237119 9442 B 5 A ©] FFE0l e
S/ HClear with lows set) 2 YEP= & g 218248 7M1=
AZ7} 90% oVd& AR A= 2319, 24 717k
6~8€l 718 71712 A1719 20234 59 239 ¥ A28 B8
313t NDVI= -10114] 1 Ato]9] gt Uehdict, =227
Aol w29, gekEo g NDVI ghe] 227} -1~09 H¢
2 W, 0~0.332 18R] g2 5, 0.33~0.66 25 3
T2 4737 5, 0.66~12 Ul A7 5o R ERSI
AE W ujA] §4 W 152 3 LA RN A AlE3t
€ EEPFA FAA L glolE & B-8315itt dfiF dlolHe 4
= 5% JE YU RS 8551 29 AdS, Askes, B
7Y AAE 55 T3 Qlek. & dFoM= BE 54
I AP e A8 Uk, 994 4 ¥ 508 1531
FE UEe 4 ¥y 99 div] U529 vigz] A9 vled
Aiste AhEsieict, B3 D52 24 39 A dAE
B glsto] 24 oeld 1E9 § 9uAe AEsieit s
9| Bt S L83t glofE| oA Folof HhiFt HEE AlFBHA|
%ot =9 Bt w0l 4l B8 ¥eE, Z vy Yo 3
© 52 A 38 B oE A3l
oRA| o 2 A1) 334 SIS t®Shs 8QloAt HE
vjz] 548 Yehll= SR SVF= A3 48S £33 7
#9 2(Digital Surface Model, DSM)& &-&3}0] AH&319]
o} WA DSME 15317| Hl8l SEwEF oA AFshe gt
= A9 We] A1F 4=2] ®31 2H(Digital Elevation Model,
DEM) A&E 753 §F, A&A19] A% DEM2 =313t ©]
T, EEYFA JARA E fojEE v s ZIE DEME 15

228 "=EAE, He0H Mi5= (2025)

sigict, oldl, A=Y Eolvs FEWFTHY ASFE WAHEE
G831 AZA] AFEQ Bt S GHOF 3.37m)E =&},
A Srek 53 go = ArEsigit

A% DEM# & DEMZ 23319 753 DSM HolHE
8430 SRE A4 SRS DSMe] BEHALRE AHEH
o, gto] 845 A %Y 7|&5o] Atk A& YulReHLi et al,,
2019: Tian et al., 2019). SVF- EHOA 418 BT} A
A HHE 2oA WEE BARY BlEE, AR A s
viekE mjo] 7Y =S el AEO|thLi et al., 2019;
Lindberg et al., 2018 Park et al., 2017). SVF AF&oll= GIS
oA thEHE- 4= Q)= @ EAA FEl9]l UMEP (Urban Multi-
scale Environmental Predictor)(Lindberg et al., 2018)¢]
[Urban Geometry: Sky View Factor Calculator] 2&& &
B3ttt 3lF ZE2 DSM HlolHE 7|jke.2 2} gAo] djs}
o] 3l59] 7H] 99E 3AUF R 2430 SVF a2 AHE3t
o, o] Zh2 0(A3] H2E F7holA 18] e F7) AL
o]9] £a}¢ 2|2 FHE HLindberg et al., 2018), o] HE
o digh A% AR Lindberg and Grimmond(2010)°fl4] z}
A|3] Zelg 4= it

2 gdolxe A AAR dERsE e E AFsiFR
& U 2AFH(Ordinary Least Squares, OLS) 2.2 F74
gt & B4R Q(Variance Inflation Factor, VIF) 252 4t
&3l g 71 A4S Adsigict, A8 VIF &
A 3 EFs A, A" B, A Uk, dE QU e
€ A EAIZ 3l EAlA At ol¢] W9
VIF g2 10 DRt & AHEF o] ths3iid €4 fie A=
|3t (Table 1ol HF2 02 £40 88 W4 FH
=g i L=

3. 242Y

2 A9 FE5HeQ 7120 AYRae A FeE 291
52 2% A7 ¥t dolgzhs oA 31A7|/dW spatial
autocorrelation)}& 7Hd 4= itk A7 L F7H 3ol &
3L gl AA(spatial entities)52] AR FAMIo] okl
ue} o] AAE0] 2= g FAME woRle A oulgitt
(Anselin and Bera, 1998), o]|& i18{&}A] a1 &L 374
AL YAFEHE & 8= BA &, 8 E9 "eprh g
BE 4= Qo FATVEEL B7FE A spatial weights
matrix) W& 285 FTHAFEEZ 53l Alofd 4= 3t

HA SRS EA o5 mofslr| Y1819 Moran's
A& saskoict, 24 A, 71 7123 ogt 7122 Moran's 1
= 7k7} 0,0897(p<0.001), 0,1412(p<0,001)2 LfEREom, @
BARLE {7t H(+)o FA7 /o] &l e, wet
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A 2 Aoxe olF e FUABEH S B8t AR
Ae sYstaa stgd. gEos #agF S5 (Lagrange
Multiplier, LM) #%8& & F7AFEE TR
(Spatial Lag Model)2+ F7t2 A2 % (Spatial Error Model) 5
o A3t 2 A9 BYPE A 4= Qir}, PHHH o FS5Hs
of ISRl EAEHA SIS B8k o] vt
"5, 2y exjo|A FA7dEe] EAske A 3¢
2ol SEHCHL et al,, 2019), B ATGNE GISE &
43t SAAA 7 A AlEE 7€ FWEAE wWE
AFEIgon, 32 3 T9IE Aresle] AREsit o] A
B4 A o Z4A Z2 T R W7 4,328 B85t -8
k.

v, g+1Z3 | 9
1. 7IXSAHR: AT e EAlQ| 32HeH BY

£ Aol B8E EA I 89lof tigt 7| 2 AR
(Table 2)¢} 2t 67 BP0l whe 37 2AUE 323 8

Table 2. Descriptive statistics of the variables

Q19| Wt REUAE, AZAIS] 38 A& 2A Y
upel ool 4= Stk BE ¥ AAYA B2 HAo| Bt
42.3%°0A 52.2%5 AA|5H 7P w2 vl&E Bl o= 7}
i E2Q BASR Q1% EX|o]83} 0| & EAJS vs =8
H3 9] F71E BHgsls Hloltli et al., 2019). T2,
50mollA] 250m B9l FtolAE Y 2 AF-AIS WA o]
10.4%°14 12.2%2 2 Hl&E AX|8laL 9lom, 500mefAl
lkm Y30 A= 2] WA o] 10,6%°04 11%2 F+ WAZ &2
HlE2 Btk FAAA WY e, BE MAYA TdEF
ALVl HA B]8{(5.5~7.4%)°] F5FEAIA HI&(7.2~8.2%)
Bt WA b, vh, 1% A g sfFehs AE WE L =
2 HAD REA ZE 37 2 YolA Bt 1% vRte R W@
2 HEE Yellon, 39 A9 9 55 WA QA B 1% 1]
k] HlE-S AA| T, 8FH WA ] 7ol = 250m ¥HE ool
Ale 1%0] B|AA] G A= ey

NDVIE 0.1220714 0.1549] 412 Ui, diiie) z|<9o] A
A3 B2 759 AN £E0~0.3)0) S3hs AoE 24
Ak, A& W ujx] 549 A, AEA A5 Bt S
2 55004 6502 VERITE SR 8.661914 21,5829 W=

50m 100m 250 m 500 m 750 m 1km
Catego Variable
at Mean Std. Mean Std. Mean Std. Mean Std. Mean Std. Mean Std.
Dev Dev Dev Dev Dev Dev
Low-rise
residentiall 0072 0093 0074 0080 0068 0062 0062 0048 0058 0040 0055 0035
area
High-rise
residentiall 0075 0078 0081 0064 0082 0050 0078 0041 0075 0037 0072 0034
darea
Used area -
Industrial
aren 0002 0014 0002 0014 0002 0012 0002 0009 0002 0007 0002 0.006
Land use Commercial
and land and 0122 0116 07114 0099 07104 0078 0095 0064 0090 0056 0086 0.051
cover business
area
Railway
Transport  area 0005 0035 0006 0035 0008 0030 0008 0023 0008 0019 0003 0016
area
Roadarea 0522 0122 0497 0109 0475 0096 0453 0093 0436 0089 0423 0087
Grassarea 0082 0113 0083 0105 0099 0088 0106 0075 0109 0065 0110 0058
a"aetee?:;‘i Riverarea 0003 0021 0005 0026 0009 0038 0016 0051 0023 0063 0031 0074
Lakearea 0000 0006 0001 0007 0001 0010 0001 0009 0001 0006 0001 0.005
Vegetation NDVI 0122 0060 07126 0058 07135 0056 07145 0055 07151 0051 07154 0050
Average
numberof 4954 4105 5471 3933 5791 3153 5864 2463 5872 2154 5844 1863
s floors
Building and layout
SR 8661 6064 10751 6251 13878 6080 16969 6745 19.401 8562 21582 10551
SVF 0815 0089 0813 0085 0813 0072 0819 0061 0824 0054 0830 0049
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AREEo] 37 AA|Yo| AZALE = AFEC] BolA &
FHAE F71Rs A8 Btk SVE:E BE 37 2A YA
0.8130714 0.83 Alo]= FARE 18 Holw, Z} AA|UojlA] dH
T SVES SR8l Q= R o2 el ERH0~12] WA
19 775 7 $7hs vEidte FE Age o, 712
22 F40 9L Aoz ke IS & 4 ik

2. A L 7122 S7HY 2= A X0

AU A9 AZA] U] o 5E FoRt 7129] 3 BE
£ 243t Figure 1), 71 7129] 49, Bt 7]20] 17,146~
30.871°C WHlolA FA=glen, A #EAH] HAgS
28148 CE YrEpiTt. o= Al&A] WellAe 7~8H9] Bt £7¢
712-0] A 17.1°cofA 3L 30, 9T7HA] BESHe], oF 13.8T 2]
AT A A7 2T Auigict, okt 7129 AL, ¥
ot 71201 13.228~28.483C HYolA FAEUCH, AA #
A7 9] Hgh2 25,668 C2 EA =3It 53] ozt 7]&2] F7t
2 A2k o 15.3CE, 74 719 3743 AR R 5 & R
2 IRIEQIh FEAE ez o5 B 7] 31
HELE BA% Johnson et al.(2020)¢l14] &2l=l °F 8.7T
(17.1~25.8C) 29 Fa F= AHAIE R T4 Y
7129] 37+ s A7 U AE A HE4E 438 Cao et
al.021)°1A 8131 oF 8.6~8.7C(EAR U7 ASEE= T 2
T 4A~11A17R) AEe] AapEn o & fAJ0ld) AEAlE Ak
2 TASE G Bk oha), AFA] 9 3HA Hlgo] w2 A3
EA0R Q3| thE Ao vj3f et 29 A 712 4%
& Hoj= 2l o2 Mg,

F7H 9 ozt 7129] 3713 EXE ANEY, AfiFes &
A4 w2 7]20] F4E= Aol Bolt, AA7F $IAIF
FHPNNE TR H 02 2 7]2o] P} EjH 7|20 F
T Vge] ek A o0& BAE viel o, giREe] 71

= Seoul Metropolitan City
(Dong boundary)
Daytime air temperature ()
af 5-DoT Observation paint
= 17.15-22.55

(a) Daytime air temperature

SR = U AT AR 712 ES Hol, §Y
WGE UollA= 43 712 o)zt EAshe A= W,
ol A&A9 7|2 BE7 ©£d] EA-FE BAE
(urban-rural gradienttt F4-F4 g w2x] o &
Al gehdo] 93] EAIB JEte g dEE 4 g2 AR
o}, wEbA A @S olaish] flsiAe mAA 33t O
oA Fe 847t 71290 vjAe Y¢S USHE E43)
£ Aol Zasi

3. 32 2M At

1) £A| 32EHnt 7|2 ZHEloll thst 32+ A2

e

Aol AR T3 ALY AFE A IM AR A, A
H LM ¥ Robust LM A% (Table 3)¥ Zt}, 2= 1M &
A B p<0.01 FEM FT Aoz YEigon, 33t
271 Y| w2t At SRR F| dolsH| EEEU F
7+ 7129 7%, 50me} 100m ¥ EFPo|A= lag SAFO]
error SAIFEL ¥ AFEE o] FAARREY A= g 2
A2 Vet ¥hE, 250m BHE o)de] EF A= error &
Ao lag SAFETE F46HA A Uehy FkeatZgol ¢
gt 2 o2 EAEIT ot 71:29] -4, 250m ©]3} §H
Ale FAARF], 500m oV BHEolA e SeAEF o
o At A o2 vERT

ojg|gt ¥t AU AT 29 zjol= 7|23 A FIH
73 7+ BAl A 288k o3 FHA Y] E4ol 2A1Y
of wet Aol AAgE, 50m~250me] 4§H(small
radius) ¥4 FHAIRERF] o] A8 Uepd 2L 7]
i3 3 323 2 BAef ol AR 99| 71202 RE 9
343 a7t vlwA o 24 2A83E Quigict, ¥Hd, 500m
ole] vlwA ot (large radius) ZHoA FheazF ol

5 Seoul Metropolitan City.
(Dong boundary}
Highttime air temperature {'T)
of 5-DoT Observation peint
= 13.23-199

* 19.9-23.73
23.73 - 25.27
25.27 - 26.19

26.19 - 28.48

(b) Nighttime air temperature

Figure 1. Spatial distribution of daytime and nighttime air temperature (Criteria for classification: natural break)

230 =EAE, He0H Mi5= (2025)
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Table 3. Results of the LM test

Daytime Nighttime
e LM-lag LM-error E:‘Izr:; Lm)_bﬁr LM-lag LM-error Eﬂtr:; LFI::_b;:;r
50m 16.192 126856 4473 0.866 45383 36.644 9261 0523
100 m 15.019 1299 212 0.091 39.896 33425 6.575 0.103
250 m 11.41 11.476 0174 024 2521 22387 2832 0.009
500 m 9.032 105628 0312 1.808 15.084 16.454 0.049 1419
750m 9648 1156 0934 2846 13.285 17T 12 569
1km 11.2564 12299 026 1.305 13173 17.043 132 5192

o AstA vehd AL A3 A9 7| 2o 2R e W= QR
oF TAER] o= FAA aQlEe] Qg FA7) o] @A1%
& 53l 1A os WAs: Aol B Fa33E uigi, o
= A Y 7|23 308 7 BAE BAE 9 2A Y ujet
asfof & F a3k FHA Qe SAol e = U & AT
Aoz HojE=dalet & 4= Q)

Fopzk 712 671l B 23 e] AIC(Akaike Information
Criterion) 5AF& AES 44}, F7F 71-29] ¢ 100m 3
BFofA, ot 7]:29] 7% 500m ¥HE P4 Argee] 71
7 YeEPtHTables 4, 5). 23 JJ=g YeEfE AIC 3+
Ho] Aot BEAE FAl ALejshes A EEA, Hp7t 3
Al Aol 245 e ghe 2 A 17129 23 A
U= 24 A7, 50m HHEolA 100m ¥ 22 B Wit AIC
ghol Aashn, 250m BHE o)l B oA = REHo] S7Hd
& AIC glo] FRZ s F7pshe A%E HArt o= #1171
23 A F7HE 7F BA7E 100m FHE0lA 2] A
7Y, 3l BHE-& 23k F7F 2AIYolAE 2F e Ay
o] Za} A3k oJu|ict, oft 7129 2F A= S0m Bt
7304 500m BHA7IR] F7F AA|Lo] Bl wet AIC 4ol
A3 Aasi7L, 500m Y-S MR dlo] thA] S8k
P& B, ol2gt ks ot 7129 7% 500m BHE oA
EA] FEHEE ] BA] g Ao Ay 7HAH, 11 o]
o] AU 2P AEo] o AR, FH D
oftt 712 Zkztof| o3l |2 S 7H 7 2| UE vlal
R, B AL EAsks 00l vlwd 2] ¥
S o 2 5E Q= gaFeo] A|ujFQl v, A} BAg
offtolli= AtiA o2 YA vHE o) FUeH =R E o FFY
ol FuiE= A& & = ik

FTU3HE, 50molAl 1kmoll ©12&= £4 §HE9] 7 &A1Y
oA Folrt 7123t FAHE ke BAIE HAHow AYshe &
A Y-S 2H2} 100me} 500m ¥HE Q! AS2 Yepyith, weiA =
Al F7HH0] 7120 u|A= YFS HIRT A E o A+

Al, ol2Rt 2z|e] 24 F7F AAU ESAE ABA] AL &
ALE Y= AAsHAY Ao} FasH| U’ AAYE
g, 1 BAE A3 melshs b A7 A& Aol

2) 7120l YES Olxl= Al 7t 221

SR 74 Fihes 50 Y ot 71282 (Table 4)
2} (Table 5)°1 AAISHATE, ARG A3t B¢ e
TN pe0.05 oA FAHLR frofshal e,
e go] A%t A BE FHeAARM )= p.01
ZolA FrelsiA eIt AERae] SFAe= ARE 7]
23 F7F ALl wek SAA o] dolent, otk
Brole BFAS] FE57F A=A vehdh FoRt 7128
67l BH3 BRoA =Ed SAAE v R EX0lE 9 I
554, A F, Ae YA 549 BA 3188 8950]
712 i Azl vl AE 92 Av R o 2,

A, 712 st SAX LR FoAR A E 7= FUEAE
8108 GSFANY, FEFAAA, AU % dFAA, s,
EZ 183 24| {3 80| ESH o] F 71 sl 7t
A A Q] Y vl W GEFAAER 24 WA b
2 YEPt 95774149 B4, 750m B 2EE At
BE BN B B4 F 712 7P & 99 vAE Hs
2 e, 771 712004 2F 2] 488 ol 100m BH3
RFolA= EEFAAE] HE vl 0.1(10%p) F7F o,
7]20] FtAOE °F 0.22T F71k= A2 YEPY. 35F
AAER Y R GFAIEL S0m R ZofA] S0zt 7120
FAACE fofgt ()9l 9F2 viHoH, oE 0 A
N w2 vt BA7E ERER] gtk

AZteE A ol 3= = Rt BEX S S 9STAAE |
A vl go] 7] 23 3% WA E B A2 ASEY 23 54
T ARAH 5A] £F, G243 =29 T2 I EA40A 7)
At Aos FHHT AR GSFAAELE HEFe=
2= e AE FoI7F Rob FEFFAAENA 71
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Table 4. Results of spatial regression models (Mean daytime air temperature)

Mean daytime air temperature

Variables 50m 100 m 250 m 500 m 750 m 1 km
Coef. z Coef. z Coef. z Coef. z Coef. z Coef. z
Intercept 21683 1233™ 22603 12275 29794 25056 20119 18453 28622 15429™* 28279 13538
Low-rise residential area 1772 4082" 2178  4244™ 3051 3733" 2735 2246 2768 1666 3622 1845
High-rise residential area 1045 2082* 0141 0217 -0813 0751 -1074 0707 -0532 028 0201 -0.088
Used area Industrial area 3063 1389 2918 1337 1923 0693 2657 0604 3272 058 2729 0384
gr%’"gmem' o hisces 0903  2269% 0136 0282 0395 0497 -0184 0166 0114 0.08 0.77 0.458
Railway area 0511 0552 0744 08 2009  178* 1429 0589 1258 059 0137 0052
Transport area
Road area 0224 0678 0555 1417 0907  1503* 1233 15 0.72 0678  -0003  -0.003
Grass area 0730  1893* 1219  2841™ 1712 2969 2277  3266™ 2453  2863™ 222 2174
aﬁi? ;‘;‘; River area 4621 g™ 3346 2612 0675 0693 0134 0154 0113 0117 0517 0507
Lake area 11155  -1954* 10697 -2361™ 0315  -0094 256  -0667 7787  -1298 6034  -0777
Vegetaton ~ NDVI 4134 -5143™ 4786 -5329™ -4919 -4057** 5501 -3724™ 5299 -3102** 6376 2854
Average number of floors 0017 -1078 002  -1117 0041 -1936* -0062 2223* 0053 -1636 0024  -0628
gﬁﬂ‘g ad  en 0016 -1314  -002  -1724* 0004 0441 0003 0452 0003 0434 0001 0.234
SVF 0782  -1246  -1408 -1809* -1722  -1619 0892 -0647 0026 0017 058 0323
N 1010 1010 1010 1010 1010 1010
Pseudo R-squared 0178 0.189 0.165 0163 0135 0.109
Log likelihood 1428032 1420707 1435411 -1436.975 1453693 -1468.439
AlC 2888 1 28734 29028 29059 29394 29689
porh p: 0.26™* p: 0.247 A 0237 A 0226 A\ 0.2357* N 0.244%

*0<0.1, #p<0.05, #*p<0.01

kol
0
04

L

[rj'ﬁ
0
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Table 5. Results of spatial regression models (Mean nighttime air temperature)

Mean nighttime air temperature

Variables 50m 100 m 250 m 500 m 750 m 1 km
Coef. z Coef. z Coef. z Coef. z Coef. z Coef. z
Intercept 18055 11551™* 19447 11553"™ 20674 10563 28922 16.893™ 28036 13.853™ 27472 12.024**
Low-rise residential area 1863  3852™ 2206  4054"* 2005 3612 2555  193% 2636 1451 3087  1851%
High-rise residential area 1103 1972* 0535 0748 0737 067 2666  -161 1818 0873 2391  -0957
Lsedtans Industrial area 0006 -0003 0233 -0097 -4032 1454 618 1337 7226  -1164 5663 0723
gr‘;’:memia' anetnuziness 1115 2511 0634 1187 0399 0501 0179 0148 0627 0.442 0794 0431
Railway area 124 1202 1464 1425 3003  2462% 2788  1602* 377 162 223 0773
Transport area
Road area 0345 0935 0656 1515 1662 2649 2303 2579 1894  1636* 1877 1355
Grass area 0626 1438 1179 2489 1702  2871™ 1943 2567 1809  1934% 1214 1086
\?vgeti? jrr;g River area 2677  -1550 0688  -0486 1362 1312 1.429 1516 1004 0954 0705 0632
Lake area 8475 1332 7762  -1551 0147 0042 2675  -0644  -8991  -1376  -4662  -0.549
Vegetation NDVI 4604 -5135"* 5859 -5805™* 5838 -4683"* 7227 -4439"* 8354 -3760™* -8048 -3287™
Average number of floors 0023 -1325  -0021 -1.104 -0042 -1855* 0073 -241™ 0048 -1350 0012 0285
gﬁg‘j{‘g and  gn 0007 -0518 -0014 -1113 0003 0324 0005 06 0006 0857 0005 0852
SVF 2999 -4278™ 3586 -4166™ -3516 -3185™ 3707  2534* 2523  -1441 2026 -1019
N 1010 1010 1010 1010 1010 1010
Pseudo R-squared 024 0.266 028 029 0263 0.236
Log likelihood -1543.357 1525.757 -1515.999 -1509.08 -1527.603 -1546.213
AlC 31187 30835 3064 3050.2 3087.2 3124.4
porh p: 0.397 p: 0.366™* p: 0.298* N 0267 A 0278 N 02777

*p<0.1, #p<0.05, #*p<0.01
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e IE I ARl o] QlF) o] AFHoR
S5 WA Aty e v ol 7| el 9FE vA &
et o= 71AF 21(2024)9) Aol FEFAAA HlEol ¥
2 A1go] 252 Q¥ ¥ A2 Q13| A H L&t Ao
2 A Yepdtiy Bug viel GARE detolo}, k3 TEF
AR HL F5FAA GOl AAA Gl vl 27} =x]7F 2
Z3lo] AAAQ] ¥z Bt Aoy, FAdt =2E Q13
37| Aol AdEIL E F3 o] F7HE 4 AtHAA - AHE,
2010).

Aot =2 Y2 271 7|20 thal] 250m ¥ ZF oAt
Fo%t FHY IS vEHey, ot 7129 A 4
250~500m, 250~750m ¥H K3 oflx] §-2)Fk A 7 Uebtt,
£3], 29| 4L 7H of7t 7129 500m 8 EF A=
Azol =2 BT Ro%t J3aglos TEE o, Zizkel ¢
A ul&°] 0.1(10%p) 37 W Bt 7]-20] < 0.28T, 0.23C
S713he A% e A2 Y'Y Li et al.(20198 FE
Y T2AE Uert AR 259 Y(He BAE 7= 9
< 783 23 EQL 22 4 Al i re B0 Q)
HYEE St A RE 25 5ol 93 v|A]7) e
FAatoict, ol#gt T YuE= FEefo] YRR W A F
T3 G ART T, ol AE g A3 L&A =HH
A F7olE AR 258 A5A T otoe HEEE 42
sl 712 A5l o E 9L vE 5 Qi) B3 1T A =
AlollA] WA¥sH= E wk ohet A - 7|3 9 Aol A] WEE
£ AT FA] 71 5ol 7103 Aoz oz 9,
2014: Li et al., 2019).

22 F7 7129 BE 37 2AYoAM FHHY AE &
Fon, ozt 7|13 100m~750m Y3 BEAT H(+)<]
TAE Hol= Ao vyt 7t 7129] 100m ¥ 233}
OF7t 7]:29] 500m §HE =3 Aile]] W21, 22]2] WA v|&o]
0.1(10%p) 71 W 2 A7 Bt 7122 °F 0.127T, W A7t
o B 7122 9F0.19T 78R AFo] ERlE it dut o
2 22X 8|£3 271 Yo 592 Al Fshs Ao gEA 9l
ou}, 2271 23]8 7] d5 A0 AL¥ 5 USE BY
F= ds0] E48HNonomura et al., 2014 Grilo et al.,
2020; Suen, 2022), A& W2 M2 oh2 EX] 3R
o B2 48 8 4 Jlon, HEd YARFeE s AES
A = 79 713 BAR U3 ¥ A gadhal 7| A
ol 71998 4= leh(e] &7 9], 2018). & oM e A= o
EFAA olo] 712 el Fo¥ FFE vIX e WL
A= oH, AEAe] 715 9 3 2N A7} 7] Fe
f9lo2 283 4= 91S-& AABH= Hlott,

A, 712 A7 BAHoE {5t #AE wol U
aQlo2E 3P 34 WA v, NDVI 123 33+ §4¢1

234 "=EAE, He0H Mi5= (2025)

Y A& 5, SRI SVEZF =2 EHl 53 349 4,
o 712 eEoll= ol 9L vAA e, 3t 71
A= 50met 100m RHE BFoNA o3k ()2 HAE Uel
Wt ol 0] BEARIEAIE F81 w2 BE 892 &
£ 540 U3 Rl ¥ anp) SRR Wols &
FAY 9 BEsted 712 AZELR AAYS HolEt
(Yan et al., 2014 Pan et al., 2023; Yang et al., 2023). 100m
B 23 Aol w2, 3Hd WA Hl&o] 0.1(10%p) 57FsHA
FZH 712295 0.33C Fasi, 340 F9-oF 11T e fa
She A%l e A2 Uit o= 5Y U3 vle dE| =
&7h sREG o 73Rt 7] ARENE 7Hvhs 2 2lu|st
B, ol T4} S E HiYf BARIUA 4 58l o 2 73
o) 7] vl S E, fHH, sy Zao] W2k Bt
S0m~1km ¥Hg 5 100m ©]3}e] F-2 R oAt f-2et 9%
< AthE Ak WS 33 A= olE 99 71 A
AAN7L AR Y 4= 52 2fuiRith,

NDVI= §3 &A1 43 BA|gl0] FoRE 712 Aol $A41%
o2 FO% G v|N= AR Yo, 53] oit 712
oA o 2 F2 AFEIE B £ 7129] A, 100m ¥
7 2¥oJA NDVI gto] 0.1(10%p) F7F3Hd BH&o= of
0.487T 43k, ozt 7129 500m ¥H3 BFoflAl= oF 0.72°T
Aashe A%l e A2z E4H o= NDVIZL A9
7} Aol vjAls G Bagt o] Ay At A=
3|71 2], 2019; Grilo et al., 2020; Johnson et al,, 2020; Yang
et al., 2023). 53] Yang et al.(2023)2 NDVI7} 10% 57513
o}§4 7]20] 0.73C Fa3rh= 2E U530, NDVILH A4
HEjo] = F7H 2A UM 7123 7P 73 |AE 7R, &
T 2AL I AR RIS TS| 712 WEkE Aol A3t
B A E UL 7T Bf Qlek ol & Ate] Aujet FAR AF
< 5o\ NDVIQ| 712 A7ave] Bz eg/de STt

&9 59 250m2t 500m W 2Fof|A FoRt 723 =
()9 #AE 7R o2 Yeidrt. &, ofd 299 g3
A58 37T BETF 7| 20] Aashe o) e ALz 3
AT 4 At 29 97 Bt 22 dE9 Bolh e
& 2uish=d), ofdfl wetk AYE ol AR AT
259 € e AaA71aL, 27 F0M L H7) 7HEE
dopsle BN YERdTh ERF AE ol 2wt W Aol
U & (vortex) &7 5o] tf7] =8 F78l F %28 943}
o= At ol= AES BOIH EEE 72 Aol 9% 1
Frh= AF-(Liu et al., 2021; Yang et al., 2023)¢} 2= 2
Trolet, T, 250m ¥HE IOl 500m ¥ & 25k 31
SADNA AEY St 712 3 FAlE F5HA Wdt7lel,
IEE A 712 AfEAE S 3T SAI YA 71dE
& AR HAlr,



CHS A7 F20ll 71Rist =A| SZHEIE0| GISE ORIt 71201 0jxl= T 24

SR 21712 BAE HF o g Y5k 100m ¥ 23
At et 1)) YL A= RoE vyt ol HiE
T8O AAE QT 7|2 AR AER A% a5 Al 712
& W3 A} o 78 283t AoR ST 4 o
(Li et al., 2019). HIE T} RFolX= f-oJu|F 227t veht
A BRI, #He] AY77F EFE IS AR A F
A 7Fsd& AARRI, SVFE SR} FY3H F7F 7120
t3iAlE= 100m R oAt £(-)2] FT2 vlHAT, oRt
7] ti3fiAle SomelAl 500m ¥HA7HA] et 71 ARE
e 7HE AR Yeth 500m §8 234 SVEZG
0.1(10%p) F7Fe w ozt 7]:20] FFH o= oF 0.38T Had}
£ A%E 2ot &, ok WEe 2] 37 A= Ve
£ SVIZL AR5 7]20] ¢949hE = 982 iRt ol ¥
Ttol /g2 B Aol SV 27t Adsshe A%
(Li et al., 2019; Zhang et al., 2020)2th=, #7] 4% 7HA2
£ 7]20] A== A7) o A5 vehdtharsibd 4= ok
(Lee et al,, 2017; Park et al,, 2017), F]3lH, AE] S,
SR, SVE¢} 22 33H 3084 A #5225 500m X3 o)st
o] 2ZoA 7] fru|3t S vl = AR LEREo,
53] 3572 SVFE ot 7129 500m W3 2¥olA 7123 7}
Z A% BAE e AR BYENH ol A 9
Yang et al. (2023)0l14] ZE &ol ¥ Fuj9} 72 339 24| 3
B A E7} 500m BHFIA 712-& oS3t | 7 2 A9EE
7Hle A0 25 Aot AR 3¢S 2t

V.4 &

£ A7 oF 219 el 7IRtete] =A] 37T 712
7t Aol tidt F7 2A 9L G vEo, 22HH 23 F
783 84l0] 53 EA] FoRt 7129 oA FFE vA=
A| AE8radt.

WA, AEAE HFoE B3 4Ee] S-DoT HolEHE &85}
of A9 o} 7| REF EA81AL ol 8] FHE A%
7} EA3R=A] 1) 20234 6~8Y AFHE 7|E0R A
< A99] g7 £ 712 F 17.1~30.9T, oKt 7|22 ¢
13.2~28.5C2] W= vEhd, Hd oF 13.8T(FT), 15.3C(OF
7he] 37 Azt EAEIG, wEkA] AlZAlet 2ol ard A
e om BEAG A FH EAS 71 A A1 Y] 72 1A
2 7 E9olA 3R 3 HEL Qloke AL EIE ¢
b= o

50melA 1km BFE7HA] 671 28 F 7t 7122 100m Bt
74, oK} 7122 500m ¥ 2¥o] 373 alate] dA o 9}
of Ae| AYge Zk= Aoz eyttt ol Floe &
2] §H3 9] g7t o), ottolli= A o2 A vk e 1t

g730] 7120 6 2 9FL vt A& ARG HE F
2t 2A Lol ek 3Rt SR ] FolsHA EEE] &
Aldef whe} azjsiof & Fagk F7H 9] Sl FeHd 4
WeE & 5 AT wEbA FREH 712 3 JAE mhelst
<= Hl ol WAE MAUP A4IE olsfslar, thddt 33t =AY
< Jejste] FoRzk ARk o mhet 22 o] 24 F3t AAUdE A
A3he Zlo] Wasial & < Tt

EA| FARBE A5k 2AHeE S EXOlE | HE
R T GETAAEY 24] 92 vlEo] tiFEe] 3 AL
ol Alzteeh |AIQI0] 7122 Eols 8 890 E YT,
HHA, NDVIZ} = 33t A Aoj|A] 2ozt AZhd| o] 7] A2
of 83t &L k= ACE Yepyth o, E23 H= w3
Bl &2 712 Ao, 3hdT 34 HAE vl R 3xpUE 549
A= #0l2 SVFE 712 Ao 982 VA= A2 HEA
g, o] jig7t 7120 njAe el Alztdiel wet Aolst
A& 9 U7 ARl A= YERT

T3, ol WA= A AF e TS 7R @
STAAE] BHE AGE AYES 15 AE AFo= Y
Sk ajo] A5 E B8 7T = A AL AIARI =
= SVF &, 33 M4E& AI8PEA A U] 529] o A&
E0le 0] F8F Aotk B BEFAR Y| S 525
B35t 713 24 715-& 719 < ok o, A7 71 A
sl 71998 Ve A28 yeht 2ABOE 50 3 54
o] Fo] v Ao}, theRt 33t a0 71 T
AE AvE A, de 2589 HiAE §7 15 Aeld
7] 537} 712 Al 8% AT sk AoE vER, &
B3 7S T EAAIE A 234 3 3R @3290E
R YA Q] FA ] B ajhe =3 il

& A B F0] A5 712 viAE 9%E ©4
&p7] 913 ohefRt 244 9 33 89le IR tEAl
A AR A8 BE 871 Yol ISR HR7E A} A
FF VIS BT 5 AUAME oA A0
A AEE U WHES B8Rt AR 712
Aol eigh oS ZEZ 0] Ut £40] o] 7o 4= & A9
O, ERE oholRE 33H AP FA0 S 4 Sle vt
FUAARY o BA7ME BERITHY, 71 A F3e
7 e BAE & o B 4T = A& A= 7|diEh
£ A7 202349 AA5AE AEAE tdeE =E 7] diEel
B4 239 dwts} 7hsAolle TAE itk 53, S8 EA ¥
H3 W7t 7120 vjAle 9%l o EAAE s
2Hg51A] G2 o o, EAIE A2|H- 7153 - 223 549
Zolo] wm} P W9l s FEbd 4= Qlok, wEkA -
TollAlE ARt EAIE tiA2R o vl B 33t uee
S o 2k Adniet 1 Y 7He S Y B et Sl
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