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1) EA|7|ZLH(LCZ: Local Climate Zones)2| 2|

B TA7|ZOH(LCZ) S i

EA|EA(Urban Heat Island)o]2h= 8018 = U? A= Balchin & Pye (1947)8] A+&
AEA Ut ol AtolA EAY] 2es T w2 B S o, £t 2k S dAol

UERES 8| 12 Qltt. & TA] GAof] ofsh A A2 EA9F 18 S8 & A1 71
L2 Zjo]|&2 o] Eojt} (Han et al, 2024, p.2; A 2], 2013, p.416)

SHAITE A A T Aol ARSI A9 5] A7 Aolst | wiZel A
7b9] ] mtto] ofdl EYT EA Yol E EALHES AT B ATHEY] e vt
oj & A1 ] AU EAF 2, 2021, p.35) o] T A9 HEE ANA Stewart &
Oke (2012)= ¥ZAH FH 4 S AWH o2 EFsk= QA LCZ (Local Climate
Zones)= 119I5F3iTh

= LCZO MY % 282

LCZ+= 107H] &9 AEE EF(Built types) 1-102 7714 OC}E-/] EX] 1& £%(Land
cover types) A-G9| & FHARE F/J=0] ot Bot BE SHAE 2L 7HEA
(AE-LAA) BA] 9E 542 12T b (Yol l= W), s (& L‘l . dEED), w(H
= B9 7S A8 5k AL A= 7hsstth 24 LCZ Sl Ae AS5E9] #ol19t Y
T, EXOEo A & tjoksl 271 EA ARE vlglo g B23r} (Stewart & Oke,
2012, p.1,887)

2) Stewart, . D. & Oke, T. R.. (2012). Local Climate Zones for Urban Temperature Studies, Bulletin of the
American Meteorological Society. 93. pp.1,879-1,900. https://doi.org/10.1175/BAMS-D-11-00019.1
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Bt o}t Stewart & Oke (2012, p.1,887)2 LCZE &
Aokt AoE, S0, A59UA vlE, E55 T HE, B 1 e, ASER 7=
T 7|9ke A E A7), A A-7] 59 245 ol-83to] 2 LCZ FB= B 5. =, 8
G A ;9] FHE AARIOZH LCZ S EHT & Uk

[H2-2] LCZ 2RE 2lgt 22IHF 7|1&
LCZ Sky view Aspect Building Impervious | Pervious Heigth of Terrain
factor ® ratio ° surface surface surface roughness | roughness
fraction © fraction ¢ fraction © elements f | class ¢
LCZ1 0.2-0.4 )2 40-60 40-60 (10 )25 8
LCZ2 0.3-0.6 0.75-2 40-70 30-50 (20 10-25 6-7
LCZ3 0.2-0.6 0.75-1.5 40-70 20-50 (30 3-10 6
LCZ4 0.5-0.7 0.75-1.25 20-40 30-40 30-40 > 25 7-8
LCZ5 0.5-0.8 0.3-0.75 20-40 30-50 20-40 10-25 5-6
LCZ6 0.6-0.9 0.3-0.75 20-40 20-50 30-60 3-10 5-6
LCZ7 0.2-0.5 1-2 60-90 (20 (30 2-4 4-5
LCZ8 »0.7 0.1-0.3 30-50 40-50 (20 3-10 5
LCZ9 > 0.8 0.1-0.25 10-20 (20 60-80 3-10 5-6
LCZ10 0.6-0.9 0.2-0.5 20-30 20-40 40-50 5-15 5-6
LCZA (04 >1 <10 {10 > 90 3-30 8
LCZB 0.5-0.8 0.25-0.75 <10 (10 > 90 3-15 5-6
LCzC 0.7-0.9 0.25-1.0 <10 <10 > 90 (2 4-5
LCZD >0.9 (0.1 {10 {10 > 90 (1 3-4
LCZE > 0.9 (0.1 {10 > 90 (10 (0.25 1-2
LCZF > 0.9 (0.1 <10 <10 > 90 (0.25 1-2
LCZG > 0.9 (0.1 <10 <10 > 90 - 1

a Ratio of the amount of sky hemisphere visible from ground level to that of an unobstructed hemisphere

b Mean height-to-width ratio of street canyons (LCZs 1-7), building spacing (LCZs 8-10), and tree spacing
(LCZs A-G)

¢ Ratio of building plan area to total plan area (%)

d Ratio of impervious plan area (paved, rock) to total plan area (%)

e Ratio of pervious plan area (bare soil, vegetation, water) to total plan area (%)

f Geometric average of building heights (LCZs 1-10) and tree/plant heights (LCZs A-F) (m)

g Davenport et al.’s (2000) classification of effective terrain roughness (z0) for city and country landscapes.
See Table 5 for class descriptions

EX: Stewart, |. D. & Oke, T. R.. (2012). Local Climate Zones for Urban Temperature Studies, Bulletin of the

American Meteorological Society. 93. p.1,386
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Z Apo|7} Qe S A ol Z3}5, 2o 7h A2 FEfA 7hofl= 2K W 4= Q-
o] Yrepyttt. shA| Tk o] gt 2—3.?%% A XA F7], w0l &, AEH JgFol et b 5

-2 AZstect
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£X: Stewart, |. D. & Oke, T. R.. (2012). Local Climate Zones for Urban Temperature Studies,
Bulletin of the American Meteorological Society. 93. p.1,888

A L] i v
& = w VY e
% Lcz4 LCZ8 LCZ5 Open lowrise
a Open highrise Large lowrise Open midrise
o5 +
3
7 + + + AR A
% L 24 i'y’ Y ¥
N 2 n % wt ey Yy
S 75?"?2' b. bare trees
2 e =
§ LCZ3 LCZB
n Compact lowrise Scattered trees Bare soil or sand

S. snow cover

\ 4 $ ¥ $

7]
2 Ak ¢ Lttt et
— 4 2

8 7= LAt

8 = e 25 RS

n

i LCZ 3, LCZ 8g LCZ 6

9 Compact lowrise Large lowrise Open midrise Open lowrise
with open highrise with scattered trees with bare sand with bare trees & snow

(28 2-2] 519/ SUAS TS S SR EX| L= Ij= 24) Q30| Xt
£7X: Stewart, I. D. & Oke, T. R.. (2012). Local Climate Zones for Urban Temperature Studies,
Bulletin of the American Meteorological Society. 93. p.1,892
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Stewart & Oke (2012, p.1,892)= 17719] B2 2 oA Blojuhz Ao E9] dis &
EZHA 107 AEFE 7 1-10 2 77HA 359 EA| 0&E F7F A-G2H7HHA EX| 4
B E4(b, s, d w 2% 5H9] S A =& Bk A6
HE FHA F ASE F5FU LCZ 4 (Open highrise)2F LCZ 3 (Compact lowrise) & 23
S}H LCZ 34 (Compact lowrise with open highrise)2} 22 519 A Aol 71531,
A%E LCZ 8 (Large lowrise)ZF EA] T& F-72 LCZ B (Scattered trees)S 3510 LCZ
8B (Large lowrise with Scattered trees)& AT = Ut} E3F 7PHA EX] 10]&E £4-&
Z351H, LCZ 6 (Open lowrise)?} b (bare trees), s (snow cover)& 28519 LCZ 6Gbs
(Open lowrise with bare trees & snow)2] 519 ZHA HAE 7155t

2) LCZER & 29 24 a7l

BICZEEHR
* WUDAPT (World Urban Database and Access Portal Tools)s &85 A2 1.CZ £

Zaukly ?:17‘44(2017)— WUDAPT &7AA & BHHEE 7[5t & ASEEA| LCZ £R/E

{3l 2 o) AE E8oto] LCZ 582 107]9] EAAFS A5 0]?—, Landsat 8 9]

49 AmE EE5to] LCZ w7 R "AZTE BASlth 181 AE A ER

oA Adlg, EESIAE E4TALT 20156 7|5 AL &), ALA o A7 4TS
LCZ 738

HI(AWS) 2732014 20159 7|2 Hlo[HE 7[e2 1CZ 78 &/ AT

= =2 =2

[H 2-3] WUDAPT 7|& M2 LCZ 2R SHE ME LCZEF HI

Division | WUDAPT-LCZ (Stewart and Oke, 2012) Seoul-LCZ
A B C D A B @ D
LCZ1 40~60 40~60 10 )25 39.9 40.0 24 25
LCZ2 40~70 30~50 (20 10~25 52.4 36.5 2.0 15
LCZ3 40~70 20~50 (30 3~10 53.8 32.3 3.4 11
LCZ4 20~40 30~40 30~40 25 31.1 37.8 3.7 27
LCZ5 20~40 30~50 30~40 10~25 254 31.7 3.0 17
LCZ6 20~40 30~50 30~60 3~10 24.6 32.3 4.3 11
LCZ7 60~90 <20 (30 2~4 14.8 17.1 5.7 6
LCZ8 30~50 40~50 (20 3~10 41.7 33.9 4.7 12
LCZ9 10~20 20 40~60 3~10 16.1 235 6.3 15
LCZ10 | 20~30 20~40 40~60 5~15 27.6 26.8 2.1 16
Z) A: Building surface fraction, B: Impervious surface fraction, C: Pervious surface fraction, D: Building stories
Ex): ZH, A3, (2017). WUDAPT Protocol2 &3t Local Climate Zone & - MSEEAIE AR|Z -. S22}

K. 45(4). p.140

3) &, &Eal (2017). WWUDAPT Protocots 2828t Local Climate Zone w7 - MEEZAS AHIZ - =22513 K| 464). pp.131-142



71E 1CZ 279 A2 LCZ 72 738 54 vlal 23, tiFE A FollA 5742 M
ol SR o A7 Ao A= Holut e A7t e & St Z¥le2 LCZ
7, ERSEGES 1CL 8, 9, FFEFES LCZ 4-6, 9, 100] 9] 8H9] ghE Vet

« WUDAPTE &3 A9 1LCZ 57 ¥ e ¥ vla A4

A7 2J(2024)= WUDAPT Exof| wef A LCZ 75 AAsH. 9483482
Landsat 89] 1-7, 9119 ¥i= A4S ALgaHoith AR R AR E T 20| AS SEoto] &
HAdolEE A&t LCZ 7 2 Fe: A3l &8sttt A8 98 A2 =S
714t & 100m AT FUA] LCZ BEFA & A5

LCZ ERAEE AAeL Blsty] Yo FAA P et ehulE & &-85to] 57HA] TA|FH
AF(AE=C], A¥E, F-RUHE, EREHEE, SVHE F50t0] TA| A Gof|A 9] gt
g v w5kt LCZ -7 A == TE Y vHgo) thE e Ajo] gelS 95 §H 3, ¥4
2,594 1, 9E Y HA] &2 AIES GeotiffF 4] 0.2 AJAJ5t0] B4l Z-g3tAct TEFY
HHgol et B AYEE Hlwet A3 E Y w0l 121 %% OA (overall accuracy)
85%, Kappa 83%=Z 74 2 215 B}

A A|S0] HE Y 9ol w2 KoL Ao, AL} SVEZE ABATAA A4
Soj Ul f3E USIAIRE, i) fo] A4 E HeIS UEshe 22 3

%44+ﬁ£qw% A0z et

* Sentinel-2 °|U|A| & E-83t &Y 7|9t LCZ =&5)

Zhou et al. (2021)2 LCZ "3 A] F2 &8t JA &9 o532 £AIE A 45tH, BA] 7]

HEe] ASA 5 S NI SHALA} 5FAT Sentinel 2 Y4, =2, 3L Ho[HE &
LCZ &5 7|8t ¥ o = 24 Sentinel 2 o[ A& =& w2} E&sto] EXFES

%1, Y o]E NEQ] So2SatE E3ll LCZ 429 YA 4= A &= sH3itt. o] %, 1HA=Z
CNN BH4& ARgste] B3k YA & LCZE B/, 22 A2 1 glo[gjof A b
A5E #0] HolHE ARESto] EHlo| AR LCZE AlEStsHH.

4) ZLEiZ, vde, S8, 489, B2, 2S. (2024), WUDAPT HXIE 2E8 Z3AQ I X7 | S0 M2t HE
& BHA0) ME Hw AT Sh=X|2|FEEIR|X|. 27(2). pp.78-95

5) Zhou, Yimin., Wei, Tao., Zhu, Xiaolin. & Collin, Melissa.. (2021). A Parcel-Based Deep-Learning Classification
to Map Local Climate Zones From Sentinel-2 Images. /EEE Journal of Selected Topics in Applied Farth
Observations and Remote Sensing. 14. pp.4,194-4,204
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59 A2 Ao 123} 5% 4 32 5 F 4L AHste] T dlolE 2 sl BEe
20194, 4342 2018 Sentinel 2 ©|7|A & E&3t3.27, ©] o|n| A= 1370 HE & 10m
©9] B S AV 4] MECRA, S5, 4, 2 E Beshlct olof ol &
2% HlolgE E8l 72Z AAISIAT o F, o|v]A] 22 RES 53 ¢ AN LCZE =S5t
2+ 9 Sentinel 2 OJU|AE €3I LT, o]E & HolE AA7]7] 5 CNN
(convolutional neural networks)'¥4l2 &85t T&4 HolH = 2 A=et A

ER oulX|E Mo R S50 FES AHstel o B71E AX st

01

Al o
=
1 O %
=2=

& Aol A Akt ®HH(Pacel-based method’s)< 0.75 (0A)2] HEHJS HloH, o]
712 9 9] A3 (sliding-window- based method’s: 0.47) Etf =2 A 02 UEFyT}

rr

[H 2-4] LCZ 25 F&T Gt

LCZ UA (user's accuracy) PA (producer's accuracy)
Parcel-based sliding—window Parcel-based sliding—window

LCZ1 1 0.29 0.67 1
LCZ2 0.72 0.09 0.68 0.18
LCZ3 0.87 0.72 0.78 0.60
LCZ4 0.68 0 1 0
LCZ5 0.75 0.40 0.93 0.49
LCZ6 0.61 0.38 0.79 0.26
LCZ7 0.33 0 0.70 0
LCZ8 0.67 0.23 0.92 0.88
LCZ9 1 0.29 0.36 0.37
LCZ 10 - - - -
LCZA 1 0.95 1 0.54
LCZB 0.92 0.85 0.92 0.63
LCZC - - - -
LCZD 0.25 0 0.50 0
LCZE - - - -
LCZF 0.52 0.38 0.88 0.16
LCZG 0.88 0.83 1 1

£X: Zhou, Yimin., Wei, Tao., Zhu, Xiaolin. & Collin, Melissa.. (2021). A Parcel-Based Deep-Learning
Classification to Map Local Climate Zones From Sentinel-2 Images. /EEE Journal of Selected Topics ir:
Applied Earth Observations and Remote Sensing. 14. p.4201

+ H21Y(CNN) 78t LCZ &5+ 7HAl AH0)

Yoo et al. (2020)= RS (remote sensing) ©| 9] A2} CNNJJr o day —v——;ET o2 1L.CZ
of v}y -2 PG, ARG T ALGE B 5)

rulm
E
&lw
OH
o
o
)
fd
ol
o
r

6) Yoo, Cheolhee., Lee, Yeonsu., Cho, Dongjin., Im, Jungho. & Han, Daehyeon.. (2020). Improving Local
Climate Zone Classification Using Incomplete Building Data and Sentinel 2 Images Based on Convolutional
Neural Networks. Remote Sensing. 12(21). 3552. pp.1-22. https://doi.org/10.3390/rs12213552



RS HloJE]Q] FHAIR LCZ 1-109] FE=rt A o2 W2 A2 Hst7] 8 CNNE 7]
HFO 2 Sentinel 2 ©]U| X} B3 AE H|o]E & AMdolo] 28 LCZ 57 WS Aot
sHatt.

CNNZ 7IHhe = 18] W7} ok Al 7HA] A1A|(S1: RS Hlo] e AR, S2: RSHIO[E 9 A=
tlo|8 & A ARG, SF: S134 S25 6-5to] &84S A= HlolH )= WS} A=&2
LCZ8 ERASIT W21 422] 107 E2) Hlo]E= WUDAPT Hlo|el1 283130t
S19A4+= 10709 HHE=(9: Sentinel ¥FARE:, 1: Landsat-based LST)E Y& W2 &-85}0]
10m SHFE=E] RS ©] U] A& ARE-SFATE EHAIZFE] HokE fJsf 2t ofm] A= g ++3H0-1
ML, B & T F A9 50m LCZ A &k= S191A4] A&l S29l4 = A= 143
84 1A, £4 20| B= T $E S1 U He A ARESHIHE 2% CNNE

DA E A 5 PS137} PS2E A oI5t} 1187 SF= 2 yjHlo 7 T
H QAT EA ZADA 25 S1& HA|5t] SFE =&3H3T

Remote-Sensing Image Building Data
Sentlne\ 2 Landsat 8 LST 3
) K
e Height i Training set  Validation & Test set Lcz (Scﬁeme 1) LCZ (Scheme 2) %
Gap-filling using LCZ Scheme | Bonidiiion 3 :
: ondition 1-
fB 1 LCZ
‘ - =
: . I o ) =
Area Gap-filled Height -t - * . ; ¥ E =1 g
Gap-removing - o | 7
", 8
-:?1‘.' o
A
Removed all M‘?";sg%me ,}“ = g
. ="
=" \Gap-removed Area  Height  / h ey ! -t :
LCZ (Scheme 1) LCZ (Scheme 2) 3 LCZ (Scheme Fusion)

[O3 2-3] E214(CNN) 7|8t LCZ 2R3 O 55
ZEX: MDPI. (2020). /mproving Local Climate Zone Classification Using Incomplete Building Data and Sentine
2 Images Based on Convolutional Neural Networks. https://www.mdpi.com/2072-4292/12/21/3552
(HA4: 2025.1.7.)
LCZ Wi &, HIAE Ho|HojA A& 4 4E HIEH (0%, 20%, 40%, 60%, 80%, 100%)
2 AASI] =S grigt 23t S13} v 0 BE 1CZ 550A) ¥ ZAF LCZ
(OAun)>E 27 OF 4%} 7-9% 57}6}?&}. o] gt A= SF7t S2014 LEFE sk 1
2 AR 9RE HYN 5

7) 3, PS1)PS2 ER, =M, S12 EAJLCZ1-10)2 ERER(Z S22 MAH(LCZA-G)22 ZREE= F2, A,
S10| A8 ZAIY LCZ (LCZ 1-3)2 #FE|1 PS10] 1 (100% IZ)0IX|2F S2i= JZX| 942 AR(LCZ 4-G)
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m LCZ% =4 g+
o A A 49 37 Z2Y

SAS- 2(2013)= A7 HSF(AWS: automatic weather station)< E-850] A&t
T 5O A A EH S0 g 2A] B4 A¥te] 3= HSkE AEuisiith 1Al BA|
A Aol F7HA Apol7t 7158k EAdo] obd AEE2] &5, Wik, A e} -2 1]
7153t 8 453 Ao| A=A AT ENT. M 2939 As7 13 HEA FHAY &
gol wet LCZZ 573 &, A7 13 8E5T0A S48 € 71 B35 Armof vehd A 24
= 2 dwate] HAE Fgetelitt

H 2-5] A2 AWS & L.CZ Zut

Number Station Lat. (N) Lon. (E) Height (m) LCZ

108 Ag 37.57141 126.96579 86 2B
110 4(Z) 37.5683 126.7756 18 DE
400 A 37.5134 127.04699 60 21

401 NES 37.48891 127.01562 36 21

402 45 37.55551 127.14498 57 15
403 A 37.51151 127.0967 b4 15
404 AN 37.54992 126.84253 79 1A
405 AU 37.52961 126.87819 10 4E
406 L= 37.66612 127.02946 56 A2
407 Ea 37.62101 127.09683 52 5A
408 SHUE 37.58463 127.06036 49 51A
409 = 37.5855 127.08682 40 2

410 ARSES) 37.49371 126.91809 34 4A
411 OfE 37.55174 126.90277 25 2G
412 NUE 37.57046 126.94076 101 A9
413 ! 37.531 127.0875 38 24
414 45 37.61172 126.99943 126 5A
415 At 37.52037 126.97609 33 15
416 24 37.6444 126.9453 70 A9
417 =28 37.46551 126.90015 41 2

418 oty 37.5249 126.93906 11 G9
421 a4 37.5472 127.03884 34 5BG
423 T= 37.49418 126.8265 53 2A
424 18 37.6397 127.02572 56 21

437 9 37.47577778 126.8664722 68 21

453 Ao} 37.44 126.8983333 37 8

509 2ot 37.45284 126.95014 145 Ab
510 sSH 37.52706 126.90705 24 21

590 M 37.4404 127.0024 44 DE

EX: BN, BT, 0|42, O|MY. (2013). XS7 IMEASAL| FX|7| S| 2AHSE AE TA| BHQ| 7RI, THY].

23(4). B1=7|M315]. p 415

8) EXHL, 17, 0142, O[T, (2013). AIS7|4BEAC| 2X|7|STH0| 273 AS TA| TA0| B7H 22 7).
23(4). 3127 |A8H3]. pp.413-424



A& 9 T FHO AWS AT HIWLE o, A= 2939 BEHAE LCZol| £l A5
AWSY] Bt 7|20 2 HE ZF AWS 7]-29] HAFE UEhd 024 TA] G4 A= E Atelel
o} 24 A3} 7] 29] HAf 32 oF -2.8CHE +1.4T7HA] 251, A& X AWSTHo| =
A5 93 AGQCZ DI ZA] Wi A8 AF(LCZ A) Atelof] Htf 43T H 9] 2jo]
< gRlstArt

ket
ofN

7

20

Difference from Mean Temperature (C)
30 25 20 15 10 05 00 05 00 05 1.0 15 20 25 3.0

"

mmm \\inter
Spring

== Summer

e Autumn

= \Vinter
Spring

= Summer

s Autumn

Local Climate Zones

Local Climate Zones

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 0.0 05 1.0 1.5 2.0 25 3.0

[JI% 2-4] MZ 2971 AWS 2EE 0|83 LCZ9| & 23t

EX: BHIR, BT, 0142, O3, (2013). M7 [HeZA2 =X7|SU0| 2713t ME TAl B8 S7HER. 7).
23(4). st=27|AM5t8|. p.418

« g 718 LCZ EFAAE 83 A XH2LES}F EA| B4 249
o] A<= 2J(2021)= CNNT} Landsat 8 914 A= ol-&5to] Al g Al9] LCZ &
ERdS 1251993, LCZ A =2} Landsat 8 LST (Land Surface Temperature)S ©]-8-9]
of A FZ2 EAof thE 1STQ} Surface UHI (SUHID) =& 24519t

EFEEL2 Yoo et al (2020)°14 AAE CNN3} Landsat 8 91/d 942 o] &3t E771HE
Z-golH o, JSEARZ Landsat 8 HAFAS] X HH A9} & 2 Q)4 vi= 7t &8 5
Ak TAA 9] AR LCZ ERAEE 55 A3l LCZ A= 3 =E 50mE A
A5t} 2013WEE 20218704 B Yol [28P ST B10AHES o] &3] A- ¥ (ST 2
SUHI "& 4= <=3t3ltt.

9) OIgis, OIAIR, A&, RHS|. (2021). Held 718t Local Climate Zone 2 RAA S Ol8et X HEH2E2F EAISEH
A AR HFEHAS O R EHAARIAISSIX] 37(5). pp.1,447-1,460
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LCZ EFEEE A9} tf-1g G A of sl Z+2} 87.9%2F 81.7%2] w2 57 =& X
Act 77 YRS AutA o 2 nE [ C7 ZAA LSTV =4 Yehgon A&o] g
Z] o1-_|£ 7-134 l-—_o] ]- Ll-___,ﬁ_ LST7]' ___7]. ]._1:_ _:_%_7(4 o _H;_C}g\q.

45 60 35 15

“la) (b) (©) (d)
30
35 50 ) 10
530 %) o525 D o : H
: T |foemm 0 L LN ] A siiam g00 mp
wzs'.-.-ED #p |3 ‘a0 [ FREE at ; lﬁnﬁ Ly L 1 1
20 d IV'I] 30 . l“:'D ' o0 ’
15
15 i - i
1ol —) ol 10— — 5 -
1234568ABDG 1234568ABDG 1234568ABDG 1234568ABDG
LCZ class LCZ class LCZ class LCZ class
45 60 35 15
«(©) () (9) (h)
a sof .- D =0 10
_ 7 1 ! LY B : _ e _ B 3!
Saom®W g D o i 105 mn H S muE g .
SN ERN BY | F 40 0 ™l S BT ﬂ'D
® 25 2] L] a I

N : .I[I } : .I'U 20" [ IID 0

10 20 10 = -5
1234568ABDG 1234568ABDG 1234568ABDG 1234568ABDG

LCZ class LCZ class LCZ class LCZ class

(1% 2-5] LCZ SHAL| AHE LST IHEH HAZR
F) a-d: 8, e-hili7
EX: 0|2, OA2, ¢
Eot EAIEY 24

3, (2021) ':'E1'~' 7|8t Local Climate Zone 2|4 Z 0|23t X|[EH2
A2t TSNS YO 2, THEHIAEALS!SIX| 37(5). p.1,455

k=R
J\O
-r-".:

SUHI = 93 ti+t B5 oS- 7P 43t 4k 7 1L B3 7REol e g5 LCZ &
HAE ARkl o] SUHI A7t UEbTh A=olls t49] LCZ S 204 29 gto]
UERgTE ol ALl g ZAIAHo] noAFH L} o 27k dAfo] YEl | = &
ou]gttt. SUHI FE o 37+ el Al o) whet & 2po] & Koy, LCZ 8 450 =
Il #iE == Qg sl AlE& glo] 7F =2 SUHIgS UEtRltt.

29 SAALAT oz e B4 E410

FE1F 920200 5UA A RLA T ol EXHBETLCZ ABLS BA DS

o5 ozt AT 1)1 % AR 2 QK APAASE B W BAL S5 A ]
O 1=

ad gga}g} ol

o
o} &5 A5 E 7|¥to 2 Q17 Oéf_ﬁoxlf.‘—(human thermal sensation)% E%é]-oq PET

(physiological equivalent temperatur)i4] 2 H| W £A4-& AA|519 .

t2==2 (2020). Local Climate Zonelt EX|I|Z0]| 2 HEH Of7t0] QI7H HEA M - HJ | £
XIZHLX|TL. Ecology and Resilient Infrastructure. 7(4). pp.227-237

_|II

10) S, 242,
2 EHX

rio
fo
=2
[T
Jz
C



0715 2| # 24 Ay 291 xmgt A1Y(LCZ D, LCZ Dd , LCZ Dw, LCZ GD , LCZ A)°] _1
lojelzLa} X H(LCZ 2, LCZ 4, LCZ 6, LCZ E, LCZ H)Et} 7] 20] W¥orom A= v
= Yebgth 52 F A 2T Zo|7F YEhA] it Bt EAR B Aol 7
E2 2 Belo, AlE AlQgt 17 Qlxe} 2| o] Tgollie}l X Ho H|sH Bt 5.
5C AZcl= 25 EQUh PET #4127 11 et (o9& S 02 Yehgon, 17
o]l e} 2|2 F7t mERF 0 2 UERTE A& A 9]t T 7lQlm e} x] o] Teo]qlx
2} X Aof| H]5f| °F 3.2T 7HF AHATE Bl 0w, ofgtol e 1/29A2] QIZF 4 71 &
IS HRl Ao = YET

[H 2-6] 2IX['E LCZ D ZAnteto| X10|

Nighttime Difference (% of difference) with LCZ D
Location Ta (C) RH (%) u (ms-1) Tort (C) PET (C)
LCZD
(park)
LCZ Dd
(dry paddy field) 0.9 (96.4) 7.1 (108.6) 0.3(163.1) 8.9 (55.6) 4.5 (80.0)
LCZDw ) -0.8 (96.6) 7.7 (109.3) 0.3 (153.4) -0.8(96.1) -1.4(93.8)
(wet paddy field)
LCZGD -0.5(98.0) 2.6(103.2) -0.3(36.5) -2.4(87.8) -0.8 (96.6)
(pond)
LCZA
-0.6 (97.5) 3.1(103.7) -0.5(6.1) 43(121.6) 3.2(114.2)
(forest)
LCZF
1.5(106.1) -7.2(91.3) 0.1 (123.9) 0.9 (104.4) 1.0(104.4)
(bare land)
LCZE
) 0.8 (103.1) -5.4(93.5) 0.2 (140.2) 3.0 (115.0) 1.2 (105.5)
(parking lot)
LCZ6
. . 0.7 (103.0) -2.6(96.9) 0.0 (109.6) 2.7 (113.5) 1.3 (105.6)
(residential area)
LCz2 ) 1.1 (104.3) -5.0 (94.0) 0.2 (138.9) 1.9 (109.3) 1.0 (104.3)
(commercial area)
Lcz4 09(1087) | -40(@5.1) | -0.1(807) |31(1153 | 18(108.0)
(high APT area) ' ) ' ' ' ' ' ) ' ’

EX: BoiQk 2US H= (2020). Local Climate Zonell EX|IZ0] T2 (EH 0f7t2] QI7H HatA 2M — A7 |z
22A| SOfA BIX|7HEEX|TL. Ecology and Resilient Infrastructure. 7(4). p.233

11) EIRI0f, MEIL, Q88| 0|22, 0|22, (2022). £A| BZIZE & TS X0 thet Z7teiA o7, Cista 7y E st
3|X|. 30(3). pp.25-35
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SARFIAIY 22 337H(19~21) B5H A5E6E~9Y) 712 IS 83, &7
S

M AE7 VB (AWSOIA 2 A7

FERZ 25 A S W 2R 25T o9 E £ FAE ] A Ao R EAE
QL HHg o2 BRElE= 3R LCZ 37 LCZ 1022 YEtY, S92k F-9] LCZ 3
T} LCZ 10°] thol SEATEA S AASHIT ]9t Bl Eo] ASFEY /9Kl Aol A
&, A5E 119 118 E 7|$ 02 42 AAlollt). 243 23t ZAZ7H Y dol JF

£ A W IS DA 1= BRIA T 4R FZHRIARR] 2A8&-2 LCZ 39 FZHEE
oA =7t setHETt ASFE 749 7HF 0] gt £4 AitolAl= LCZ 33} LCZ 10°14]
ASE 749 74 0] ZoljFoll wheh Jo] WAohs A o2 Bt T3k 234 Z7t

AARQI A5E2] A/dz=olol tiet 24 2HoM = 2 LCZE SHEE] E77 |20l AlAl

g utel o] 502 FAE A5E0] E2d oA FFel TAEE Az BAEHAUT.

Type Space Height The build. to land ratio
(unit: m) (Mean.) (unit: m)(Mean.) (unit: %) (Mean.)
Hotspot area top area Hotspot area top area Hotspot area top area
LCZ3 9.33 7.62 3.35 2.58 16.64 12.84
a7 | LCZ10 9.14 7.60 2.93 3.01 14.05 14.64
All area 1.80 3.62 16.89
LCZ3 11.51 9.61 4.49 3.49 21.03 21.63
g7 | LCZ10 13.37 10.19 4.07 3.01 18.58 15.79
All area 2.67 02 18.35

4.
S| 2I7I0], MRS, Rets], O|HZ, 01FER. (2022). A STTFEE S YSXF0| gt Sl g7 tiets7Es!

3. 30(3). p.32

« U8 EALCZ B0l WE €4 @4 vl 2412

12) Rahmani, Neshat. & Sharifi, Ayyoob.. (2023). Comparative Analysis of the Surface Urban Heat Island (SUHI)
Effect Based on the Local Climate Zone (LCZ) Classification Scheme for Two Japanese Cities, Hiroshima,
and Sapporo. Climate. 11(7). 142. pp.1-23



SUHI 7= B7} 23k AR TA] U] SUHI @4o] Z7F 520|911, 3| ZAuk At 5.0,
2 %8 SUHI 4% 3h& HELow, SUHI 27} o Fgtska ofshA thepge

I A= F71E A3 UTFVI WS A4S, LCZZ Uro] 7P 52 2ol 7P W
A 24 AEsk= A G A5} UTFVIE excellent (EC), good (GC), normal
(NO), bad (BC), worst (WC) AR F-EE T AELEA|= Ayl o]4fo] ECRHUTFVI =9
£ H 31 BC ¥ WC 52 72 10% H|Hho] it} 28 0 &, 5| 2Av} X tirh= &
2 F A Ao] BC Y WCE EHE QLT EA9] 20% o]Ato] BC UTFVI «¢jofl Zhe=|ich.
SUHI StASZ AL 204 LCZ 3 (4B AS), LCZ 8 (B A1%), LCZ 10 (FFD) L= &+

A o]l Aot o EH FH &7} =A Uehstth s|2Autol A= LCZ 2 (A% 55).
LCZ 8 (N AF) ¥ LCZ 10 (FFY) L= EFE AFe] =7t =4 Uttt

H 2-8] Y2 TAQ LCZ 2/0l ME S S Hld

= (A) AZ2A| (B) SIZAIORA]|
“‘é” SUHI Intensity Map of Sapporo City 2022) “é‘ SUHI Intensity Map of Hiroshima City (2022)
LCZ 278
SUHI 2%
UTFVI 22
o] AT
S Lcz 10 T

£X: Rahmani, Neshat. & Sharifi, Ayyoob.. (2023). Comparative Analysis of the Surface Urban Heat Island
(SUHI) Effect Based on the Local Climate Zone (LCZ) Classification Scheme for Two Japanese Cities,
Hiroshima, and Sapporo. Climate. 11(7). 142. pp.15-17
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- Y 3 4 3 I LCZ EF wE F3H vl 2413
Jo eral 2023)= 99X YT A A 9E LCZ 75 AAlsto] n|7| & HolB &
£Z5}o] PET, UTCI (universal thermal climate index) A4S =239 LCZ=1LCZD
(low plants), LCZ Egp (paved with scattered tree), LCZ 25 (compact mid-rise with
scattered trees), LCZ 4 (open high-rise), LCZ 5 (open mid-rise)2] & 570 & E-HF-ol3Att.
193 Ta (712), RH AHEE), u (%), shortwave (FI-EAD, longwave (BT-EADE
S5kl

34 Auguest nighttime 4 August daytime - {a)

rise APT (LCZ §)
High-rise APT (LCZ 4)

[J% 2-6] LCZ 2F0 ME AIZIHE 017|1% 8%t

F) a2k, bAUEE, ¢ ES, dEAEARE

£X: Jo et al.. (2023). Comparison of the Thermal Environment by Local Climate Zones in Summer:
A Case Study in Suwon, Republic of Korea. Sustainability. 15(3). 2620. p.7

13) Jo, Sangman., Kong, Hakyang., Choi, Nakhoon., Shin, Youngkyu. & Park, Sookuk.. (2023). Comparison of the
Thermal Environment by Local Climate Zones in Summer: A Case Study in Suwon, Republic of Korea.
Sustainability. 15(3). 2620. pp.1-15



LCZ B 9 A|7ZHE PETS} UTCI A4S Egé}ait}. T4 o]l 1= LCZ B2} LCZ 5=
FARE S BYom, LCZ 259 LCZ 4& FY W Bot 257} A Yehdth

3 August daytime 3—4 August nighttime 4 August daytime (a)

Very hot

Lawn area (LCZ D)
/"
| Hot

Park center ([ (7 )
— Commercial area (LCZ 2

PET (*C)

30 | Warm Low-rise APT (LCZ 5)

Slightly warm —— High-rise APT (LCZ 4)

20 Neutral

Time

Extreme
heat stress

3 August daytimp 3-4 August nighttime (b)

Very strong
heat stress

Lawn area (LCZ Tn
(St bk roni (LCE B
| Strong
| heat stress
30 Moderate
heat stress

UTCIL(*C)

(LCZ

Commercial arca
Low-rise APT (LCZ 5)
1
I —— High-rise APT (LCZ 4)
No thermal 1
Stress :

[O% 2-7] LCZ 2FE PETRLUTCI %k

) (a) PET, (b) UTCI

&% Jo et al.. (2023). Comparison of the Thermal Environment by Local Climate Zones in Summer: A Case
Study in Suwon, Republic of Korea. Sustainability. 15(3). 2620. p.9

o LCZ B7E A €8 a3t 2414
Zhang et al. (2022)2 &= 2343 AY X932
MODIS A=, AE5E HEARE &85t A XYW 222 LCZ 7S T&5K9 ot WA o
F3t AAIL(270-990m) % LCZ ¥ &} A HH =5 AXISFI T o] & AHHEA] 9 5] &

A& B9 LCZ 25 BlS= A8oto] ARH 2=7t ofgA &= vIA=A 243
=i

1€ I3 ¥4 &AL dlolE], EX] o8 Hlol8 € AE #H do|el& AR&sto] LSTE Alktst
I LCZE W th LCz9 HA vl AXERS flaf 1944 28| = 7do] == Qlet. AatAl
L 1CZ2FLSTO] W2 vlgo tis] A=, ©AA 3 REe [Cz9] Ut d Wzt §
I B4k o) AHE QI

O

14) Zhang, Rui., Yang, Jun., Sun, Donggqi., Ma, Xinyue., Yu, Wenbo., Xiao, Xiangming. & Xia, Jianhong (cecilia)..
(2022). Warming and cooling effects of local climate zones on urban thermal environment. Frontiers in
Public Health. 10. pp.1-14
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LCZE 2% EAFOoZ A% A9 LCZ HFoA Hodt EH 2% (TsMean: the average
surface temperature)x= 38 C Bt} =94t LCZON 55 T B EH 229 7 =2 5
AH M= LCZ 6 (13.50) ek AAA AR LCZ G (79, 34210 = RELCZ /P 5 8
o EH 227 7P Wik AE S LCZY A8 AF % % A& 53(LCZ 2, LCZ 3,
LCZ 5, LCZ 6)2 1% A% 5J(ICZ 1, LCZ )Er} 2 ¥ Bt 27} &9kt

J8a 7 2= LCZ 739 WA W2 A& A3 450m ¥ 990m Ao A TE=
27| do] S71gtel| whet LCZ 1-39] Ao wlgo] A} fAshirt. 2 2A Dol A LCZ HA
Bl &3 S Bt LST AbolS] A 4] A3, Al7HA] A1 62 B FE(LCZ 1-6)°14]
LSTO} 913t 2] BAIE HArh A A9 LCZ A, LCZD, LCZ G LST2 7-2I3h &9
FTBAE BAIL LCZ B LSTH 003t o] JaaA S Bl %‘éﬁ& Al

Correlation

Scale
0.625
990m 0.603 0.492 EEWA 0.576 I -0.184 -0.019 -0.057 [EUNIGIX®ER -0.206
0.348
810m SRR ETOR (0.345 NUSKERESIN -0.185 -0.021 -0.05 EMNERNIXIEA -0.202
0.071
630m 40.3 el 0.526 -0.17 -0.022 -0.048 EUAEIIRVSLYS -0.195
_ -0.206
450m -0.145 -0.009 -0.034 EUNRAIEIES -0.149
E -0.483
270m 40.218 HUELETS 0.193 JEEER0:3531 -0.154 -0.023 -0.03 1 [EUKYANIERN -0.182
-0.760

LCZI LCZ2 LCZ3 LCZ4 LCZS LCZ6 LCZA LCZB LCZC LCZD LCZE LCZG
[23 2-8] LCZ2f LST Zto| MEtAH|4
&R Zhang et al.. (2022). Warming and cooling effects of local climate zones on urban thermal
environment. Frontiers in Public Health. 10. p.9

39 2d B4 Axh 7P FZH9) AA YR 810molA] EAEAE ob7|ete LCZ Eae
LCZE(0.314) » LCZ 2(0.236) » LCZ 3 (0.135) <=°] 3L, Y7+ ATHE op7| o= -7+ LCZ
D(-0.272) > LCZ A(-0.104) Y LCZ G(-0.103)9] &=o]3ith.

0.4
0.3 R
0.2

0.1

0.0

0.1 4
LI
0.2 o fod

0.3 4

-0.4

»c1f“\,c'l"vc'b’vc1»"vc1’i ‘Cl}ipv‘vcm“\‘cb‘\glﬁ \Cl} 01:0 Cl» d" ol Cm Cv pu\ vacvn
810m 990m
[ 2-9] AHYUE LCZ2t LST 3|H=2M Zut
EX: Zhang et al.. (2022). Warming and cooling effects of local climate zones on urban
thermal environment. Frontiers in Public Health. 10. p.11



o LCZ B7E ZAIEATAS A3 ¥gt A5
Xiang et al. (2024)2 = T3/ FAA G A2 Landsat 5, 7, 8, 9 o & E-8-]
ARH 2T E 24351, Mono-Window €1 8]&S £3) 2005 HE 20209 7H4] A #H
22L& FHottt o] & ol LCze TAI G TS A7t ¥igkE Aottt

202099 7 LCZ 39 W& Mok Av2 23}, A5H LCZ| vl&2 S716loinh &
W3t LCZ (LCZ 1: compact high-rise, 2: compact midrise, 3: compact low-rise)2] B|&
2 Mg o2 FA|H Wb, 7§11t LCZ (LCZ 4: open high-rise, 5: open midrise, 6: open
low-rise)?] S7} Z0| 7M At 2 & 12 E35h= LCZ 939 W2 AA 717t &
Rt A4kt LCZe ARMH 0= HAFAT, ti72o] A9 =2 B FgRl ICZE %
LCZ EA= S7Fsk3Th

[E 2-9] 2005H-20201F LCZ &7 Halg

YEAR 1 2 3 4 5 6 8 11 91 92 93

2005 | 0.07 | 0.66 | 0.61 1.08 | 787 | 330 | 086 | 030 | 3.38 | 8.21 0.60
2010 | 0.14 06 | -014 | 074 | 168 | 1.03 | -0.08 | 0.01 0.01 | -1.28 | -1.19
2015 | 0.15 | -0.15 | 0.61 429 | -0.27 | 058 | 0.66 | 0.41 0.61 | -0.66 | -2.72
2020 | 036 | -0.01 | -0.06 | 8.93 | 0.57 123 | 034 | 288 | 367 | 065 | -3.04

YEAR 9E 92E 93E A @ E EA F G Overall Change
Built Land

LCZs | Cover

LCZs

2005 | 3.86 | 1.94 | 003 | 2262 | 31.87 | 257 | 447 | 040 | 530 | 32.77 | 67.23
2010 | 066 | 206 | 207 | -53 | =797 | -06 7.9 -04 | 0.16 | 38.98 | 61.02
2015 | 4.44 | 2.03 1.11 | -6.89 | -1261 | 163 | 6.85 | -04 | 0.16 | 43.86 | 56.14
2020 | 791 | -1.16 | -0.66 | -1369 | %45 | 0.82 | 16.68 | 0.15 | -0.43 | 54.38 | 45.62

£X{: Xiang, Yanfen., Zheng, Bohong., Wang, Jiren., Gong, Jiajun. & Zheng, Jian.. (2024). Research on the
Spatial-Temporal Evolution of Changsha’s Surface Urban Heat Island from the Perspective of Local
Climate Zones. Land. 13(9). 1479. p.13

it

AREH 2 24 A3} o 8ol T4 A9 A oA 2 8 =25 mEh 1.2 2| 9o] X4
A0 & Yl A& A9 T4 A o] g =9, A 39 2 A48 Aol A Lt
ok EAI7F e of) whet A @A) 7 22 2| 9o] E| T A A DA 0 & 12X 9] HlF
< S7H22.44% — 31.51%)5F1 21, HFHO|| A2X] 2 7H4~(31.89% — 24.57%)5t 3Tt

i

15) Xiang, Yanfen., Zheng, Bohong., Wang, Jiren., Gong, Jiajun. & Zheng, Jian.. (2024). Research on the
Spatial-Temporal Evolution of Changsha'’s Surface Urban Heat Island from the Perspective of Local Climate
Zones. Land. 13(9). 1479. pp.1-28
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[H 2-10] 2005'3-20204 X|EH 2 HIS

LCZ Class 2005 2010 2016 2020

Sum. | Win. | Sum. | Win. | Sum. | Win. | Sum. | Win.

Extremely
high—temperature
High—temperature
zone

Relatively
high—-temperature | 7.45 11.00 | 9.77 13.52 | 8.46 13.14 | 10.52 | 0.63
zone
overall 2244 | 17.68 | 26.30 | 23.68 | 26.49 | 20.46 | 31.51 | 18.24

11111289 | 964 | 470 | 1032|312 | 11.63 | 443

The surface
heat island
areas

388 | 379 | 689 |bd46 |7.71 | 420 |936 | 13.18

Mid-temperature zone 45.67 | 53.19 | 35.21 | 54.17 | 33.95 | 63.77 | 43.92 | 35.53

relatively
low-temperature
low-temperature

20.84 | 21.17 | 2957 | 1449 | 27.95 | 20.02 | 17.54 | 35.92

The surface 7.40 6.33 7.69 473 8.08 | 4.86 5.36 9.42

cold island zone
extremely

areas low-temperature | 3.65 | 1.63 | 123 | 293 | 353 | 089 | 167 | 089
zone
overall 31.89 | 2913 | 3849 | 22.15 | 39.66 | 25.77 | 2457 | 46.23

EX: Xiang, Yanfen., Zheng, Bohong., Wang, Jiren., Gong, Jiajun. & Zheng, Jian.. (2024). Research on the
Spatial-Temporal Evolution of Changsha’s Surface Urban Heat Island from the Perspective of Local
Climate Zones. Land. 13(9). 1479. p,16

o} 53 W+ SUHII g2 LCZ -0l wheh & 2o 7k Yehytth. o 54 SUHII 452 ARt
AR =0k, RPEREE AR & FS Bt oEolle 45 53 (built types)o]l &

2] 9 S (land cover types)E T B 7]-20] oF 6T ¢ &9k, ALof= 11 2fo|7} 2F
1.5C 3t o5&oll= LCZ 738 SUHIL Afo]7} A Uehtom, A% 13 S LCL8 E
A W& 98 = 107 E7F 7P =1 1LCZ G7F 7 Wekth SUHIE ‘23t Loz Y 7iEra
LCZ » B3¥Y LCZ ) 3et LCZ' o= UEH AL, A5 A=o] 7H) #3Uth A==
SUHII %2 2to]7F QAT LCZ 83 LCZ B7F oA 3] 71 &9kom, 98 7+ A3 -4
ek ALFHA dhT e E& Q1) LCZ 7t SUHII Zo]7} 74351

o

. E7}ejo} oA Y EA G EA] LCZ H] AT 10
Dimitrov et a/. (2021)2 F-2I-3 A AEI(UAS: unmanned aerial system)& &-85}0] &7}
glo} Adglo} X 9] dE A4S AASFATE UAV (unmanned aerial vehicle systems
(UAVs or drones)) 5 AH&E B9l LCZ B7-E 3 oA & &85t LCZ EF7oll &5t
£ 7470 AL EASII T

16) Dimitrov, Stelian., Popov, Anton. & lliev, Martin.. (2021). An Application of the LCZ Approach in Surface
Urban Heat Island Mapping in Sofia, Bulgaria. Atmosphere. 12(11). 1370. pp.1-18



EAEo] AFHe F92 LCZ 4 (Open high-rise), LCZ 5 (Open midrise), LCZ 9
(Sparsely built)e|H, & FF0] AL 392 LCZ C (Brush, scrub), LCZ D (Low plants)Z
e o3t ZAIF AT eS| 7R} TA] A HH 47 AatA o His]
S| FREA S AR T A3 SA]u]go] S76HH AR 27 F4shal, E5F 4 1A
H|&o] S7FoHH A HH =71 S7HT= A2 I3tk SUHI 4 AE 23 A #H 2
& S4%E 59 Bat2ks 20.9C0H, 7P w2 R LCZ 4 (Open high-rise),
LCZ 5 (Open midrise) 0.2 LE}LTY.

Average Intensity
of UHI ( °C)

] upto 1.0
11-15
16=25

Bl 26-:35

[1& 2-10] SUHI 2E =
ZX: Dimitrov, Stelian., Popov, Anton. & lliev, Martin.. (2021). An Application of the LCZ Approach in
Surface Urban Heat Island Mapping in Sofia, Bulgaria. Atrmosphere. 12(11). 1370. p.13

« LCZ £52 slE Q&S 1LEe BAEAHAA B7H )
Zhou et al. (2020)= F& ATtol & Al Wt F A AL HITH O & Uro] ZF EA|-&3&
A 99| EA| QA H S ol i3t SiEF R Qe st AkE S Landsat 7, 8 O[]
A& &&slo] WUDAPTE 539 LCZE E5Holal, ASTER (Advanced Spaceborne
Thermal Emission and Reflection Radiometer)E& &-8-5Fa] FA|7H10:30am)d} A YA
ZH10:30pm) LSTE S5ttt siid5t Tadsto] tf7] 2 S AAlstelon, di
7] &7 A2A"(AMeDAS)E &85ttt

17) Zhou, Xilin., Okaze, Tsubasa., Ren, Chao., Cai, Meng., Ishida, Yasuyuki., Watanabe, Hironori. & Mochida,
Adashi.. (2020). Evaluation of urban heat islands using local climate zones and the influence of sea—land
breeze. Sustainable Cities and Society. 55. pp.1-17
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LCZ 3 (compact low-rise), LCZ E (bare rock or paved)7} & A7 ol Al =2 &L 2 1}
EFtom™, LCZ A (dense trees)?t 7Fg WA Uebgth AYAIZIH= LCZ 2 (compact
mid-rise), LCZ 8 (large low-rise), LCZ E (bare rock or paved) 5&°] LST7} =4 YER:
I, AFLCZ 27 L 2 By N2 44 mEo] &2 [CZ+& LST7F Wttt

[H 2-11] LCZ 2.2 SA|ZHY, HSEA|ZH LST 287 QOF

LCZ Daytime (°C) Nighttime (°C)

Max. Min. Mean SD Max. Min Mean SD
LCZ?2 31.42 29.65 30.89 0.25 30.42 30.08 30.23 0.06
LCZ3 32.31 29.86 31.12 0.18 30.56 29.85 30.15 0.08
LCZ5 31.49 29.64 30.75 0.32 30.52 29.43 30.11 0.11
LCZ6 31.72 29.90 30.97 0.24 31.35 29.66 30.06 0.09
LCZ8 32.00 29.63 31.00 0.26 30.72 29.59 30.17 0.1
LCZ9 31.96 29.49 30.51 0.27 30.55 29.63 29.99 0.12
LCZ 10 31.39 29.77 30.71 0.27 30.74 29.88 30.16 0.12
LCZA 31.22 29.66 30.05 0.16 30.56 29.49 29.81 0.08
LCZB 31.38 29.68 30.39 0.25 30.50 29.66 29.92 0.11
LCZD 31.82 29.50 30.31 0.23 30.69 29.52 29.98 0.10
LCZE 31.64 30.47 31.10 0.20 30.51 30.14 30.34 0.10
LCZF 31.54 29.72 30.73 0.35 30.55 29.89 30.07 0.08

EX: Zhou, Xilin., Okaze, Tsubasa., Ren, Chao., Cai, Meng., Ishida, Yasuyuki., Watanabe, Hironori. & Mochida,
Adashi.. (2020). Evaluation of urban heat islands using local climate zones and the influence of
sea—land breeze. Sustainable Cities and Society. 55. p.10

AR5 AT BAIE BASL dit5Y B EASET B £ 1k AAEGe
7+ LCZ9] B+t E o3 (anomaly) B 204 SHH B 7|22 7|E 22 AL
otk 4 Ax}, AYAIZFH O] AtoflA] vlThE H= Zhlo] JFFo & QIgh 2 sp
Aol A= F- a5 2R AT Bt A oA 2 FFS v|R]A] ZotTh
e o] A" ZA9 of ] A H(AFA] A, SREA] A F)oll A 4HZ-} SFoll BT
3 535 IO A UHI B3H0] 14 EA0] 73S Aottt

lo

-

r
H
ol

i
5
S

o fr

i}

[e]
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o LCZ 52 3-83] u|= HALA TAGFAL ZAHS)
Zhao et al. (2020)% Ul=r BJARA S QA MQMEY Q. HIA-T 2 A LAY 2| H9)
20154 A&} & 5 52| Landsat 8 ©|u|X| & &-&5}0] LST, SUHIE =&3}F% Tt

18) Zhao, Chunhong., Jensen, Jennifer L. R., Weng, Qihao., Currit, Nathan. & Weaver, Russell.. (2020). Use of
Local Climate Zones to investigate surface urban heat islands in Texas. G/Science & Remote Sensing. 57(8).
pp.1,083-1,101



Zhao et al (2020)%= Zhao et al. (2019)9] A EH 2= (LST)9 LCZE AEd= YA Z2 ¢
£ &85t} Stewart & Oke (2012)9] LCZ A 9j] wet gto|thlidan®t &A= 4+
(sub-orbital image) HI°o|E& 235l LCZE "3t} EX| m&, AZ7] 249] =o], A
S5 4T iR, B4 g, TA] EXol8A1 B I& 9 HoJeAl F uget HeE
A g0} HFH o8 LCZ B MSE BRIt AEE 127 A1 7]90f 2 1]
e A& aLEsto] A& o) 9 ¥4l Sp(variogram) M 915 Al4tste] LCZ w3 &)
A7kl
SUHI (Z2A] E4)) £4-2 Landsat 7|9t A1 EH 22 (LST)2 LCZE AAISH] =] 3t o
5 5% 27}, LCZ 1 (compact high-rise)°] 7P} 2&7}F A etk o], I thgo 2= Q
2B A GES A QI8 LCZ 4 (open high-rise)7t 57| YEFS T AR ESH LCZ 7P (compact
LCZ types)= /NS LCZ & (open LCZ type) Bt =2 2 & 7| &35t ALo= o
S 29, LCZ 4-6 UNLE 53)ollA 7 733t SUHI A7t UeERE D, o] &= 53] WeA-
HLEQAQL AEY QoA FE& A} @ AE A= 1CZ 1,1CZ 4, LCZ 3, LCZ 5, LCZ 2
oA 10T o14d9] LST7} HEH 21, LCZ 9904l = A2 o= W SUHI A7} Uretst
o} oS3 HEIHA R, LCZ G (water) & Al EA] BROIA 7P 22 B AHH 255 B
R, T HE= LCZ F (bare soil or sand)3 T

EERE RS ERRTR NN
SASaRAnANARY
EEEREERETRERTIN
EERAAARERER RIS
REEEEIEEE
S —

(e]

(R

]
™
oL
ol

Land Surlace Temperature (LST, "C)

(LST,"C)

Land Surface Temper

Land Surface Tempersture (LST, °C)

o

< e

& o
o Tl

Local Climate Zanes (LCZs)
(23 2-11] XIHBLCZ 2R LST 532t 58
EX: Zhao, Chunhong., Jensen, Jennifer L. R., Weng, Qihao., Currit, Nathan. & Weaver, Russell..

(2020). Use of Local Climate Zones to investigate surface urban heat islands in Texas.
GlScience & Remote Sensing. 57(8). p.1,090
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LCZE &80 ZFS B AYATE HES 23, tiHE9] AFoA4 LCz 1-3 (Y
AZHA )T} LCZ 4-5 (N E 5115 A )ollA I B4 |
A= AS5E] 2ot EF 2ol vlg, v
A TA7E Qs Ao ® wEh v
(LCZ A-B (&A1), G ()olA= Ao R @2 255 FA6t TA| ¥ g3+
et

70 LCZ A ROl A= LCZ 4 (N3 113)2 LCZ E (HHY 235 A H)o] 7+ 53],
LCZ 2 (A8 53)2k 3 (A8 #13)0] Z+ 432 =A| el ol= TA| 9] B-3H)o] A
=AY, E54 2 HO| B2 X oA G AT BALR Qo) BH =7 =4 FAES

T LCz

Z-H|0lE 112| 3] 4|5|6|7|8| 9|1 A|B|C|D|E|F|G
AWS H

LST, SUHI H

LST H H H H|H
g 2R H H

LST, SUHI H|H H H H

LST H H

LST H|H H|H H

LST, SUHI H H

LST H|H H

LST, 07 |2< H H
LST,| (™8 |H H

SUHI () HIlH|H

2 He 2 14141538 |- [8 1T ]2 [-|-|-[-1l51]1]-

) 1: Compact high-rise, 2: Compact midrise, 3: Compact low-rise, 4: Open high-rise, 5: Open midrise,
6: Open low-rise, 7: Lightweight low-rise, 8: Large low-rise, 9: Sparsely built, 10: Heavy industry,
A: Dense trees, B: Scattered trees, C: Bush, scrub, D: Low Plants, E: Bare rock or paved, F: Bare soil or
sand, G: Water
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[E 2-13] AR 2ES HSF I HE T K= XY

7= '05.03.~'06.02. "12.03.~13.02. "19.03.~20.02.
- 848
- e4s -
;| 8s-9
. e-95

- es-1w
i w0-10S
owus-mn

oA nm-ns
=0 XIE £ 1.5-12
g ¥2-128
= 125-13
13- 135
W 125 -1e

BN ta-4s
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- 15 s

19) i35, EAIE. (2021). AWS CIO[HE 8%t TAIEN 22 U Lo ZMREAS SSHEAUAXY £E -
2005.03~2020.02 Af0[2] MEA| Y FH XY 437 X|HE HELE - MSZAIHTL. 22(4). pp.43-63
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= '05.03.~'06.02. '12.03.~"13.02. '19.03.~'20.02.
sex | sl & o
WA= | Eaa S il - ?
o gt — Y 0
¥y ’ y
= 13.2 = 145
A 248 HEM 2E(T) 13 - -
ME 12.7 MNE 14.7
uesl 22(T) 13.4 13.6 15
U238 T4 3 1 4
/A K/2D 2 12.26/9.00/13.40 11.78/9.00/13.60 13.64/10.80/15.0

ro0T XML 0x 94 DR N0 > H1 - Mir¥ rtN mom)

EX: 1S, HMIE. (2021). AWS HOIEIS 8% ZAIGY 22 ¥ 49| ZHEME SRHRYXY &5 -

2005.03~2020.02 AMO[9] MEA] & FH XY 4371 XIS HAOR — MSZAIHTE. 22(4). p.51

AEAl G A= g Z-89t 37 A (Getis-Ord GI) W2 AA, A4l 94 B=
TAE T QAN EART FUHA G A= A =g AlRetal, B4, B A&A] 94
= Aot &4 4%t TO R Getis-Ord GiEAS &

=
Sto] G4 AL ghol 77 A2A BAE A g A0 30 A S=ES 2
ﬂXl £ S5 371 A, 27 A, 1] Ak S5 BHAH R A S FESHo] AEA
o] 24 Hop AL mEsholrt
[H 2-14] 394 A SZEEE M (Getis—Ord Gi) Azt
TE '05.03.~06.02. "12.03.~13.02. "19.03.~20.02.
ESEli= Ay ' q “
27 24 ‘ 3 ‘ @ A
= T T
» ¥
99% HHSOH)/ HE (k) 13/41.22 41/54.90 25 /3558
hotspot | cixzte TRZKC) 2.147 2.222 2.753
95% BZSOH)/ A k) 78/110.18 70/96.34 35/57.99
hotspot | iMzte WRZH(C) 1.932 1.956 2.106
90% S (7H)/ T (k) 37/51.67 18/27.23 30/38.70
hotspot | oiMzIz TAZK(C) 1.828 1.729 1.988
AT R BHar) 203.07 178.47 13227

EX: 1S, HMIE. (2021). AWS HOIEIS 8% ZAIEY 22 ¥ 4o ZHEME SRHRIYXY &5 -
2005.03~2020.02 M09 MEA| ¥ FH X|F 4371 K™ HAOZ - MSZA|AT. 22(4). p.57



o FR 7| SA| AH T AWSTHEA] v 35 7}20)
A 9J2021)% 714 RIS A AE(LDAPS) O &gt A A DA}
ANS BEASF MR hl 28 34 Bk ARY ) mol AEY o2 %
g Bt} 53] 0SB F7t0] Thtf wo| Aol FIee], AL A Az Tk me]
27 AA ‘/PE}"PE}. ALH JA 750 T4 ol T A] 7|9 A mojo} wEE|gl o
w, o} 2 94 9] B Loje 9] 4|9 7] 80 Thd mojREE 7|95k A0
=3l

[©)

2.0 : ' ) g ; ’ ]
[] AWS
B LDAPS

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Month
[32 2-12] Z2X|7|MHSAAE(LDAPS)ZF AWS SHZ} H|
EX: B, SUS, gLt 48| (2021). 714E FA7IHOISAIARS 0[88 ME2| TAGH LT 0= HItL St=
X|IF1tstg|X|. 42(2). p.143

... ._.
- N - S
|

2
&

Urban Heal Island Intensity

0.0

rol

IS A G Ak A& S A8l ZAEHE ok EA T 2 E-E LDAPSSH
AsIeh =AW XY Q] 712 AHSIE H|wWate] LDAPSSF MORUSES W] ol
35S F4%H A3}, MORUSES 2§ A EAIE Q4 T4 10|71 7§ A1 =] 9 ot A e ofl= 3}
o7} bt we]of A= e} o] 2 o o] T 19|, @ M EE ofl7tA] Jy\ o
o7} vrebst o.m, LDAPSE T /HAE AUAIRE 4 5] @27 24T FA B A& I

S} 2404 5 F719] T Boj= wo] 7]29] Fh4 BO7F 9 U910 HE Y :}

L o
H

20) B, M, BGL US| (2021). 7 [4E IRV [SUSAARE 0183 M2 TAIFHEL T 0= Hot. B4
Tatets|X|. 42(2). pp.135-148
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« AnhE EA] Blo]EE BT nlAA EAoH Woh A7
250} 72022 AFFEALE EAElo]E AH(S-DoT)% A9 BAXES T85
of YT 9lo] B FPYS Bk Hepy BANERE VTS, UGE, 235
o= HACE S-DoT HolEo] thet HAe] B2 AN 5, Haol % Ay H5XS

B35 A HEH X5 =519 K-meanse4-S AX|HC]

a. Sihouettes Analysis | b,

K-means (k=3)

= 108

. 209

B 30
Removed dong’s

Nambarof cstrs K
Elbow Method

squares
R

Number of clusters K

C. Climate clustor
Exposure m
on o2
|3
A
YA
FINN
N\
o
A
S\ 01 o
Adaptive Sensitivity e

Capacity

[17 2-13] S-DoTE 7|8C = 5 #% EAZut
Z:

F)a. A2 U AL R SHAD, b, PULAL, c. 2R Hop X4 Sast

oot 7. ZEA|E]. 57(5). p.226

28 B 221 992 WA 007t ZaEn, 7| Prsnet vt g
I, AL 7MY B FAolch ol A A W 7 SAFMA A 2lo] wpe} B
stk 22 BAF 057 S50, V| FLEE, UHE, A9%0] BE e Zow Ut
weh. 23 £9.2 2017h0l, 71 e B Fol B woltt. 715 UgEt
B3, 435HE Y e oItk 24§39 % 71 BPo) HoRE 302 B ol%
Aejo] £ olgrh 2 BHo 2L TS /1 FwET UE 2<lo] 71 Ww, A
EE 52 b ol ARl Y O.E, A7} o] Raska glo] @54 gate] £go] Hgit
T2 BYid 7Hs o] A3 ok 847 B Aol 3 W 4] Fo] FE3]
2450} 9lo] 42 429 Pl ZH AT B4 ek 23S o] That Hok
3 Aol Agk S HEe Moo etk B4 Eylo] 1, %471 41,

21) XIS, Z4917. (2022). ADIEME EA|GI0|E MIA(S-DoT)E 225 OIAIE 29 F|okM HII0| 2t o7, ZEH
2. 57(5). pp.215-234



Ao] 3] Lhepb= A9}
3 A58 Wivheol o1 2 sk el ol e e AR, S
o ]

o] Afeja o viek.

g - ; T
Wt 2 w=ye Tin. 4
+ | i |
- é
T e
y 7in <A
7 =
/Geumjeong-gu .

fo b .‘ e "“"'“’”ji-ux)'\é' :
b o6 ; AT
s & - 5 pACRC § -gu

s " | ot
¥ Lo PM10 & Air T

s e w3l
L 0 s 70
.35 10 45 80
15 50 85
3 TAT 20 55 90
| 2C) 2 ﬁulgs

e i gi P : o s w5 R
(@)= %:1 R (b) ZAIEY L EA QA LA XA
[ 2-14] EAIZH X0t EAIZH U EAQEHA SAILA K|

SR 54, 2H2. (2020). YL IRINSHEAAY N2S BRE ARH A B2 21 S
- BAHOINS UYOE - SITXIYHSIBIXL. 23(3). p.107, p.109

o T TAEAEf s 7] 54w A23)
Zheng er al. (2023)2 1051(2002-2012) B9 EA] #2444, & T=4 104, vt

USE VLY AR o2 4% 714 Hol8 & 7|HEe & ZAE ST 532 7]
T2 8.2lo] mAIEA ] vAl= FFol il EH5HA.

Am
0x

22) galg, 4E2. (2020). AESYL VLS HEALY NZE HE TAS L TAIQEH SUEE g
A

A2 LHMO§ -, St=2 X2 HEStS|X]. 23(3). pp.100-119

23) Zheng, Yingsheng., Li, Wenjie, Fang, Can., Feng, Biyin., Zhong, Qiru. & Zhang, Dongxu.. (2023). Investigating
the Impact of Weather Conditions on Urban Heat Island Development in the Subtropical City of Hong Kong.
Atmosphere. 14(2). 257. pp.1-17
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UHI 370l m|A|= 9 B4 sl 713 2AGEY &, 35, v U3 Ak, 7]
)1} UHIpre-max (A
o} UHI #4243 054 4B+ %
on A7FA 0 7L 25T oAl o2 2-4C AE TAGAL L ASEHE AR 4
ks
%
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[ 2-15] SAIGNEA CHEEFEA 2Tt

UHImax in Parameter Estimates

summer using

stepwise MLR Term Estimate Std Error t Ratio Prob ) [t] VIF
Intercept -0.10 0.67 -0.15 0.8807 -
Air Temp. 0.14 0.02 9.12 <0.0001 * 1.53
UHlpre—max 0.29 0.03 11.18 <0.0001 * 1.12
Wind SPD -0.21 0.03 -6.83 <0.0001 * 1.01
RH -0.02 0.004 -6.04 <0.0001 * 1.46

UHImax of the Parameter Estimates
whole year using

tepwise MLR Term Estimate Std Error t Ratio Prob ) [t] VIF
Intercept 5.74 0.17 34.75 | <0.0001 * -
UHIpre—max 0.38 0.01 29.86 | <0.0001 * 1.31
CLD -0.19 0.01 -17.84 <0.0001 * 1.85
RH -0.03 0.002 -14.17 | <0.0001 * 2
Wind SPD -0.37 0.03 -14.29 <0.0001 * 1.15
Air Temp. -0.008 0.003 -2.45 | <0.0001 * 1.14

EX: Zheng, Yingsheng., Li, Wenjie, Fang, Can., Feng, Biyin., Zhong, Qiru. & Zhang, Dongxu.. (2023).
Investigating the Impact of Weather Conditions on Urban Heat Island Development in the Subtropical
City of Hong Kong. Atmosphere. 14(2). 257. p.12

B | ST(Land Surface Temperature) 241 ¢3¢
o RSP EAIQAH YT Ao A At
4T H5E(2019)2 A=2A19] &84 S &
A EAA T A FA Y] A A5
e AT ARE 7N E ZA IS S
7S UE 02 S A F = ARSI A #H 2=
= J%

24) 1FH HSE. (2019). ZHEEEHN DA SO S A0 2ot AL St=EAIEASEEIX]. 20(3). pp.65-67



LST -
mm High : 41.9158 [ 0.1 -

0 25 5 10 [ ERE 0o 25 5
L 620422 S, | lometers - EK‘.WM

(73 2-15] ASA| NEHRE(LST) 22 8z
EX: 05, BI5E. (2019). DHSFEQ DA GHTY O] S A 0f 25T SHEEAlEAEIEIX]. 20(3). p. 61

L=, 9o o

1=

S 271438 A3}, Moran’s I3} z-scorete] Z+2+0
S HEH AL 2 ‘ﬂr o] & Alofst7] A3l A HA Y ¥ &
Sh= Queen contiguity Y2 & F7HSAIE 283 S| %EE—&J‘% /‘]"9‘3]’93\‘:}. A
TRy A4 Aat I, FAX G v, AP R 8

= HA= 8 82102 yehyton vhH 248 A&

3lsl= 8 9910 & el

- EAISO} A QA E T AT A2
017 94(2014)% AEAE tALoR wAIste] ol EAGH ATHE TolsIol L EAIS)

9} A HH-L2 = 910] AA S BA5}1 T Landsat AR E-8-5Ho] NDVI, NDBI, UI2} A
HYH 2L A4S, TVIE 5o TAIEAS B4 TVI A4 5245 44349
BE7t 5232 ou)sict B4 A} dpAo= ARATER| X oA S FAto] 735k LERG:

Agk, 2ol YRR U PIEARGEA AR o] GaBAo] ZoHA] Lehge,

L ST RS B3 EAGY Hop 54 B4
TGt 2713202002 TAIEAAEA DAY =& 99 Landsat B4 E-8-510]
LSTE T&35}1 Moran's [ 243} Getis-Ord Gi 24 E3f] StATHL L7 =& X 9) B4

2 AAshe

25) A0|Y, Y, UE=, £87. (2014). LANDSAT S 0183 MEEEAIXIAQ Aot BHeY 24 HE
| 74. pp.1,033-1,041

= pp.
26) UAF, 27| (2020). AT 2MS 0183 TAIGY FAKX| E4 B4 - TFAE UWHQZ - =2 A3
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a: 13 April 2017 b: 22 October 2017 ¢t 16 June 2017 d: 3 August 2017
[33 2-16] LST 22
EX: DYF, 2718 (2020). AT EMS 0|23 TAIEM F|AUX| EM BM - MFAZ HAOZ - SHRXHSHSX|.
43(5). p.72
AT} SARE WA AR FEA A o], BE AJEEI} e A H)e ARA
ool s} Qick. 3 2 A7 W Ho] Ui AGOR FEATT S A o]g]
-

s

b: 22 October 2017

Local Moran's |

W Lowlow
O HighLow
O Low-High
O HNot Signd.

¢ 16 June 2017

(3= 2-17] Al7|E Moran’| 24 Zi1t

EX: UAF, X712 (2020). AT BAHS 0188 TAIEY FUAX| o M - TFAE YR - B2 AE3IX].

43(5). p.73



« UAV 7|¥F €37 &4

filo
of
St

£l thgy T BA)
200 217 B 2L =257 1o £/ 7T 4
1 &5 EATEEE #5513, UAV (Unmanned Aerial Vehicle) 7|8t &4 9]7 || 2}
2 AN TR0, EAVFT S EANE U HE LES AT HH
25 Qe sopsiatt

rik

A8 2(20200= TAFRFoZ &
] °

s
]

(oW

A

oA

> al
T Pt Huigio] BE A et A 0 R e T4l R3FE Lo E e
ok Al EXEE 53 44
FAANY, 718 WA, AR 7L o EE F5FARAY, 7EERA] 08 #H 257 =7
et o] %, & FHEgt] ol A7 242 AAISITh A4 1 FAEA]
(Local Moran )& AA|sk1 0™, 71 A3}, HHA|H o] sig-s} 5
LA} 2 22 et

Temperoturel'T)
15.0-200
200-250
. 250-30.0
. 300 - 35.
. 350 - 40.0

(a) BTG SHQ| FAISY(SSHEAIT)

EXUNY, ZY2, 252, US2, RMTL (2020). UAV 7|8 ZA| B2t A8 S5t =2 ISH S7H M 241
ST EARHAIRE S

« TAGQHRT] Hiet B E2 HFE B4 A2

>,
e}
2
o
o

You eral. 2021)& = FAL FH A4 = 374 s tis MoranT &
A3} A B4 B9l =&kt LST £4] 21} AXEH 22 (LS FaEol a2o]1
EAFo] AR AAS 25 UL AT A A3k A EA] A9 o' YEh o,
A9l AR Ao g = NUE FAX T it FPA G0 UERTh

-

27) 4™, LYR, £52, USSR, FMEL (2020). UAV 7|8 A St 2M 2 S
T CATHMAIA S CHAO 2. St=2X|2[SHS|X]. 9(1). pp.191-203

28) You, Meizi., Lai, Riwen., Lin, Jiayuan. & Zhu, Zhesheng. (2021). Quantitative Analysis of a Spatial Distribution
and Driving Factors of the Urban Heat Island Effect: A Case Study of Fuzhou Central Area, China.
International Journal of Environmental Research and Public Health. 18(24). 13088. pp.1-19
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EN pom

p

rO0Z JxHI 0x 9% oI rOK > H1 - M

[ e rd Road Ring Boundary I ol Spot - 99% Confdence
0 i iz 4 [ 8 Land Surface Temperature o 1 2 4 s s 1707 Cold Spot - 95% Confidence

: e
e e st
[ Hot Spot - 95% Confids
- .. e
() LST 241283} (b) RAT 24T}

[O% 2-19] LST & AT 2M A}

&X: You, Meizi., Lai, Riwen., Lin, Jiayuan. & Zhu, Zhesheng. (2021). Quantitative Analysis of a Spatial
Distribution and Driving Factors of the Urban Heat Island Effect: A Case Study of Fuzhou Central Area,
China. /nternational Journal of Environmental Research and Public Health. 18(24). 13088. p.9, p.10

® ENVI-met (CFD)

* ENVI-metE E83F EA TANG Ol T I Hoh 2429
AE9H 73782(2022)2 EANEAIAC B85 ol HHgsh] fish A€ FHekAI el
A S AP = A S 7hed), 89 S X
AR 2R, A WA gEH, EA0l8 3 EX|]
AeHA 9 v]7]| 34 #5E APHo) Bl wah=t] 74 Q] ENVI-met R 2 2-85}0], thA}
A 5 39 R AR w9 99 WekE vl ol

(2 2-16] STCHARIC] HIZFE 2 T2 wat
N

72 B2 @8 o

Crangwon Nationa Industrial Chmgron ool ndstil
il Deveiopment Poject o Dol

29) UEHY, ZEE.(2022). ENVI-metS &8 TAPHLAIR0]| M2 Sotd Het 2A  FRNE YR, st=7|FH
3f5t3|X]. 13(5). pp.659-677



B e =
A
¢ -
%2 ”_!Jm— | vt diterence Wi Spwed
AHIER| 7L FEN
SAPHE -
Ated il
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R A A

EXN: ZEY, ZF2.(2022). ENVI-metS &3 TANLAIRI0| ME ety Hat 24 Z2ME Yoz, 3=7|%
ﬁf&s—.i - 13(5). pp.669-672

24 Z3), 5 Ao B A o) F B3] 2o] F7FHA, FURTAIRA LAY
o] %9, LS MR AEE WX, AT 24 5 ATo] 2 W=} ENVI-met 24

Ao = YT Wh, A AR EANEAN 2] 76 Se A= vhEo] &

517 Fsto] F7)%5to] AL A FY, FA, FEFULA] So] T YA
mRH o] Z7}5l0] A9 Hute] 7). 20] A531T el ofstEl Ao ek

- EASHRY B 9T QA= A1 A7 FIk B0
01419 91(2024) B0} 7o Aho] AZEO] T2, AR, 94 D ¥iw ALg THsA

< 71k, S0}, W=l A 59 A= HE 2-85H] ENVI-met Al

dold T2 e £ 7l eust RUPS AN

a) ENVI-met S4=3} 2= b) ENVI-met &{H=55 22
[22 2-20] ENVI-met S35t 222
EX: O, L84, 0l (2024). Al S T4 §3LS
=2%.19(7). 100. pp.487-488

o
1]
4
I
ol
o
N
0
Ral
oy
ol
it
HI
1%
rok
Hl
OH
[N
im
~
o
Jon
fob

29 A3}, SASIRE BA A9 t)7] & Aol 71 Aubgolglom, B8 malel

1
A 522 A3k B 7]eistdrt. Meshs SAFslo] ulal & A7 LIk chh Woke.
X

U, EAR whAoh SUALS B9 BaAel 4SS soict

30) OIS, B4, 0. (2024). Al T4 B4l S U3t QUA=510] 7|2 K7 it 24 SR BZICIRIQISE| &=
2%.19(7). 100. pp.481-496
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rQ0Z XML 0x QA% DR IO > H1 - Hiry

SRR 712 7] LERD WL 2ES JSslgon, Hukoke B A Au

32 BTk 5 AL HEHS W), AL HelEshi o BE Aol A AZtaie
wolon 23], 5ol AU 2 A7 AT BTt

AIZtcH A oA S nE
(00:00 ~ 06:00) | (06:00 ~12:00) | (12:00 ~ 18:00) | (18:00 ~ 00:00)

71E 21 25 () 30.639 34.520 37.372 35.178
SA=5 2|0 25 (T) 29.406 33.821 35.520 33.788
HEH=3 21 2 (C) 29.568 34.724 36.895 35.152

=4 vs 7|&E 25 X0] (C) 1.233 0.699 1.852 1.390
t*“:':' vs 7|& 2& X0] () 1.071 -0.204 0.477 0.026
SH vs HH 25 X0 (T -0.162 -0.903 -1.375 -1.364

S5 011, 84, 0l=i7. (2024). EA| S B ABHE 9Ist ARI=le) 7|2 XY 23 24, SFTIICIRQISHS]
=27 19(7). 100. p.490

* ENVI-met Al23|0]8E & EAle 202 et 87 74 a3t 243D
A 21(2025)= HT-FHA T2 AT 1.5k, T 1.5m 2, & WA 2.25k
o] M9IE At mAle 24 AlUE|E 2Mdstal A adtE JFEoR 245
Tk 57HA] A1 @8 At AR, AU 2§13 2= 7he ] i Ui )
of g B A H=E BlaLsh] 94@ Alue] 2ol S12 7heo] i s F7HA
oW 7hs et Hims trEAAIE A3, 2 7hee] 7k wEE AAjjste] | g
9] 712 I3+4E /A5t AL SH9EE S 3% :g_%_ ol 5}l 4e0] ARHA U STu]E g
7HAA S8 MAFEE B35 ARt AlUE e, B Holl EAsE 593} sl
w9 D52 Y2 WHskl WS F7F ARSI 49t s5= AN A| o] dF(S4:
30%, 85: 50%)F s L& 2/l A9 2] WA E sEle B4R, 7 E w4 A
of ztolof mhE e A HL=E gelstalzt it
AlEdolA A3t A9 7hRs 1 IS 7ML 81, S27F A 02 w2 7] At
BIE Both $3004= 0.1T olid9] Azto] vt AR Y& F717F QI A|Gof|7HA] 7]
2 A YFS M= RS ERL 84, S5ollA 7RI Ao B W2 =415 B4
3t S5 AluE 2.9] 7|20l ¥ 2 AEE 7RO M, AluE]| 2 A EA o] T vlust 2
I AT R o 2 AGEIE YERH. o]€ 9 7I24E 715k AluE| 27t
At 2L A9, 72 37 2700wt BlEste] 2 Ao bzl A o= LERT.

AN

[e]
oN o ¥M

ﬂl

J
=]l

i

31) YXHOL, &I, 8IS, AN (2025). ENVI-met A|E2]|0|MS S5t TAlE M AlLt2|QY FatA 1M g1t 2
Aat3|X|. 53(1). 227. pp.14-25



N Above 32.10°C I 31.31031.7C E305t0309¢ [_129.7t030.1c []2891029.3Cc I 28.110285C [ 27.3t027.7c I Below26.90 C
T N 5171032.1C EEIS0910313C 0301 0305C [129.31029.7c [MI28.5t028.0 277 t028.1'c [ 26.9 o 27.3¢C

[322 2-21] EAlE =ME g% AstA JM S A|LIE|QE T|2
SR UM, £HY, SEH, AH3]. (2025). ENVI-met AIBH0IHS S5t A% B AlLIR|QY Hatz JiM 51}
24, SREZSER. 53( ) 227.p.19

» ENVI-met& -85 vt <& A4 o ©h2 u|7]| % /R a3} v]w32)

ZEET} 400250 ENVI-mer B-8510] i34 9] 1% ZHRAE chaAd
o vhat & 2 A0 BE Q8 A4 B2k et A el BAS ®

esto] A 5t XA S TE o] ALk 0.8 Aste] vE B2 AAlshect
A ALk o 22 G XS, 7S 3A) T WAl x, £ WA Aeles %
3} 7HA S A Bk A 02 TSI BA AT B Bo w1 jXIT ALt
927 Aoz QA A7t Bl B feld A0E ekt

B 2-18] 017|F IS0} H| W AlLE|R 714

Scenario 1 Scenario 2
Tree Pine Robinia Pine Robinia
Tree size (m) 7x7x15 7x7x12 7x7x15 7x7x12
y—axis 6 1
Wtree i tree
Schematic mbuilding e building
diagram
P i m® S 1] I .
Grid 150x400x100
Pixel (m) 20x20x2
S5 ZEE, Y4, (2025) ENVI-metS BE3HARIS] =S TRITHK BZZe T4 WA T2 01715 HME Db

1. Ecology and Resilient Infrastructure. 12(1). p.29

32) ZFE, 4 (2025) ENVI-mets 2&% SAX|Y L2 SATX| HIZE &d YA ME 07| 7 &t H)

B
1. Ecology and Resilient Infrastructure. 12(1). pp.26-33
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Figure I}

IG_rctate_1200_casel
15 14.00.00 07,08 2023
e

PSS ——

15 14m‘m n7m§zﬂ‘2;

S —

Patential Air Temperature

W e 2655
— TR

07010 345
. st < E LSRN
120w 285 220w RIET
- ey B b 15508
M 2624 °C M 2059
Max 3398 Man: 3377 €

A A A

(a) AR MAHX| 22 (b) AlLt2IR21, ALS (c) AIL2IR1, OF7FAIOF

Figure 1:
G_rotate 2200 case2 rob
15 14,0500 07.08.2023

APy —

SASANG, rolote
JS H W-OO 070‘82023

[

xm) h xim) h

(d) AlL222, AR (e) AlL{2|22, OF7A|O}
[O& 2-22] 07|15 74M AlLt2|2E A}
EX: REE, . (2025) ENVI-metS 285 241X i§% A HiEZs 24 YA ME 07 |1F /de i

H|1l. Ecology and Resilient Infrastructure. 12(1). p.3

* ENVI-met 83t TAGQH A} A3} et A33)
Cortes et al. (2022)= 2] ¥ W} | Fof| 7124 A, 7 31 571, =28} A6 37
59 22 55 TA AL SstaTE E4517] Yol ENVI-metS &85ttt At
A92 A, BF A9 2 AX G2 A A Fo|r, B G- ARG W A& ZFI =A] /i
X (PUD)C|th. AR H2 2719] SFA Y, BA G2 47} SHIA G o2 25613 2, o] X
Ao gt AU 5 THE0] AlEE|o]AdS AAIsHEH-
[Edold 23, 7|22 o W2 TA| Y 3} W2 SF71F6HH B 0.2T, 548 A5 A
“‘o‘}ﬂd J4 0.2C-04C7H] 7|12& @& 4= Q1AL UFek 2, =20 252 A ARgstH
w7 0.1C-03C7H] 7|22 ¥& 4= AUt

l

>

o‘.'i Olio

33) Cortes, Aiza., Rejuso, Arnold Jesfel., Santos, Justine Ace. & Blanco, Ariel.. (2022). Evaluating mitigation
strategies for urban heat island in Mandaue City using ENVI-met. Journal of Urban Management. 11(1).
pp.97-106



H 2-19] EA S 2ot AL

Site, Scenario Description

A, scenario 1 7|2 2|0]0FR L A| AEf; 130 742 A

A, scenario 2 10709 HES 2 SUCE WA, 10m .7_f7—19| HEE 02} 282029 LIR(2E 3) =7t
A, scenario 3 site Asc12t RAIBIX|ZH S II':'S =M XE0Z 4

B, scenario 1 7|ZE 2f|0|0FR 2 EEA| AfEH; 249 7

B, scenario 2 HE XE2 =M K50z 2%, 39 1—?—°| L2 (U2 281, 4, 59 &8 & MOt 74

&X: Cortes, Aiza., Rejuso, Arnold Jesfel., Santos, Justine Ace. & Blanco, Ariel.. (2022). Evaluating mitigation
strategies for urban heat island in Mandaue City using ENVI-met. Journal of Urban Management. 11(1). p.99

AR 229 44, =AW S U7-E F716HH A#H 2= it 0.5C-0.8C7H

W2 4 i v AR S40) SAA S Askeko 2 A EH 0] JFE wX| A Tk
AT SRS A HET AL, AL SEE BF 0401107 B 4 Ak

Air Temperature

Subarea 2 - Trees and urban spaces E:'—

Subarea 1 - Trees and urban spaces -D—
Subarea 1 - Green roofs m
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Temperature Reduction (°C)

Surface Temperature

Subarea 2 - Trees and urban spaces ﬂ

Subarea 2 - Green roofs I} L)

Subarea 1 - Trees and urban spaces —|:I:|—

Subarea 1 - Green roofs I]--

-0.4 0.0 0.4 0.8 1.2 1.6
Temperature Reduction (°C)

(a) site A - M. C. Briones street

Air Temperature

Subarea 4 ‘—{ I }—
Subarea 2 —Dj—
Subarea 1 —‘:I:'—

-0.2 0.0 0.2 0.4 0.6 0.8
Temperature Reduction (°C)

Surface Temperature

Subarea 4 m—

Subarea 3 | ————————] | —
Subarea 2 4::—

Subarea 1 —[:I:l—

-0.2 0.2 0.6 1.0 1.4 1.8 2.2 2.6
Temperature Reduction (°C)

(b) site B - PUD in Mandaue
[ 2-23] TA|S Mo 25t AlLIZ[2E 7 |2E ¥ X|H 2% X0
EX: Cortes, Aiza., Rejuso, Arnold Jesfel., Santos, Justine Ace. & Blanco, Ariel.. (2022). Evaluating mitigation

strategies for urban heat island in Mandaue City using ENVI-met. Journal of Urban Management. 11(1).
p.101, p.103
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AYPAT FE A, FIA B Al Dol = T2 9499 (Landsat 8) I} 71/ LSAE
(AWS) 7} 22 2-8-5]9]. 0 RBF, IDW EZFHolUF Moran’s I, AT 24 S Z71= 4] 7]
g ol8olo] = MAO F B B4 okt v, 7t 7Y, nhg, At
oAz UAV €G30t ENVI-met AlE# 0| A4S B0l A&, 24, =49 u|A| 7| & JF
HAsI3IT ol At AT BT B3t o] whet -8 TlolE E 24 HiRo] Aol

18
.
)

Sehe, Ao AT i Aolo] 7} AU4E AR} B S FHoR B
Z jlog

=73
[
SE UL, W A9 77} Aotdas A HS5I AlET 01 T4
A

S|
T2 | Y XS 72 EE00E A
1 A =Y AWS RBF 27t
2 HEXE AWS -
3 WY H S-Dot TEEN
4 30m*30m AXt QIR SHEA A IDW 37t 7HH
5 SEENES Air temperature -
6 AHES = Landsat 8 Moran’s |
7 A = Landsat 8 VI 24
8 Al HE Landsat 8 AT EM Moran's |
9 org e UAV SX2| 72 FHAIZA AT 2M Moran's |
10 XA e Landsat 8 AT EM, Moran's |
11 NS T - ENVI-met
12 A2l = - ENVI-met
13 2,25ki(1.5%1.5) H - ENVI-met
14 AKX T - ENVI-met
15 Al Az, B: 7 T - ENVI-met
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rQ0Z JxHL 0X QI 0QUfH rNOH = H1 - Mirk rEN mo.m T

1. 24 719

NS LCZ Al T2 AL I 4 T2 582 ol AR go]g 27 I 7kzo]
o} £49] 7|2 A2 2+ Landsat € Sentinel ¥ £ th3 AHEF A/ FAT} A2A] A
9] LCZ AE Hlol81 S 8-83th 914 HlolE& 7|sh gt AR 5 A e S3o]
Fasi], 102 5L FBAK 4 RER ARG 7o w BEat BY, 24 99
dlole s = 9 F7hE S & ST S 7H0] APAS FHSET, CNN 2 sh¢50] 2
o] & glolEAlS #5351

SR 2 CNN 7]8te] LCZ 57 HEE SEAIAH T 154 o5 tlo|"HAlS 7§02 &5
£ CNN 222 AA5t} 71220 & 10mx 10m A Z 0] 0] 100m x 100m M =] T
P12 LCZ S LE EFoteS AASIH ehad BE2 A5 tolEAlat HAE Eﬂol'ﬂ
S 4 553 H(confusion matrix) £ 9|

79 Fe s eIt ol & §3f =EE LCZ &7 HES ]85t &A1 LCZ i?ﬂ

1:1 ﬂJ

S
o

A
o
i
H1

){t

Ao 2 SHE CNN EEE A2A] Aol 28519t 10mx 10m A=) 14494
S F5ot¥ o, ATA O Z 100mx 100m HAESY] A-&A] LCZ A=
= &390t B2 H A2A| LCZE 7129 LeZ =T v nl B4 S B8 27 A4S 4
Eotglow, ofS HIF O R LST9 Hlals #J2t dlojsile FEstalt.



2. AEA LCZ B

1) YHH0[E 315 R HX2

m RIS Mo 715

A&A19] LCZ B4 9150 Landsat 8 Y4484} HiolHE 4ottt Landsat 82 Bl
NASACTA 7ier 9l AT 94 0 =2, 2013 AR o] FZ7HA] 2853 QU Landsat

2 1699 AR 7715 7ML Qlo] B gRe] QA= FIESHA = £t 124 30m
A= 2] OLI (Operational Land Imager) A4} 100mZE 5 ©]F 30m == H2ksh

o] Al &5H= TIRS (Thermal Infrared Sensor)AAS 7FX| 11 )t

chocse e range.
otLstesete pisa
Seleta Geocoding Methoo
[Feature (GNIS)

‘Search Limits: The search result it s 100 records, soect a
County, Feature Class, and/or Feature Type to reduce your
chances tis it

e e
oegcenmesecns [l

‘ © No coordnates sekected ‘

Ada Coordmate | ClearCoordnates

Searen rom |

Search months: (al)

[ 3-1] USGS earthexplorer?| H|O|E| ZiAl 5

£X]: U.S. Geological Survey. Earth Explorer. https://earthexplorer.usgs.qov (ZA4: 2025.4.13.)

Esh B AFoA+= USGS earthexplorer3®ollA Al3-dk= L2SP (Level-2 Surface
Reflectance and Surface)AE2E ARESIYTH [2SPAIR = Az FHEH AAYFAIRE
USGSOllA AR, th7| B, A RHEE Y-S =343t gjo|efo|t}. g Hlo &= 75

34) U.S. Geological Survey. Earth Explorer. https://earthexplorer.usgs.gov (AAY: 2025.4.13.)
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Akt §4-2 B8] o] A4 A3 BRI WALR-S Hejek vhgshel, choyat
Ho 112 AHg: 7F5 e Aotk

5

Lasdsat 87 22 914 94 9] JFO2 BE HE Ho|eE 0| g3l ofefgol
WEC} Z, 1620] & W A4 HlolEl 25, HlolE £ A1 24 11410 A-2A]
X3 5] Urhd g o] Hlolel 2 Elol A 4 gl Hlojglolet. ofof u}
e 750] ML A4 Blo|El Sslokict USGselA A1EsHs HRE B8] A4
o 5wl 10%u]eHel B2 SHH o ARstec

o Mo

FF EHol= o5 A9 HlolE 2024 8€E 2997} A& Al dlo]E] Q] 2024 12€ 19
Yol ZJ= Landsat 8 H|°|E|Z, Path 116, Row 034 H|°|E|S ARESIGLE & AGt=Zh g
o|E|Alofl A B1-B7, B10 HhE G4l ARE-GIITE ZH Wi E= A2 & oyt o] 42 29
3o, Qre) wpeol wet cioke W o 2 ARSI
[H 3-1] 2M0f| AFSt Landsat 8 HHE HH

e 0|5 I (um) FEE 8:

B1 Coastal/Aerosol 0.43-0.45 Q1oL OI=E ZA

B2 Blue 0.45-0.51 A, TH7|

B3 Green 0.53-0.59 A o R Al

B4 Red 0.64-0.67 NDVI, &AM 2

B5 Near Infrared (NIR) 0.85-0.88 Al EQF 4H

B6 SWIR 1 1.57-1.65 EY, 82, ¢4 XY

B7 SWIR 2 2.11-2.29 o=, s, A= XY

B10 Thermal Infrared (TIRS 1) 10.6-11.2 NE2E 24

S5 AT By

B12 HQk-ofo] 2Z(Coastal/Aerosol), B2+= T8 (Blue), B3+= SA1(Green), B4+= E7HA
(Red), B5+= 2 2]4(NIR), B6-B7-2 THH4 2 A(SWIR1-SWIR2), B10-= E& ] A(TIRS)O|
ok 5 7HA| & o] FHE5HAE Al =2] 7MY @A (Blue Green Red)®ll 5= B2, B3,
B47}F 131, 71 ¥Fe HIZRAE G Hof sidsh= Bl, BS, B6, B7, B10°] Q1T

B ZT0IA ZhAI ME(B2-B4AYE 9] ol Bol At o] FAstel A ThulE
3 2 Teto] F2 AL ET A2 H(B5)S A2 AF A7} oA WASHE B4 o]
A

23] NDVI(Normalized Difference Vegetation Index) 72 A A4 AAS 5t A &
Aol =9 AEASE Tt A AT 5 AEF A g =2 E-8-F ) SWIR
HE(BG, B7) = = o 240 2 AR EH, £8 dA 2= EFo|u A4 =8 T At

=

E A Y g4 5ol &89t 4494 B102 A #oA WEEE EALUAE 71E
5t7] g2l ARF2E=E 4HEShe Hl AREE olof et A B4 B7F, E FFA Y &

=
=2
A, Ao Ag e} Balo] 22 AT



0510 20 30 40
[ = = = JUIS

[Landsat 8 =Xt= RGB Z2{] [MEA| LCZ HloIH &3]

[Od& 3-2] 2401 AF23t Landsat 8 HIO|E{ 2! LCZ ME
S 07T A4

m LCZ S IOE 7=

B8 QI8 mdl 3k Hlo|E|7} e sttt Bdll 5k45-8 to] Bl Bechtel er al (2015)°]
AARE B EE A-8otqinh EAUA BA Ao tﬂﬁi A 4ol Q= AR} Stewart &
Oke (2012)°014 A 2J3t LCZ £ 7I1(A&E =°], 4k, 54| I& 5)S EQ2 2 LCZ 29
20f| s gt i A AlHsto] 22 FHIE 2pdF Sith o] WHES 34T &
SAR 5 QAFAL AR E 7RO 2 AR AIZHY A& -Rste] ATE EEIITE £,
Google Earth 5 I3 5P L83 Al44 o5 4|02 S35},

Stewart & Oke (2012)=Z+t Z A8 107]] oJAte] E¢|Z S HE EH 2 51, 5lLto] Z&]
2 100m’ o]/do] H =& MEHY st A ARkt itk 12|11 o] 3t &GS TA K
AAY LCZ WA HAE 48 A ZAoIEE 745 H sk o] IE sl Slol &
83 A0 & A= YH(Yoo et al, 2020). T5H LCZ F=R E8]22 AL 815 H[o]
B &2 Z-85]w, ZF 222 Y] DAoA 948 Q3] AHEY JHE FE0l0] £ Bd T
Foll a3t duoly Al EE 53T

So

2) 22H|0JE] 7k2
= 7%} HOJE] 72

B 95t Landsat 8 GAFE AA|S 1 E5H= 712, A& 50km YO &2 £&311, 10m
o} 100me] & 714 SR ST SHRTE Landsat 8 G4 A= 712, =27 2442
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100kmE o] 4 A] A4k a 7t AR 7] wfgo] A hdA|Ql A2A1E ZFoh=s J9nt
@71 AU skt TS CNN 24 I8 dlolEAl 152 215l 10m®}F 100m i
Ae T 7HA] FHIE Hlo
Th O 2 LCZ A& H|OIEE CNN oh52 I8l HeksH3it LCZ A1 ol e st ¥
ﬂ%ﬂ} HloE 9] SIS S LA SH5F7] Y8 10met 100mE A& skt 24
B o)A AR 2t AR E SLsHA B3 57] A3l Arcgis10.59] BAET 2 5 snap
raster &4 A&t 3 LCZ A1E TlolB= &Y A &2 A 90] No data AH
& golglott, o] 49 CNN 45 913t "o 75 g oA @77 4 4= 7] Wi
of g FE2 T 3H(9999) 0.2 A G SFt.

= CNN &858 HloJEX 75

HAIHY 7|9H9] LCz 5 B Yl JL=3517] Qo AR Zjo 2 CNN 2l 8k gl ofj =0
49 FA029 dols A R AAAS +HHAT. N ZES FHF B
(Convolutional Filter) & AR&-3]] o|u] x| 9] Z7F HHE 9|3} A 2 8142 2=8)5}0] o]u]

A] l b 25 A SOl Al ss EAEH.(Yoo er al. 2020)

S| FAl g|ME2

(22 3-3] 24 HlO|EX 7= T
SX|: G By

=
O
N

11

l‘U

rr
H1
>,
L
E

234 3l
= 71 %%‘% E—?r%}% Zroltt. LCZ -5 B8l =Al AAl 9] 2=
= UEhd & = ARol ol &
2018; 2020; Yoo et al., 2020).

ojmj, FE= AAHA I H S0l = A AoH St o' ARGS 7THAA
Ht} Landsato] Sentinel 2 9143 o|u]R|of|A &3t o] HEE YRR & ARESH o
CNN 2&2 o] 23t S5 LE (kernel)E &9l BIEA 02 FEF 0 =X HRo AU
£ A FAE 5 U



A}, 100m 42| LCZ HA| #& Ho[HE 7|REC & h5-8(train)¥} HIAEEtest) U
O|EIE 5:5 H|E&E F&9| Bttt o] 22 WUDAPT (World Urban Database and
Access Portal Tools) 7Fo| E2Rlo] w2} oy 9 AH5-0] A= =5 SHE 57| 95t HAje] &
A= = on, 7t SHAE I B9t S 1Eoto] 45 IS EEE ST

[E 3-2] LCZ R¥E 23 X HIAE H|O|EA =

LCZ 7= H[O[EfAl

LCZ1
(Compact high-rise) # 448 3(21)
LCZ2
(Compact mid-rise) # 32(182) 31(154)
(Compact low-rise)

LC.Z 4 ) . 53 (547) 53 (492)
(Open high-rise) ’ B

LCZ5 4
ﬁz.} 14 (54) 14 (57)

Aol
i
!
it}

(Open mid-rise) )
(Oper: ?C)ZV\/6—rise) ‘.ﬁ‘?. 8 (80) 8(131)
(Larglé?tjzvx?—rise) _/-'—’ _,-’ 5 (72) 5 (49)
(Derfez t/?ee@ 'm 1 19 (889) 19 (1349)
(Scatt;(r:tdetrees) ,.' ?;f,":u 4 57 (299) 56 (631)
(Lotvcilzits) i : 12(104) 11(262)
(\L/\Zzt:r) _/"r 11(183) 10 (227)

s o A
ZF-)"EJR?J?JEE!QT

Z£X: Stewart, |. D. & Oke, T. R.. (2012). Local Climate Zones for Urban Temperature Studies, Bulletin of the
American Meteorological Society. 93. p.1,892 &6t AR 2y
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rQ0Z XML 0x O DR FNOK > H1 - Hr

g ok58 dolele 2 HASE At AR UiF S 722 WA, calibration,
validation, test IEZ F7} A= U}, o]t THaA| 282 CNN ohs5 A| el 7149t
WA 9 stolo wEhuE FidE Qo Ao g R AP0 R WHRE= AA Ao I
WS BARI.

e

& SACIAE A% BeE 7 gole Al CNNo| M 4= Sl WAl Masher

it o
£
-
i_r“
i
i
2
_EL
o
e
N
)
e
rlo

N MEES 7120 30x30 YA w2 H9E &

e
CNN Z2d o] l=gto g ARGHT ZF £ H|oJEjAlS CNNo| AT 4= s d=of A
A2 g2 A,
iRt o 2 o5 4= E CNN ZEe] FE(inference)& At A A Hlo[HAlZ HE=
FHISHAH. o] I ol = AR Atk WE HloJE S &850 10m == BHET
A Y= S =T &, LCZ S AE 2 S0t CNN 2Eof| o 7hedh I
TFEE /g5 o] A HlolHAlS AA| =A| e 24 A DHlA LCZ A =& A

3) CNN 24l sk5

® CNN 7|8t 2=7E 2ot 22 o

Jon
illg

= Aol ARE-E CNN 249 sh5-2 913 98] A& 217 300m x 300m 57+ 9
Foh= 3030 2719 o]n|R| MR = =, 2t sjX]= 167) HEE HEE ZIlot=
16x30x30 27]9] "X & $gtE|o] A2 Hrt. o= Tt -84 £ FAlof vradet gt
Fol] 7Fsote s AAE A ol

A=
=

=2
o

o
pds

A HlolE= CSV B4 22 A7 480x30 7]9] 22+ H A (1671 HE x 3094
WFoZ AZT FH)Z 16x30x30 FE Q] 32+ HIA &2 AL4d5k= 2 AXIth &
dloelAlofl A 1770 A2 (510x30)0] Z3HE A -f-oll= A5 2= ZHA|5to] AP A 2JH 1671
Aduts Ay o2 &5t s T BE g M52 AdE B (mean)?t £E
HAH(std)E 7]8EC 2 A F3Kstandardization)= ™, o1& Y3 ¢ oAl Ftf 2,000
MEERE A SATE AP AlLtsto] 2853l

==
o o

=



30m S 10m AT 30x30 (10m SHAIE)

. -

- —
Bilinear 100m

Resampling

[[]:icza

* CNN 243 mx|
Landsat
Band(s)

[ 3-4] CNN &&52 2I8HHlo[H 24 SEJHE:

EX: ATl 2

R o] Fer g /fAE ArE BEE EH Ho[E Y Iust e FIAF

VA3t 71815k dlolE F73(augmentation) 7ol A& Ut FAH oz, 7+ A

50% EEZ 9 WA (horizontal flip), 50% ZE=Z Ao} Bl (vertical flip), 3L 0°,

90°, 180°, 270° & 74912 A= A2 3] (rotation) HEHo] =3 HTt. o]t 7 7]
HE T DA AT 2851, HF H HAE A A= Y& Hlo|g 7t It = ARGE

SO AFE-E CNN 22 & 4719] $HAH5(Convolutional Layers), 27§2] viA] 3}
Z(Batch Normalization Layers), 27§9] &8 Z(Pooling Layers), 1712 A A Z2Z(Fully
Connected Layer), 18]31 179] £2&(Output Layer) 0.2 FAAH} 7] 2719 @45
Soll= 242 32719 3x3 E7F A8HH, 2 5 QA A Foll= wiA] AH+FSKBatch
Normalization)2t ReLU (Rectified Linear Unit) &/d3} 3kp7t =218 0. 2 H-&H . o] &
2x2 A7]19] Max Pooling 94HS &9l 57 S =S 30x 30014 15x 152 40Tt

O

—_

7|

")

lo

p

o

2 o= gE $5 64712 235 2719 dHAFE0] 5Yst +&(Conv2D —
BatchNorm — ReLU)Z A-&F ™, thA] Max PoolingS £l &7 A EE 7x 72 Z45}
o] TAFI0] Z7HA EA S QFEA 0 7 =& E 519t s A oA EX] WS WELS)

(Flatten)3F0 3,136(= 64 x7 x 7)AF 2] 12H HE| = WSSt & 256709 ke =8 2h= &4
dESor HALHT of A0 ReLU /3t o7t A5, IA g YA E fs =5
o (Dropout) 7I"§o] HZ 0.42 HZ= e}, 22 o= 256709 542 11702 LCZ &
HAE o= sk 28508 AgE o] ts 4 275 3

&4 TR E CrossEntropy-Loss7t AREEIQOH, SElA B4 EAIE &3lsl7] sl
=4 glolgAle] S AE HME 8 7INte & AL S L 7S A (class weights)7F &4
ol AL E A S A 7S RE 4 FE A9 Wl X (inverse frequency)E AARE &
gateleto] A EH, ol &3l & SL0] tiet oks UAEE AT Eot FHolE &

Fd(label smoothing) 7]®H°] 0.059] H|&Z &-&F|o] Heo] H=stA 4131 d&S
312 FE = A a5t GPU B0 e 8152 Adam JE|WIO| A S ARE-5to] 423
F9lon, %27] 582 0.002, 7FEA] 74 (weight decay)= 0.0001 2 AA = At
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&8 AAIEHES Y9l Cosine Annealing AAIEH7F A& OH, A 120 o232
(epoch) &Rt Sh5E0] FARI o FEIZ FA A 02 A5t & 51t HiZ] 27]+= 64
2 AAE oM GPU &G04 &3 AU SH5(AMP: Automatic Mixed Precision)©] &
g} o] ks £t R a&4dS FIAIF

FE 29| 452 HAE HolEMlol Hiet = (accuracy)?t &&FH(confusion
matrix)= &9l FFE 02 F7HEQIT EFFEL2 11 x 11 27| 2 A= 0] 24 LCZ 2~
B2 A=} Q&R HE AAlS] B4T ¢ J=E Stk HAE N EE &3 1d
s 7 2k 2 2dL 89.33%2] Overall Accuracy= 7|23190H, 58 1CZ E3 A9
oA E =2 JUE AAES UEPRTH HAE AT= &5 E(confusion matrix)
FH = A4S} = ]lon, ZF P o] tfztdo] A5 g SLTE S| EREHAST=
oJu|gtet.

O

Confusion Matrix (OA=89.33%)

1 71.4 0.0 0.2 3.9 1.8 0.0 0.0 0.0 0.0 0.0 0.0

24 00 1.8 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0
44 238 211 185 0.0 0.0 03 0.0 0.0
54 48 0.0 89 4.7 49.1 5.2 18.8 0.0 21 3.4 0.0

0.0 0.0 1.6 0.4 14.0

Classification
[«)]

8 0.0 0.0 6.5 0.0 5.5
1014 00 0.0 0.2 0.0 0.0
1024 00 0.0 0.0 1.6 7.0
1044 00 0.0 0.2 0.0 0.0
1074 0.0 0.0 0.0 0.0 0.0

N

Reference

[0 3-5] 2= ZAujof| st =32 (Confusion Matrix)
=X A7 2y



QF90% oAl A= BRE FHAE2U LCZ 107 (Water, 599), LCZ 104 (Bare rock or
paved, U A|/Z7A]), LCZ 101 (Dense trees, B4 ), LCZ 2 (Compact midrise, 5%
22 AE), LCZ 6 (Open lowrise, AZ 71818 AE)3} tjEo] tjEE g AS0] 70% o]Ae]
Ar g B89 0 LCZ 5 (Open midrise, 2 /W3 A7} 49.1%=2 117) A
% M @2 B AYxE vehd o] S¥AE 1LCZ 4 (4.7%) LCZ 3 (8.9%), LCZ 6
(5.3%), LCZ 8 (18.8%), LCZ 102 (2.1%), LCZ 104 (3.4%) 522 E5 5 o] EHE &0, o]
£33 1 B bE A 22 L A 57t 24 %@a B ERS A7 1
Fo2 sfadct 10m =] I FATC 2 AR 3 F2E 45| mhetst|
olH7] wfiZoll 25 A GA A thfet S EE 7HA = Y HlolE Y] =42 334 A
& 0] JH(LIDAR, DSM ——) FL =71-0] Wgt B (2 EX| o] § ERUEYT 5=
B2 go|g g2 83l AL e £ 9ok

4) M2 LCZ 24

oAl 2235 CNN 3k RS 7]uto & A 7o) [0z SeAS 223517, 1 A7HE 271
dlo|E] 2 gkt o] shsE CNN ZEe Bejeh AA) A&l thet LCZ S AE &5t
L 94 z3lsich By 07 2 A Ak LA A o] tist P AE T o]u)| & ¥
ShEn, npx]ulo 2 MAzlo] HojE Anl2 gAlste] x|dE g o= Loz SHAZ H| w3t

M2Al Local Climate Zone
I 1 Compact high-rise
Il 2 Compact mid-rise
I 3 Compact low-rise
B 4 Open high-rise
B 5 Open mid-rise
[77] 6 Open low-rise
[77] 8 Large low-rise
I A Dense trees

[ B Scattered trees
777 D Low plants

8 G Water

[32 3-6] Al2A| Local Climate Zone (LCZ) 0= K=
B 6T 3

65



66

=

r0Z AT 0x QA% 0RIH IO > H1 - HirY rEN mo.m

ol

S YT TUE FUACZ 1-3)77 B4 SR PFH o tehgon, o)
WHES 94 B4 G99 ST Xk BEHAE 2HE A A FHAULCZ A
AV o] 4] A o4 Bt o, ol Wk ATt MES Fo A4A
o] 3] WIHSL AAIIE B3], & 55 BL o] that £t HSE o
o 335 Qe Hojeo] sE 28u Fd mEo] 44 508 YU 7S BYY 5

(oo
1-ru e

32
e oo

39
FHI
ru:
12

LCZ EF23E gdisto] g &2 HES 23} £7 Q72 FPH= gAS SIg -
9lom £4E i #|3 x0|Z(Salt and pepper noise)”} B o= Fio] Tt EQ1E 3T
£E dfl f|1 o] 2= 1A Al So] T2 EANE 82 LCZE T EHE 5
2 {02 BEREE Ao T71AQ1 Eo] Hhg =] X] ko Uepdth, 2 Lo A AL
|3 LCZ E79] A5 o|& FHotr]| Yol v g ol 7 ¥ & Fo] B4-& =351
O} AH o] 2= ofAs] WA ok= A RIS 4= Ut} o]+ T2 339 LCzZete B
2191 100m x 100m HAZ} Y 10mx 10m G4 SN E= AAES FE 5] E2 5
7] d&7] RO g HwotErt
E3F 100m x 100m A 27]9] FHA| & WHof Ql= 22 E41E FAIskL £55)
= SRS RIS = I3l ol & S0 gAY 2k AUjHo] s2& ¢ tfR-E Eol

Atk AL FAE A= 2R

H 3-3] LCZ R¥E E2FAH
LCz 7& =

LCZ1

high-rise) ”

(Compact




LCZ &2

LCZ2
(Compact
mid-rise)

LCZ3
(Compact
low-rise)

LCZ4
(Open
high-rise)

LCZ5
(Open
mid-rise)
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LCZ &2

LCZ6
(Open
low-rise)

LCZ8
(Large
low-rise)

LCZA
(Dense
trees)




LCZ &2

LCZB
(Scattered
trees)

e

LCZD
(Low
plants)

LCZG
(Water)

EX: Stewart, |. D. & Oke, T. R.. (2012). Local Climate Zones for Urban Temperature Studies, Bulletin of the

American Meteorological Society. 93. p.1,892 &6t AT 2y
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rQ0Z JxHL 0X QI 0QUfH rNOH = H1 - Mirk rEN mo.m T

1) LST HIo|g| 1=

B go| Bae 107§ BE -LES APYste] B0 o LCZ 98-S B3 Aol
oh A2 B99) Y X0j0] S Hlole S 4gshy] 918 A 242 A7k ofjate] B
313, AWSS} 2 71Tl €] 5 B-317]01i= AWSHIA 47 Ao] HlolE]9] BeHalAo] &
ot} ofof & Aol A YA HlolH o] IME F4S skl A4 L& HolH
£ S4oign 9AQAte] FEE (IR Lo neh YEEE duA} oy 2}

7] 2ol o] & &-&3sto] AW 2=E A 4 Uk 4o S o A HH 2= T
o]E9] LST (Land Surface Temperature)s 9= 3 Ut
o]& 93l Landsat 8 Collection 2 Level-29] 10 ¥1=21 Surface Temperature H|°|HE
ARESElon, #FLL of5HQ 69-89 5 750l o3t #S Welrt M A2 ARl
20249 89 299 2 A3 Landsat 82 30m 33 S= 2 HlolH = A5t 2 W
Hele 2k £2E ISFER I5T 5= Arks AHo] At dEAIUAIE S5t
B10 Y=+ & 100m SVF== HlolBE JstaL, th71/deiofl 2Jet j<to] J7 st
Collection 2 Level-2AH=+ 30m S =R Ho|EHE AAIYY o, 7|24 5 B
AAIste] BEZ AR 7Hs 3 FHIE Hlo|HE AlSetth ©, & AlSE = vlolH e #h2 2
I Zto] obd &7ofl - DN (Digital Numben) 2 AA| AT Al 2 TALS -85 AR &
TN, M) E HEksto] EE3tt) ol F {5l ArcGISE o8-8l 2k SAiRE 35kt

1
%

m -

B0 &85t Landsat 8 AF=E= Landsat 8 Level-2 Science Product©A] Al &dk= A #-L
I Hlo]E(ST_B10)39°]tt. H|o|B= & &4 thifA]o) H= FH 2 nfAF)sto] ARE-51]
o B4 A Y ol 9] | x FH2 42,438-55,2349] DN gt 2t=tt. o] ZiAH ] Z+
W7k A7 LT HE S Baly, S Q TAIS Hesh Za thelo] Au(K) LE 2 Wk
B3, 273,158 IS E2N AL (C)E HEet 4= ok

35) LC08_L2SP_116034_20240829_20240905_02_T1_ST_B10.tif



ArcGIS9] | AH ZHE# o] & (Raster Calculator) & E-8&5}0] o] Z-& A4RS 35t

71

42 vjefelo] o] A4S TIrh WAste] (B10" x M+ A) - 273.15 Fe0R 745

oF. M 0.00341802, AL 149 3 H§3te] HF A4 L= dlolel =E3}9ic H54

0% 209-63.64T 9] 3 2 HoleE B stk T, € dlolE o] E3kEl Qa mkATL

£ A goto] 72, 194 5 AFE FL AL NoDataZ SAHES sho] 24| .57}

2328 Sgie
H|
3
Iéi
0|
B
7]
Hl_}-
=
Al
7|
B
5

seoul_temp

0 5 10 15 km BHE 1 (Gray)
[ Ea— 64.6409
20.903931

(23 3-7] M2Al 24 YRS LST K=

EX: A7 2y

36) ("B10" x 0.00341802 + 149.0) - 273.15
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2) LCZ, LST &Y 24
W LCZ HO[H #Hat 3 LST G|

LCZ 998 B LE S BAS] 99 Al T ZRAAS Aslt WA, 712 A%
glole} el Loz AHeo] B 1S Sttt BAR AR T2 AR BRE 176
e el AR AAA1Y] 98] BejEse tEng

%\_
EZ LST glol8 & AASte] 31 AAE 9 LCZ R E & Alto] 7hsdte s b
olHE T3

[ LCZ_polygon

[OF 3-8] M2Al 24 UK LCZ E21Z H|O|E

EX): RY Y



A AAIR] AAH|o]H 9] E8]L3= ArcGISY) HAH F E8]E(Raster to Polygon) 5=
ARgSEATE & WS Al A& HolE 9] BAAS RFAISH] fdl E2to] Hest
(Simplify polygons)= A= AR 202 F 13,940702] E2| A7 A=

o, LCZ 57} 7H% B2 A= YEt, 5oy 24|, & 5= AlQlSt ZAISHA Y &
7HE WA v go] 22 582 5USHA LCZ 52 YERG o, §E ©]o] LCZ 4, LCZ 3, LCZ
8, LCZ 2, 1CZ 6, LCZ 1 <A & YEstct,

H 3-4] LCZ Q8 28| & U A% B Hi2

LCZ &2 x| == X HIE(%)
LCZ 1 (Compact high-rise) 180 0.4
LCZ 2 (Compact mid-rise) 534 2.9
LCZ 3 (Compact low-rise) 910 6.6
LCZ 4 (Open high-rise) 1,165 10.5
LCZ 5 (Open mid-rise) 3,834 145
LCZ 6 (Open low-rise) 1,385 2.5
LCZ 8 (Large low-rise) 838 3.7
LCZ A (Dense trees) 677 215
LCZ B (Scattered trees) 3,014 19.6
LCZ D (Low plants) 1,258 15.3
LCZ G (Water) 145 25
A 13,940 100

F A GAIQ] E2829] fEHEE ArcGISe] HZEE (Dissolve) B2 ARESIATEH TEE A
o= 7|&0] Hle= BEFHA)E AFT & AT LCZ F-30] 2 E8 44|
o =

7
S 71& BEZ AL, AHH 0= 11779 Z2 AT d=2 Hl°]

K
rx,
i)
i
>
30

5 y
A =

INPUT OUTPUT

[2& 3-9] Dissolve 714
£X: esri. (n.d.). Dissolve. https://desktop.arcgis.com/en/arcmap/latest/tools/data-management-toolbox
/dissolve.htm (ZFA4<: 2025.9.30.)
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URA[ERO 2 1ST glofEf ot AAsIo] E1 AR E Ht2 g AN - A=
SoI3it HlofE 752 A8l AreGISY] BA(Zonal Statistics) &= ©]-§510] E2 44

2% %74]?1% 2% ¥ 2R(Join) 715 ol-&sto] AR E2 AAE AASIAH
HEEE $sp7] A LCZ E23 LSTE AT 23 Bt 257 M 52 E222
LCZ 8% open lowriseA| 90 &, F5EF Eef5ol AT 2| G0l 50.59C & HEFTY.

zone_temperature lcz_temperature

0 5 10 15 km 2= 0 5 10 15 km 2%
[ 5069 ———— — 4535
2203 3155
[E2l2E B 2 AlsE X|E] [LCZE B2 A3} X|K]

(33 3-10] LCZ Z2|2 GIO|E{Qt LST H|OJE| HAIZ L} AlZtat
SR G Xpy

BICZRYE R EE R

1z

HEZ YA E N wRH 2571 7P =2 8382 1LCZ 8 (Large low-rise) 2

I 45. 35"(: TZ&5 %It} FHolo] LCZ 3, LCZ 2, LCZ 4, LCZ 6, LCZ 5, LCZ 19] &4
= *‘%%%FJ} E2 0= ZRIFIeh E3L B] EA|SE A Hof| sk LCZ A, LCZ B,
LCZ D, LCZ GO A% 2=/t 32 A0 2 SRIE Q. 15 AS5EC| 1UE=E Bixst
£ LCZ 19] A7} 7P ZASHE Atk SHOA o257 7 52 A0 2 A4t &
Ao, AA A 7THA R UERgT o] 15 ASE 9 s 4, v g1 5]
AR Y7+ RIo & AEPZ A0 = wetET



[E 3-5] LCZ RYE ¥d 2

LCZ 72 HR2%(C) Bk =9
LCZ 1 (Compact high-rise) 39.71 7
LCZ 2 (Compact mid-rise) 43.38 3
LCZ 3 (Compact low-rise) 43.56 2
LCZ 4 (Open high-rise) 40.79 4
LCZ 5 (Open mid-rise) 39.96 6
LCZ 6 (Open low-rise) 40.59 5
LCZ 8 (Large low-rise) 45.35 1
LCZ A (Dense trees) 32.35 10
LCZ B (Scattered trees) 36.22

LCZ D (Low plants) 39.47

LCZ G (Water) 31.55 11

X AT R

o] T2 LCZ FHE 2% Hx= 249 APAT-5S TS A3 Vet A3t Gkt
11749] APAToA 7P 257t =2 Aoz Yehd 1CZ 98 47141 1LCZ 2, LCZ 3,

LCZ 4, LCZ E o]t} B A7) tiAA] Yofl= LCZ E (YHiA]) 8 0] 7] Wj&of LCZ 8&

ALl A9 3719 A FoF LCZ7F AP ATt 5L EE2H U2 AT 5 AU
=E(C)
50.00
4500
40,00
35.00
30.00
25.00
2000
15.00
10,00
200
& o & & *\cé,\ ‘\\(@ o .‘,\‘é\' (@L} ] @3;:;\ 4‘{\ ‘5@,{\
& 6“6 \DJ'... & 3\0 o G ' e e.b\ Q ¢
é\o 3"& o e,"\ o ‘sz' \ 62’\ \'}Q'\ Q\\o \,}
& & & F oF & T & 0
R ) ¢ KON ~ ¥
‘v % v ~ e -
w3 ~

[O3 3-11] LCZ {Y W 2L H|uw

EX: A7l 2

LCZ 80l SIgehs A oS thel B4, ARGV BT Aoz, A%o] EAE gAY
AZwAo] & A%5o| Wit 44o] %z]o—ﬂ, | s 0.2 Fol Fopt 202 vt
St} Flolo] L7} 8 $30] 107 37HL.07 291 AL BE Afole] 7H0] £, BES T
ol 2 20 A3 © 20 35 AV}A7} 59 Hebdel A VAL A0 were
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S H BT AR E 718 3 A BEAR

= 55l AlEFolA 2] A=
=S SESHL 5 S HlolEE B o R 1CZE £ FHS

FoHie guH o Wit
st
ATpH o B o) Bl FoF A% g1 £Y EEL EATI FAH EGS ojEA) 5
E AP ol That SlES e AR a0l 7]ue] S R4S B A4S
A gt} o) 2 Bol A B Ty EAAY @ Aekd A o T8 7R ety
T 279 B2 S8 A4 DL B To|Eatel AFs Ag FIH BEE Yt

LIoJE = 2t AlZ|old di}

EA 22| - 84 HO|E| 23 7183 AWS/ASOS HEE AI22|0|M ZIHE HIFOR AIZITHE 23 2MS SE
2 ENVI-met Y2AIE 7Y 288714 Ut 1y LCZ'8 Bety Hst Hlw 24 US BF 54 Yot
f DEM 2 EX|mE o ) ( —
ooy L e ol Sy =
H5E FRRE= = E - =
alC \j/ AP 1 N - ///4,_”\_‘\‘“'.“
Lem =
=3
L g‘;A T
RE - M- 452 INX THY UESE YR Y oRer 712 - BASA2E - MU2E LCZE HeHgy IEs FEst]
TE A ICE Y =7|ah 2% 37tX| KB Et 5 SHAASURYER

| Potential Air Temperature

J

| Mean Radiant Temperature, MRT

J

| PET Default Person

B LCZ EFAA 7| X 98 58 29

B ATOHE N eA] EAEIES B2lH 129} EXol& EHL YHEt 4 YES Local
Climate Zone (LCZ) B-RAA F014 ALA)A LEs
oz BaS Sesignt
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H41]LCZ R | 4 2 CIo|EAl @0k
LCZ =2
¥R |7&2 752 (424 [FeEXoIR Y IEY
E4B) | =0m) | &5 |®)
LCZ1 - 15 720 U, 017 R BT H
Compact ZII2 M
(Comp: 37 34 123 =2 _ )
High-rise, < =X|7} 7o) QU 2R Hj0) T
Oil=3) FEES BR IR 58
- E57120| 5511 Z2E IR
70 :sno;| o 2297t
(Compact &8 o
O_d P 12 | 278 79 | cmKE FAA FRYUE, G o
ety of atetat Rst
- C ‘242 SHOR EYHIS 53
LCz3 RS TS O U A ME
Compact C D2 ERIE SA EEA IXON
( |O 15 175 192 = :— }ogmé—ﬂ; =} l._
low-rise, TR E2GAR BE, WE I5
23S 471 IS
- THALERE 10| g2 S7142)2
LCZ4 HHX|
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QGIS £4H|0|=0 o249 e Z=
AMAT CHIA = £MH|0
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WHIEMEs | IEMEE gre ==
HEFHAEN11), SSFHAKE(112), A H2AM(131),
EEXY(132), 2HHIS- REAM(141), 7|Et UE-SLAM
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(163), gX(522), Q1= _2X|X|=(998)
0200PL Concrete Pavement(Light) | 22A14(121)
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ENVI-met A& ZE(Plant Code)S A-85}3 ).
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ol 012y CEE T =T g Aol A=2H0]|AM0) M2
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MHETEHS TEXHEH ol XS
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0200R1 Roofing: Tile 7|EfRIS, 712t
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0200ST Steel (One Layer) O
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A2} e 1m A ste], Bt o] S70] nl7| 58 oh e A%, Tk 49 7H
=
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2) LCZE 07|12 2N AL}
® 0Q|=F(LCZ 1: Compact High-rise)
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Potential Air Temperature

13A|
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7} QR HT} d3tgo] AfH oz st
07 B Algo] A 7dls L= AR FAHI H 2

3] & &7 tehde

<32.82°C
33.09 ©
33.36 °
33.63 °
33.90
34.17
34.44
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34.98 °
>35.25°C

_Ilrn

<30.81 °C
34.74 ©f
38.67 °
42.61
46.54
50.47
54.40
58.34 ©
62.27 °
> 66.20 °C

S8888888
SSS8888848

Y (m)

Min: 31.97 °C
Max: 35.95 °C

Median: 33.88 °C
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H 4-14] 3WS(LCZ 2) T7t X|F AlMY ZZH2H H|W: 09-13-15-21A]; PAT-MRT-PET

Potential Air Temperature

15A]

EX): I7E 2
LCZ 29] 73-%-1CZ 33} 9A| 71 40 F st
Hokst 2o 2 BAE T 9t £ w3 A7HHQl 13412 7202 B Y1 2 AL A|Q]s
1 tjRE0] 2 Qo A MRTS} PET7F A4 Ueh T Qo E2u B 27} 9 Agsl A%
A}o]9] ZL- Eo|| A= MRTE} PETZF RS 971 9101} AlA| AJqlof| Al

A0 e

<32.21°C
32.36 °C
32.51 °C
32.66 °C
32.81 °C
32.96 °C
33.10 °C
33.25 °C
33.40 °C
>33.55°C

Min: 29.76 °C
Max: 33.93 °C

<31.42°C
34.77 ©
38.13
41.49
44.84 °
48.20
51.56 °
54.91
58.27 °f
> 61.63 °C
Min: 27.20 °C

Max: 69.01 °C
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Y (m)
Y (m)

Median: 49.39 °C
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Median: 32.65 °C
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E547He 4% D520 B 712E Aolo] £I AH o ujXH
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C, BAEARLE(MRT)E= F 64T, A2 A 57 (PET)= 2F 54 T7HA] A
S5t ofF l w2 122 ZAUe F 13-15A19 78 =2 GHopt A& 9
3} Z2 PATE 9F 8T, MRTE= 40T ©JA4, PET: oF 24T 430 & MRT ¥%0] £3] At}
21A] o] Fol|li= PATSFPET7} 30T P2 A= o], 24 3 A= 1 S5 544
Ol YFOE ook P AEFH AT} FHS] SAEA] G FAol UERdT
S RIS B, 094l B2 E wet A& 2 F E5 7PIAE 9] k& HollA
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o} 13-15A] 9= 2o E5 7P| 9] dA4E 2 31 5 55 e 23t AR
FAAEY, EF YR = Yol FE53 #1104 MRT, PET7F il-9- =A| Vrebdtt. 214]
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Potential Air Temperature

21A|

Mean Radiant Temperature

13A]
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A= E2H A AARA A4E 2 ABo] 4FH B rErt Ao st
A%1740] LrEhdity, T3t PET Aol A L AE ARE 238, B2 245 5 Ba-850|
AEEE 24 27ol4 ALErt B B e, E3] dasko s e Agvteel
wAZo) A & AEEATL A A Yehdet,

<34.01°C
34.30 ©
34.59 °f
34.89
35.18
35.47
35.77
36.06 °
36.35 °
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X

13A] PAT

Min: 31.92 °C
Max: 38.63 °C

Median: 35.23 °C

A

[J& 4-7] LCZ 3 X|& I3 A|ZHH PATH MRT 2%

S5 G By

> 36.64 °C B

Min: 30.41 °C
Max: 74.70 °C

Median: 64.24 °C

A

13AI MRT



® AMES(LCZ 4: Open High-rise)
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==@==Potential Air Temperature

o= Mean Radiant Temperature
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50.25C & FHol =gota, IA7]2(PAT) 16A] 33.41CE 7H =A J3akZ Eelnt
BZE AE 782 094] 713 PATE= 29.48C, MRT= 43.73T, PET= 40.38C 0™, 13-154]
of|&= 747} 32.58-33.33C (PAT), 56.25-54.29C (MRT), 50.25-48.60C (PET)Z 317}
J7of| o] 2t} 2141001 Al A E7F 22 30.24T (PAT), 28.06C (MRT), 33.77C (PEDZ
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[ 4-16] AFgS(LCZ 4) B2t X AHE SZH2E Hli: 09-13-15-21A; PAT-MRT-PET

Potential Air Temperature

13A| 154

e Y
B B

Mean Radiant Temperature

134 16A]

SX): ATl Ky
LCZ 4 AYL2 £ 33 A7} 9] MRTE} PET 7% F2FA| e B3} AolsHA vrebdt,
MRT 7]% B2 ASEL ASE Afo] 3719 #to] A ¥A Uehh= BHH PET= A5+&
T} ASE Aol FZHA 7Y EA e Aol SRI=I & 529 i 2 Q18] of

& AZEI AEE Ato] A9 9] PAT7HA531AL, o] 2 ) PET7F 012l

<31.76 °C
31.90 ©
32.04 °
32.18
32.32
32.46
32.60
32.74 ©
32.88 °
>33.02°C

Min: 31.45 °C
Max: 33.26 °C

S88888848

Y (m)

Min: 30.40 °C
Max: 68.86 °C

Median: 32.61 °C

A

X (m) X (m)

13Al PAT 13AI MRT

[32 4-9] LCZ 4 X|% T2 AlZtTH PATS} MRT 22
SR G xpy

Median: 56.81 °C
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m MEZ(LCZ 5: Open Mid-rise)

A& Bt 45(9F 20m) TFE9 $F A=0] B Aoz wixE NP 55 32
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Z

At -2 TAE|AL 2X]Z] 1L3kAT o] WAIEEy] At

—e— Potential Air Temperature

—e—Mean Radiant Temperature

«~=@==PET Default Person
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EX: AR 2

24A17E A A ol A Bt BARZE(MRT)E= 134] 49.12C, B A S7R=(PET) & 22 A2
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sttt 214100 28.08TC (PAT), 25.68C (MRT), 31.47C (MRT)Z o130, A5t Z2
PAT7}5.36C, MRT7} 26.53C, PET7} 14.61 CH}. 18-214] SPE-2 MRT7} -7.82TC, PET
7F-4.42C, FAA7127F -2.30CE EARAIGGo] 37| FH T HEA ASHE o= 7
Hj 2| e} 2 A1) 7} F=7F BARS 5510, ot SA S SXI5kE 25 AARIT

SAHEEE BH, 094]olle 55419 A= T2 et MRT, PET AAH7F A ekt
A, 137154101 334, =2 59 =& ZARIA E%J A2TpAJo] FAdHT B
A2 A7) 22 2B A R FOIAM MRS SR, £5 71 o142 s A2 H7t E
Al AEEA] gL FAHE € wiES HRIt. 21401 MRTZF =8l HA]9F st E
2t A5 AL50] Y, FA72 PETE FH o2 +H . ?JOFE A&EE
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100

Potential Air Temperature
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SR A7 Ky

LCZ 59] % 727 2 21480 93t 29 837 o2 LCZ F Bt FEH A A Yepsitt
Z7F 23 olgZo| Y3t FHEL 51 20m $E9] FHEUTF LEIUTET} 29 A4
=ojQlt}. Mutd o & 5T} AE Ato] F7olA] MRTO] HIs) PET7F & 0= = Ye}
Ul 9o, o] T3 LCZ 49} Zo] t7] 553} Bl 9l A0 E wtE

<29.49 °C
29.81 °

30.13 ©
30.45 °f
30.77 °
31.10 °
31.42 °
31.74 °
32.06
>32.38°C
Min: 29.22 °C

Y (m)

Min: 25.36 °C

Max: 33.00 °C

Median: 31.25 °C

A

X (m)

13A MRT

[d% 4-11] LCZ 5 X|F M3 A|ZtTH PATRH MRT 2%

SR A7 Ky

Max: 66.89 °C

Median: 51.78 °C
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® ZHS(LCZ 6: Open low-rise)

SABL 2% Qo) A% 27 A&Eo] AT 70 WAE A AXLCZ 0 FEL
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e S
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(22 4-12] ZAS(LCZ 6) T7t K| H 24AI12t A|H|Z: PAT-MRT-PET
EX: A7 2

24A 7t AAG S B BHEARE (MR B2 A5 7R Z(PET)E 13419 2+ ¢k 63T
9} 54CE 7 =11, FA7-&(PAT)S 15-16417 oF 34C7J}X1 9& WA A58t Al A3
O] AWt Z2 MRTZF40T °]A;, PETE= 9F 25T, PAT= 9F 8C 507, EASIH O] ¥
go] 7Pg Atk 09A] F-Holl«= o]9| MRT®} PET7} A2t &2 1194 o QHREH =2 IFo}t
7F ARE, 13-15A] St Al AH7F B A S MEP 21A] o]Ff = PATS}
PET7} 22} 29T, 32-33C W& fAI= o], Z4H A1} A= T EF5H 44 &
o] ORZI7IA] 25t Y-S Hloh

S EEE HY, 0940l s =2 g wet 344" 2 S AS5E0] BT U REelA]

PAT, MRT, PET7F AT A O & =31, QT =29} 75} F7tof| A= th4 W2 Fho] Yk
o} 13-15A]9= E2&3 £ 7R 9] A4H 24 57 weh 123kAgo] FAH

o, & 1t o] Zo] FAY 24 Hl&o| 2 7oAl MR
£ YA AR O & MRTE HHHE 02 374 Wopx| A|4t,
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H 4-18] ZAIS(LCZ 6) W7t X|&E AJHE SZH2E H|W: 09-13-15-21A]; PAT-MRT-PET

Potential Air Temperature

13A| 154

Mean Radiant Temperature

13A| 15A]

S5 G By

LCZ 6 A¥9] £ uli 7H13-15A1) % & AJE<QA 13419 PATS} MRT EEE H]

| A28 w2 - AARNA F A X7 ARF 0 Z Yol 2] F]
A7} UEhdt) v 23 WAo] W1 0] B2 £ WSl AR Alo] A
= e, o= 1ol A HPA F ks @ &

Hi, 7tzapet o

BAE PATEF MRT7} B
27} 71 27 Yehkes Aoz sjaEe

< 31.86 °C
32.18 °
32.50 °
32.83 °
33.15 °
33.47 °
33.80 °
34.12 ©

88888848

34.44 o

> 34.77 °C €
Min: 31.51 °C
Max: 35.34 °C

Median: 32.34 °C

13A] PAT

[2% 4-13] LCZ 6 X|Y M= A|ZHH PAT2t MRT 2%

S5 G By

x(m)

13AI MRT

o]
Hc]-—'}t

> 66.97 °C
Min: 30.75 °C
Max: 73.74 °C

Median: 64.30 °C
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Potential Air Temperature
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Introduction
B Research Background and Purpose

As the global average temperature recorded an all-time high in 2023, warnings have
emerged that the climate crisis has moved beyond simple Global Warming and
entered the stage of Global Boiling. In Korea, the upward trend in temperature is
evident, with the number of heatwave days and tropical nights in the summer of 2024
ranking among the highest on record, leading to increased casualties such as
heat-related illnesses and deaths. The increase in heatwave days in Seoul is steep
even by global standards, and this climate change is leading to physical damage such
as surging demand for cooling energy in buildings and fires in air conditioner
outdoor units. Existing heatwave responses were mainly based on macroscopic
meteorological data, which had limitations in reflecting local thermal environment

differences within the city.

Accordingly, this study aims to analyze microscopic heatwave vulnerability at the
building and block level by utilizing public data and big data technologies.
Specifically, the study aims to develop an effective process for identifying
heatwave-risk buildings and spaces by linking scattered public data to construct big
data, classifying Seoul’s Local Climate Zones (LCZ) based on machine learning, and
combining this with Land Surface Temperature (LST) and microclimate simulations

(ENVI-met).
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Novelty of the Study

The Novelty of this study lies in improving the limitations of existing macro—scale analysis techniques by
1) performing LCZ analysis to primarily screen heatwave-vulnerable areas, and 2) analyzing heatwave
vulnerability at the individual building level using microclimate simulation (ENVI-met) for these
vulnerable areas.

B Research Scope

The spatial scope of this study covers the entire area of Seoul, where the heat island
phenomenon due to urbanization is distinct and public data is well-established.
Seoul is a representative area with a high risk of heatwave damage due to
high-density buildings and insufficient green space. The content scope consists of
data construction, derivation of heatwave-vulnerable space types based on LCZ,
microclimate simulation analysis for these types, vulnerability analysis by space, and

proposals for heatwave response measures.

B Research Method and Flow

The research proceeds in a five-step flow: establishing an analytical framework
through literature review, constructing data for analysis, analyzing LCZ and
macro-scale heatwave vulnerable areas, analyzing micro-scale heatwave vulnerable
areas through ENVI-met simulation, and deriving results and policy suggestions.
First, the framework and necessary data list were derived through literature review.
Second, a dataset for analysis was constructed by collecting and preprocessing
administrative information such as satellite images and building ledgers. Third, LCZ
in Seoul is classified using deep learning (CNN) techniques, and Land Surface
Temperature is analyzed using the thermal bands of satellite images. Fourth,
ENVI-met simulations are performed on the derived heatwave-risk LCZ types to
analyze detailed thermal environments such as Potential Air Temperature (PAT),
Mean Radiant Temperature (MRT), and Physiological Equivalent Temperature (PET),
and vulnerable building types are derived by combining this with attribute
information such as building age and usage. Finally, based on this, legal and
institutional improvement plans for heatwave response at the building and spatial

unit are proposed.
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Trends in Building and Urban Heatwave Analysis Methodologies
B Urban Heatwave Research Trends

Urban heatwave analysis is largely divided into air temperature (AWS, etc.) data
analysis, Land Surface Temperature (LST) data analysis, and microclimate simulation
(ENVI-met). While studies using AWS data are useful for understanding the heat
island intensity and spatiotemporal distribution of the entire city, they are limited in
local analysis due to the limitations of observation points. On the other hand, LST
research based on satellite images can grasp the detailed temperature distribution
across the city, making it widely used for hotspot analysis. Furthermore, CFD
(Computational Fluid Dynamics) simulation models like ENVI-met are being actively
introduced to analyze the impact of microscopic spatial elements such as building
layout, vegetation, and pavement materials on the thermal environment. Such
simulation studies demonstrate effectiveness in quantitatively predicting thermal
environment improvement effects resulting from urban redevelopment or green
space creation. This study adopted a multi-layered approach utilizing LCZ and LST

for wide-area analysis and ENVI-met for detailed analysis, reflecting these trends.

B |ocal Climate Zone (LCZ) Research Trends

The Local Climate Zone (LCZ) system, devised by Stewart and Oke (2012) to
objectively compare and analyze urban heat island phenomena, is a classification
system widely used worldwide. LCZ classifies urban spaces into 17 standard types (10
building types, 7 land cover types) based on building height, density, and land cover
status. Previous studies have classified LCZ using the WUDAPT protocol or, more

recently, by introducing deep learning techniques to improve accuracy. In particular,
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CNN (Convolutional Neural Network) based studies are deriving more precise
classification results than existing methods by learning the spatial characteristics of
satellite images. Additionally, multiple studies have proven that distinct differences
in land surface temperature or air temperature appear by LCZ type, confirming that

high-density building areas (LCZ 1~3) and industrial areas (LCZ 8, 10) are particularly

vulnerable to the heat island phenomenon.

Examples of LCZ type and definition

LCZ Type

Definition

LCZ Type

Definition

1. Compact high-rise

Dense mix of tall
buildings (dozens of
stories).

Few or no trees. Land
cover is mostly paved

4. Open high-rise

el

Open arrangement of
tall buildings (dozens of
stories).

Highly permeable land
cover

2. Compact midrise

LT

Dense mix of mid-rise
buildings (3-9 stories).
Few or no trees.

Land cover is mostly
paved

5. Open midrise

e

Open arrangement of
mid-rise buildings (3-9
stories).

Highly permeable land
cover

3. Compact low-rise

Dense mix of low-rise
buildings (1-3 stories).

6. Open low-rise

Open arrangement of
low-rise buildings (1-3

Few or no trees. ;ﬁ?ﬁ"f?ﬁfﬁ stories).
Land cover is mostly A A Highly permeable land

paved cover

LCZ Type (Refer to Table 2-1 for detailed definitions)

7 8 9 10 D E F G
s

— L —t

- —
| A L A

Source: Stewart, 1.D. & Oke, T.R.. (2012). Local Climate Zones for Urban Temperature Studies. Bulletin or
the American Meteorological Society. 93. p.1,885

Big Data—Based Local Climate Zone Analysis
B Derivation of Seoul LCZ

Landsat 8 satellite images and a CNN model were utilized for LCZ classification in
Seoul. The dataset was constructed by resampling to 100m and 10m resolutions, and
LCZ sample data for training and testing were generated through visual reading using
Google Earth, etc.. As a result of CNN model training, the Overall Accuracy was
approximately 89.33%, securing high reliability. Looking at the classified Seoul LCZ

map, major commercial areas such as the city center and Gangnam were clearly



distinguished as high-rise and mid-rise high-density areas (LCZ 1, 2), residential
areas as low-rise and mid-rise dense areas (LCZ 2, 3), and outer forest areas as dense
tree areas (LCZ A, B). However, due to the limitation of the 100m grid resolution,
limitations were also identified where some minute spatial characteristics (e.g., small

streams) were ignored or noise occurred between adjacent pixels.

Confusion Matrix (OA=89.33%)

Ea

M&Al Local Ci
I 1 Compact
I 2 Compact mid-rise I ADenso trees [l G Water Reference

[Seoul LCZ Prediction Map] [Confusion Matrix of Classification Results]

LCZ classification result

B Derivation of Heatwave—Risk LCZ Types

The thermal environment characteristics by LCZ type were identified by overlaying
the derived Seoul LCZ map with Land Surface Temperature (LST) data calculated
through the thermal infrared band of Landsat 8 satellite images taken on August 29,
2024. The analysis showed that the type with the highest average temperature was
LCZ 8 (Large low-rise), where large low-rise buildings are concentrated, recording an
average of 45.35°C. This reflects the characteristics of areas with large floor areas
and a lack of vegetation, such as factories or warehouses. This was followed by LCZ
3 (Compact low-rise, 43.56°C) and LCZ 2 (Compact mid-rise, 43.38°C), where
buildings are densely arranged. Conversely, LCZ A (Dense trees, 32.35°C) and LCZ G
(Water, 31.55°C) recorded the lowest temperatures, confirming the heat island
mitigation function within the city. Notably, LCZ 1 (Compact high-rise), where
high-rise buildings are concentrated, showed an average of 39.71°C, appearing
relatively lower than the low-rise dense areas. This suggests that the shadows and

wind paths formed by high-rise buildings have an effect of partially suppressing the
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rise in land surface temperature. In conclusion, in Seoul, low-rise and industrial

areas with high impervious surface ratios, lack of vegetation, and dense buildings

were identified as the spatial types most vulnerable to heatwaves.

Average Temperature by LCZ Type

LCZ Type Average Rank | LCZ Type Average Rank
Temperature ('C) Temperature (C)
LCZ1 LCZ8
39.71 7 45.35 1
(Compact high-rise) (Large low-rise)
LCZ2 LCZA
43. 2. 1
(Compact mid-rise) 3.38 3 (Dense trees) 3235 0
LCZ3 LCZB
(Compact low-rise) 43.56 2 (Scattered trees) 36.22 o
LCZ4 LCZD
40.7 4 A7
(Open high-rise) 0.79 (Low plants) 39 8
LCZ5 LCZG
(Open mid-rise) 39.96 6 (Water) 31.55 1
LCZ6 . . o
. 40.59 5 %Overall average temperature: 39.35C
(Open low-rise)

Derivation of Heatwave—Vulnerable Building and Spatial Types
B Microclimate Analysis of Heatwave Risk Areas

Actual areas representing high-risk types derived through LCZ analysis
(Yeouido-dong, Songpa-dong, Mullae-dong, Sadang-dong, etc.) were selected to
perform ENVI-met simulations. To elaborately implement the physical environment
of the analysis sites on the computer, three criteria were applied. 1) Uniform size of
all analysis sites to 300m x 300m squares, 2) application of a high-resolution grid of
1m X 1m to detect minute thermal environment changes, and 3) reflection of actual
building height and terrain (DEM) from the building ledger. Potential Air
Temperature (PAT), Mean Radiant Temperature (MRT), and Physiological Equivalent
Temperature (PET) were utilized as analysis indicators to precisely analyze thermal

environment changes by time (09:00, 13:00, 15:00, 21:00).

The analysis results showed that high-density areas such as LCZ 1 (Yeouido-dong)
and LCZ 2 (Songpa-dong) exhibited 'urban heat storage' characteristics, where
radiant heat accumulation is large during the day and accumulated heat does not
easily escape at night, leading to sustained nighttime heat loads such as tropical

nights. On the other hand, low-rise residential areas such as LCZ 3 (Mullae-dong) and



LCZ 6 (Junggye-dong) showed a rapid temperature rise during the day due to narrow
alleys and high pavement ratios, and pedestrian heat stress (PET) appeared very high.
In comparison, areas where buildings are openly arranged and green space is
secured, such as LCZ 4 (Sadang-dong) or LCZ 5 (Sinchon-dong), showed
characteristics where heat is quickly dispersed or mitigated due to ventilation and
shading effects. The waterfront area, LCZ G (Sincheon-dong), showed distinct
cooling effects in both day and night, confirming its role as a buffer zone for the

urban thermal environment.
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i
) ’ ‘ 5
X (m)

[Air Temperature of LCZ 1 at 13:00] [Time-series Changes of PAT, PET, and MRT in LCZ 1]

<32.82°C
33.09 °
33.36
33.63
33.90
34.17

34.44
3471
34.98
>35.25°C
Min: 31.97 °C
Max: 35.95 °C

888888868

Y (m)

Example of ENVI-met analysis result

B Derivation of Heatwave—Vulnerable Building and Space by Spatial Type

Based on the ENVI-met analysis results, thermal vulnerability according to building
attributes (height, year of construction, usage) was quantitatively evaluated. The
analysis confirmed a tendency for surrounding thermal vulnerability to increase as
building height increases. This is because the 'canyon effect,' which increases radiant
heat reflection and re-radiation and hinders ventilation, is strengthened as the
building becomes higher and the envelope area increases. Also, buildings with older
construction years (before 1999) showed higher thermal vulnerability due to lack of
insulation performance and deterioration, while new buildings since 2011 showed
relatively favorable results thanks to strengthened energy standards. By usage,
educational research facilities and neighborhood living facilities showed the highest
vulnerability due to large paved areas and lack of green space, while apartment
complexes and office facilities with secured landscaping appeared relatively low.
This suggests that customized management considering the physical characteristics
of buildings, not just the temperature of the space, is necessary for heatwave

response.
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Conclusion

This study multidimensionally identified the heatwave vulnerability of building and
urban spaces in Seoul using big data and advanced analysis technologies. The results
confirmed that the physical structure of the city (LCZ) has a decisive influence on the
thermal environment, and in particular, high-density, low-rise, and industrial areas
are most vulnerable to heatwaves. It was also quantitatively proven through
microscopic simulation that building height, deterioration, and usage are major

factors worsening the surrounding thermal environment.

Based on these research results, the following policy implications are proposed. First,
deregulation of the opening and use of data linked to personal information (health,
death, etc.) is necessary to advance heatwave damage prediction models. Second, a
system to constantly monitor buildings at risk of various disasters, including
heatwaves, should be established by linking disaster data to the building life cycle
information system under the 'Building Management Act'. Third, it is necessary to
revise the 'Building Act' and related enforcement rules to check the heatwave risk of
the site in advance at the building permit stage and to mandate or recommend
preventive measures such as the use of heat-shielding paint and securing green
space when building in risk areas. Finally, the current heatwave risk map service
should be upgraded to an intelligent service capable of practical heatwave risk
management by combining the building/spatial unit vulnerability analysis results of
this study with socio-demographic factors (sensitivity, adaptive capacity). This will
contribute to enhancing the efficiency of urban heatwave adaptation policies, such

as the placement of cooling centers and support for vulnerable groups.
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