"m Check for updates

Journal of Climate Change Research 2025, Vol. 16, No. 5-1, pp. 765~775
DOI: https://doi.org/10.15531/KSCCR.2025.16.5.765

Urban heatwave resilience in the Seoul metropolitan area:
A resistibility-based assessment using local climate zone classification

Kim, Seo Hyun* - Kim, In Hwa"™ - Kim, Yoon Ji"" - Shin, Yu Jin"™ - Lim, No OI"” and Jeon, Seong Woo ™™ T
"Master Student, Division of Environmental Science & Ecological Engineering, Korea University, Seoul, Korea
“Doctoral Student, Division of Environmental Science & Ecological Engineering, Korea University, Seoul, Korea
**Research Professor, Ojeong Resilience Institute, Korea University, Seoul, Korea
" Professor, Dept. of Environmental Science & Ecological Engineering, Korea University, Seoul, Korea

ABSTRACT

Urban heat stress is increasingly exacerbated by the combined effects of climate change and urbanization, imposing
considerable burdens on human thermal comfort and urban resilience. This study investigates the spatial variability of heat
stress and associated resilience across urban morphological types by applying the Local Climate Zone (LCZ) classification
framework to the Seoul metropolitan area and calculating the Universal Thermal Climate Index (UTCI) based on data from
automatic weather stations. The analysis reveals that compact urban forms, particularly LCZ1 (Compact high-rise) and LCZ2
(Compact midrise), are associated with elevated UTCI values and prolonged exposure to heat stress, indicating lower levels
of resilience. In contrast, land cover types such as LCZA (Dense trees) and LCZD (Low plants) exhibit consistently lower
UTCI values and enhanced resilience to thermal extremes, albeit with greater spatial variability. Correlation analysis reveals
statistically significant associations between urban physical parameters and resilience indices. These associations indicate that
building height and surface coverage are negatively associated with heatwave resilience, whereas sky view factor and water
surface ratio show positive associations. The green space ratio, however, does not exhibit a significant correlation,
underscoring the necessity of qualitative vegetation attributes in resilience assessments. These findings highlight the importance
of integrating human-centered thermal indices with urban morphological classification frameworks. By presenting a
perception-informed and spatially explicit approach, this study contributes a practical framework for evaluating urban heat
resilience and offers empirical insights for climate-adaptive urban planning and policy development in rapidly urbanizing

regions.
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(Land Surface Temperature)w= 4 = 7|Hre] HEHE
T ARE, 4 £2E Folste o f-&5ht A A =
2 47 wgsiA 2ot A7 SPkmolE Aloke] 9)
o} olget SHAIE EYsl7] Ys| UTCI (Universal
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LCZ (Local Climate Zone, °©|5} LCZ) &4 47T &-&
11 Ath(Demuzere et al., 2022; Kim and Eum, 2017,
Stewart and Oke, 2012). LCZ+= A& Uk, ¥ A4, 4
A HE 59 845 7R0E A RS FESH, &
Al 71% Bhg E4S Bla-EA45ks d apdolt. 18
U ZAY =94 33 FRLCZ)eE A 76 I8y
(UTCI) 7+9] 4

og A
A= A9 AFst
gl 2of tigt F24 f-§ 50| ofEA EEA=AIE A
FHOoE st JIL2 oAt 27] dA HEY

ATt

olo] E dTE »EAL HArow Lcz BRAALL
UTCI A 22 53 H83to] T4 987 E4S Ao
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= RN
ZE @ &AL 183 A RS (resistibility index)
A AAE Bt
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E JHE LCZ-UTCI 58 AL 53 A 37 %
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Fig. 1. Study area and meteorological stations

2.2, A7 Y
2.2, LCZ RYE & MY MF

LCzi vl 29 X 9% 9 2oH &
Folol £A| BUG AAHOT Bt Huz
59 A Ao|th(Demuzere et al., 2022). Stewart and Oke
(2012)= 71&9] “TAl—5E” o|FHo] ZAIHES &
Aol Qlo] A% 21& FES| Aot EotEE I
Aspe] sHeo] AFHEIGT AFSAL}. ole] we, Lez
L A A oo HEHoR MET 4 U A 2
= Ao otk 7= 7|¥l ERAARE A=A
(Stewart and Oke, 2012). LCZ= ®9H &, I X, A7,
2913 Az Bo] FAe Ao FAHoT Holy
o, ol #EAoRE Ll oA 5 AREH|EO] o]2
= FRE 7} th(Stewart and Oke, 2012). LCZ EFA| 4|
= 17719 33t S AAIsH, g 382 &3 € &
79 378 E4E A ot 4 Aok(Kim and Eum,
2017). 17709 37+ 992 10719 AT & §F(built
types)@} 7709] A} FE F3F(land cover types)O 2
EEH(Table 1).

E Ao &8s LCZeE QEAA olFfo]HKQ]
Zenodoof| A Al F5H= 100m A= Global LCZ Map
v3 (Demuzere et al., 2022)0|c}. o= AE7}9] &5 &
5 59 ok A7 A7 B2 4 A2s 490 A
g ZoAE mao) dgelo] ANHUT. A% B 3

e HEAEY TAAZI B SR AoH, B 1
5, E55H, 4F ol 5ol tiet WiAuta £45 59
o] R o] Hth(Demuzere et al., 2022). 3G AZ= A At
Holm BUHOR AnE A BE AR ol8F 4+
UEE AFEHJAoY, = A= AIgE Zpol& EY
< otk wEbA AZEE LCzol dal A A4, B4

44 HA, Kruskal-Wallis A4S 71502 3§ o
EX LCZ §9 7+ B2l & F&/do] AFT A NA
FAHOE Goul3l Ho|S Holx| Sfelsheir.
B9, 7 Loz 990 ket B4 284S 245 9
S UTCIE AFYst3itt. UTCl: tatdd o g Hojg A
Al Aol gl Higt Qx| et vk A A
stoet QlatgA A ERA ZPEE|QithBrode et al,
2012). o A= A9 SHAAS 4 AEHAE HIF
S gEdd Ygesy AR BEHT U A4S
A= 71E S04 =EH 9 57H2E(equivalent
temperature) £ EAE W, A% Alo= 7|4 A wirwHS
2 AT L5, PAEALE, At 183 F40] 1
HE tH(Zare et al., 2018). o]HjQ] UTCI §7I2E+= 7|&
A FLS ¥HS A5 T Feshe 7IRe=E A9
Hoh(Brode et al., 2012). £ Ao A= pythermalcomfort
Glolneiele Besigon, Y Fat AANT
(World Meteorological Organization, WMO)oJ|A 725t
UTCI A4 HES 7|He 2 2Rt A Alol= 7],
B4, HPRALE, AeEE 48 Wh AGsigo
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Table 1. Abridged definitions for local climate zones (Stewart and Oke, 2012)

Type LCz Definition
. . Dense mix of tall buildings to tens of stories. Few or no trees. Land cover mostly paved.
LCZ1 Compact high-rise . .
Concrete, steel, stone, and glass construction materials.
L Dense mix of midrise buildings (3—9 stories). Few or no trees. Land cover mostly paved.
LCZ2 Compact midrise . . . .
Stone, brick, tile, and concrete construction materials.
. Dense mix of low-rise buildings (1-3 stories). Few or no trees. Land cover mostly paved.
LCZ3 Compact low-rise . . . .
Stone, brick, tile, and concrete construction materials.
o Open arrangement of tall buildings to tens of stories. Abundance of pervious land cover (low
LCZ4 Open high-rise . .
plants, scattered trees). Concrete, steel, stone, and glass construction materials.
o Open arrangement of midrise buildings (3—9 stories). Abundance of pervious land cover (low
LCZ5 Open midrise . .
Built plants, scattered trees). Concrete, steel, stone, and glass construction materials.
types . Open arrangement of low-rise buildings (1-3 stories). Abundance of pervious land cover (low
LCZ6 Open low-rise . ] . K
plants, scattered trees). Wood, brick, stone, tile, and concrete construction materials.
LCZT Lightweight Dense mix of single-story buildings. Few or no trees. Land cover mostly hard-packed.
low-rise Lightweight construction materials (e.g., wood, thatch, corrugated metal).
. Open arrangement of large low-rise buildings (1-3 stories). Few or no trees. Land cover mostly
LCZ8 Large low-rise . .
paved. Steel, concrete, metal, and stone construction materials.
. Sparse arrangement of small or medium-sized buildings in a natural setting. Abundance of
LCZ9 Sparsely built .
pervious land cover (low plants, scattered trees).
. Low-rise and midrise industrial structures (towers, tanks, stacks). Few or no trees. Land cover
LCZ10 Heavy industry . .
mostly paved or hard-packed. Metal, steel, and concrete construction materials.
Heavily wooded landscape of deciduous and/or evergreen trees. Land cover mostly pervious
LCZA Dense trees . o
(low plants). Zone function is natural forest, tree cultivation, or urban park.
Lightly wooded landscape of deciduous and/or evergreen trees. Land cover mostly pervious
LCZB Scattered trees . o
(low plants). Zone function is natural forest, tree cultivation, or urban park.
Open arrangement of bushes, shrubs, and short, woody trees. Land cover mostly pervious (bare
LCzC Bush, scrub . . )
soil or sand). Zone function is natural scrubland or agriculture.
Land
Featureless landscape of grass or herbaceous plants/crops. Few or no trees. Zone function is
cover LCZD Low plants .
natural grassland, agriculture, or urban park.
types
Featureless landscape of rock or paved cover. Few or no trees or plants. Zone function is
LCZE Bare rock or paved .
natural desert (rock) or urban transportation.
. Featureless landscape of soil or sand cover. Few or no trees or plants. Zone function is natural
LCZF Bare soil or sand .
desert or agriculture.
Large, open water bodies such as seas and lakes, or small bodies such as rivers, reservoirs,
LCZG Water
and lagoons.

o, AZHE 7|2, ¥, $ov TAVISESERE &9t
A= AR E, YHFEARTEE ECMWF (European Centre
for Medium-Range Forecasts)ol|A] Al Fot= F7HEIAE
0.25°, AJZFHAE  1A|ZFS]  ERAS-HEAT (Human
thErmAlcomforT) At25 &85} t} o tAES B
P &% 4km/ho] SFSH= 2.3 MET &, ZojHL 7]
of W2 EF 2oJFow HAEo] 3lon, o]:= UTCI 4t
d Al AMg-El= UTCI-Fiala 2] 2E9] 7|2 7} 7]
S (Brode et al., 2012).
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UTCIE 7|22 QIZto] = & AEHA A= =
St Sk AEH A(extreme cold stress)FEl =35t G AE
) A(extreme heat stress)7tA] & 107] ¥HF=2 FEEHTH
(Table 2). UTCI7} 32°CE zIslH 75t € AEFA
(strong heat stress) O]Aof| sgslH, ol= AIGE JIIE
ojojd = lo] 44 B &Y T8It AUTH(Liu et al,
2022). wEbA g2 ALoA] 32°CE 12 YARCE A
A5t tH(Antonescu et al., 2021; Kolendowicz et al.,
2018; Liu et al., 2022; Shukla et al., 2022). & 0] A
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Table 2. UTCI equivalent temperature categorized in terms of thermal stress (B tazejczyk et al., 2013)
UTCI (°C) range Stress Category UTCI (°C) range Stress Category
above +46 extreme heat stress +9 to 0 slight cold stress
+38 to +46 very strong heat stress 0 to —13 moderate cold stress
+32 to +38 strong heat stress -13 to -27 strong cold stress
+26 to +32 moderate heat stress -27 to —40 very strong cold stress
+9 to +26 no thermal stress below -40 extreme cold stress

%3t UTCI7} 32°CE
5190, UTCIZF 32°CE 2¥sh= A7t
P UTCI 28 56 712 349 7% 9 (&S
Astglet. 3], LCZ R3E UTCIS AIAIE 54
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E | A(strong heat stress) 0|AFQ] 7oA 9] A& A
A2 Aojth. olo] uwe, AL HFH
UTCI 7]99] A7 =2 o AEH AL} 12 X4 T
vtk *3tg X]—,—(resmtlblhty index, RES)E ©0]-&3}o]
TYHUT. AF A= Liu et al. (2024)14 A|bgt
WAg FRroR Sjol, @ AEHAS] FEI} A4 A7
of met grol 24 Erh(Eq. (1). & AolMe =4 83

ﬂlRH.(
b >

z M >
I/ )
tlo rlo O

7] vl E Y9 HEHA AT ASRES)HE [0,1] E
A= Aot =ESHATHE. (2)).
Z UTCI,
RES = %X H, (1)
_ (RES, — RES,;,)

UTCL AZE i9]419] UTCI %k
m RAA AR
Hy, UTCI %ol 32°CE Z3sh= A7t

2 A& ALRES)E T2 A3 Al &<l UTCI

o] YL, UTCIP7} 32°CE 23dhe Rle7t 9255 2
e BT B AFY A%t B Aol fhSoie
Al F2He] gAY ANTE 55 ou|eit o]F A
2 AAtE A AAE o TA| E9 vi7fRset] A&
S ] 7 el B FYE 349
SIStk B0 o83 A HH w42 Eol
AE ¥ H|E, SVF (sky view factor), 5’—1] £ HA
Hlgolth. S of2] AFPAFoA+= 7]%tlrf Ade 5

9IS AAstel TRt 2 @

v

3 54 719 HAE E45HAT Park et al. (2014)=
A 259 EXIE 7ko] Al BAS 3 500 m BHAE
£ vAF7 E = AA519 2™, Kim and Song (2016),
Park et al. (2017), Lee and Jeong (2018) HESF A2,
Al @4, 171% 24 S| B A4S s 3L
37 HE EEStaith & AT A olet 22 FHE
4 SIS Farsto], ARSI A FHY &
Al 11 54o] £ AP dA A= dF AT
ShalAk ¥ 500 m HAE AASHIT A& #ol H A=
#H HE&2 FEA Y E LA AFsH= 100 m =
of A% kol U AZWH A4} 4RS VRN YA
Ame FEILSFFOIA AlFsHon, 2024385 7L

Z 3tk SVF= ALOS World 3DOjJA] Al&5h= 30 m 3f
F=o] DSM<Z o|-&sto] A4ttt g DSME I+
JAXA (Japan Aerospace Exploration Agency)o]| 4] A|-5-5}
= A AF RO AR, 20219 F5H HoHE &&
sttt dig Atme A AlA AF 2 s, o5 5 AT

229 1E 30 mPelL Atk SVRE 54 9110]
A SHzol M OR wETL HES EpRH, EA]
A A% 9 AFe] Ao 19 go] WA ek 2
QAT A WA AT E 71202 B 500m
of B SVF kg g A6 EGeR AUt 2
7Hd EAL vttt =28 9 48 Wz b8
20239 FEF EXATEA A A, 24|, F4I,

=
)
Aol BRE BEL

_I-{.l
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LCZ Type
| Qiwdl
Il Lcz2
Il Lcz3
M Lcz4
Il Lcz5 -
[ Leze

Lcz7
[ Lczs
[]Lczo
I Lcz10
Hl LcZA
N LczB
Il LczC
[ Lezp
Wl LCzE

LCZF 0 25 50 km
Bl LczG

« 8

3.1. LCZ RYE € ™Y L

B o] 28H LCZ ARE A AT GYE PAd
Aeg, I A& SAH 3ol AEHIoF Tt
E}EW =9 984 E4L tESHs UTCIZF LCZ §

go] met FAZHCZ Fougt i}O]E Eo]_‘—_-. 1= A=

SR S ol 918, WA 7 LeZ §de] uTC o
olE7t B4 BAe) WA AL r&é—ﬁ}—zl selatge).
74 o15Z ST Shapiro-Wilk FH 2%, LE 18

o4 p 3Lol 0.005 FIFEC.2 Uit Hlo]E/l AFRRE
mEA eSS, B, 18 7 2o 54
AAES Y3t Levene’s Testo| A= W=3.9203, p=0.00012,

ul

BAlo] BUsiehs FR14o] F1ZE g olet Azt
£ AEHQ) BAHRHANOVAES 48317 oje 4%

A& LERd: ol we, 2 LCZ #3 7F UTCL 9] =
& Hlwsl7] fIo] H XS H7gQI Kruskal-Wallis 78S
AAsHAT. A4 AF}, H=166.8865, p=0.0000°.F L}E}
wor, ol LCZ 3ol et UTCI k9] 23] 2%t
Zpo|7t EALE BAXLR AFste Aol &, A=
O0E &4 72 9 EA ol& E4e WYshe LCZ 73
o] UTCIY| ¥&=& mXitts dHe &Ag 4 AUt wet
A, & AFoAE did LCZ E5Fcl w2t S2d A H9
QeFE EAstA

S A99 LCZz 88 W4 ve&g AfE Fi
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goz FEHAG
3 9%, A o=
=] {ch(Table 3) 254 A9 9

99 650% B8

& 882 LCZ6 (Open low-rise)7} 22.6% = 714 =2

W& H&E Yect o]o] LCZ8 (Large low-rise)¥
LCZ2 (Compact midrise)7} Z}ZF 10.1%, 4.8%9] H|&&
Boln] Ao FE WAL Ao YL el
At} ols FHoM AS MEE ¢ 5 dEc] BH
gl Emstn 918 Aee, oleie §9L 7
9 A Mo 27b4 ST e 4 gk SEd A
o] AA mE FF2 LCZA (Dense trees)7} 43.9%9]
W4 H8E Bolw M 9O WAL ANt ol
SR U BEAT 54 LAY Aolo] AL v
. TS LCZD (Low plants), LCZB (Scattered trees)”}
217} 6.8%, 2.3%5 AAstH A W 53] 2 24 7t
o a3 P4} 9L st

ned Loz 9Fo) met 9 HANS e stol
AFHEA L A7 FESH] 9870 A LCZo] w

ot ol g AL ¥ 500m e 7
FAIRE LCZE HEITAL 78t 1 A, WA
B2 AL A 0B 59 65, A W2 59 25
o7 BEH9tt. £35], LCZ2 (Compact midrise), LCZ6
(Open low-rise), LCZ8 (Large low-rise), LCZA (Dense
trees)o]] £5}= AL 107] oA R &g LCZ 879
WA Hgo] w22 AT & SlSith
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Table 3. The proportion of LCZ
Type LCZ Area (%) Type LCZ Area (%)
LCZ1 Compact high-rise 0.596 LCZA Dense trees 43.928
LCZ2 Compact midrise 4.839
LCZ3 Compact low-rise 0.856 LCZB Scattered trees 2.331
LCZ4 Open high-rise 2.071 LCZC Bush, scrub 0.00
LCZ5 Open midrise 2.45 Land
Built - LCZD Low plants 6.833
) LCZ6 Open low-rise 22.605 cover
e
P LCZ7 Lightweight low-rise 0.001 type LCZE Bare rock or paved 0.081
LCZ8 Large low-rise 10.076 LCZF Bare soil or sand 0.208
LCZ9 Sparsely built 0.97
LCZ10 Heavy industry 0.276 LCZG Water 1.879
sum 44.741 sum 55.259
36
- 1cZ.1
344 Lz 2
Strong Heat Stress = LCZ 4
PP SRR AR PR PR SRR NP AR P SR - ch_s .....
327 - LCZ6
—— 1cZ 8
30 1 LCZ_A
-®- ICZ D

284

uTCl (°C)

Moderate Heat Stress

1R L VU AR FPUUR P DU S A .

No Thermal Stress

244

224

20 T T T T T T T T T T T T T T T T T T

Time (h)

Fig. 3. LCZ-wise average UTCI variation

24 7170 ARl o @ A7 ©ele] UTCL Hske A 1% §9e] A9, g wu

SIgt A3}, BE LCZ $FoAE UTCI Zho] 144174 3 1223 ~1.781C & UTCI 3t& FAI5kIE §35] LCZA
IHE 7|55 A2 HAtH(Fig. 3). o3t =S} 1 (Dense trees)= £ 11 F o] A= Moderate Heat Stress (26 ~
H2 LCZ 738 7+ dA= fASE oW, Sdgt Azt 32°C) 5% FAISI e H, ol U E A A3} T
W UTCIY] A 52 FIEE T3S Aol UEH o] FREE 98 §A4E HolEth
on, RE QlF 1E {2 UTCI Fo] 743t & 2EH LCZ 38 UTCI] Aol= ozt 9 o] & oyl A|xtTh
2(strong heat stress) B9 ZEotH 11 YA ol F of F3siAl= Aol LRAHUT. AT A& /3 Sl
9 & HYL LCZ HFIFHEEE LCZ1 (Compact A LCZ1 (Compact high-rise)2 WX EH 1& A=E
7 ofja, o

high-rise), LCZ2 (Compact midrise), LCZ5 (Open Q] W 59 st &g AEH Ao =T &
midrise) 5 WHE EA] G OE ¥E {F30 vlsf o= AHFCR £& UTCIE FA5k=
o] A)7ZHd 0.936 ~ 1.282C &2 UTCI g+ Btk uhd, o} o= A%Ey TAEy}l 28 TA X

§ o J J b L % J ] o o ! ! o 5 3 5
S A A s e «° o A @ R S R G D s

Sgol B8 i A7)
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FES 7HAH, AR QIR oUAE W BF A4kl
Ofztol| W& OEMN ofFt R 5E FEste TAl &
& 540 719% 23 4 Uth(Krayenhoff et al.,
2018; Oke and Cleugh, 1987). Bl&o0] TA] JLxo] 23|
B4 9 o5 £40] oIA|Es 37] 350 oksiElol &
Al d=£9] EA} §H(radiation trap) 0.2 Z-8-5HA F o}
(Stewart and Oke, 2012). HF'H, LCZ6 (Open low-rise) L
LCZ8 (Large low-rise)=> AHH O Z /AHH FLZE 714
I Qlo] A%t d AEFA A& AlZto] AL, ofttoll=
UTCI7} #I2A ZAst= F3%eS 2t 3 LCZA
(Dense trees)} LCZD (Low plants) 5382 X Z710]
gHE fFFo= W 5 & AEHAT BA ALHL,
ofztoll UTCI7} BE2A| Fashs Aol Ut s 3
5 872 2po]7} SHisk= It Bowler et al. (2010):>
2] 370l FHI AALSE Hojl= STAF # TR
Aol 93 Fo] aRHo R AAHE Hrh

LCZ 73 4 HAGS At 25, 15 2 EX| 1
& E/Jo] UTCI H3lo] v|x]= o] A1, AlZtdiE=
UTCI Zo|7F 24 Yetitbe A3S g1 4= AU

(o]

EABIR0] B2 AGUSE B I AEAL £2S §
A3, oztolE @ 24 T A&EE B4 Bk
3.2, 2iHaAA BY
£ B4 3719] B¢ PWeld At UTCIGES 74
o APgEIglon], £ Bl™e|ola] Y Bug 9

Journal of Climate Change Research 2025, Vol. 16, No. 5-1

52 85I tHFig. 4). ZRJIE &322
LCZ 3ol et B+ AFE A2 95% A3tk
A AARC RN, 3 FFE @ AEHA ATH
¥4 HE S HErGlH
LCZ BERAAE 7oz HA7/FHSEH Al
9 gAAAE B4R 23, HA LCze
A3 2 4(RES")E 045, LCZ 49 72 F tol
A BAEY. AF HE 9 Rl Lozl
(Compact high-rise), LCZ2 (Compact midrise), LCZ4
(Open high-rise), LCZ5 (Open midrise)+= B 0|59 A
FELS Bom, E35] LCZI (Compact high-rise) B+ A
FY AL7F 0282 7MY W2 FYJAAE HAH QIF
g& {§3 Fo|A= LCZ6 (Open low-rise)?} LCZS
(Large low-rise)7} Bt 0]/%42] AFES HolH, o|F &
3 A5 dEC] /Ao wiAE AH9 Fe A
A5 R 5 USE st A wE FF df
Fol= LCZA (Dense trees)?} LCZD (Low plants)2] A&}t
o A5 217 0.69, 0.58% THE LCZ $3o] Hle] B
AQl gAYAATE =22 Ielstlnh. E3, QF W&
12]7219] Fo] v Fob, & AEFH A0 tf

1o o I\

2o
ro i

(

Bt
Els

o]z
1 O

ofl
flo
S~

¢



3 X |1S7S RS €8S A Y 2iE2[QA

aro =20 -

Table 4. Correlation analysis of heatwave resilience
and urban parameters
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