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ABSTRACT

Due to the recent increase in heatwave intensity and frequency, there is a growing demand for high-resolution temperature
information for heatwave impact assessment and response. Particularly in urban areas vulnerable to heatwaves, there is a need
for high-resolution temperature information that reflects the unique characteristics of the urban surface. In this study, statistical
interpolation using spatial information representing surface characteristics of urban areas in Korea was applied to downscale
the Skm-resolution Korea Meteorological Administration temperature data to a finer 1km resolution. Using national spatial
information, terrain variables reflecting topographical features were computed, as were urban surface variables representing
the characteristics of urban areas. Applying terrain variables and urban surface variables, we statistically downscaled
temperature information and analyzed temperature observations from meteorological stations operated by both the Korea
Meteorological Administration and KT Telecommunication within the urban area. The temperature observation data from KT,
which are from an urban environment, was more suitable for analyzing the downscaled data focusing on urban areas. In
addition, the temperature downscaling results with the addition of urban surface variables produced more realistic urban
temperatures compared to the temperature downscaling results using only terrain variables. The application of urban surface
variables is expected to contribute to the production of realistic temperature data reflecting conditions according to the spatial
distribution of urban areas. This can provide valuable information for analyzing urban heat vulnerability, establishing

countermeasures, and developing plans to improve urban thermal environments.
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TAQHREZE BE TAIE 4 Atk YA, EAE
Mol AEE Ho 3ui7 Z5hE & glom, gAHoR
TAGH FEE 08~3.5C AS5AIE & AtHAo et al,
2019; Founda and Santamouris, 2017; Unger et al., 2020).
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Al710l fi7t §5ot= 5 ol e v s EAA
ool Ajdoz =4 uUEFYtH(Kim, Chung, et al.,
2014). TAIZHGo] g5kl ol ot 877 5
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SRS - BA - B AR B FUel BY AL
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9910 BAA Bl SE Tl FRo Hery Bt
2 HAAH o 1 EIEI QITk(Choi et al., 2018; Kim et
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AOIA 850709] EABEAAE BH3he] TR 7]
Ag5E £33 A28 Eth(Kim and Kang, 2022; Park,
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Z28d & UAT, HEAIR] AZ AT T4 TAY
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T 71AES] A, AEAEE 7RI, SHE o E A
3He 7| RE FEAS Aol s AT & QU=
Heto] sttt olF AsiA 714 7IESA R o
g SAA Uik B9l 7S AAE st dAtEe] Al
&£Aog $£YE 1 QtiJeong and Eum, 2015; Kim,
Shim, et al., 2014; Yoon, 2016).
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T ggof gi5te] 5km 7+2
sk 2537 75%}& F3sto]
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Za AAY w3 59 oE 9AS Aalety 9t od

9ol Z7t AEE 7R ]_Q_E_E LA Y] AE
I F7F dSof Eol &I Ut & AFoA = A=
Hog HRHo| 7MY ZstA YEEE(Fig. 1), 20189 o

£ 69, 79, 8ol et AA 71LAR A2 9Aat 4
AR Fuln 297 4% AR Agstac

7147 2] AWS (Automated Weather System) A2E
SUdE A7 Mgt et AEAER FE5h
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Fig. 1. Recent statistics on the number of heatwave
days over the past 10 years (2013 to 2023)

AWS HASAH LS A= AWS & EXYE vlE 74 <
FIEo] 50% Oo4Rl AZHAZ BERH 5078 A9 A=
7t AHEE A (Fig. 2(a)).

7147 ASOS, AWS #E5ARE A9E #sh= 5
9 71 HEE HAH O R st (Fig. 3), 23 B34S 7t
7 ZAAG WHO 7|2 AAsHA B45t7] flsiA=

wsel B4t Basie olg g KT oI55
BEARE F7h2 50 BEAATE o[ FEAA KT
TUE SRR D RS 4RIk TR ool

(b) KT observation points

Fig. 2. The urban areas used for research analysis include Korea Meteorological Administration (KMA) AWS

observation points and KT observation points (Yellow lines: administrative boundaries, Red dots:

observation points)
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Fig. 3. Examples of urban surroundings near the KMA AWS observation station ((@), (c), (e)) and detailed views
around the installed observation station ((b), (d), ()
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Fig. 4. Examples of urban surroundings near the KT observation station ((a), (c), (e)) and detailed views around
the installed observation station ((b), (d), (f)
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Table 1. Terrain and urban surface variables

Scale Variable Description Unit

Latitude/Longitude Spatial features -

Elevation Temperature lapse rate with altitude m

East-west/North-south slopes Time and intensity affected by the sun m/m

Terrain variables — —
Slope angle/Aspect Surface thermal emission based on solar incidence angle deg
(Yang et al., 2019)

Hollow depth Thermal trapping m

Distance from the coastline Marine influence km

Land cover Categorization by land cover -

Quantitative assessment and effects quantification of land
Land cover rate %
cover rate
Urban surface
) Building height Application of building effects m
variables - .

Sky view factor Intensity influenced by the sun -
Distance from the river Inland water influence km

(c) Distance from the costline (d) Land cover

(b) Slope angle

(h) Aspect

(g) North-south slope

(e) Hollow depth (f) East-west slope
Fig. 5. Terrain variables used in this study adapted from Yang et al. (2019)
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(a) Urban
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(e) Wetland (f) Unused land ‘ (g) Water (h) Road
Fig. 6. Land cover rate

I 1.431

(a) Building height ‘ (b) Sky view factor c) Distance from the river
Fig. 7. Urban surface variables used in this study

I 270,662
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Table 2. Experimental design

Experiment name Used variables
Control Latitude, Longitude, Elevation, Distance from the coastline, Land cover, East-west, North-south slopes,
(Yang et al., 2019) Hollow depth, Slope angle, Aspect
Uth Latitude, Longitude, Elevation, Distance from the coastline, East-west, North-south slopes, Hollow depth,
rban_var
- Slope angle, Aspect, Land cover ratio, Building height, Sky view factor, Distance from the river
W Foo} ZRAES 201735 SUAAOH, He, KT o554 BEAE AB SHHUOEFE Im-
A A, i, =, 4k, FAE 5 770 A0 2,4007 15 m)¥ 3% ASFRARHO 2 HE 2.5m) o] A=
49] BEAHES FEHIGTHKT, 2019). of glow, ¥ ATNE BYs nue M T B
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3 AgRac AXE A=mghe AEsto] ARgstelct Z+
EAEE BSAHE Al A7t oF 1km oA o] §l
= 1337H A7 A=E AHstIth(Fig. 2(b)). KT #54
e giFEo] ZAIGA Ao HAF o] 3 glo
o, *}%EOI Agste Tt Eol9 7A4S WSt
A& ARO|ThFig. 4).

2.2, X|EHHE

B AT B3 A 3 Eyusel Sujox
e 9o HA A V| eREo] dgAtE 18 5
e NEW WMASS B EYus JURRE A8

A, A3 met 7120 X JFJAAY] =7t ot
EUE TA9] 1R FAGE H8otA APARH
o A RH HFES o] 8ottt SR A 714
"‘]’ I AFARY BH54ES Yang et al. (2019)004
AHEEE A A ARES AEsto], A%, A&, 1k, FA
T, SRr o2 REY AL, EXHE, GE/54 HTF F
AL 53 Zol, Aol o2 FAd5kthFig. 5), =
ARAEH AFRE vt EA7AE " dEEol,
AMA S, EXDEAAH]E, o] AR g5ttt
(Fig. 6). Aq, TAAEH HPEE2 7| 20E(ALE), HF
O 2HEHO| JIAHAE, FAHo|, GE/FATEF FAD,
d 79 AAHQ-ESE o)), EA] usH(AEE0], A
), T A9 FFESG E Aow RE A 1L
2f5}7] 9Joto] AE-E|YITh(Table 1).

2.3. gM=t HE71" 2 Eord

I

2 AdFode SAF GAEE fRt WidTIEeR
GPRM (Gaussian Process Regression Model)& AM&-5}%
t}. GPRM2 7} ]0} S ET AL 0] 831 | EA Y
ojm, Hlo|§ FolEs Bty #4HY E BE=E 95
stal Az 43o] ot AL AI ZRAAL Sfols et
1| | (Hyper-Parameter) = 14 =™, St5Alo] s A -
= (Log marginal likelihood)E Z AS}5HA HFEAQ] A
g B3 24e) stoln Hetole s e shaTEe 7t
A th(Lee et al., 2016).

GPRM-Z TheFet ¥l &hgo] 7kt A
SHlolE At A IDW, Co- krlglng I 22 310E
A7 Sl vl 945 HoagZ 7HA L Qlof, Fuldl
H AASA] -85t AMEEE 7ot (Yang et al,
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2019). ZAAEH HLE A8 ZAIA Y 7] 2gAIS
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vl 2 7] JAISE 2ol AR EH Mol AR R
W Mg 271402 Besjel AEd Bdn 718 4
st A3e HEY 5 Yw ek

27ke] gAEE ATk BEAZAWS, KT)2} ¥]w3ko]
RMSE (Root Mean Square Error) A}3A|<4>(Correlation),
Bias(H3HE & FT2A B7HE P, A=t 4
42 APl HE 7129 FHA BE A, Ho] Se
MR W2 e 2~85t9ith RMSE: &3po] Zate
AhEgAtet Y] AFIoEA HSE 11 HAE 9n
st, BEAAE GRISHA] A2 A A 4%
9] zpo]7} duprt "}EPUr—ZT dEFe= A2 Eol AR
Hoh oA e= o APHA L B=E 335
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(a) Control experiment in Seoul (b) Urban_var experiment in Seoul

(d) Urban_var experiment in Daejeon

e

(f) Urban_var experiment in Daegu

) T
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(g) Control experiment in Gwangju (h) Urban_var experiment in Gwangju

85

Fig. 8. Spatial distribution of daily maximum temperature obtained from control and urban_var experiments in

major South Korean metropolitan cities on August 1, 2018.
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(a) Control experiment in Seoul
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(g) Control experiment in Gwangju (h) Urban_var experiment in Gwangju

Fig. 9. Spatial distribution of daily minimum temperature obtained from control and urban_var experiments in
major South Korean metropolitan cities on August 1, 2018.
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St A9olA, &3t FARE Z3E YeRf I did, of
TA9 A FHarL, HAVL ERAA FA, AAA, F
A7 d¥E 99 FeE Bs] Yetion, 4
fHoZ &2 7|29 Bxs Yetoitt. U9y" =44
o] TR} ZXx G FAE FoHA AT o] &
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3.2. AWS #=Xiz 0|8 d5Z4

2 3

TAARE HEE F713E Urban_var A 9] AJASH 2
e ZAAY o HeFog Hu 9 Hrlsiitt.
A v E ste] =AX o HAE 714 AWS
BEARI} KT BIARES BEIIYCH, Hng 9T
Az =259 AAISHZTS] RMSE, Correlation
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9] Control, Urban var 4389 & 17| Hi RMSE
ZY7ZF 1.41C, 1.40C, B+ CORE 0.81, 0.80, B+
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0T, 1.83C, H+ CORLZ 0.76, 0.75, B+ Bias= 1.14TC,
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height), 7§ R 4=(sky view factor), WFH 7 &l(distance
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Fig. 10. Statistical comparison (root mean square error (RMSE), correlation (COR), Bias) between Korea
Meteorological Administration's AWS observational data and the results of each experiment (control,

urban_var) for June, July, and August of 2018)
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Fig. 11. Statistical comparison (root mean square error (RMSE), correlation (COR), Bias) between KT

observational data and the results of each experiment (control, urban_var) for June, July, and August

of 2018)
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Fig. 12. Differences in the distribution of (a) daily maximum temperature and (b) daily minimum temperature
between Korea Meteorological Administration's AWS and KT observational data
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