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ABSTRACT

Sudden change in an urban thermal environment has an intimate effect on resident’s daily life, prompting increased interest
in and demand for improvement of urban thermal environments. In order to improve the urban thermal environment, heat
vulnerability information that reflects the actual physical environment is needed in a format that can be controlled as spatial
information. In addition, a quantitative method is need to analyze heat stress, as experienced by urban residents. In this study,
solar radiation flux simulation results for Seoul metropolitan’s main residential and commerce area are analyzed, and the
accuracy of these results is enhanced by improving the urban simulation index. The SOLWEIG model is used in this study
as it can simulate high-resolution solar radiation flux and mean radiant temperature using data such as the sky view factor,
reflecting shapes of buildings and vegetation, shadow pattern, temperature, humidity, and solar radiation. In order to reflect
domestic condition and geographical characteristics, a correlation equation of solar altitude angle and the difference in surface
temperature and atmospheric temperature by land cover is derived. Based on this, a comparative analysis is performed on

the simulation result using the SOLWEIG model and solar radiation observation data.
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= AYoA= 8 nQAFHY YHo g =2 7|2
A QO] gREL =e g oAH S LAY B 3x 7} el th(Oke, 1981; Kolokotroni and Giridharan,

HEA|Ao] A5t A|7tsF AxAgoz LA o] 9t 2008; Lee et al., 2010; Song et al., 2014).
E35], A7k} ARA Qo] 39 EAl QlFmEo HAL AATEC R F=2 o]Fo WA G0 = ArHS

A&Aog Z7}5l7 Q= A oln, ogya= 19804 2 YAt HFEAN A ZE A H Q5] HRALE ALY, &
o] ZEHA] 2.1%S Ao}, 2000 t]o] o]= EAL @Y, &E ovA FEHE 7] o8 WEEo0]
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Ao g 2FAAATA HYF7E 5 AL
EA7F FAYSAL o2 Qs wTigt ARl e H]Eo]
A& %1 QTh(Sailor et al., 2002; Scherer et al., 2014;
Kim et al, 2013). o]o] wa} =A|Fst7 &£A4 7jAo]
et 8+ A&KHORE FHHI glow, TAEST
NS flsto] Btgd SH, ZAIAY 54 S 5 o
T A} A=A A=7F SFEIL AE(Suh, 2007;
Eum et al., 2018). S}A|%F, thRE9] J 3} sjA=eh
=X 2ke} 2 Tt AANE S FFE o] Ut
AetE WA oA XA ES] FHE %t 2=
A2 A7t ‘Rlouﬁ AHHOoE LA9 fL2F EF
A BEAZEE 97 AEH AL FoAA
2 48T 5 ‘#Oﬂ gl A7goIth(An et al., 2016). ]2t
22 A &5t HsiAE =AEA Y dREES
AL, d8 2AE T2 A= ATEE dx
A9l QlguEo] ths] AL #elst= AAZE

th o] & flSiAE SAHoE ZANIEC] &St
= ZAEY AA S84 FxeHo] vrgd 3
HPH Y & FHobd FE7F Basty, ZARle] 7]
Q AEYAE FFHolT FAHOR WAL 4 Uk
ueto] g ¥|ofofatey.

ol7lo] L7 g AEHAE AFFely for|2S
o}#st7] 9J8ke] UTCI  (Universal Thermal Climate
2012), PMV (Predicted Mean
Vote; Fanger, 1970), PT (Perceived Temperature; Staiger
et al, 2012) 52 FAEHA A550] F= AMEHIL 9
ot GAEHA A5 ©eo] 7|28 o]&sHA] gL
Sk, BHEARRE, A4 494 w3, 24 &4
TEA R st et HYEAEYAE ‘E—Iﬁ
AT EAEHA A5F AEsSH] fls] AHE= F2
g 84 F stuoly, & AEFHA XpE0 FEHoRE
AGEE B EARRE AREo] A9l g4olth 59,
ARG E AEH 22 F2ERE QS 54T FH ®

Index; Jendritzky et al.,
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BT AT ARG SAE A BREALE 4
25 95}9] Lindberg et al.(2008)2 AE9] Fei} A48
£ 133t AWR]4(Sky View Factor, SVF), Z1HX}T{E,
712, FE, YAFF ARE o]8dt= SOLWEIG (SOlar
and Longwave Environmental Irradiance Geometry-model)
29 ISk FUAAE SOLWIGE o] 83 A7
7} 5] AP QlEt], Bae et al. (202002 FFAIW
o) QA AUA BAL o) nlAE o] A9 B
AFH O 2 SOLWEIGE &892 M, An et al. (2016)3
TAFEY HAEALLE A7Z ail BEXo 23t
SOLWEIGE= AMA|RO] BAZEYA YAt} uﬂ:}i&}i
TE A0 BEForg Faodo] AHAapFRog SE
QITHAn et al., 2020). Yi et al. (2018' 2022)2 SOLWEIG
£ o]8sto] FUY A4 EAISS HAoR BABEA
£ Aokl Aoy E/\W@H deg Bl
83 AT ST HRE At 2EE AgEE
1Ziho] Aapgst BAEE ATt e TriRe] He
(7ol A7 = A

719 A9 AFEAE SOLWEIGY] ZAIA Y A
2 B B4V A9 HRARAS 7E0R 4
SEQT. EAAY AR EoI BA(EAN S
e BAAREORRY WEEHEs BAEYA 4
WPyt BAEYAE AeHE 74 adoln, HPnE
Z, ARLZE, 71209 FAE T3 AEdoh 0|9 &
2 o[fE SOLWEIGS] 7|2HHS o83 FF
AEE Aldz WgstA Eoke 24180 2AE & 3
oh moh AL FUEA ] JB HAE AAE 2
Y BAEAo] W EAAEEY 240 80| Wa

M >~

H 3

2 APolMe gl BARES BGS ZAXEEA
HeE AESHY HFEAREEA ASAEE 08519
TARRES 29 HHEL]—— 8715l 14} i) o=
Aot digtil=re] AL £xd9 R ZAAY
o g2XE ZHH 7|2, ﬁtﬂ%E, B YEARIZE 0|23
of TAXREA B4E A, ZAXREA B4 A
A A, ¥9] SOLWEIG Zo|Zd3} v A5 &9 7HA
aIE BN
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2. APz L HiH EEA B4 A A3 AFole 7138 a B5% B4
82 B glol ash, EAXYS di#she —‘—%H%

2.1 SRIIMX] Y AR 7R A tdez s oo gt whehA 2
M= =A lﬁi*é ma Aol Zadt J&ﬁx}iﬂ lé
71’478 WISE projectoll A= A7 #5571 EES g9 B2AHES LCZ BRE 53] ZAXPoR B2
%’4’511 FEd NG9S RO R 201495 F oA FAH = 671 AA %EP(JUNG) 7FEHGAIW), = U(NOWO), St

22 %t BEAE FEIUHJee et al, 2017). BER oFANYA), ZHE(GANG), FE(GURO) AFL BA4- 4=
7]?J 71Z, T 5 85 ARE2ZE 5 71 gaxgoz MAEAL

A}-shaFctalE AL, AL 6}%1&]-5/&}9} 28 Exlo B=AE = BA - AZOARE AQstT A EHLT

LV‘ HpR pHEn BEaE SEAS QL FAN paame) Sl shsete SEY S47 AA

ol

Fl

5 toFst EXjo]-& &Aoo ATttt Yi et al.(2021)2 2279l FFEGWHW)AH LS TAXEEA B2 A
WISE project®] oUA] £A AL AHFS] FHBES & gaxdoz AAstgt. ARG BA=4 bt
AEECl, B394, 48 &%, EA IELE st 7 500 mE QIE T EFo| 80% o4O E Aol 9o

LCZ (Local Climate Zone)o]| @&} 533} 5F3ch T A|A| o BT AR 240 Axgo] ot

Table 1. Summary of WISE observation sites for radiation flux validation

Land cover ratio (%)

No. Name Latitude (°N) Longitude (°E) Elevation (m) LCz L .
(within a diameter of 500 m)
Traffic 59.6,
P1 GWHW 37.57 126.98 114 1E Commerce 17.4,

Bare 9.4

Traffic 41.4,
Vi JUNG 37.59 127.07 22 3E Residence 30.9,

Commerce 19.7

Traffic 46.1,
V2 GAIW 37.58 126.91 21 3E Residence 35.0,
Commerce 11.1

Traffic 64.6,
V3 NOWO 37.65 127.05 38 1E Grassland 16.6,

Commerce 9.0

Traffic 56.9,
V4 ANYA 37.39 126.96 37 4E Commerce 33.0,
Public facility 5.2

Traffic 35.8,
V5 GANG 37.52 127.02 26 2E Commerce 35.4,
Residence 27.0

Traffic 56.3,
V6 GURO 37.48 126.89 23 1E Commerce 40.3,
Grassland 2.4
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Fig. 1. (a) Location of WISE project observation sites and landcover arround (b) P1, (c) V1, (d) V2,
(e) V3, (f) V4, (g) Vb, (h) V6 (white circles represent 500 m area surrounding observation sites)
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Fig 2. Time series of meteorological factors (temperature, pressure, relative humidity,
rain, wind) on Aug. 1, 2018 (https://www.weather.go.kr/)

2.2. SOLWEIG EAX|ZEM DO ME EAZZ A(3D radiant fluxes)?} H-EARZ T (Mean Radiant
Temperature, Tmrt)E AAFSHCHLindberg et al., 2011).
SOLWEIG+= ./_\_‘?]‘%ﬂ Gothenburg T:Hfi} Urban climate SOLWEIG &g _04 E—O/] éi’—]- /;l_%j—q_;g o q_ o :]—q_ ZE]_E]_

group? 7Rk okt MY 2009900 0% g 3). xje o] Mo, sl A o] A7hE Bk
Aol SRS, 2 Aol ol BEAME 545 A8 wo ojs] 12wl (shadow pattern)o] AAFECH 7Eo]
5 Qe 20152 BHdE o]83IAH: o] X2 A He U} A4z0] ost Al7hE 1gxje] Sme oale] 24
Aol Al & 2AS SR TES OB 219} BRine, ol BAREE 2 AN AHEL A8
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Improved urban surface
Characteristics parameter

| DSM data Parametric process ‘

= Vegetation Digital Surface Model
® Building Digital Surface Model
= Ground Digital Surface Model

Sky View Factor ‘

Shadow pattern ‘

—

Radiant flux calculation ‘

| Landcover data ‘ ‘

’

= Air temperature
= Relative humidity ‘

= Landcovertypes classified into
four categories

Kdown
Downward shortwave radiation flux

Ldown

| Meteorological data o
Downward longwave radiation flux

Kup
Upward shortwave radiation flux

Lup(lmproved)

Kside
Side shortwave radiation flux

Lside
Side longwave radiation flux

Fig. 3. Flow chart of radiant flux calculation process
and application of improved urban surface
characteristics parameter (factors in red
boxes have a direct relationship to each
other)

ZAAEEC2RE WEEHE SAEHA] AP

BA} AR (Fig. 3 red boxes) Thg 43} 2k
A7A, £, AEFEE, o AHTBRT A5 7,
< W72E, Shye A 28R vlE, Tye Xlﬂii

S} o) 259 Hololtt. T, EAAEEY B
18T AL B B S A0, ol et
A Ao 8% J¥F2 & & AUTh

Ef=AIRE Jhd St 24 37
SOLWEIG 201529 A REAN T4 A, ofA%

E

E, ol o

= 24 5 F VR &

3 BEAYS g AL, ofrmE,

E5Eo] 4= tHLindberg et
al, 2016). 24 42 st TEAEE A4
Gothenburg 3F¥ AZoA - A77F ARGE I
ZdoM 7|24 HA{EHe Base Y 7R
W H G A= WGt Abgd Adke, Sud] e
A9, Tkt Qol7h W 4 Yirk ES, BEE ol 2

2 243 1Y QZnE 1A EFL o]—/\uJ-E A4 =

27

=

_7
Rus

O

ofm, AYAG £ Solq TEEo] thrEo] ZazE
729 1% 9 A% AR 0|30l BAXY 4P} o

& o]z} It

B AL ol B Sstel e £AX9
S43 ARG HIE AAAE EANESY B5E 4
239tk BAREEA B4E AE] SEE AET
ol G ERLE Rt Wasth gl niw
HULEL e 3o gnEd gy et Bues
#olo] AFBANA #HF % SArkBogren et al. 2000).
Rt 2 HYAANA )2 B B e AEY
% giek.

T, diff — =0 * Npax —

AZIA, Ty 71229t H
AAS(Ts/ Ny )™, o= HHO
o] %7]-& 5 (Tstart) ©]th.

SZAAREY B fAE flste] PI (GWHW)EHS
A2ERE S BH2EQ e {EE ARt
Fom, £AH AaE= 2016 19 1¥YFH 20169 12
4 3197HA] 9] 7ol 1T ol5k]l B2 go|tt. HF
L7t AT LA AFE e HFAAARS
AHESETE Y E AESAY RHRXEARS} 725
AmE o]&sto] RHSEZ 7|2k o] A=
stlom, FUtt A B ae] AP AAS
AbEsto] ZAIR Y AEA B4 BE FE AMESt
Ach(Fig. 4). 7129 14 33t JfAE 4 g Table
209 Zo

~9_
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Fig. 4. Relation between sun elevation and difference
between surface and air temperature
observation on clear days at rooftop in
Gwanghwamun (GWHW), Seoul

Table 2. Urban surface characteristics parameter of
roof before and after the improvement

Urban surface characteristics parameter of roof

Ts/pmax Tstart TmaxLST
(©) © (Local time, h)
Before 0.58 -9.78 15.0
After 0.18 +4.39 15.0

10 PEEE—— 107(m)

(d)

170 PEEE—

10 185(m) 10 I

Fig. 5. Digital surface model of (a)
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FAOE HE FHoto] A FEHI} gk Apo] F7Ho) A
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Fig. 6. Sky view factor of (a) V1, (b) V2, (c) V3, (d) V4, (e) Vb, (f) V6
SOLWEIG B WolS 9ist 98 7latme 2 A1 9k Table 32 A0l A8 7latasel 24, B2,
o] AIZHE 712, F=, ARl A&E Ut AHE 714 Fughs HojEoh 20184 8¢Y 1949 B2 5359
AE= 4m EololA TSHE EFAA A=E o]&5H3 FAAGCE o|Folx V2 (GAIW)Zt 7 =4 ek
T, QAE 16m o]0 oUAFA T RS ol8st  onf H1sleL 3173

Table 3. Summary of meteorological input data of SOLWEIG

Temperature (TC) Relative humidity (%) Solar radiation (W/m?)
No. Name Min Mean Max Min Mean Max Min Mean Max
\%! JUNG 19.65 25.43 30.69 31.50 48.11 72.62 0.00 307.66 889.57
V2 GAIW 20.86 26.33 31.73 33.61 50.43 73.40 0.00 338.45 962.82
V3 NOWO 18.88 24.94 30.11 34.63 51.26 76.26 0.00 326.83 961.26
\Z! ANYA 17.50 22.97 28.08 36.49 55.70 91.24 0.00 326.32 926.97
V5 GANG 20.02 25.00 29.89 33.94 48.34 70.57 0.00 320.20 924.64
A\ GURO 18.97 24.37 29.63 32.11 49.24 73.46 0.00 338.63 974.28
2.4, BAEE A HE Uy 2 sgaislth. R SABtIA A%A% (coefficient of
determination)E &5lH, 2% 5o} I=H AFo H
O A AT AW SATHAwward g yere Mwely 0~ 19 WIR AXEL RV 19

downward longwave radiant flux)E HAFC. 2 SOLWEIG
oA wolE RS ofYASABEA0IN B2 B}
EHAHEY] AAE 1z v, R 9 RMSE g ¥l

7PthE & SOLWEIGO|A HojH gho] #&H 4o
A e GASIIE Ao AFE % AT RMSE
(Root Mean Square Error)x= 2@ d|&Qx19] 37|15 A
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283+ SOLWEIG $X 19
= o7l AHANA wAIZE TEE SFFATH K gown), A
FATHKyp), SFFFTH(Laown), S GTHLy) EAFS
H| 25} 3] o}

Table 49} 5= 67)

radiometer =

21 Y 13

AHo BAFS BEIE net
A3le} 7120 EANEEY w0} 7

MY g
systch. mojel Aw

= 3FA dlojg HozRE drht He

Z5%o|n, RMSE= Z&9] 1
glo|El7} & A3
g, =27}
=3 F Abol9] @17t 2F

F90] &
4255

g 77

=
grg

HE EAAEESY B5E o8¢ SOLWEIG 19| Azt
%

ST BAREE A (Kaon) ) BRI T GO FFS
& V1 (JUNG), V3 (NOWO), V4 (ANYA), V5 (GANG)9]
A R} 0.9 o]A}o] 2t Table 4). V2 (GAJW), V6 (GURO)

A QAN T AR TYAIFFOE EAXEE
X B4 A A, $0] LE mojollA] REHo R e 51
b BAZYA gho] LeRdth

SAAEEY B4 A4 A, FO BE BojoA] AR
ot BAEY AR, ST BAEE A K 3
Gt A9 §ASH ek, #23t mo) gE A W
2% 5202 YRR 0.7 o4, 1§ 4 A
0.9 o). EAAEEA B AT Fo| A5t
B4} 19| glo] BlS- AR}, o] wute] A9, Ejeko.
28 AR08 ey fiRo] EANEEY B4
o Qe A WA 9] ol

Table 4. Validation values of shortwave radiation flux before and after the improvement

Kaup Kup Kaown Kaown

[before] [after] [before] [after]
R? RMSE R? RMSE R? RMSE R? RMSE
JUNG 0.98 16.07 0.98 15.45 0.99 55.33 0.98 59.70
GAIW 0.73 46.09 0.76 40.43 0.75 229.75 0.78 198.58
NOWO 0.97 26.07 0.97 25.98 0.99 36.41 0.99 36.76
ANYA 0.94 15.65 0.96 20.51 0.94 95.22 0.94 95.22
GANG 0.95 15.65 0.95 15.59 0.98 66.46 0.98 67.20
GURO 0.77 2833 0.77 28.32 0.76 207.38 0.76 207.38
Ave. 0.89 24.64 0.89 2438 0.90 115.09 0.90 110.80

Table 5. Validation values of longwave radiation flux before and after the improvement

Ly Ly Laown Laown

[before] [after] [before] [after]
R? RMSE R? RMSE R? RMSE R? RMSE
JUNG 0.96 39.63 0.98 18.15 0.83 24.79 0.86 28.86
GAIW 0.86 41.58 0.89 25.65 0.89 65.99 0.91 66.68
NOWO 0.95 43.06 0.96 14.26 0.65 20.50 0.66 20.56
ANYA 0.88 47.40 0.95 22.79 0.77 29.38 0.76 29.37
GANG 0.92 51.73 0.96 21.65 0.88 4533 0.88 46.23
GURO 0.88 51.87 0.92 28.05 0.86 49.62 0.86 49.61
Ave. 0.91 45.88 0.94 21.75 0.81 39.27 0.82 4021
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Fig. 7. Comparison of observation and simulated (before and after the application of improved
urban surface characteristics parameters) longwave radiation flux for (a) V1, (b) V2, (c)
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http://www.ekscc.re.kr



42 Y57 -

o UER, BANEEY B4 AR Aol mojduis
Bl ) AFEEQITE VI (UNG)S] 79 134]] Ht
80 Wim® AZ To) 2HEom, VS (GANGK: ol
13 Wit B T 2gskenh 67 AHelA Aga
2jo] T 2740] Uehton, Hat RMSEE oF 45 Wi’

Ay A5 ERe ABSAoRK BEswoR
ol 9t 5 S4L 23 Utd, SOLWEIG 290

Toad°C)
8

01234567 8091011121314151617181920212223
Time(LST)

()

751 —— Before
70{ ——-— After

Tl C)

1234567 8 9101112131415161718102021222324
Time(LST)

(©

80
75 { —— Before
704 -—- After
65
60
55
50
45
40 -
35 A
30 A
25
20 -
15 4
10

Tl C)

012345678 91011121314151617181920212223
Time(LST)

(e

A o] A=A HH EXS Ts/pmax, Tstart, Tmax_LST
B Hgolla Ho] dpoA =AXEES Hapof whet

sttt fAd A EARAREAR EeES AA
2 ARG ABABS THHE FaE Aol
ofd AZERY olABELR Aol4 S 42E vt
goz MEHYUT. olg} 2L olf2 M He| wAA
HEA HE o838 SOLWEIG 2ojgt2 AA A& A
gomuy e 43T 2ASYA VS o] ¥

80

759 Before
701 ——— nfter

65 4
60 4
55 4
50 4

O 451
& 40 4
= 354
30 4
25 4
20 4
15
10
54
0 . . - - - :
012345678 91011121314151617181920212223
Time(LST)
(®
80
75 Before
70 { —-- After
65 o
60 4
55 4
50
o 45
= 40
== 35
30 4
25 4
20
15
10
5 J
0
012345678 91011121314151617181920212223
Time(LST)
(d)
80
75 4 Before
704 —-- After
65 o
60 4
55 4
50
o 45
= 40
== 35

30 A
25 A
20
15
10

012345678 91011121314151617181920212223
Time(LST)

®

Fig. 8. Comparison of observation and simulated (before and after the application of improved

urban surface characteristics parameters) mean radiant temperature for (a) V1, (b) V2,
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