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ABSTRACT

In this study, to determine areas with high thermal stress in the city of Cheongju and properly respond to damage from

heat waves, the scenarios of roof greening, cool roofs, cooling fog, clean roads, and urban green spaces were considered.

Using the urban-scale microclimate analysis modeling method, it was determined if the heat wave damage reduction facility

was effective in lowering the temperature or thermal comfort index. Cooling fog and clean roads, which are implemented on

short-term scales, showed temporary temperature reduction effects using water, but also rose slightly with time delay while

lowering the universal thermal comfort index UTCI. Long-term green and cool roofs have the effect of reducing the surface

temperature by changing the albedo of the building’s roof surface. In the area with a cool roof, the temperature decrease was

large initially, while the temperature increase was the weakest despite the increases in solar radiation and radiation during

the daytime. Based on a detailed analysis of industrial complexes with the highest heat stress, the scenarios that lowered the

UTCI were cooling fog, cool roofs, and urban forest creation. If these three scenarios are properly implemented in industrial

complexes and surrounding areas, which are the highest heat dissipating areas in Cheongju, the urban thermal environment

and energy consumption will be improved. It is expected that the results of this study will be used to increase the sensitivity

of decision-making processes for installing heatwave reduction facilities and heatwave response policies.
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2.2. 07|12 2M2E PALM

PALM(Parallelized Large eddy simulation Model)}= 1997
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Fig. 1. Average land surface temperature distribution from Landsat-8 for 10 case days (left) and top 20%

to 40% region (right)
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BiZI7] - OJxHSH
Land surface temperature (°C)
Count Min Max Mean Std
23841 14.47 32.18 22.08 346
493265 19.41 37.93 24.44 2.38
396258 17.48 39.38 28.27 2.00
53432 18.68 4233 2976 243
76566 19.71 42.88 30.69 1.99

Fig. 2. Comparison of average land surface temperature according to 5 types of land cover
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Fig. 3. The composition area of the meso-scale meteorological model WRF (D1~D3) (left) and the area

of the urban climate model PALM (right)

Table 1. Model setup for PALM numerical experiments

Settings
Fortran 95/2003

Programming

Table 2. Types of urban structures and classifications

entered into PALM

Urban surface type Classification code Reclassification

Discretization  Finite difference method, Arakawa

in time and staggered C-grid

space 3th Runge-Kutta
Numerical
Parallelization 2-D domain decomposition method
scheme
Advection .
Sth Wicker and Skamarock(2002)
scheme
Pressure solver Iterative multi-grid
Turbulence
Moeng and Wyngaard(1988)
closure
Urban surface Urban surface model (Resler et al., 2018)
Physics Land surface Land surface model (Maronga et al., 2019)

RRTMG, Radiative transfer model
(Resler et al., 2018)

Plant canopy model (Maronga et al., 2019)

Radiation

Vegetation

et al.(2018)°lA AAIE A& ARESIRIL HE UjFoA
Al o] oJgt T-AF A} A (Stewart, 1988)0] 1L
H57 44+t PALMS o] &3t A}E]e 28 M4
o thet By wrdS Table 17} 2t} 9] AEE 13
g AP E AN EE BYIHL urgstr] 5|
PALMO] £5 7He|azejof] 5| 2/ st3iTh(Table 2).

2 Asphalt
Pavement type

3 Concrete

1 Bare soil

) 2 Crops, mixed farming

Vegetation type

3 Short grass

14 Bogs and marshes

Water type 2 River

o] AGA] 7], BHLE, AL Universal
Thermal Climate Index (UTCI)S] WSIE EX51a T4
g 7\E0R slo] LEAZ BIE BARISIT UTCHE
7197} Azt Bl Aeld QRotE e 240l
H(Gosling et al., 2014), A7]Z(Bio climate)7} & T 2
2of| A= FFE AST & s AEA UTCIY] 88
4 Q1= tH(Napoli et al., 2018). UTCIO| w2 GAE
gl BT 32T ~ 38T7F 4% GAEFA, 38T ~ 46T
7} WlQ A3t GAEHA, 46C 2} T4 QAEFHA
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Table 3. Setting up the model for applying the rooftop
greening scenario

Roof Wall Road Green
Albedo 0.17 0.35 0.18 0.25
Emissivity 0.93 0.90 0.90 0.86
Heat capacity o N ¢ 2.00X104
G 3.75X10°  2.11X10 1.94X 10 o
(JmK") (Jm K")
Themal
.. 10.00
conductivity 0.93 2.10 0.75 P
ot (Wm™K™)
(Wm™K™)

3.2. 2AH=3KGreen roof)

A== AE ASHY HEY A 2 STk
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AR A Fee] ABWHE 52%)° HFEE=
Bl =X 0%0]4 40%= WA Zon, &4

2018,08,15,
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ao0p £ 20 4or 1] 10191100
36| | 18| 38 101720

e e N
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Fig. 4. Weather information on August 14, 2018 (R: rain fall, W: wind direction, S: wind speed, T: air

temperature, P: pressure, H: relative humidity)
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(a) (b)

(c) (d)

Fig. 5. Scenario of temperature reduction activity factors. (a) classification of
buildings for the green roof and cool roof (non-house building: red,
housing: blue), (b) Jikji-daero and equivalent street for the clean road, (c)
bus stop point for the cooling fog, (d) urban green area (existing green
area: green, additional green area: orange)

Aol 5| Leaf Area Index:= 1.5 m/m’C2 ATt 3.3. 22I(Cool roof)
(Table 4).
EFFILE Aol TR (EH )0l =2 E'E FHA
Table 4. Setting up the model of green area ratio for T WATECl ¥ Ao AAHE ’57‘]5}@] A8 249 1
applying the rooftop greening scenario H 2EE WEe 2 Ao S0 FEe dol ¥
L WA AHLEE 4~ ST FE Wit At oot
Green. Wall barea Windov.v area Total uy 54 _L_‘_ E]] B qu_ Oﬂ/k‘]"‘ Zen A -?—]5‘]], Az
area ratio ratio ratio ?jﬁx]—iﬂ]k] _T_ 94 ag(tﬁl;ﬁlg 2%)01] EH%LQ}E_ _l?l_
No green roof 0.0 1.0 0.0 1.0 —r-,] OEPHﬂl:,_—% E}_ﬂ} 7‘:__]'01 #X%é}@q-(Table 5
Green roof 0.4 0.6 0.0 1.0 = = oA :
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Table 5. Setting up the model of albedo to apply the
cool-loop scenario

Shortwave Longwave Broadband
No cool roof 0.17 0.17 0.17
Cool roof 0.90 0.65 0.77

3.4. 22 =2E(Clean road)

SHEC AIARIL T2 ASR]EHN, B2 S0 A =
E£& B & BAbolo] LEELE 2 S =2 Al
oo} WEshs AlAgolH, ulAHA] A7 ZafEiak oluet
LHeEr}t fadhe e ATt AXE Qlok 2
Aol Ae FFA BAYTF] Az} FEFe
AR A Go] 13A]RH 144] 1AZF B9 249
FUHEAE TIAA, SHEE a9E FEAFH A
2o AR sigshe FE(Fig. 5b)ol UFA S7HEF
< 10° s 2 AA8IA, YAV 100 m olA; |A] &

st AAgstolth. S99 Fue mefshu, Sure] A

HHZZ] - OIRfH

2kt $uo] W (runoff)S ALHSHA] FUTH.
3.5. 22X 1(Cooling fog)

Zoup Aue] W2 Il mAl AR
/1005t 27N)E ZARs 571 & B 5719k tht 719}
ol w1 g AgEE she it ok F19
2EE 3~ 5C Afshe &3t oAl s, 577t
B2 PR, HAYRAY, 59 471% 5ol AsH
AgZEoIth. & d7olAe ZFAl HaAgARel 14
SYEID A2HS Aot} n]AES BARBK: AlUEes
283 AHFig. 5(c)). HAHAT A9 Aoz FE Sm
Aol HAFE ] AAE ZAFSHAL RO A 27] <
YA 271 1.5 x 10° mo|H FHF7]eF Fugto] of
FOIX A A7 w2t AR=7]7F BHA . 102 vhet
2} 3 ARl 1000719 HIRRE ZARIAAL, 2 PR
874 F 200z Fof AEABEEA DA AR
= Q1e] SHFAL} A top) A0l FRA= = A8

S, A 8 A80) FESHE AL WAk Ayt

(a) Control case surface temperature 13:00

(b) Control case 2m air temperature 13:00
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e T

2000 4000 6000  80OO

40

6000
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2000 4000 6000 8000

(c) Control case surface temperature 14:30
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6000 -

4000

2000
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(d) Control case 2m air temperature 14:30
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6000 8000

Fig. 6. Surface temperature (left) and air temperature at 2 m altitude (right) of the control case (Unit: °C)
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3.6. EA|=X] ZM(Urban tree)

A7 ZAIZAEANE BATEoE ZAAY
A ARS TIASE EE 1040] A'g W7t ZAEY
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At Aefet dHE EAWQA@ 279 AHELA &
Aol wet 20009 HFE "HEQ AE W o]gof Hzt
HE o 9o A7 vAPH FEHE Fopdls T
20208 7€ 1Y¥ A5 HAEHH, ol ZAZULEA
gtk HFA A7 HY ZASAEA) FAE R

o 2EXY a1t FFO

i

3 o7 785

A2 Aueleg 4859, 7]

A (T

7hel %22 Hate] A4 Ans st e
Ao $3 12mo] FP5E HA8IATHFie. ().

4.1. 3F X9 oY AL HF Het

AFA EAAGS Aoz 2018 89 13Y 124] ~
I5A] ¢ Ao Ho% A F 134]9] A #HUL
Z9 2m AEOA 9] 7XEREE EA5HTHFig. 6). Al
FHREY AL, TAYERLE 50 ~ 60CE BE5H0, z}
ﬂim} Uz]o] 49 35 ~ 45T, #EX]OD& 25 ~30C

FZFITHFig. 6(a)). 2m IEO[A 9 7|22 tiFE 33
~35CE RISt $EAFL 27 ~30CE e U

(a) Difference 2 m air temp. by green roof

(b) Difference surface temp. by green roof
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Fig. 7. The difference between the control case and the green roof. (a) the air temperature difference at a height

of 2 m from the surface by the green roof, (b) the difference in the surface temperature by the green

roof, (c) the histogram of the temperature difference at a height of 2 m in the target area, (d) the

histogram of the difference in surface temperature in target area
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Fig. 8. The difference between the control case and the cool roof. (a) the air temperature difference at a

height of 2 m from the surface by the cool roof, (b) the difference in the surface temperature by the
cool roof, (c) the histogram of the temperature difference at a height of 2m in the target area, (d)
the histogram of the difference in surface temperature in target area

AHET oF 5C AX WA EXIATHFig. 6(b)). Akl
o2 Bigto| A 144] 30270ll= A EH 7FEo] F7F5HA
=31 o]& QIgE 7]20] 36T 7HA] S7FsHA HrthFig. 6(c)).

S35 23HGreen roof)E A-&3t Ao = EH2EE
oF 7C 71 Yol o, 2m 1 E9] Vo= +1CE &
HI7F YetA] ed=th(Fig. 7). YHHdlo s a9 ES}
L33k UL Zol= oFF 11.2C7HA] Zol7}
UARE 7122 AE 9 71240 wet I Aozt b2
Al e TH(Song et al, 2013). A=A AL 2
FYEE AL AREIL 2E4b5o] SRR T A4
53} FHOME 2E4%0] tha 81, ol w3t
A9 FAITE B EFEETF E HAFY olsof E
FE 59 Y FFCE UFs ALoE HojZlH.
T 7 2EEE 70| AFHAY A5EHe AY9E
o 3 Uet(Fig. 7(a)), &/d=3t2] AvE wdstr|7t

Journal of Climate Change Research 2021, Vol. 12, No. 6

ot} FEART SAsh 484 Ao (Fig. 7o)
£ HH 1Ao7t F9l 3 Ee 29 Fhol fAHA L
Jof. Qubgoz ojglo] 2zERo] SA=sERT
25 Ueidied, #H2: 440 adg ot
gsjols w3} Yot UAlo] HTE HATSIE
o= 71247 837} Yri(Song et al., 2013).

p

L e Hr
it ox rlo

N
N

S-S FHol Y AYE FHoE A Il 2
I, AAE SEYHE 9 FHEAY AER S5 f5
5ol 9T vk

ZFI(Cool ro0H)E 283 AYoM= ST A8 &
FAL T} Y oF 20C FEAA| FAadsts Ao e
Wi, 7182 & Wit UehAlE oy AsEt=

ARET7t B Ao 2 YERthFig. 8). A& A3t Fof
i3t XjolE S|AETH O R BT A} 2 m T4 9]

7182 0C o|sH71& AZHE et Aoo] tha: ghe



ZAIL = CHSAM

o7 yehg 259 ¢ 0T olshEgt ofyzet
20C7HA A% 1'51% ‘7: ] LFEFHTHFig. 8(c) and Fig. 8(d)).

o8 T2 2EAE A% SEE J849 %
Hero] A9 oF 10c 15C A% A7=AckFig 9). 2m
NEoA 9] 7|22 FHH 0w & W7l Holx]| grol,
FAHCZE S FAGoA 1T ~2C 9 Fa7t Vepd
o AE AS S|AEDH 24 43, FF 24 AAAY
oA A& HF| 2}o]7}F 0T o] SH7|2ATHE UE =
A9o] tha WS oH, RHUREE HAshs A0
o] @A vepdtt. S92E71 489 A= <
15C 74 202 Uehth(Fig. 9(d)).

SURE A{or 7L, §k, FAEARRE, T59
HILE ARG, o] M4ES o]8ate] A9 dAEH
A A4 I A A 4(UTCI, Universal Thermal Climate

Index)& Z4IA=H, HFES] A oA Tt EAE

9| 2E=XY

o]

24 =0

tor i 787

r

& S0l e on, 29 258 A& 2 e
UTCIZ} 1T W92 Faste AdE HAth A=
= Hastgod, dAEHA S50 T2 € Aes
ofd Zo= Yeit ZUEE A8 RULEE S
StA ofa, 7129 AR A= A our UTCIS] H52 o
Yot EAtt. o= Fto 7122 1T LHS’JE A 7+5+el
Ag UTCIY 9 = 555 7} EAle, okt
TEHO0E QR Ao E wohHErh

E9E(Cooling fog)E 283t AAHNA= FlAS =
e YRS BT FPEE AEHE MR
FA QoA 7]0] mAISHA FAEE S HERR
7] Foll ®AFShH= HAlolojA RH2E0] ¥k UEt
A ¢kl 7129] B9 1T A= A7Eth(Fig. 10). A3
FHED AFolA ARTo] dHE A HJoj|A FFEIE
ANPEE o, 719 AFE oF 5C A2 YER,

[e V=]

rl

0.

Q.

(a) Difference 2 m air temp. by clean road

(b) Difference surface temp. by clean road
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Fig. 9. The difference between the control case and the clean road. (a) the air temperature difference at a

height of 2 m from the surface by the clean road, (b) the difference in the surface temperature by

the clean road, (c) the histogram of the temperature difference at a height of 2 m in the target area,

(d) the histogram of the difference in surface temperature in target area
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(a) Difference 2m air temp. by cooling fog (b) Difference 2m air temp. by cooling fog
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Fig. 10. The difference between the control case and the cooling fog. (a) the air temperature difference at

a height of 2m from the surface by the cooling fog, (b) the histogram of the temperature difference

at a height of 2m

(a) Difference 2 m air temp. by urban tree

(b) Difference surface temp. by urban tree
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Fig. 11. The difference between the control case and the urban tree. (a) the air temperature difference at a
height of 2 m from the surface by the urban tree, (b) the difference in the surface temperature by
the urban tree, (c) the histogram of the temperature difference at a height of 2 m in the target area,

(d) the histogram of the difference in surface temperature in target area
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ZAW FF HSAIYES 2=XF &t FFo| 2ot A7 789

UTCI9] 7 ot @A A== 237t AATHMontazeri
et al., 2017). ZL24 T4l HAG AT | A& sto] A
T Aole W7l FY 5, L 59 8o rE 1 ayt
of gt 4E7F Basit

AR Yo 7125 Y 29 59 AFE ZL(urban tree)
o] 24E AF, ol 2A4HE A9E FAHLE 727 A
BY 2E7F WolAls A YEth(Fig. 11). F7t=
<o] FAAE A7) A ZAlFHo] HA = £/40]
E= AQ)oA 7]=0] sPEEE BI7F e o™,
2E= o 20C7HA] FAEE A Fo] YERHTHFig.
11(d)). o] 712 2A4gl ot FFA] Ayt 43
FZ Fstod, 24H A FHA = AHHoR
712 4a anF =4 UEsTh

H>

of

¢

D
N
rx
10°]
rn
XA
=2
0

o ALi2|e X1t UTCI

TEATA ZAY FFAATA Y ghdo] Hagzta
T 7122 320 ~ 36T FELE AA G, FAXY
of Hls) AR = vehdth FFAdTA] F¥A|
o9 vie] A% AEAFS dol7ke v 3m/s 0]
49 F&502 FHor Aoy RO HPAIE
FZo A= 2m/s o5t F&o] YEhdth 7)ol &7t H]
WA ZA =] £ELE9 £F TS AlStE o] AYAH 5
o= RE RS YL AE Zor woHn HF
AR E w2 7129 220 vjo] &, 5 59 &
A EZE @A YERa §lof, UTCIZF 38T of4d<l uff$-
33 QAEHA SFoE Ushdth A4 Sol A
FAAY oM e GAEH AL okt HAEHA
E AdiAor SHo] @A yehdth

2/3=2KGreen roof)E &3 HYPoJME FEAHY
thu] F2ho] BHL LY FAE oY 71209 T
2 IA YERA] gekoH, ol F4:0] Wt e
2 gL v A Yo} UTCIE ¥Eo] Ueh}A] gkgtet.
FFI(Cool roofyE A-&3F A= AHCE 7|2
o] 1T W& Rolx= Ayt yepdrh E2X 99 B
PAzolol BT AESA F29 7]20] dFog
o Zadcte 4TS Bk By W2 wAo] 7124
& BI7F UEhg AAdeA] diiE A HoflA UTCIS Z
A7F el 49 ARH2EoAE YefhRol,

WAoo g RHZETL Wi 2 3olH &
Fxo] izt aBE 7T 4 Utk EFT AEAR] 2
UEdY 23, SR EE G9reA 557Co A 2%

N

2
i
L
N
rir

i)
=
Y

£/ 30302 254C 9 ARATNE YEhLL AURE
9] AL, Hu] 1.58C A4St YHFOoZ2E 0.84C A
19 th(Seoul Cool Roof Standard Introduction Plan,
2017). S YA ZHoA = SF I Ao AY2:
1T oANHA LB 7% FALE07F kil BAshelar
J1u §RAREO] wof FHAYOA Y w74 5 EF
of thet o] "astrhal AAIStaL Ut

SR EE(Clean road) A-E&AF oA = HFAITEA
AR 2 drfjof] Eo] A= o] uto] BgE AL,
o] AxH =EFHO HPAINLE 7]20] 1T R
o= A7t YEhETh B89 7|21} EH == Hot
AN $59 ¥t 2A YEhA] 24kt 7129]
ofA UTCIOA 1 ~2 T 39 #a7t YA, +8
459 SVIR 7|47t AHE o] UTCIS| S+5°] Wol
4 Aeo adte YEA| skt S9URE Al gt
2 L 20| A4E 5p7] 4o 722 BEAY RS
S7H71E GAIARD a7t oy, LA EARGo]
W2 RATIOlE AlRte] AE(0E ~ 1A7E F)of whet
S&ol| 9o ¥4 MBI} X[&Ado] Wt HTol=
Aged 4 HPAE9] EA| S F71 59 olfE T
9 B AYst, A& F ot ZEEA i3S ¥
T2 uAEA] EAYo et AF o2 AAEI QIrk(Kim
et al., 2015).

S X I(Cooling fog)E A3t AYAE HAHT
Autth FYR20E AL Al FEELV AEEHE AF
¥ O FHe] SRS FTeHY, ti719] 2271 R3St
A HFachs @42 UEHA] gt 18y $EE S
7F=2 Ql8ll, UTCIZ}F 35T o4 30C & H4ssho] gt 94
EgA gA7} ofet SAEHA GARE HEE A o]
=0, o] X2 AdeA] W &dgolth =27t =
A3} FHAGo|A FPE19 gyt f EA S
5] e AgEY oA duEE FIof|A ] anrt
o & Z°F HoEr).

TA & 24 F8AF(Urban tree)o A& 7259} =
Awo] Z7Ko] ke ANrESl 7@ Ago] Lhehte
w7} 27bE 2o FHY)2L 2C R FAUT =
Ao Ao Qs EAGIE Wsh} ek, =47}
AR Ao FHos MERTT Ad Fol Yl
NE ABF AN Gastd B0l A9 Wtz =
e A4S Rt slewsiel Fsusie] o
uTCIe] 227h AolalA] WasIow, Aol 24
wAFH0 EFAAAE UTCIE ST o4 Z4sto]

I 10 K

[e)

AL Mo o

A

o 32

http://www.ekscc.re.kr



790 US7 - O -

GLEH L GATL SigEe A9E dEhdt =AW
«°] FE 7IeAH Bk olv] g2 dFSolA AEst
I gleH, 713e] JHRBANA ot A 5
£9] 9k, o], BEHZo] AAHIL Q. EA9} ¢ U
Ho| 9] 7]2xol= 1T ~3T7HA] Aold 5= Ql&d],
S0 2A1Q] BAA A Holls g2 712(=A9] 7=
I fADE HERAIRE Hols o o3 d4Ee 2
7t BAAGA ik WE 7123 Aol HEk(Yi et
al., 2017).

4.3. ALIE|R 8 EH2E9 7|22| AlZHHS}

HHE 5 (surface temperaturey= Z} ALY Q0] <Jst
EX & 37t -G E o] APFE G, o] wet v)r]e
oA 9] w7 S4=o] AZtE Warh H-8Edct
A (control case)2] ATfoA EH2E= HHoA &
FH 2 EXEY] AIE &7 vt E o] YE
= ¥ & Urh(Fig. 12(a)). &/3=2Hgreen roof) A8 7
& 9 A ARSI} GEgE o] Ao SA RIS
| 2= 13 (Fig. 12(b)), EFI(cool roof)2]-8-2 LH]
L7t ¥4E FEo] EHLo HrgEAth(Fig. 12(c)).
SREEE AU 220 S92 FAst] EHLE
of ¥rd = aL(Fig. 12(d)), B71PHPE FH5A £A]9
257t ZAlSY 2 A 2N F7HE0] SAHA o] St
H FEo] xH2Lo] vHd=ITh(Fig. 12(f).

2m IEOJA 7|2 BEH U0 W= HE of

O

HE 23S ot EHE 2FEskes Wiol g A
dollA o A 7|24 EIHE Hol= ZA0E YEyt
(Fig. 13(b) and Fig. 13(c)). EE2HAA Q] SR =] A
-, BH2E9] #sPF 7t 3A vEida 7129 Wt
= YRSV AYE A oAM= oF 1THE HFasH,
SAo A= AFBRIAIE Hoixy, 1 FHAH7IA| ] &
= YEhA] 2dthFig. 13(d). 7I24 2 ZAISY =
A& HE3 BA 52 At oA 7t25E et &
H2E7F A7 837 Yega, 71E ZARA 2o
F7te= SRR A w29 FH AG7HA| SiES &
o AUATh(Fig. 13(f)).

GA ATFYG AJRAE AFoE g 6714 AFEo
oA, 134] ~ 14A4]9] 7|23} EHLEO] XA -Hi- X
- Aotk Table 6). ZF Ayl 7t 4849 31H
Helel W&o T2 7] wjio] AZ7tol| drjHo= H|w
st7]ofl= Alko] ot & Aol ZF AlueE] e {80
et =AY 83HE B4t A 6197] WiEel, 485
FYoAY F&gtol u7t glon, 7| 9 HHIE
HE FEAEEYE &gl WoldSES ¢ & Atk

Z A e A-gof ot IAAH (LT EAIA )]

(a) Control case
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Fig. 12. Control case and scenario applied surface temperature simulation results in the industrial complex area
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Fig. 13. Control case and scenario applied air temperature simulation results at a height of 2 m in the industrial

complex area

124] 30832 308 7HH 02 15A7H4] 7] 2HstE 24
SFT, ol AIZHS UAS} BAjol thet o] ekt
AHom B % Q. BUNYE 2 A} 4ed
A7 F T ARl oA EAISHATH(Fig. 14).

ZYZ E(clean road)= 124] 3025E 13A4]9] YA|A
A AMAAFFL o Agto] o] wet tha AF5o}
= AFS HolH, A& AR fute] SHE <l
sto] Asohe AoRE wHET S/4=35t (green roof)
A-&H Afoll= BOAIZE 27191 124] 308 7|24

2I7F A YeEpgou dARet FAPE gobg o] mE

1

Table 6. Statistical value of standard experiment and scenario

1 A5Eo] A YEGTH EFZ(cool roof)= Lo A
7+ 271 124] 302°= B2 7]=2& Holu Akl A
o mhet A&l Qs Bae] GPoR HEAFS
Gt 22 o] 123t @ vlnslojol 1
ANE o A8 4 Utk SAd=se SURERY 7
22 AgEHAoY, Azt wet F71shs F¥el 2
20k A8 Uehde. QAsh Bap9] gao] AX
Aol Etokal IR Lo Hgf 7|20l A5E=
Zo| 3A] %4t} TA| FU=SA|(urban tree)ol| A= 7H

W2 7122 UEigleH, 720 4 #AEE

application, Differences between each scenario

and control case experiment are in bold (unit: C)
Min. Mean Max. Min. Mean Max.

air temperature air temperature air temperature surface temperature surface temperature surface temperature
Control case 27.6 34.0 36.2 25.8 48.8 60.6
Green toof 27.1 34.5 36.7 252 46.3 60.9
-0.5 0.5 0.5 -0.6 -2.5 0.3
Cool toof 26.6 33.8 36.2 25.1 45.4 60.7
-1.0 -0.2 0 -0.7 -3.4 0.1
Clean road 27.2 34.0 36.2 24.9 48.6 60.6

-0.4 0 0 -0.9 -0.2 0

Cooling fog 27.1 33.8 35.1 25.6 48.1 60.4
-0.5 -0.2 -1.1 -0.2 -0.7 -0.2
Urban tree 27.0 33.2 36.2 25.6 47.9 60.5
-0.6 -0.8 0 -0.2 -0.9 -0.1
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Fig. 14. Time change (1230 LST ~ 1500 LST) of air temperature according to the
application of scenarios and points of interest (clean road, cool roof,
green roof and urban tree) within the industrial complex

A S % Atk & APL M B
ARE 124 ~ 15412 ARskged, A
3 A% 7o Wst 5O EHEAL 9
4 mol7t Bast

2 7] 2o] et
Uele 28] of
S 24413 of

4.4. 2 AXIE ALz

7} Auel @7t A8 WAl ugo] whet LA &

=2 BN 98], 949 AxE VEow A" 7L
< AL AHdEA9] | Bt 7 2AHFEAE- AW
2l AU [Cle, offiet ol HoASHATA D).

Table 7. The difference in surface and air temperature between the control and each scenario application

experiment (per unit area 1 m?

Scenario Calculation details Surface temperature () Air temperature at 2 m (C)
average temperature difference [C] -5.29 -0.17
area of application [mz] 1,596,400.00 1,596,400.00

Green roof - - -
average temperature difference in industrial
. -1.26 -0.04
complexes area [C]
average temperature difference [C] -17.85 -0.47
area of application [m?] 1,596,400.00 1,596,400.00

Cool roof

average temperature difference in industrial
. 424 0.1
complexes area [C]
average temperature difference [C] -17.17 -0.81
area of application [m?] 122,000.00 122,000.00
Clean road
average temperature difference in industrial
. -0.31 -0.015
complexes area [C]
average temperature difference [C] -1.32x107 -5.53%107
area of application [m’] 12,800.00 12,800.00
Cooling fog
average temperature difference in industrial B .
. -2.51x10 -1.05x10
complexes area [C]
average temperature difference [C] -13.61 -1.85
area of application [m?] 396,400.00 396,400.00
Urban tree - - -
average temperature difference in industrial
-0.80 -0.11

complexes area [C]
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g x

A4 [m’] (M

ARARE L3R AL o] AAFEAL 6,720,000 m’
FOo 2 ZF Alyg o] tisf EH2EA9}
2m TEA Q] 7|25 A3t Table 7). 919} o]
3 1m? o 24" BHeTo] Walafo] 714
L= FFIE UEHOH, 453 A &,
dR2E £02 YeHY S92+ v ot 297t
TEEFQIh 1’ F 7| 2A7e] Witk FRIel TAl & X
dol 7P AA YED, &5t 1t & U
Bt SREEe} X 7|24 #gkgo] o
oFsHA UEtET o] it 2= IRt FH2E2 2 m
NEoAQ] 7o) tigt Adtolw, BEAQl Y3 HE
sh7] feiAs 7128 ol BARRE, 5k, 53
A o] M4EL] S 9 Aho wet §istE= debs
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0
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rhu

2 ATelAE A9 B9 2 HRS BFL Y
o7 EE1 Q= ey, FJEFH HILHHE o] 85}

> o 1

of Q94 2AE AN 1 GRE PR 59

4 O}Oﬂ‘;} H/Hod J Z]£@%£°ﬂ*1% =4 5
*1 AR Bo] 71 w2 HEFAES 20%)S e
won, AF3dH FAAQANNE B2 FEF(TH
30%)= UEFHT @713 ZANSoE Algstal e
2 X TI(cooling fog)2} ZHUEL (clean road)= E& o]
235} YA Al 7|eAq7 adE Yty 9ot o
Aol BALFO] F7kohs RAIZE BRF AZFA| A whet
ThA Ar2elis AskS Btk Zeazco] A9 mdd
A ke RAA|A 7] 20| A7E T 3080] AU 3ol
IARE 29 Z2FE L 1540 7]20] 1.3C ASdie=
Aom BAHJL, FFEI+= 7|20 A= FF2
Ak A A5 UTCIE §F BHA G2 202 tﬂs}

AR, ol Hdo0] S7HRAT Fzoloke] 5¥

ol ojsf Wste Aoz H]lth gt /e 3to] of
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