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Abstract

In recent years, the urban thermal environment has become worse, such as days on which the temperature
goes above 30°C, sultry nights and heat stroke increase, due to the changes in terrestrial cover such as concrete
and asphalt and increased anthropogenic heat emission accompanied by artificial structure. The land use type
is an important determinant to near-surface air temperature. Due to these reasons we need to understand and
improve the urban thermal environment. In this study, the fifth-generation Pennsylvania State University-
National Center for Atmospheric Research Mesoscale Model(MMS3) was applied to the metropolitan of Daegu
area in order to investigate the influence of land cover changes and urban modifications increase of Albedo
to the surface energy budget on the simulated near-surface air temperature and wind speed. The single urban
category in existing 24-category U.S. Geological survey land cover classification used in MMS5 was divided
into 6 classes to account for heterogeneity of urban land cover. As a result of the numerical simulation intended
for the metropolitan of Daegu assumed the increase of Albedo of roofs, buildings, or roads, the increase of
Albedo (Cool scenario)can make decrease radiation effect of surface, so that it caused drops in ambient air
temperature from 0.2 to 0.3 on the average during the daylight hours and smaller (or near-zero) decrease during
the night. The Sensible heat flux and Wind velocity is decreased. Modeling studies suggest that increased
surface albedo in urban area can reduce surface and air temperatures near the ground and affect related meteoro-
logical parameters such as winds, surface air temperature and sensible heat flux.

Key Wonds : High albedo materials, Cool scenario, Urban thermal environment, MM5

1.4 2

Corresponding Author : Hwa Woon Lee, Division of Earth

Environment System, Pusan National University, Busan 609- - . 2
735, Korea Y ek A g} AhEle )l NS FQFA Sk
Phone: +82-51-510-2291 Hy) e A YA F —‘L‘:‘_i AT 239 g

E-mail: hwlee@pusan.ac.kr



424 SEER

AL dE fddtdnh 53 mAg wE = A
ool 58 ¥4 P HAZE Z719} 2 AuHE
W3, AFF2E] 2% AFTEY Sy TA R
9} QI A5 g QA+ F7He 22 adEY o
3 TAEH 2L HAFQ) 71EEEI FEEA
o} whgA ol g TADH S gsEr] A8 OF
g W Ee] AAHL e dEFHoE 1FE
BEE AaAFIAE AT AT 53 AT B4
U =3k e B4 FREY s FUHE
53 =4 94E ggstad e A7Ee] &
o235 g}’

v#y zda vBlZedT49 Rosenfeld 29
oEd AEAh, 4, WA e 4& A3
o] =AM AL F= 259 1% TThe B3
3o, 2R BTE TA A T2 Wz TH(:E
Z, A% B)o] Bg R e lRig F55le ®
Al @4E frEsita 29 ol s #AE A
A7) 43 F2 S SaAGT B2AU S84
dol FE )F2 AT S HF AL We
Ast ABe A5 BAZ NG FAE Yo g
A7 B3, 2A AEHAE 5L £33 8&7 Q)
FRRE AAH 3o UEE 4AE F U=
Zbo] ¢ S Hol AUs Aot utela B}
HAF oz YA HET ¢ I Wl B4 722
ol SHIEE F/NA EAEH S 938 £ ¢
=2 e A, Taha's £A19] A7hAst 248
2, 0% FREL G EI} Yol Be HIIS
WolEojnl B2 45 AAse 4do] V] HE
of e 2 =2 23, AEY YL Yo Mo
WA Eed G EE FAohA GG S Eoln
4 F5E 29 B4 7122 APAE 4 ddx g}
Aot

ole} o] FHHoR A H2Y F AT g
E ZVHE o] 8% =4 484 s ENE FHEH
o2 ARy YIME AEHY FHE FAEY
oA AuE ¥ F= Aol Fadd A &4
T SA7EY ZddAe giiE v Ao
AFetn Qe 302 AR E AFE o83t &=
A} A 9L 3119 urban category®E E RIS FAR
Aoz 4A TA A9l the B4 b¥
34, 74, A4, 382 e 19 FHA 23

wo el ol of

f1

. o}ﬁ]u

o

Fdg e ol gol BEn

welr] B dpME SR 78 B MMS
{Mesoscale Meteorological Model)& o]-&8lo &7
Bl Agse e SEF EA HEARE
o] &% HA9 uAE EXNAEARE T F5
3 T AP A9 B4 2BAY FHE
28 dFALL dFes EA E8E L FF3)
sARHTA o0, PN Ao 9F &
Al G873 NAENE AR dHE R STk

. °
21, XY 9 mdel
Fo] ARG drFgAe T F
& AU Sy FAAZ Ve YR

| g EAojth =AU E 8739 #X %
A AR 2HE %) 98 AExEY AT
g Ago] F8 Y] =Ho WA= 714E
o] FEIHY 20043 69 24U E FARY ALY
2 A8tk Q3 AMEE X Zde AdH
Uol sty v AP LrL FEoR A
T F AsHoz AAse] AAder A7 R &
Qo 71 2ol o] &FHx Y= 33 ty] 945t B
@ Q) Penn State University(PSU)/National Center for
Atmospheric Research(NCAR) Mesoscale Model 24
z7lde FHE 71 dZd F2 AREAeY
A2 SRR v @ s A8 sstes H
=

BN G873 83 R 7] A3 B
A7olA AHEE 33 F 5AH3AE RRIM
(Rapid Radiative Transfer Model) Longwave Scheme
S A3k 37, oladsiEAa, 2 A F A
T EFF ~HEY ZHE v eH, g7 B4
Zo) Y Ejoge A, 7, 28 T
e 98 FHAE A 98 HigAH 4
32& 12l8lE Eta PBL Scheme ARE-3ISith
Explicit Moisture Scheme2 Dudhia schemez}il 2
e 4 91y simple iced Schemeg AME-319 0.1, =
¥4 B gL AFFoR 5A(1,248,16)F 22
2559 47 B2 $342 Fo ALAE
LEE sl ARHoR NEW LY YW
£ w2 A 228l Five-Layer soil schemed 21¥)

_.,gr
Hr = e
do
ill



AT AFEAE

i

HATY. $Amoo] ALSE FR wue) 27) @
BANE Are HA LY 347 &9} KMA RDAPS
(Regional Data Analysis and Prediction System)Z A}

SaRon, A% A 98 AnZE 3% A¥LE
AR E ol BEHAT B AtdME grAgE F
Aog #=ARYE &7 8N AARA 508
A3 A 232 Zo]7] YA TR GARE
Azt #A FA7A ARSI AN g BA
ol xe] 59 A(feed-back) S 383t Bt A A

(two-way interacting nested grid system)S- o] &8}
o, F M nesting® & 9 km, 3 km, 1 km2} &3}
o2 TR e (Fig 1), Q45 33709 &
2 T8tk

w3 B @ o) A& Domain 30| F74R A AT
e FEF EAYEAEMLUE MM5S9) {183t
52 AHgstaat stk $AR A= IRS 9149

HE o g3e] EF BRGBAN BAAYL 3
AN, F9AYG, FYAY, mEAY] Fo2 LR,

41

T T T T
125 wt 128 ™

g3 =4 A8 fstED FsAd) BE AT

A8E o] &t EAAYE FARY, FLAY,
TEAY, T TARY, AFAGLR Yo F
) 5.9] 8= MLU case?] 2t EX 9 &9 £83 5
& Table 19] JeERR ATt 2 EA] FHo] 7}A=
<o) = (Albedo), # 3 7](Roughness length), T &
A Ao} kA= 3 #A(Thermal inertia), 5+
B7}8Z(Moisture availability) 59 E212 4L
a3t

2.2. Cool Scenario A7

B Aqdre oheke AEH A5 FE7E £
Holx A9 dwx Wsto] o] wA] d&A o]
o= Aw MAE F dow, TA A 7134
olwA wWzlyeXx AHE 7] 98] Cool scenarioE
ARG S5 Zd MM59] HAE | kmx]
kmzZ FAE ] 9ol AW Z+ ZA=9] landuse= 30
m A4 149 FEF AR EANNARE A0
2o dEgos sel AZW JUE BAC
Table 2= 29 uje] AxXW 5o thF kol gk
FER EANR A8} AXetE ¥1§ YT

Latitudeid

TR TR T
Longhtude(E)

Fig. 1. Map depicting the three horizontal. MM5 domains.

Table 1. Values of middle classification-related physical parameters (for summer conditions)

i . Moisture Emissivity Roughness Thermal inertia
V?r%teetg::lro " Vege?at{on Albedo(%) avail.(%) (% at 9ym) length(cm)  (cal cm-2 k-1 s-1/2)
identification ~ description Sum Sum Sum Sum Sum

Urban

31 Residential 16 10 88 35 3

32 Industrial 15 8 88 50 3

33 Commercial 13 5 88 100 3

34 Mixed urban 15 5 88 35 3

36 Transportational area 13 5 88 50 3




426 ol P&« o] HF . 0|3}

o

Table 2. Percentages of built-up surface types for urban categories of MMS3 land use

MM5 I\]/[J;iileusc;asmﬁcanon Residential ~ Industrial ~ Commercial inls)tliltbultlicon Transportation The rest
Residential 46% 3% 7% 4% 7% 33%
Industrial 6% 50% 2% 2% 7% 33%
Commercial 27% 1% 43% 4% 10% 15%
Mixed urban 6% - - 30% 10% 54%
Transportation - - - - - -

itk 2d Jjo) 1 kmx1 kme] Az} 4] Residential
2 REHE AEAEL §AFNAM AT T8
F ERX FJEAFE o] &3td 46%9 FAA A
3%9] TPAY, 7% FAAA, 4% TEAA,
%3529, 33%2] 7le Fdgos FAEH e
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Table 3. Cool scenario for albedo

Base case Cool scenario
albedo albedo
Residential 0.16 0.21
Industrial 0.15 0.24
Commercial 0.13 0.32
Amusement Q.15 4.27
Transportation 0.13 -
Public facilities 0.15 -
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Table 4. Cool roofing technologies
Cool roofing Solar .. .
E t Lifecycl
technology Uses reflectance THSSIVILY reeyele
Liquid applied coatings
‘White Coating 75-80% 0.87 5-10 years
Colors Coating 25-65% 0.87 5-10 years
Aluminum-asphalt Coating 50% 0.40 5-10 years
Prefabricated membranes
Single-ply(white) New construction/Reroofing 75-80% 0.80 8-15 years
Modified bitumen . 25%
Metallic foil/white New construction/Reroofing 35% 0.80 15-20year
Metal panel roof systems
Metal panel system(white) New construction/Reroofing - 50% 0.60 15-25 years
Specialty products systems
Clay tiles (white) New construction 40% 0.85 20-30 years
Concrete tile (white) New construction 40% 0.85 20 years
Metallic tile (white) New construction 40% 0.65 20 years
Table S. Cool paving technologies
Cool paving Solar .
Lifecycl
technology Uses Reflectance reeyere
Cement concrete
. New:35-48%
Cool concrete New construction 01d:25-35% 15-35 years
White topping New/resurfacing 10-15 years
Porous concrete New construction 30-40% 15-20 years
New construction o
10-15
Concrete pavers (not for heavy traffic) 30% 0-15 years
Asphalt concrete
Cool asphalt New construction/Reroofing 10-15% 7-10 years
White aggregate
Resurfacing/Maint.
COO.] asphalt Chip seal 20% 5-7 years
White aggregate or . o 3.5
Light colors Asphalt emulsion 15% -5 years
Surface coating 15% 3-7 years
Open graded asphalt New construction 10% 7-10 years
RMSE = +/[[P,— O] Fig. 204 H.ojz)= vie} o] 7]&d lojA F
N TE AENE A5F o) & B dTriEet
on Xr-or D7 AT A I0AS] gho] 0.997% £ UAEE
—1‘m RojFglon, RMSEE 2112 #&ge §F %
1 A7} 2 Eps,
P, : Prediction TA Ao dHlE HErt Ax =R 11X
O, + Observation B AT A 1) 98 4, T8, 3. 5=
P Averaged prediction AR o] SHHIEE 021, 024, 032, 0272 Z7HA)A
O : Averaged observation
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