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Abstract

Modeling the effects of high-rise buildings on thermo-dynamic conditions and meteorological fields over a
coastal urban area was conducted using the modified meso-urban meteorological model (Urbanized MM5; uMM5)
with the urban canopy parameterization (UCP) and the high-resolution inputs (urban morphology, land-use/land-
cover sub-grid distribution, and high-quality digital elevation model data sets). Sensitivity simulations was per-
formed during a typical sea-breeze episode (4~ 8 August 2006). Comparison between simulations with real urban
morphology and changed urban morphology (i.e. high-rise buildings to low residential houses) showed that high-
rise buildings could play an important role in urban heat island and land-sea breeze circulation. The major changes
in urban meteorologic conditions are followings: significant increase in daytime temperature nearly by 1.0°C due to
sensible heat flux emitted from high density residential houses, decrease in nighttime temperature nearly by 1.0°C
because of the reduction in the storage heat flux emitted from high-rise buildings, and large increase in wind speed
(maximum 2 m s™Y) during the daytime due to lessen drag-force or increased gradient temperature over coastal
area.
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Fig. 1. Topographic map including locations of meteorological sites (BWS: Busan weather station, MN: Myeongnyun,
BG: Bukgu, JN: Jin, SY: Suyeong, HUD: Haeundae, DY: Daeyeon, and YD: Yeongdo) and five horizontal domains
for uMMS5 simulation (lower right).

Table 1. Morphology classifications used for uMM5.

wblé;a:;ory Function and height of building (Ellefsen’s, 1091) AAr‘;;z?; gj'r'fjg‘gft‘;ggtn%
0 Non-urban areas
1 Urban areas(by land use classification) not included in Ellefsen’s study 3/30
2 Commercial ribbon devel opment low to medium rise 10/30
Residential house
Older commercial ribbons less than five stories
Residential apartments and row houses low to medium rise
3 Apartments and abutted-wall houses less than four stories 11/40
Industrial/storage medium rise
Residential apartments and row houses
Industrial/storage low rise
4 Shopping centers low rise 6/10
Houses low rise
Truck-related industrial/storage low rise
Modern commercial ribbon development low rise
5 Administrative and cultural low to highrise 10/15
6 Commercia offices and retail low to highrise 45/60
Apartments and hotels four or more stories high
7 Commercial offices highrise 90/15
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Fig. 2. Urban terrain zone in Busan. White and gray color represent non-urban and high-rise building areas, respec-

tively.
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Table 2. Definition of the traditional evaluation statistical

measures.
Mean Bias error MB=200— 8
Root Mean L ——Tmos
Square Error RMSE=[| &noa—aubs| ]
= 2 Q2 2 | a2y1-0.
Vector correlation R=(Sy0,+Su,) [(S,+50) +(S,+S0)1 *°
2 — T2/
coefficients here, SZJ_Z(U\7 uim
(Vector R) So=2_(uy—u)(vi—V)/n;

u=y_u/n

Table 3. MM5,,,.. and uMM5,.; performance statistics for
each station during the entire modeling period.

MB/RMSE
Station Wind vector R Temperature Wind speed
(0 (ms™)
BWS 0.83 0.24/0.42 —0.51/1.09
SY 0.92 0.10/0.62 —0.30/0.88
YD 0.83 —0.08/0.40 —-1.211.79
HUD 0.86 0.28/0.59 —0.03/1.02
DY 0.93 0.20/0.55 —0.07/0.83
N 0.90 0.29/0.51 0.02/0.76
MN 0.85 0.36/0.79 0.10/0.89
BG 0.81 0.33/0.63 —0.36/0.96
ekokeh & A mHle] 7|3 gk 7)1 ¥4 3
Al W3l= 747+ +0.64+0.13°C, —1.0+0.33ms™*?
o9 o™, RMSE: 7tz 0.56°C, 1.02m s & el
o] EAZ)AFA fme Wil S d 4 s
o F3g #AE22 89 29 (UMMS,) A7 vlx
71%-& Hwang et al. (2010)ol] #FAI3] 7145 o] Sict.

AYH o T Aol viEhiE 34w (HUD)
219 (x,y=39, 312} A7 (N)A1 ] (x,y=31, 33)&
Alo g 7] 4 F&o] Hilek(UMMS5, 4i-UMM5,.)
& AFEASATH (23 3.4). 4714 ey A
Bkl $1Askn mEUeA olvhes} RAR
B reherolelu], AuA e kel ¥z
Aoz Felo] & AFEe] EHAQ 2o $1%

R L EEERDLE S

A oleh. a2 77

0
r+‘

J

sfoll s1Ee] 714 Fesp] B=T 8Y 6~7A& A
FyAsiolon, 53] 629 A wdY 71 F 7
A g o Fe] BEF e

¥ AYe) FleAE Avnm (29 3), Ao
A%k] sl el uet AuEAel 7] eustr) Fois
ek FAH o Avue, Ao A% FRE o

o] AGmAT A v o fAmE 499

<—— 6August
15 T T T

05}k
0.0 _nﬂﬂullﬂﬂ_ﬂuﬂﬂmlﬂ.ﬂﬂﬂaﬂnn_ﬂuunanﬂﬂunﬂﬂﬂuﬂﬂm“a

-05F

>l<—— 7TAugust — =

Bias(°C)

-10F

~15 L L L " L L L L

Bias(°C)

-15 1 1 1 L L 1 1 I

Time(LST)

Fig. 3. Diurnal variation of difference in temperature bet-
ween uMM5,,,.; and uMM5,,.. at HUD (upper) and
JN (lower) during 6 ~ 7 August 2006.
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Fig. 4. The same as Fig. 3, but for wind speed.
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Fig. 5. Horizontal temperature (interval: 1°C) and wind (arrows, every second grid point) fields for uMM5,; (left panels)

0.2ms™,

right panels) results of uMM5,,.; minus uMMS5, ... Full and dashed contours express positive and negative

value, respectively.

on 6 August 2006. Differences in temperature (interval: 0.2°C, middle panels) and wind speed (interval
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Fig. 6. Horizontal distribution for differences in sensible heat flux (interval=25 W m~2; left) and storage heat flux
(interval=50 W m~3; right) between uMM5,,.;; and uMM5,_, at 1200 LST on 6 August 2006, respectively. Full
contours express positive value, dashed contours negative value, respectively.
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