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Abstract

A meso-urban meteorological model (Urbanized MM5; uMM5) with urban canopy parameterization (UCP) was
applied to the high-resolution simulation of meteorological fieldsin a complex coastal urban area and the assessment
of urban impacts. Multi-scale simulations with the uMMS5 in the innermost domain (1-km resolution) covering the
Busan metropolitan region were performed during a typical sea breeze episode (4~ 8 August 2006) with detailed
fine-resolution inputs (urban morphology, land-use/land-cover sub-grid distribution, and high-quality digital eleva-
tion model data sets). An additional simulation using the standard MM5 was aso conducted to identify the effects
of urban surface properties under urban meteorological conditions. Results showed that the uMM5 reproduced well
the urban thermal and dynamic environment and captured well the observed feature of sea breeze. When comparison
with simulations of the standard MMS5, it was found that the uMM5 better reproduced urban impacts on temperature
(especially at nighttime) and urban wind flows: roughness-induced deceleration and UHI (Urban Heat 1dand)-induced

convergence.
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Fig. 1. Topographic map including locations of meteoro-
logical 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 uMM5 simulation
(lower right).
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Fig. 2. Surface weather map at 0900 LST on 6 August 2006.

Table 2. Morphology classifications used for uMMS5.
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Table 1. Definition of the traditional evaluation statistical

measures.
Mean bias error MB=2804— @gps
Root mean P —
RMSE= - 0%
Square error [12mes ~20d ]
R=(Su+Si) [(SE+S5)+(SE,+S0)] °°
Vector correlation
here, S?=3_(u—u)%n;
coefficients S’Z = 3 B
(Vector R) SZ=2(U—U) (y—V)in;

u=>_u/n

Urban subcategory Function and height of building (Ellefsen’s, 1991)
0 Non-urban areas
1 Urban areas(by land use classification) not included in Ellefsen’s study
Commercial ribbon devel opment low to medium rise
2 Residentia house
Older commercial ribbons less than five stories
Residential apartments and row houses low to medium rise
Apartments and abutted-wall houses less than four stories
3 Industrial/storage medium rise
Residential apartments and row houses
Industrial/storage low rise
Shopping centers low rise
4 Houses low rise
Truck-related industrial/storage low rise
Modern commercial ribbon development low rise
5 Administrative and cultural low to highrise
6 Commercial offices and retail low to highrise
Apartments and hotels four or more stories high
7 Commercial offices highrise
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Table 3. Urban canopy parameterization parameters associated with each urban subcategory.

Urban subcategory 1 2 3 4 5 6 7
Average building height (m) 3 10 11 6 10 45 20
Canyon fraction 0.7 0.7 0.6 0.9 0.85 04 0.85
Max anthropogenic heat flux (W m™2) 50 100 100 100 100 100 100
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Fig. 4. Urban terrain zone in Busan. White color represents non-urban areas.
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Table 4. uMM5 and MM5 performance statistics for hourly, daily maximum and minimum value for temperature and
wind speed at 8 sites (Busan weather station and 7 AWS sites) during the entire modeling period.

o Temperature(°C) Wind speed (m s™)
Statistics
Hourly Daily max. Daily min. Hourly Daily max. Daily min.
MB —0.33(—1.69)* —1.39(—2.05) 0.78(—0.83) 0.28(0.39) 0.66 (1.56) 0.51(0.17)
RMSE 1.38(2.16) 1.93(2.37) 1.21(1.29) 1.16(1.27) 1.12(2.00) 0.84(0.51)

*Numbers in parentheses denote the statistics for MM5 simulation.
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Fig. 5. Comparison of observed and simulated tempera-
ture during the entire modeling period. Dots indi-
cate the simulated temperatures for each AWS
station.
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Table 5. uMM5 and MM5 performance statistics for each
station during the entire modeling period.

H ~ 1
Station Wind vector R Wind speed(ms” )
MB RMSE

BWS 0.79(0.75)* 0.36(0.50) 1.04(1.10)
sY 0.75(0.78) -0.11(-0.13) 0.97 (1.14)
YD 0.77(0.85) 1.14(0.85) 1.76(1.20)
HUD 0.74(0.69) 0.46( 0.46) 1.00(1.10)
DY 0.79(0.79) 0.63(0.63) 1.10(1.23)
N 0.73(0.73) —-0.49(-0.12) 1.09(1.16)
MN 0.74(0.74) —0.31(0.19) 0.86(1.55)
BG 0.73(0.68) 0.42(0.71) 1.19(1.57)

*Numbersin parentheses denote the statistics for MM5 simulation.
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