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Abstract

Numerical simulations were carried out to investigate the impact of PBL (Planetary boundary layer) scheme
implemented in WRF on the result of meteorological fields and CMAQ modeling. 25-day period, representing high
ozone concentration, was selected for the simulations. The three WRF domains covered East Asia region, Korean
Peninsula and Seoul metropolitan area. The sensitivity of WRF-CMAQ modeling to the various PBL schemes was
assessed and quantified by comparing model output and against observation from the meteorological and the air
quality monitoring network within the domain. The meteorological variables evaluated included temperature, wind
speed and direction over surface sites and upper air sounding sites. The CMAQ variables included gaseous species
O; and NO, over monitoring stations. Although difference of PBL schemes implemented in WRF, they did not
appreciably affect the WRF and CMAQ performance. There are partially differences between non-local and local
mixing scheme, but are not distinct differences for the results of weather and air quality. It is suggested that impact
of parameterization of vertical eddy diffusivity schemein CMAQ also need to be researched in the future study.
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Fig. 1. Nested domains for WRF and CMAQ modeling.

Table 1. Description of three domains for WRF modeling.

Resolution East-West  North-South  Vertical layers
Domainl (27 km) 181 143 30
Domain2 (9km) 79 94 30
Domain3 (3km) 79 79 30
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Table 2. WRF model physics for sensitivity test.

PBL Schemee] 3 WRF-CMAQ ¥t 2A 793

Physics

Option

Short-wave radiation option
Long-wave radiation option
Land-surface option
Cumulus option
Microphysics option
Boundary-layer option

Goddard shortwave radiation

RRTM (Rapid Radiation Transfer Model) scheme
Unified NOAH land-surface model

Kain-Fritsch (new Eta) scheme

WSM (WRF Single Moment) 3-class simple ice scheme
(2) Yonsei University (Y SU) scheme

(2) Méllor-Y amada-Janjic TKE scheme

(3) Medium-Range Forecast (MRF) scheme
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Fig. 2. Air quality monitoring sites: weather station (x)
and AWS ().
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Fig. 4. The diurnal variations of observed and simulated
temperature at Songwol, Mapo and Yeongdeong-
po during the period of June 10~ 25 2007.
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Fig. 5. Same as Fig. 4. but at Eunpyung, Jung-gu and In-
cheon, Bupyeung.
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Fig. 6. The diurnal variations of observed and simulated
wind speed at Songwol, Mapo and Yeongdeong-
po during the period of June 10~ 25 2007.
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Fig. 7. Same as Fig. 6. but at Eunpyung, Jung-gu and In-
cheon, Bupyeung.
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Table 3. RMSE for temperature and wind speed simulated with three different PBL schemes from WRF output.

5 Temp.(°C) Wind speed (m/s)
te
YSU TKE MRF YSU TKE MRF
Songwol 2.16 215 2.06 1.19 1.25 1.26
Mapo 2.56 2.50 2.52 1.14 1.19 1.16
Y eongdeongpo 287 271 281 0.94 141 1.08
Eunpyung 1.89 1.90 1.86 141 1.93 1.83
Incheon, Bupyeung 214 213 2.19 1.69 1.96 1.70
Incheon, Jung-gu 1.85 217 141 127 1.59 161
Average of metropolitan area(71sites) 225 193 195 0.80 111 1.01
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Fig. 8. The diurnal variations of observed (Osan) and simulated temperature during the period of June 10~ 25 2007 for
925 hPa and 850 hPa.
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Fig. 9. The diurnal variations of observed (Osan) and simulated zonal wind comp. during the period of June 10~ 25
2007 for 925 hPa and 850 hPa.
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Fig. 10. The diurnal variations of observed (Osan) and simulated Meridional wind comp. during the period of June
10~ 25 2007 for 925 hPa and 850 hPa.
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Fig. 11. The diurnal variations of observed (Osan) and simulated wind direction during the period of June 10~ 25 2007
for 925 hPa and 850 hPa.
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Fig. 12. The diurnal variations of observed (Osan) and simulated wind speed during the period of June 10~ 25 2007 for
925 hPa and 850 hPa.
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Table 4. RMSE for temperature, U-wind, V-wind, wind
direction and wind speed simulated with three
different PBL schemes at 925 mb and 850 mb.

Temp. U-wind V-wind W.D. W.S

Height SCHEME ¢0) (mfs) (m/s) (degree) (m/s)

YSU 122 082 100 8572 0.82
925mb  TKE 122 0.83 097 86.04 081
MRF 123 084 098 8593 084
YSU 123 129 136 7733 133
850mb  TKE 123 130 136 7737 133
MRF 123 130 136 7737 133

Vertical profile of temperature (June 17th, 0OOUTC)

PBL Schemee]] 3 WRF-CMAQ 17t 2A 799

7hshe 2458 Belth AT s e
@ 199 O00UTCY 7-$-2 vH HA e}
=7t FHel s Bt F49
v$- oFghE o 4 l‘:]'
SE=w7) nje
7R = 1m/314£.4 45 Jeld Axg u)e of
g 7S Molw glom WRF e o]2j3t 7aks
& mojsta 9.

a8 15% g7)A mdg A wizg e9EA
e 29 F79 #Ae| 7L PBL 1=F 7
schemeo 2 o &3t A= Jepd Zlo|th PBL 1%
o] #4717 94 eE eFo] vElH 69 18~
1999] o HFa} o FHu PBL 1= AR
13 158 ¥y Mupdoz me¥ PBL 1x=: 3

53], Mg 9 A7A el A

O
—

Vertical profile of temperature (June 19th, 0OUTC)

700
750+
o
& 8001 -
E b
% 8501 \
& 9004 \?
950 };
N\
1000 .
0 10 20 30 40
Temperature(°C)

Fig. 13. The vertical profiles of temperature for observation (Osan) and WRF.
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Fig. 14. The vertical profiles of wind speed for observation (Osan) and WRF.
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Fig. 15. The horizontal distributions of simulated daily mean and daily maximum PBL height during June 17~ 18 2007

for YSU, TKE and MRF schemes.
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Fig. 16. The diurnal distributions of observed and simulated ozone concentration in Seoul metropolitan area during
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