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A numerical simulation of acid fog by using MM5-CMAQ
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A numerical simulation of acid fog was conducted using the Fifth-generation PSU/NCAR Mesoscale Model and the
EPA models-3 Community Multiscale Air Quality modeling system. The simulation was performed for March 2005
with four computational domains from D1 covering the East Asian region to D4 covering the Kinki region. In the
simulation, while concentrations of SO, gas, SO, aerosol and SO, ion in rain water were well reproduced,
concentration of HNO; gas was overestimated, which lead to overestimations of concentrations of NO; aerosol and
NO; ion in rain water. The results of simulation indicated that the dry deposition velocity of HNO; gas should be
improved. Also, the simulation underestimated ion concentrations in fog water. However, given the overestimation of
liquid water content of fog in the simulation, it is showed that the process of removal of pollutant by fog water from
the atmosphere was generally reproduced.

EPA the EPA models-3 Community Multiscale
Air Quality modeling system CMAQ "

2.1
PSU NCAR
o MMS5  version 3.7 EPA
@ CMAQ  version 4.4
MMS5
® 4 FDDA
PBL
MM5 (1) o
o= P— P (1)
ps - Pt
1960 p s t
1
o 1990 CMAQ MMS
06 the Weather Research and Forecasting model WRF  (12)
NCAR PSU CMAQ
the Fifth-generation PSU/NCAR Mesoscale Model
Mms @ 2005 1 3 7
(10) VIV 2:2
MMS5 Fig. 1

1 Copyright © 2008 by JSFM



22

BIrE e 100 IFE 13FE I'.'J:II. IJ-l:II. ¥ Ll i
= Elevation [m]
0- 100
po 100 - 200
200 - 300
[ 300 - 400
M 400 - 500
ale Il 500 - 600
Il 600 - 700
H 700 - 850
M 850 - 1000
I 1000 - 1200
s B 1200 - 1500
H 1500 - 2000
Il 2000 - 5236
fil'H =1"H
L&
Fig.1 Modeling domains with 54-km (D1), 18-km (D2), 6-km (D3) and 2-km (D4) horizontal resolution
32.50° N 122.50° E N 135°13'45"E D4 19
105 x 81
54km D1 72x72  18km D2
99%x99  6km D3 126 x126  2km
D4 4
100hPa 24 3.1.1
o =0998 15m 2005 2 24 Fig.2 10km
3 31 2 24 28 2005 3
MMS ’ DI 1ox1° (@) Temperature =~ —— Observation =~ —— Simulation
NCEPFNL 15 | Ly b
® D2 o0 Y.LV AR
0.1°% 0.125° 0.2°% 0.25° 25 L N‘\ | N \
GPV-MSM GPV-MSM g6 “ A , H i
NCEPFNL D3 e v \
D4 D2 D3 S ——
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
MMS Grell™ T (b) Specific humidity Date
Simpleice™ PBL Medium range forecast PBL'® é 0 J \
Cloud-radiation™ Noah land-surface model” 3 ﬂ \
E 6 A i | W
CMAQ DI CMAQ 2 3 HW I ”PJ W
D2 D3 D4 D1 D2 D3 éo
@ 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
CMAQ EAGrid2000-JAPAN"® Date
EAGrid2000-JAPAN 2000 Fig. 2 Time series of observed and simulated hourly temperature and
24 specific humidity at Kobe Marine Observatory in March 2005
Lkm x lkm o Observation o Simulation
SO, NOx CO 1.0 7 .
VOC PMI10 PM25 0.5° % = 05 : m
0.5° 2006 Asia Emissions for INTEX-B” ?Ej) % 9 % % . 2
NH, vOC 5 01 . ! s .
0.5°x0.5° EAGrid2000* =005 i * "
CMAQ Statewide Air P’
Pollution Research Center version 99" AERO3 0.01 ekt St bbbl
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Regional Acid Deposition Model® Date
Fig.3 Time series of observed and simulated hourly LWC at Mt. Rokko
fog sampling site in March 2005
3.1
MMS5 800m 34°45724"

Copyright © 2008 by JSFM



10 11 15 17 22 23 27 28
Fig.3 2005 3

Fig. 2(b)
15.0% 11.0%
0.14g/n1’ 0.36g/m’
3.1.2

Emery et al®
Mean Bias Error MBE

Table 1 Mean temperature, specific humidity and wind speed, and
monthly rainfall at the meteorological observatories in D4 in

March 2005
Observation D1 D2 D3 D4
Temperature [°C] 763 502 665 723 802
Specific humidity [g/kg] 434 436 450 450 454
Wind speed [m/s] 298 496 477 439 404
Rainfall [mm/month] 108 184 130 127 116

Table 2 Performance statistics for predictions by MMS at the
meteorological observatories in D4 in March 2005

D1 D2 D3 D4  Benchmarks

Temperature

R 0.73 0.85 087  0.89

MBE [°C] 261 097 -040 039 <+0.5
MAE [°C] 3.19 197 176 1.63 <2
1A 0.78 090 093 0% >0.8
Specific humidity

R 0.81 088 089 089

MBE [g/kg] 002 016 016 020 <%l
MAE [g/kg] 074 062 060 062 <2
1A 089 094 094 094 >0.6
Wind speed

R 029 045 054 054

MBE [mvs] 1.97 1.78 140  1.06 <05
RMSE [nvs] 2.70 247 213 195 <2
1A 051 0.60 067  0.69 >0.6
U-component of wind speed

R 037 0.50 055 056

MBE [nvs] 1.49 1.60 .11 085

RMSE [nvs] 346 340 297 277

1A 0.58 064 070 072
V-component of wind speed

R 0.28 0.55 059 059

MBE [mvs] 002 016 016 020

RMSE [nvs] 376 275 261 254

1A 0.53 072 075 075
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Fig.4 Spatial distributions of simulated monthly mean SO,, HNO; and NH; gas concentrations in March 2005
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Fig.5 Comparisons of observed and simulated monthly mean SO,, HNO; and NH; gas concentrations in March 2005
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Fig. 6 Spatial distributions of simulated monthly mean SO4, NO; and NH, aerosol concentrations in March 2005
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Fig. 8 Spatial distributions of simulated monthly mean SO, NO; and NH, concentrations in rain and fog water in March 2005
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Fig.9 Comparisons of observed and simulated monthly mean SO,, NO; and NH, concentrations in rain water in March 2005
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