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Abstract

Air quality models have been widely used to study and simulate many air quality issues. In the
simulation, it is important to raise the accuracy of meteorological predicted data because the results
of air quality modeling is deeply connected with meteorological fields. Therefore in this study, we
analyzed the effects of meteorological fields on the air quality simulation. This study was designed
to evaluate MMS5 predictions by using different initial condition data and different observations
utilized in the data assimilation. Among meteorological scenarios according to these input data,
the results of meteorological simulation using National Centers for Environmental Prediction
(Final) Operational Global Analysis data were in closer agreement with the observations and
resulted in better prediction on ozone concentration. And in Seoul, observations from Regional
Meteorological Office for data assimilations of MM5 were suitable to predict ozone concentration.
In other areas, data assimilation using both observations from Regional Meteorological Office and
Automatical Weather System provided valid method to simulate the trends of meteorological
fields and ozone concentrations. However, it is necessary to vertify the accuracy of AWS data in
advance because slightly overestimated wind speed used in the data assimilation with AWS data

could result in underestimation of high ozone concentrations.
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Table 1. Characteristics and Observation number by subregions of Seoul Metropolitan Area

Domain3 AWS RMO AQM Charateristics
Seoul 27 1 25 Urban
Incheon 19 1 7 Costal
S. Gyeonggi 22 1 35 Rural and Urban (Mixed)
N. Gyeonggi 23 0 11 Rural and Urban (Mixed)

* RMO : Regional Meteorological Office, AWS : Automatic Weather Station, AQM : Air Quality Monitoring Station
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Fig 1. Modeling Domains, Air Quality Monitoring Station and Automatic Weather Station
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Table 2. The configuration of MM5
Domain 1 Domain 2 Domain 3
Horizontal Grid 109x109 82x85 64x67
Grid Center(km) -1,458x%-1,458 -243%-540 -9x-144
Resolution (km) 27 9 3
Vertical Grid 43 Layers
Grell cumulus parameterization
Eta PBL scheme
Physical option Mixed phase scheme(Reisner)
RRTM Longwave scheme
Five-Layer Soil Model Surface scheme
Initial data Final Analysis Data (NCEP FNL Data),
Regional Data Assimilation and Prediction System (KMA, RDAPS)
Time period Ozone episode 2007. 06. 10. 12UTC - 2007. 06. 25. 00UTC

* Lambert-Conformal, Map center : 38.0N, 126.0E

Table 3. The physical and chemical configuration for CMAQ and SMOKE

Domain 1 Domain 2 Domain 3
Horizontal Grid 98%98 76x79 58%61
Grid Center(km) -1,323x-1,323 -216%-513 0x%-135
Resolution (km) 27 9 3
Vertical Grid 23 Layers

CMAQ Chemical Option

Carbon Bond Mechanism 4, AERO3 (33 species, 81 reaction)
Lumped organic chemistry(15 organic species)
Yamartino scheme (advection), ACM2(Asymmetric Convective Model version 2 : vertical diffusion)

Asia Emission : INTEX - B project(0.5°%0.5°)

SMOKE input data National Emission : CAPSS (1kmx1km)
Biogenic emission : GloBEIS3 (BEIS2)
Time period Ozone episode 2007. 06. 10 12UTC - 2007. 06. 25 00UTC

* Lambert-Conformal, Map center : 38.0N, 126.0E
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Table 4. Modeling cases for MM5 and CMAQ

CASE Initial and Boundary input data Observations utilized in data assimilation
CASE1 KMA RDAPS no observation

CASE2 NCEP FNL no observation

CASE3 KMARDAPS 3RMO

CASE4 KMA RDAPS 3 RMO and 88 AWS

CASES NCEP FNL 3 RMO

CASE6 NCEP FNL 3 RMO and 88 AWS

1) Regional Meteorological Office
2) Automatic Weather Station
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Table 5. Statistical performance of observed and predicted temperature according to modeling cases

Region CASE Average of Observations Average of Predictions I0A BIAS Gross Error
CASE1 21.3 0.70 -4.58 4.58
CASE2 22.6 0.80 -3.28 333
Secul CASE3 259 214 0.71 -4.48 4.49
CASE4 21.7 0.72 -4.23 4.24
CASES 229 0.83 -3.03 3.09
CASE6 22.8 0.83 -3.07 3.13
CASE1 194 0.88 -3.04 3.30
CASE2 20.9 0.93 -1.59 2.34
Incheon CASE3 4 19.5 0.88 -2.96 322
CASE4 19.7 0.89 -2.76 3.06
CASE5 20.7 0.92 -1.73 247
CASE6 20.8 0.93 -1.68 244
CASE1 20.7 0.79 -3.50 3.73
CASE2 22.1 0.87 -2.10 2.59
Southern. CASE3 42 20.9 0.79 -3.27 3.55
Gyeonggi CASE4 ' 21.0 0.81 3.19 346
CASES 22.0 0.88 2,12 2.58
CASE6 22.1 0.88 -2.09 2.59
CASE1 21.1 0.84 273 342
CASE2 223 0.89 -1.59 2.64
Northern' CASE3 .9 21.2 0.83 -2.68 3.46
Gyeonggi CASE4 21.5 0.85 -2.39 3.23
CASES 223 0.90 -1.52 2.60
CASE6 224 0.89 -1.43 2.64
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Fig. 2. Surface Temperature fields by different modeling cases at 15:00 KST 15 June 2007
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. (a) KMA RDAPS (b) NCEP FNL data
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Fig. 3. Time series of observed and predicted temperature according to modeling cases
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Table 6. Same as Table 5, but windspeed
Region CASE Average of Observations Average of Predictions 10A RMSE BIAS
CASE1 2.50 0.46 1.80 0.89
CASE2 2.06 0.46 1.59 0.45
CASE3 2.52 0.45 1.81 091
Seoul 1.61
CASE4 2.51 0.46 1.78 0.90
CASES5 2.16 0.55 1.22 0.55
CASE6 221 0.58 1.23 0.60
CASEI 4.13 0.58 2.80 2.15
CASE2 3.55 0.59 246 1.57
Incheon CASE3 168 4.11 0.58 2.79 2.12
CASE4 3.98 0.59 2.69 2.00
CASES 3.64 0.55 2.55 1.66
CASE6 3.58 0.57 2.50 1.60
CASE1 2.50 0.54 1.93 1.07
CASE2 2.30 0.53 1.84 0.87
S Gyeonggi CASE3 43 2.50 0.54 1.93 1.06
CASE4 247 0.54 1.90 1.03
CASES 2.57 0.58 1.74 1.14
CASE6 2.57 0.61 1.69 1.13
CASE1 2.13 0.44 1.94 0.99
CASE2 2.09 0.32 2.08 0.95
. CASE3 2.13 0.44 1.95 1.00
N.Gyeonggi 1.13
CASE4 2.14 0.44 1.94 1.01
CASE5 2.16 0.45 1.69 1.03
CASE6 2.17 0.49 1.63 1.04
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Fig. 4. Same as Figure 3, but wind speed
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Fig. 5. Same as Figure 3, but wind vector
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Fig. 6. Boxplot of observed and predicted wind speed at 15:00 KST by modeling cases
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Table 7. Statistical performance of observed and predicted NO2 concentration according to modeling cases.
Region CASE Average of Observations Average of Predictions R 10A Gross Error

CASE1 39.23 0.30 0.59 19.25

CASE2 44.10 0.33 0.60 19.16

CASE3 37.56 0.29 0.58 18.89

Seoul 41.38

CASE4 39.30 0.30 0.59 19.19

CASES 39.23 0.29 0.58 18.42

CASE6 40.94 0.39 0.64 17.09
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Table 7. Contiuned

Region CASE Average of Observations Average of Predictions R I10A Gross Error
CASEI 22.73 0.29 0.58 18.27
CASE2 29.81 0.44 0.68 15.51
CASE3 22.29 0.29 0.58 17.97
Incheon 3141
CASE4 23.45 0.29 0.59 18.15
CASES 30.42 0.38 0.64 16.36
CASE6 29.75 0.43 0.66 15.99
CASE1 32.09 0.34 0.62 17.61
CASE2 33.02 0.34 0.61 17.99
. CASE3 30.90 0.35 0.62 17.10
S.Gyeonggi 32.71
CASE4 3233 0.34 0.62 17.62
CASES 28.00 0.38 0.63 16.61
CASE6 29.49 0.44 0.68 15.73
CASE1 18.46 0.29 0.53 18.89
CASE2 25.71 0.34 0.60 16.00
. CASE3 18.03 0.29 0.53 18.95
N.Gyeonggi 30.80
CASE4 18.80 0.30 0.54 18.63
CASES 24.42 0.33 0.58 15.89
CASE6 24.77 0.37 0.61 1541
o @) KMA RDAPS (b) NCEP FNL data
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Fig. 7. Time series of observed and predicted NO= concentration according to 6 cases in representative sites of Seoul
Metropolitan Area
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Fig. 8. Correlation between CMAQ output and observation in the Seoul Metropolitan Area
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Table 8. Same as Table 7, but Ozone concentration

Region CASE Average of Observations | Average of Predictions R Gross error NBIAS

CASE1 2213 0.65 19.36 -0.11

CASE2 17.89 0.71 20.08 -0.21

CASE3 20.09 0.64 20.09 -0.19
Seoul 35.15

CASE4 21.98 0.65 19.47 -0.12

CASES 16.67 0.70 20.32 -0.30

CASE6 15.41 0.65 20.94 -0.46

CASE1 32.62 0.49 19.12 0.45

CASE2 2397 0.63 19.08 -0.27

CASE3 29.92 047 19.56 0.33
Incheon 38.03

CASE4 32.19 0.49 19.28 043

CASES 20.96 0.54 2147 -0.33

CASE6 2201 0.56 20.63 -0.28

CASE1 25.38 0.57 19.00 0.33

CASE2 23.06 0.60 19.58 0.35

) CASE3 23.20 0.55 19.39 0.20
S.Gyeonggi 34.16

CASE4 25.16 0.58 19.07 0.30

CASES 22.50 0.61 19.03 0.28

CASE6 2142 0.59 19.16 0.10

CASE1 36.07 0.54 19.22 1.13

CASE2 27.80 0.66 16.88 0.46

. CASE3 33.34 0.52 19.27 0.96
N.Gyeonggi 36.27

CASE4 35.86 0.54 19.21 1.13

CASES 25.50 0.59 18.28 0.28

CASE6 2546 0.59 18.06 0.25
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Fig. 9. Time series of observed and predicted ozone concentration according to 6 cases in representative sites of Seoul
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Table 9. Correlation coefficients between predicted and observed mean daily maximum 8-hour averaged surface ozone

concentrations.

Region CASEI CASE2 CASE3 CASE4 CASES CASE6
Seoul Metropolitan Area 0.19 0.38 0.11 0.18 0.35 0.06
Seoul 0.60 0.66 0.53 0.58 0.29 -0.19
Incheon 0.62 0.50 0.61 0.60 0.56 0.55
S. Gyeonggi 0.28 0.58 0.23 0.30 0.52 0.45
N. Gyeonggi -0.09 -0.08 -0.11 -0.11 0.46 0.40
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