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Abstract : Emission source term is one of the strong controlling factors for the air quality simulation
capability, particularly over the urban area. Ulsan is an industrial area and frequently required to
simulate for environmental assessment. In this study, two CAPSS (Clean Air Policy Support System)
emission data; CAPSS-2003 and CAPSS-2010 in Ulsan, were employed as an input data for WRF-
CMAQ air quality model for emission assessment. The simulated results were compared with
observations for the local emission dominant synoptic conditions which had negative vorticities
and lower geostrophic wind speed at 850hPa weather maps. The measurements of CO, NO;, SO:

and PMio concentrations were compared with simulations and the “scaling factors” of emissions for
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CO, NO,, SO,, and PMio were suggested in in aggregative and quantitative manner. The results
showed that CAPSS-2003 showed no critical discrepancies of CO and NO: observations with
simulations, while SO, was overestimated by a factor of more than 12, while PMio was
underestimated by a factor of more than 20 times. However, CAPSS-2010 case showed that SOz and
PMio emission were much more improved than CAPSS-2003. However, SO, was still overestimated

by a factor of more than 2, and PMio underestimated by a factor of 5, while there was no significant

improvement for CO and NO, emission. The estimated factors identified in this study can be used

as’scaling factors’for optimizing the emissions of air pollutants, particularly SO and PMo for the

realistic air quality simulation in Ulsan.

Keywords : CAPSS emission data, Air quality simulation, Emission data assessment, Scaling factor
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AFst= 2003d 3 20109 2AMA Y wiEF A=
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AFol S 43152 Hobrt WRF-CMAQ <]
& dEAR R AN, e B al S A s
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= HEATE o83t mdlgo] 28 4 e
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(A7 - 4971, 2014).
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Figure 1. Locations of air quality monitoring network in
Ulsan and four subdivided areas : A1(residential
area), A2(industrial complex), A3(port), A4
(shipyard)
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Figure 2. Emission amounts of CO, NO., SOz and PM1o with the contribution of emission source categories
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Figure 3. Quantitative differences between CAPSS-2003 and CAPSS-2010 emission data
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Figure 4. Spatial distributions of CO, NOx, SOz and PM1o emissions of CAPSS-2003(left panel) and CAPSS-2010
(right panel)
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Table 1. Summary of meteorological variables for local emission dominant cases selected in 2009
case Geostrophic wind speed Vorticity case Geostrophic wind speed Vorticity
(m/s) (x10%s1) (m/s) (x10s™)

1/29 3.89 -11.2 8/4 2.01 -4.1

2/3 3.38 -39 8/5 3.28 -5.0

2/27 424 -0.2 8/6 4.14 -10.7

32 2.63 -1.9 8/7 1.67 -13.0

4/10 3.02 -4.6 8/8 234 -4.7

4/23 423 -0.8 8/9 4.13 -0.3

5/26 2.04 -1.3 8/10 1.83 -6.6

6/3 331 -12.9 8/11 4.13 2225

6/8 2.51 -1.0 8/14 3.96 -2.8

6/18 3.78 4.5 8/18 4.39 2.1

73 3.87 3.6 8/29 2.06 -5.0

7/4 2.75 -4.4 9/3 0.57 =17

7/5 0.96 -1.8 9/4 1.08 -5.9

7/6 4.20 -3.0 9/10 4.07 -11.6

724 2.46 -14.5 9/22 3.38 -54

725 3.29 -144 9/28 332 -15.8

726 0.84 -3.5 10/11 1.95 -0.2

7/28 1.91 13 10/30 438 -5.0

7/29 4.04 -0.3 11/9 0.88 -14.7

8/3 0.65 -8.3 12/9 3.00 -6.0
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Table 2. Statistics summary of CO, NO2, SOz and PMo simulations
Correlation RMSE
CO NO: SO PMio CcO NO: SO, PMio
Jan. 0.50 0.68 0.26 0.15 0.46 0.02 0.05 4721
Apr. 0.58 0.56 0.30 0.36 0.40 0.02 0.06 70.36
Jul. 0.27 0.26 0.12 0.44 027 0.01 0.04 41.67
Oct. 0.56 0.69 0.21 0.27 0.33 0.01 0.06 60.06
(a) surface

(b) 850hPa

T
M

ASE5(10/30)

Figure 5. Synoptic weather charts of (a) surface and (b) 850hPa at 00UTC for local emission dominant cases
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Figure 6. Diurnal variations of ratios of simulations to observations for CO, NO, SOz, and PM, for the case of CAPSS-
2003 and CAPSS-2010
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Table 3. Average concentrations for CO, NO2, SOz and PMyo, and the ratio of simulations to observations in each selected
cases-CASE1(1/29), CASE2(4/10), CASE3(4/23), CASE4(10/11), and CASE5(10/30)

POLLUTANT CASE OBS MODEL MODEL/OBS

CAPSS-2003 | CAPSS-2010 | CAPSS-2003 | CAPSS-2010

CASE 1 0.742 0.208 0.129 0.281 0.174

CASE2 0.715 0.157 0.113 0.220 0.158

co CASE 3 0.347 0.125 0.096 0.361 0.276

(ppm) CASE 4 0.426 0.184 0.110 0.433 0.259

CASE 5 0.591 0.182 0.111 0.307 0.188

mean 0.564 0.171 0.112 0.320 0.211

CASE 1 35.750 32.669 28.867 0914 0.807

CASE 2 48327 19.447 15.714 0.402 0.325

NO, CASE 3 13.291 11.607 9.525 0.873 0.717

(ppb) CASE 4 23.157 22.730 16.094 0.982 0.695

CASE 5 33.887 23.066 14.841 0.681 0.438

mean 30.882 21.904 17.008 0.770 0.596

CASE 1 0.006 0.121 0.027 21.806 4.808

CASE2 0.019 0.092 0.023 4938 1.208

S0, CASE 3 0.008 0.043 0.009 5615 1.186

(ppm) CASE 4 0.005 0.074 0.016 16.112 3.499

CASE 5 0.006 0.082 0.017 12.966 2,675

mean 0.009 0.082 0.018 12.287 2,675

CASE 1 50.411 2.843 17.127 0.056 0.340

CASE2 106.10 2,616 9.713 0.025 0.092

PMuo CASE 3 33.297 1.484 7.063 0.045 0212

(ug/m’) CASE 4 42.625 2.329 10.168 0.055 0.239

CASE 5 78.002 2.037 8.822 0.026 0.113

mean 62.088 2262 10.579 0.041 0.199
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Figure 7. Diurnal variations of simulations and observations
for CO, NOz, SOz and PMio. All of concentrations
are normalized by mean values
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Figure 8. Diurnal variations of CO, NOx, SO, and PMio
emissions for CAPSS-2003 and CAPSS-2010.
All of emissions are normalized by mean values
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Table 4. The scaling factors of emissions for each pollutant

in Ulsan.
CAPSS-2003 CAPSS-2010
CcO 3.30 5.04
NOx 141 1.82
SO, 0.11 0.50
PMio 2745 5.87
1% Foiel 298 Jakol BaYS B s
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Figure 9. Scatter diagram of the observed and simulated CO, NOz, SO and PM1o concentrations for all local emission
dominant cases. Orange circle and green triangle show the adjusted model results by using scaling factors with

the red lines of y=x.
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