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Abstract

The spatial air pollution distribution of the Ulsan metropolitan region (UMR) was analyzed using monitoring
data and high-resolution numerical simulations. A three-year (2011~2014) analysis for the average concentrations
from the 13 air quality monitoring sites in the UMR showed that SO, and PM10 levels in industrial regions were
much higher than those in other regions, whereas spatial differences of NO, and CO concentrations were not signif-
icant. In particular, elevated O, concentrations were clearly found at urban sites near petrochemical complex area.
Results from high-resolution simulations by CMAQ model performed for four months of 2012 showed large spatial
variations in grid-average pollutant concentrations between industrial areas and other areas in the UMR, which dis-
played significant changes with wind pattern by season. It was noted that the increases of SO, and PM10 levels
were limited in costal industrial areas or over the area nearby the sea in all seasons. Modeled O; concentrations
were quite low in industrial areas and main urban roads with large NO, emissions. However, the model presented
that all pollutant concentrations were significantly increased in the urban residential areas near the industrial com-

plexes in summer season with increase of southerly wind.
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Fig. 1. (a) Terrain in the Ulsan metropolitan region (UMR) and its surroundings. The thick black line is the boundary of
the UMR. The dashed black line rectangle indicates the fine domain for the CMAQ modeling. (b) Locations of air
quality monitoring sites (AQMS) in the UMR. The light red shaded regions and gray lines indicate industrial
areas and main roads, respectively. (c, d and e) Average SO,, NO, and PM1o emissions from CAPSS 2012 data.
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Table 1. The configuration of the CCTM modeling.

Configuration options Selected modules"

Gas-phase chemistry mechanism
Gas-phase chemistry solver

saprc99_ae5_aq
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Horizontal/vertical advection: hyamo/vwrf
Horizontal/vertical diffusion multiscale/acm?2
Aerosol module aero5
Deposition velocity calculation m3dry

Cloud module cloud_acm_ae5
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Fig. 2. Spatial distribution of 3-year (2011 ~2013) averaged pollutant concentrations and numbers exceeding the
Korean air quality guidelines at 13 AQMS. The light red slashed regions and gray lines indicate industrial areas

and main roads, respectively.
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Table 2. Model performance statistics for the 2012 CMAQ simulations of hourly average air pollutant concentrations at

all AQMS in the UMR modeling domain.

Pollutants
Statistical measures Period -
SO, (ppb) NO, (ppb) CO(0.1 ppm) O; (ppb)"* PMio(ug m™)

Jan. 7.4/79 2271211 6.9/2.0 20.1/19.5 47.6/28.1

Apr. 9.3/15.1 26.2/22.5 57/1.6 34.3/35.1 59.2/27.0

Mean (AQMS/CMAQ) Jul, 11.0/18.9 21.8/24.9 53/1.7 26.4/30.9 49.3/28.5
Oct. 6.3/9.7 25.8/20.3 5.1/1.6 24.2/27.0 44.1/23.0

Jan. 0.59 0.66 0.19 0.65 0.68

Apr. 0.44 0.64 0.34 0.65 0.53

! Jul. 0.48 0.54 0.22 0.70 0.34
Oct. 0.40 0.62 027 0.62 051

Jan. 0.58 -15 —49 07 194

B Apr. 597 -36 —41 07 -322
Jul. 7.54 32 -36 41 205

Oct. 322 -55 -35 2.7 -208

Jan. 79 -66 -70.1 -33 —407

Apr. 64.5 ~13.6 -722 20 —543

NMB (%) Jul. 68.8 14.8 —68.4 15.4 —417
Oct. 517 -213 —68.4 11.0 —472

Jan. 497 27.1 712 285 432

Apr. 94.9 35.1 722 27.0 555

(¥

NME (%) Jul. 95.1 435 68.4 438 545
Oct. 79.5 332 68.5 342 49.0

Jan. 78 95 72 8.4 289

Apr. 22 147 49 142 428

RMSE Jul. 238 16.1 48 16.9 39.6
Oct. 12.9 136 55 12.8 287

Jan. 0.74 0.80 0.40 0.81 0.69

oA Apr. 0.56 0.79 0.41 0.81 0.58
Jul. 0.60 0.72 0.40 0.83 0.54

Oct. 0.47 0.76 035 0.78 0.60

Jan. 9580 9581 9442 9575 9530

) Apr. 9278 9260 9288 9276 9292

No. of valid data Jul, 9064 9057 9073 9056 9039
Oct. 9348 9349 9365 9315 9253

r: Pearson’s correlation coefficient; MB: mean bias; NMB: mean normalized bias; NME: mean normalized error; RMSE: root mean square error; IOA:
index of agreement. “The statistics are obtained for any pairs of the simulated and observed O; mixing ratios when the observed mixing ratio is >20

ppb.
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Fig. 4. Continued.
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