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Abstract The annual mean PM, s concentration in Ulsan, the largest industrial city in South Korea, still does not meet the
national ambient air quality standard (15 ug/m3) while the PM, s concentrations have recently shown a decreasing trend. In this
study, we identified the major contributors to PM, 5 concentrations in Ulsan for the year of 2016 using the Comprehensive Air
quality Model with eXtensions with Particulate Source Apportionment Technology (CAMx-PSAT). The foreign and domestic
contributions to the annual PM, 5 concentration in Ulsan were 11.3 ug/m?, 11.6 ug/m>, respectively. The average of self-
contribution was 6.8 ug/m? in Ulsan, while Nam-gu where the Ulsan-Mipo national industrial complex are located had the
highest self-contribution (13.0 ug/m?3, 75% of domestic contributions) among five local authorities in Ulsan. The contributions of
Gyeongbuk, one of the neighboring provinces, to the annual mean PM, 5 in Ulsan was the highest (1.4 ug/m?) for the year,
followed by Gyeongnam (0.6 ug/m3), Chungnam (0.5 pg/m?3), Busan (0.4 ug/m>), and Daegu (0.2 ug/m3). It was confirmed that the
contributions were affected by prevailing winds in and around Ulsan. During the warm season (April to July), the self-
contribution was 2.5 times higher than the neighboring provincial contribution even though the PM, 5 contributions of Busan
and Gyeongnam, locating in the south and west of Ulsan, have increased during the warm season. For the rest of the year, the
self- and neighboring provincial contributions were similar to 5.1 and 4.8 ug/m?, respectively. Note that uncertainties in the
emissions inventory used in this study (i.e., Clean Air Policy Support System 2016) have clearly led to the over-predictions of the
PM, 5 and SO, in Nam-gu, Ulsan. It is, therefore, a prerequisite to have the local emissions that can explain the current air
pollution in the area prior to developing a comprehensive air quality improvement plan.
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Fig. 1. (a) The location of Ulsan, and (b) a precise topogra-
phy, industrial areas, main roads, and five local authorities
(Jung-gu, Nam-gu, Dong-gu, Buk-gu, and Ulju-gun) in
Ulsan. The blue square in (a) indicates the modeling domain
at a horizontal grid resolution of 3-km. The blue and black
circles in (b) indicate the urban air quality monitoring sites
and the Young-nam super site in Ulsan, respectively. The red
triangle is the Ulsan weather station.
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Fig. 2. Monthly variations of frequency of wind directions

observed at the Ulsan weather station during 2016.
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Table 1. Annual emission rates of NOy, SOy, VOC, NH3, and Primary PM, 5 (PPM, 5) in Ulsan and the surrounding regions esti-

mated in the CAPSS 2016. (unit: TPY)
Local authority NOy SOy VoC NH3 PPM, 5
Ulsan 51,223 49,214 96,801 15,134 2,502
Dong-gu 3,227 (6%) 903 (2%) 13,804 (14%) 67 (0%) 140 (6%)
Nam-gu 27,008 (53%) 30,110(61%) 49,836 (51%) 7,785 (51%) 1,246 (50%)
Jung-gu 1,883 (4%) 11(0%) 1,904 (2%) 123 (1%) 91 (4%)
Buk-gu 3,001 (6%) 23(0%) 7,889 (8%) 164 (1%) 141 (6%)
Ulju-gun 16,104 (31%) 18,166 (37%) 23,368 (24%) 6,994 (46%) 883 (35%)
Busan 49,468 10,777 40,899 1,744 2,544
Daegu 30,110 4,187 31,264 1,780 1,409
Gyeongnam 102,053 30,914 107,783 25,389 5,548
Gyeongbuk 109,746 39,361 85,068 34,252 22,670
Chungnam 134,889 81,843 73,310 49,585 18,822
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Fig. 3. Spatial plots of (a) the simulated annual mean PM, ; concentrations, and (b) the relative foreign contributions in and

around Ulsan during the simulation period of 2016.
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Fig. 4. (a) Domestic and foreign contributions for PM, 5 concentrations, and (b) monthly variations of domestic and foreign con-
tributions in Ulsan during the simulation period of 2016. Blue shaded area indicates the range of minimum and maximum

domestic PM, 5 contributions.
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Fig. S1. Seasonal wind roses in the Ulsan weather station during 2016.
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Fig. S2. Self-contributions of the period-mean (a) PM, s, (b) Nitrate, (c) Sulfate, (d) Ammonium, and (e) PPM, 5 concentrations
during April to July (left) and the rest of months (right) in and around Ulsan.
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Fig. S5. Comparison of observed and simulated daily mean (a) 2-m temperature, (b) 10-m wind speed, and (c) 2-m relative
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