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Abstract

Temporal and spatial variations in surface ozone concentrations in Busan were investigated by using observation data
from urban air quality sites during 2001-2016. The annual ozone concentrations showed a significant increasing trend
of +0.40 ppb yr' in this period, with a more rapid increase of +0.81 ppb yr' since 2010. For the monthly analysis,
the increase in ozone concentration was the greatest in August (+0.68 ppb yr). These ozone trends were due mainly
to rising temperature (+0.05°C yr') and weak decreasing precipitation (—6.42 mm yr'). However, the extreme weather
events (heat wave, localized heavy rain, etc.) lead to an increase in short-term variability of ozone since 2010. The
relatively low ozone concentrations in the downtown area were caused by high NOx emissions from mobile sources.
The increases in ozone concentrations were observed at most of the air quality monitoring sites due to the reductions
in anthropogenic emissions of NOx during 2001-2015. However, in the southern coastal area, lower rates of increase
in ozone concentrations were observed by —0.10~0.25 ppb yr' due to the significant NOx emitted by ships in the Busan
port and Busan new port.
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Fig. 1. Geographical location of the urban air quality
monitoring sites and urban areas in Busan (GB:
Gwangbok, DC: Deokcheon, DY: Daeyeon, YS:
Yeonsan, GJ: Gijang, TJD: Taejongdae, JP: Jeonpo,
HIJ: Hakjang, CN: Cheongnyong, JN: Jangnim, DJ:
Daejeo, BG: Bugok, GA: Gwangan, NS: Noksan,
MJ: Myeongjang, YSR: Yongsuri, J: Jwa, SI:
Sujeong, DS: Daesin).
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Table 1. Information on urban air quality monitoring sites in Busan
Stations Period Location Type® Unmeasured rate
Gwangbok (GB) 1985- 129°01 “ 49.92 " E, 35°05 “ 59.75 " N BASE 3.1%
Deokcheon (DC) 1988- 129°01 " 10.74 ” E, 35°12 " 57.78 " N BASE 9.3%
Daeyeon (DY) 1983- 129°05 “ 10.62 " E, 35°07 " 46.38 " N BASE 3.2%
Yeonsan (YS) 1996- 129°04 “ 41.94 " E, 35°11 " 04.86 " N BASE 4.0%
Gijang (GJ) 1999- 129°12 * 56.94 “ E, 35°14 " 19.46 " N TOTAL 5.3%
Taejongdae (TJD) 1996- 129°04 * 47.52 " E, 35°03 " 3522 N TOTAL 4.0%
Jeonpo (JP) 1980- 129°03 “ 50.55 " E, 35°09 " 11.30 ” N TOTAL 4.4%
Hakjang (HJ) 1979- 128°59 " 03.16 ” E, 35°08 " 46.14 " N TOTAL 4.0%
Cheongnyong (CN) 1997- 129°05 “ 22.26 " E, 35°16 " 31.74 "N TOTAL 2.9%
Jangnim (JN) 1979- 128°58 " 00.75 ” E, 35°04 * 58.77 " N TOTAL 4.4%
Daejeo (DJ) 1999- 128°57 “ 18.72 " E, 35°12 " 36.06 " N TOTAL 3.3%
Bugok (BG) 2000- 129°05 “ 33.54 " E, 35°13 " 47.16 "N TOTAL 3.2%
Gwangan (GA) 2001- 129°06 “ 28.11 ” E, 35°09 “ 09.73 " N TOTAL 2.5%
Noksan (NS) 2003- 128°51 * 18.06 ” E, 35°05  39.60 " N TOTAL 2.8%
Myeongjang (MJ) 2002- 129°06 " 15.58 " E, 35°12 " 17.52 " N TOTAL 32%
Yongsuri (YSR) 2004- 129°10 " 48.84 " E, 35°19 " 3222 "N TOTAL 2.4%
Jwa (J) 2005- 129°10 “ 26.94 " E, 35°10 " 14.28 "N TOTAL 3.3%
Sujeong (S]) 2011- 129°02 * 43.74 " E, 35°07 * 45.83 "N TOTAL 1.5%
Daesin (DS) 2012- 129°01 “ 01.98 " E, 35°06 " 52.09 ” N TOTAL 2.6%

“BASE and TOTAL indicate the sites measured continuously without changing locations from 2001 to 2016 and the additional sites

established since 2001, respectively.
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Fig. 2. Annual variations of (a) 1-hour ozone and (b) daily maximum 8-hour ozone during 2001~2016 at BASE and

TOTAL sites in Busan.
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Fig. 3. Annual variations of 5, 25", 50", 75", 95" and 99" percentile concentrations of ozone during 2001~2016 at BASE

sites in Busan.
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Fig. 4. Annual variations of monthly average ozone in the (a) spring, (b) summer, (c) autumn and (d) winter during

2001~2016 at BASE sites in Busan.
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Table 2. Correlation coefficient between the yearly averaged ozone concentrations for the BASE and TOTAL sites and

meteorological variables during 2001~2016 in Busan

Meteorological variables® lb- hr ozone daily nlax. $hr ozone

BASE TOTAL® BASE TOTAL®
Temperature 0.66 0.59 0.74 0.65
Daily max. temperature 0.60 0.48 0.70 0.55
The number of days which experienced temperatures exceeding 30 C 0.27 0.22 0.20 0.15
Wind speed -0.05 -0.14 -0.05 -0.15
Total precipitation amount -0.09 -0.02 -0.13 0.00
The number of precipitation days -0.12 -0.34 0.02 -0.25
Relative humidity 0.25 0.11 0.39 0.23
Cloud amount 0.32 0.31 0.22 0.25

* The meteorological variables were observed from the Busan ASOS site.

° BASE sites includes GB, DC, DY and YS.

¢ TOTAL sites includes four BASE sites, GJ, TID, JP, HJ, CN, JN, DJ, BG, GA, NS, MJ, YSR, J, SJ and DS.
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Fig. 6. Annual variations of temperature, daily maximum temperature, precipitation and relative humidity observed from
the Busan ASOS during 2001-2016. Grey lines indicate the annual variations of ozone concentrations for the BASE

sites.
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Fig. 7. Monthly variations of (a) mean ozone concentrations for the BASE sites, (b) air temperature, (c) precipitation and
(d) precipitation days observed from the Busan ASOS from 2001 to 2016.
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(b) NOx emission trend (2001~2015)
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Fig. 8. (a) Spatial distribution of NOx emissions per unit area (ton yr' km?) in 2005 and (b) NOx emission trends during

2001~2015 in Busan.
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