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Abstract Emissions of SO,, NO,, NHs, volatile organic compounds and primary PM, 5 released from thirty-one local
authorities in Gyeonggi and its adjacent provinces were tagged to estimate the inter-and intra-provincial contributions as
well as the self-contributions to the annual mean PM, 5 concentrations for 2016. The CAMx-PSAT simulation with the Clean Air
Policy Support System 2016 at horizontal grid resolutions of 27 km, 9 km, and 3 km was applied. During the two-way nesting
simulation, coarser modeling domains were utilized to quantify the contributions of emissions from the upwind foreign
countries (foreign contribution) to PM, 5 concentrations in Gyeonggi's local authorities. Results show that the foreign
contributions to PM, 5 concentrations of local authorities in Gyeonggi during 2016 ranged from 50~76%, exhibiting higher
foreign contributions to local authorities in northwestern Gyeonggi due to their geographical locations vulnerable to the
long-range transport of air pollutants and relatively low self-contributions (contributions of local authorities'emissions). Self-
contributions to PM, 5 concentrations for the local authorities varied in the range of 2~12% (mean 6%). In comparison, the
intra-contribution (contributions of emissions from the rest of Gyeonggi) ranged from 8~20% (mean 13%) during the year-
long simulation period. On the other hand, the total inter-provincial contributions (contributions of emissions from
neighboring provinces such as Seoul, Incheon, Chungcheong, and Gangwon) amounted to Gyeonggi’s PM, 5 by 17% on
average. However, for a specified local authority in Gyeonggi, the inter-provincial contributions to the PM, s concentrations
were as high as 27%, possibly due to its proximity to high emission areas outside the province. In the meantime, the modeled
contributions of Gyeonggi’s emissions to the PM, s concentrations of its surrounding provinces were 4~11%. It implies
mitigations on the inter- and intra-provincial contributions are important to improve PM, 5 concentrations in Gyeonggi‘s local
authorities. It also represents that emission control plans across the provinces are inevitable to improve the local PM,
concentrations in and around Gyeonggi.

Key words: PM, 5, Local authorities in Gyeonggi, Foreign contribution, Self-contribution, Inter- and intra-provincial contri-
butions
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Fig. 1. Modeling domains at (a) 27-km, (b) 9-km and (c) 3-km horizontal grid resolutions. The dotted box indicates the loca-
tions of gray-colored thirty-one local authorities in Gyeonggi. The enlarged Gyeonggi region is divided into four sub-regions
to northern (yellow region), central (green region), eastern (orange region), and southern (gray region). The blue circles and
black triangles indicate the air pollutant monitoring sites and ASOS sites, respectively. The red triangle represents the

Bulgwang supersite in Seoul.

(119x 173 grids) =% s =2 st H 1).
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Table 1. Summary of the WRF configuration in this study.

Input/Physics Selected option

Microphysics
Long-wave radiation
Short-wave radiation
Cumulus scheme

WSM6 (Hong and Lim, 2006)
RRTM (Mlawer et al., 1997)
Goddard (Chou and Suarez, 1994)

Kain-Fritsch (Kain, 2014) for 27-
and 9-km domains

NOAH (Chen and Dudhia, 2001)
YSU (Hong et al., 2006)

Land-surface model
Boundary layer

ing (WRF) version 3.9.15 ©]-85}% 2™, WRF 22
9] %7]/74A| 2L National Centers for Environ-
mental Prediction (NCEP)J|A] Al&8l= 1.0° X 1.0°
A7}, 6A17F 7HA 9] FNL Operational model Global
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nel Emissions (SMOKE) 2 & version 3.1 ©]-85}%
©1, SMOKE Rdllof 9125 ofA[opx] o wiE& 552
Comprehensive Regional Emissions inventory for
Atmospheric Transport Experiment 2015 (CREATE;
Woo et al., 2020), =Hloll tHall A= Clean Air Policy
Support System 2016 (NIER, 2019)= ©]-&5}3it}. 2}
A &2 AAHHEE JZHSE Model of Emissions
of Gases and Aerosols from Nature (MEGAN; Guen-
ther ef al., 2006) 2.045 o]-&3}o] A5}t

2 Ao AHE-EH Comprehensive Air Quality
Model with eXtension (CAMx) 2 &-2 version 6.1°]
w, 42452 207] F-0.2 TAHTE CAMx BEe]
gas-phase chemistry+ Statewide Air Pollution
Research Center, Version 99 (SAPRC99; Carter, 2000)
= o8, 11 ¢ CAMx BA] AAH 4L 3 20
AAEFATE H7]1d BARS 2015 129 16U 5]
20169 124 31974 2 1627+9] spin-up 717+ A
elstaL, 20161 A 7IZte 24 WFeR 0|85t

k.
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5= HIH O 2 BEM (Brute Force Method)©] T 3E2]

olch, BEME 7]l £4 thifo] wi ujEe Ei
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sk, 712 BAle} B Aol 2 Bal Flel g A
Shet. o] o) A9 Agol 41, iE Watel e
I WSS AP ARA0 R 24T 4 g Aol
9lo] chaFet Aol o} 853 SIek(Kim et al. 2017,

d; Itahashi et al., 2012). ¥, W&} 5 A 9]
HAgdo] 2 45 wiEw §ist vlgo] ot =&%
Noje Fol7} WGk, B4 g waAel
WARZE g stk o] Qlch

A2 W2 32k Feteh 4F =E UjoflA 7]
oAk 24 i viEFe] olF # Hg S 4
3ot A S 2 Particulate Source Apportionment
Technology (PSAT; Yarwood et al., 2007)°] 1.2,
550 HEY B WiEA oA HlE 5= PM, 59
Rt A722 (NO,, SO, VOC 5) 79 =& ' |
9] BALR FAT 4= 9t} (Koo et al., 2015; Koo et al.,
2009).

2 Aol A PSATS A8ot] H7|=E FHO
= =9 9 QI Ak viEwel o3t PM, 5 71 =&
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S =] A9 vjEZe] o7t PM, 5 71 E =&
7] % (foreign contribution)’ 2 A7ttt 2) 7]
Lot ot Qle A=Al JIMAL S, 55, e
o] W& 7|AEE AHAE 7] % (intra-provincial
contribution)’ =2 W50 A HQItt 3) A7k 7%
A ZA oA vl &R AHA] B S0l s 219 9] PM, 5

Table 2. Summary of the CAMx configuration adopted in this study.

Physics/Chemistry

Selected option

Horizontal advection
Gas-phase chemical mechanism
Aerosol chemistry

Dry deposition model
Wet deposition
PBL scheme

Piece-wise Parabolic Method (Colella and Woodward, 1984)
SAPRC99

RADM-AQ (Chang et al., 2016)

ISORROPIA (Nenes et al., 1998)

SOAP (Strader et al., 1999)

Static 2-mode (Coarse-Fine; CF Scheme) for size distribution
Resistance model (Zhang et al., 2001, 2003)

Scavenging model (Seinfeld and Pandis, 2016)

YSU (Hong et al., 2006)
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Fig. 2. PM, 5 source apportionment is conducted in this
study. Thick and thin solid lines represent the foreign and
inter-provincial contributions, respectively. The dotted red
line indicates the contributions of Gyeonggi’s emissions to
neighboring provinces. Gray-colored polygons show 31
local authorities in Gyeonggi.
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Fig. 3. Comparison between the mean ASOS measurement data and meteorological simulation in Gyeonggi for hourly (a)

2-m temperature and (b) 10-m wind speed.
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Fig. 4. Comparisons of the observed and simulated daily mean concentrations of (a) PM, 5, (b) NO,, and (c) SO, at 76 urban air
quality monitoring stations in Gyeonggi for 2016. The black dots and red lines represent the observed and simulated daily

mean concentrations, respectively.
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Ammonium, (e) EC, and (f) OC at the Bulgwang super site during the simulation period of 2016.
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Fig. 6. Contributions of foreign emissions to annual mean
PM, 5 concentrations in local authorities in Gyeonggi during
the simulation period of 2016.
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SUPPLEMENTARY MATERIALS

Table S1.The names of 31 local governments in Gyeonggi Province are expressed in abbreviations.

Mmunicipal authority Abbreviation Municipal authority Abbreviation
Gapyeong-gun GAP Anyang-si ANY
Goyang-si GOY Yangju-si YAJ
Gwacheon-si GWC Yangpyeong-gun YAP
Gwangmyeong-si GMY Yeoju-si YEJ
Gwangju-si GWG Yeoncheon-gun YEC
Guri-si GUR Osan-si OSN
Gunpo-si GUP Yongin-si YOG
Gimpo-si GIP Uiwang-si uiw
Namyangju-si NAYJ Uijeongbu-si ulJ
Dongducheon-si DODC Icheon-si ICH
Bucheon-si BUH Paju-si PAJ
Seongnam-si SEN Pyeongtaek-si PYE
Suwon-si SUW Pocheon-si POC
Siheung-si SIH Hanam-si HAN
Ansan-si ANS Hawaseong-si HAW
Anseong-si ANSE
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Fig. S1. Annual (a) Primary PM,, (b) NO,, (c) SO,, (d) VOC and (e) NH3 emissions of local governments in Gyeonggi-do in

2016 CAPSS.
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