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Abstract We quantitatively estimated PM, 5 (Particulate Matter of 2.5 um or less in diameter) reduction potential of domestic
emissions in South Korea during the 2"¥ Seasonal PM Management (SPM; December 2020 -March 2021). A set of three-
dimensional air quality model simulations utilizing Community Multi-scale Air Quality (CMAQ) based on the Clean Air Policy
Support System 2018 and Satellite Integrated Joint monitoring of Air Quality version 1 emissions inventories (Els) were applied.
Foreign or domestic emissions were reduced by 50% or 100% in turn to estimate the emission impacts in different simulations
and/or adjusting approaches. Depending on choice on the perturbation rate and emission source area, El-based domestic
emission impacts ranged from 10.6 to 13.5 pg/m? (42-54%) for the study period. The domestic emission impact estimated from
a 100% reduction of national emissions was 2.9 ug/m?* higher than that from a 50% reduction. It implies that appreciable non-
linear relationship exists between domestic emissions and the PM, 5 concentrations. Meanwhile, the El-based PM, 5 simulations
were underestimated by 7% in China and overestimated by 4% in South Korea, respectively. Considering the simulation
uncertainty, domestic and foreign impacts were adjusted based on the PM, 5 observations. After the adjustment, the domestic
impacts were assessed to 8.6—13.0 ug/m? that can be interpreted as the maximum domestic PM, s reduction potential. When a
100% reduction of domestic emissions was assumed, the national PM, 5 concentration during the SPM barely satisfied the
annual average air quality standard level (15 ug/m?). On the other hand, it was predicted that simultaneously reductions of
domestic and foreign emissions by 50% lowered the PM, s concentration in South Korea during the SPM to 13.0 ug/m>.
Considering that it is realistically impossible to reduce total domestic emissions (i.e., 100%), international cooperation among
neighboring countries is imperative to achieve the target PM, 5 concentration in South Korea.
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Fig. 1. Modeling domains for 27-km and 9-km resolutions used in this study. Black dots and yellow triangles indicate the
locations of air quality and meteorology measurement stations.
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Table 1. Summaries of (a) base and sensitivity simulations, and (b) foreign and domestic emission impact calculations adopt-

ed in this study.

(a) Base and sensitivity simulations

Case Emission perturbation area Emission reduction rate
Base - -
Case 1 Foreign 50%
Case 2 Foreign 100%
Case 3 Domestic 50%
Case 4 Domestic 100%
Case 5 Foreign & Domestic 50%
Case 6 Foreign & Domestic 100%
(b) Emission impact calculations
Name Foreign Domestic
F50 (Base—Case 1)x2 Base-(Base—Case 1) x2
F100 Base-Case 2 Case 2 (=Base—(Base—Case 2))
D50 Base—(Base—Case 3) x 2 (Base—Case 3)x2
D100 Case 4 (=Base—(Base—Case 4)) Base—-Case 4

=i (D) Bl &=l tall ZHzF 50%, 100% 2F RAMS
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71 ATE 3584 =0kl & dAtellM= 2t
HALS] PM, s B H2le} & ddS 24 o &
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S E Ale gutslo] o] 435131 th (Bae et al., 2020b).
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Fig. 2. Schematic diagram of estimation and adjustment of foreign and domestic emission impacts.
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Fig. 3. Daily mean PM, 5 concentrations in (a) China and (b) South Korea from December 2020 to March 2021.
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Fig. 4. Spatial distributions of (a) foreign and (b) domestic emission impacts during the study period. F50, F100, D50, and
D100 indicate the emission impacts estimated from simulations after 50% or 100% reductions of foreign (F) or domestic (D)
emissions, respectively.
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Fig. 6. Bar and whisker plots show the period mean foreign
and domestic emission impacts on PM, 5 concentration in
South Korea and 17 provinces. Base represents the emis-
sions inventory-based impacts while RRF and CCF indicate
the adjusted emission impacts based on RRF and CCF meth-
ods, respectively.
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Table 2. Period mean 17 provincial PM, 5 concentrations predicted after foreign or domestic emission reductions during the
study period. Simulation results were adjusted by RRF. Boxes filled with yellow and red colors indicate that the PM, 5 concen-

trations exceed 13 or 15 ug/m?, respectively.

Emission reduction scenario

Region Observation Foreign Domestic Foreign & Domestic
50% 100% 50% 100% 50% 100%
South Korea 24.2 17.7 11.2 19.3 1.4 13.0 2.1
Seoul 27.1 20.3 13.6 20.9 11.2 14.5 1.7
Incheon 273 19.5 12.0 221 14.0 14.7 1.9
Gyeonggi 28.6 204 12.3 233 13.9 15.5 2.1
Chungbuk 28.1 20.1 12.0 224 13.2 153 24
Chungnam 29.8 21.5 13.3 2338 14.1 16.0 23
Daejeon 20.5 14.8 9.1 16.3 9.5 10.9 1.7
Saejong 27.8 20.1 123 225 12.7 153 2.2
PM,s . Jeonbuk 253 18.1 11.0 20.2 12.1 134 2.2
concentration
(ug/m3) Jeonnam 19.0 13.9 8.9 14.6 9.0 2.9 1.9
Gwangju 24.8 17.8 109 19.6 12.0 13.0 23
Gangwon 20.5 14.0 74 17.0 11.9 10.9 2.1
Gyeongbuk 21.9 171 12.2 15.9 8.4 11.5 1.8
Gyeongnam 18.8 13.6 8.5 14.7 8.8 10.0 20
Busan 20.7 15.5 10.2 15.8 8.9 11.0 2.1
Daegu 23.6 17.9 12.2 17.7 9.5 12.6 20
Ulsan 19.0 14.1 9.2 14.6 8.3 10.0 1.9
Jeju 16.7 1.3 6.1 14.0 109 9.0 25
o] MjETFo] 100% HAshHs Fole AT FE 100% AR Case 69141 =] A PM,; 5%
& A2lat ojre] AolH ABE PM,; 5= 7h o 21 B 1705 pgm’E A E R0, o]
13 ug/m’ oJ5t2 dIEEH o, 5t W FrE= oF & T35 PM,; 59 A9 (regional) Bkl
11pg/m’s2 74 El‘ziﬁ‘r =, U e w1 wiEdE Sideth
50% AMgste %ol w7lg g 7Eely 20274
24 BEE BEAZ 5 glov], Fu) Ex 29 )
ZEFo] 100%°l 7PEA A= ojoF B F/do] 7hs 4.4 &
stet.
S et =9 HilEES T4l 50% &¢I Case 2 AT 22 A=A 717 B H71E BAL
5 AR E 37|19 F2 A QRE Aestr o = 7INeR =l B =9 siEdFo] =] PM, ;5
BB A|LoA PM,s 557t 15ug/m® -2 13y 718 BAF skl njA= 9&Fs 24staL, ol Bt
m’ o|st& FAasigrh. utebA, AdgelA 7zt 5 TR =Wl AAAQ ko ofs) At heet
ot U PM,; BEE 15 ugim® oloke WE7] Sla)  PM,, & B2 FR5HAch s BAS olgd
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of gt} o]&gt Aul= | PM,; B = /NS B3 @) H AE (50% &2 100%)°] THE #folE H]aL
U A RS E YA 21&400 A o] & ot 22k S A ARk
a3t A Ay Fuel WiEFS SA 2% AdTRA TRk B 9] MR £
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Supplementary Materials
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Table S1. Comparison of emissions inventories for (a) China and (b) South Korea.

(unit: ktons/yr)

co S0, NOy NH; NMVOC PMso PM, 5
(a) China
MEIC 2015 153,579 16,921 23,696 10,486 28,498 12,303 9,142
MEIC 2017 136,200 10,500 22,000 10,300 28,617 10,200 7,600
SJAQ v1 141,937 13,374 22,514 10,327 28,400 10,798 8,115
(b) South Korea
CAPSS 2015 793 352 1,158 297 1,011 233 99
CAPSS 2017 817 316 1,190 308 1,048 218 92
CAPSS 2018 809 301 1,153 316 1,036 233 98
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