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Abstract Since 2019, Korean Ministry of Environment has implemented the 1-3' PM, 5 Seasonal Management Plans
(SMP) to reduce PM, s concentration during high PM, 5 concentration period. In this study, we quantitatively evaluated the
major drivers (meteorology, foreign emissions, and domestic emissions) of which changes led to change of PM, 5 concen-
trations in South Korea during the PM, 5 SMP periods (S1, Dec. 2019-Mar. 2020; S2, Dec. 2020 - Mar. 2021; S3, Dec. 2021 - Mar.
2022) based on observational data and Community Multiscale Air Quality (CMAQ) simulation results. The nation-wide period
mean PM, s concentration in S1, S2, and S3 decreased by 8.7, 9.1, and 10.1 ug/m? compared to that during Dec. 2018 -Mar.
2019. Results show that anthropogenic emission reductions in Northeast Asia decreased the PM, 5 concentration by 5.9, 5.5,
and 8.8 ug/m? respectively during S1-S53. Note that the effect of the regional emission reduction includes not only domestic
emission reduction but also reductions in foreign emission impact. The combined impact of meteorology and foreign
emission changes explained 65%, 61% of the total PM, 5 decreases over South Korea and the Seoul Metropolitan Area (SMA)
respectively during the S1-S3. Consequently, domestic emission reductions including governmental air quality management
plans (i.e., the PM, 5 SMP) and socioeconomic changes (i.e,, COVID-19 outbreak) led to PM, s concentration decrease in South
Korea by 35% during the periods. Among seventeen provinces in South Korea, the impacts of domestic emission reduction
on the PM, 5 concentration decreases were as high as 39% and 56% in the SMA and Chungnam where the major emission
sources such as transportation, power generation facilities, and industrial complex locate and where the PM, 5 SMP measures
were probably penetrated. It implies that the effects of domestic emission controls were meaningful to lower PM, 5
concentrations during the periods.
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Table 1. Summary of target periods in this study.

Period Duration Remark
BS _Diﬂcg:::;,]’zg?;s Reference period
S1 _Diﬂcaerrl]:; ,1’25(2)2)9 COVID-19 outbreak
S2 _D:AC:S:;jéé;zo Social distancing maintained
S3 December 1, 2021 Social distancing maintained

- March 31,2022
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Fig. 1. Model simulation domains at 27-km (left) and 9-km (right) horizontal grid resolutions. Gray dots show the locations of

air quality monitoring stations.
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Fig. 2. A conceptual diagram of interactions among the four
major drivers of PM, 5 change.
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Table 2. Observed period mean PM, 5 concentrations over the selected sub-regions during BS - S3.
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S2 51.7 58.9 45.0 60.6 241 28.0
S3 452 46.5 43.6 51.5 23.1 258
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Fig. 3. Spatial distributions of observed period mean PM, 5 concentrations during BS - S3 in China (left) and South Korea (right).
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Supplementary Materials

Table S1.The number of valid air quality measurement sites during BS - S3.

BS S1 S2 S3
China 776 775 742 694
South Korea 321 382 390 448

Fig. S1. Spatial distributions of simulated period mean foreign emission impacts on PM, 5 concentration and their differences
during BS - S3.
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