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Abstract  The observed monthly mean PM, 5 concentration in South Korea during December 2020 has decreased by 2.3
pg/m3, compared to that during the same month in the previous year, but the drivers of the change have been veiled yet. This
study quantitatively examines the roles of the potential drivers of the PM, 5 decrease during December 2020. Air quality
simulations for December 2019 and December 2020 show that the change in meteorology conditions have increased the
PM, 5 concentrations by 1.4 ug/m? in South Korea, but the changes in the Northeast Asian emissions have decreased the PM, 5
concentrations by 3.7 ug/m? in the country. In addition, foreign emission impact on the nationwide PM, s concentrations
estimated from a set of the sensitivity simulations with the Community Multi-scale Air Quality model and adjusted with the
surface observations in China has increased by 1.9 ug/m* in December 2020, compared to that for December 2019. It means
that the upwind foreign emission condition was not helpful in the downwind PM, 5 decrease. On the contrary, the domestic
impact has decreased by 4.2 ug/m> over the country, which compensated the increase in the foreign impact for the month.
The observed monthly mean NO, concentrations have decreased by 5% and 8% for South Korea and the Seoul Metropolitan
Area, respectively, compared to the same month in 2019. When a simple observation-based emission adjustment was
applied, a 5% decrease in the national total NO, emissions for the month was estimated. The causality of NO, decrease still
needs further investigations, but the seasonal PM, 5 management and social distancing after the COVID-19 re-outbreak at the
end of November might have led to the reduction in the anthropogenic emissions (i.e., NO,) and thus the PM,;
concentrations during the month.
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Fig. 1. Comparisons of the observed monthly mean PM, ;5 concentrations in China (top), and South Korea (bottom) between
2019 and 2020. The Beijing-Tianjin-Hebei (BTH) and the Seoul Metropolitan Area (SMA) are separately presented.
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Table 1. Model performance evaluations for PM, 5, NO,, and SO, against the urban air quality monitoring stations in South

Korea during October to December in 2019 and 2020.

Species Year MEAN1 MEAN2 MB RMSE NME NMB R
oM 2019 20.5 19.4 -1.1 46 174 -5.1 0.88
25 2020 20.5 22.1 16 5.1 188 7.6 0.91
NO 2019 21.1 196 -15 3.2 12.0 -7.0 0.9
2 2020 20.0 195 -05 3.8 149 -25 0.86
o 2019 34 2.9 -05 1.0 24.1 -133 0.71
2 2020 33 34 0.1 1.0 249 26 0.75

MEANT1, the mean of the observed concentrations; MEAN2, the mean of the simulated concentrations; Mean Bias (MB); Root Mean Square Error (RMSE);
Normalized Mean Bias (NMB); Normalized Mean Error (NME); Pearson Correlation coefficient (R). Unit: MEAN (ug/m3), NMB (%), NME (%). Emery et al. (2017)

criteria for 24-hr PM, s: NMB < + 30%, NME < 50%, R>0.40.
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Table 2. Estimated monthly traffic change in South Korea from October to December in 2019 and 2020
(unit: 1,000 vehicles/month).

Region Month 2019 2020 Change compared to 2019 (%)
October 213,924 215,631 +0.8%
South Korea, highway November 202,047 198,695 -1.7%
December 200,817 191,287 -4.7%
2019 2020 Change compared to 2019 (%)
October 90,270 88,347 -2.1%
Seoul Metropolitan Area (SMA), November 83,770 82,881 ~1.1%
highway December 85,083 80,989 -4.8%
2019 2020 Change compared to 2019 (%)
October 294,623 269,168 -8.6%
Seoul November 293,037 265,591 -9.4%
December 300,393 250,759 -16.5%
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