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In this study, the impacts of 50% and 100% reductions in domestic SO,, NOy, NHs, VOCs, and primary PM, 5

(PPM,5) emissions on PM, s concentrations in South Korea during the 2"¢ seasonal PM management period (i.e., from

December 2020 to March 2021) were estimated with air quality modeling based on the Clean Air Policy Support System 2018

emissions inventory. For the first half (0 — 50%) emission reduction, PPM, 5 is the most effective pollutant to lower the nation-
wide PM, 5 concentration (2.3 pg/m?), followed by NH; (1.5 pg/m3), NOy (1.0 ug/m?), VOC (0.7 pg/m?), and SO, (0.2 pg/m?).
However, the impacts of NH; and NOy emissions for the second half (50 — 100%) emission reductions on the nation-wide
PM, s concentrations significantly increased to 6.3 ug/m* and 4.5 ug/m?, respectively, which surpassed the impact of PPM, 5

reduction (2.3 ug/m3) for the same magnitude of emission reduction. The zero-out contribution of SO, emissions remained as

low as 0.5 ug/m?. This result exhibits significant nonlinear responses of PM, 5 concentrations to its precursor emission changes
from domestic emission sources. The estimated nonlinearities (= APM, 5 to the second half emissions reduction/APM, s to the
first half emission reduction) for the domestic NOy, NH3, SO,, PPM, 5, and VOCs emissions were 4.6, 4.1, 1.7, 1.0, and 0.8,
respectively. Our study results indicate that the sensitivity and nonlinear response of PM, s concentrations to the precursor

emissions should be considered when developing an air quality improvement plan because the effectiveness of PM, s

precursors in lowering PM, s concentrations vary depending on the magnitudes of the emission reductions to achieve a

targeted PM, 5 level.
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Fig. 1. The modeling domains at horizontal grid resolutions of 27-km (left) and 9-km (right), and the locations of seventeen
authorities, five air pollution monitoring supersites (Seoul, Daejoen, Gwangju, Ulsan, and Jeju) and ASOS weather stations in

South Korea.
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Fig. 2. Time-series and scatter plots of simulated and observed daily mean PM, s, NO,, and SO, during the 2" seasonal PM

management period.
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Fig. 5. Comparisons of (a) of PM, 5 response to domestic
anthropogenic emission reductions, (b) the impacts of the
emission reduction, and (c) the non-linearity estimated for
the precursor emissions in South Korea during the 2" sea-
sonal PM management period.
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(c) 2-m relative humidity RH: Daily averages in KR, Dec 01 2020 - Mar 31 2021
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Fig. S1. Comparison of observed and simulated daily mean (a) 2-m temperature, (b) 10-m wind speed, and (c) 2-m relative
humidity in South Korea during the 2" Seasonal PM management period (from December 2020 to March 2021).

Table S1. Statistics of observed and simulated meteorological variables across 79 weather stations in South Korea during the
2" seasonal PM management period.

Meteorological variables Meanps Meang;, Bias RMSE I0A
2-m temperature (°C) 3.18 224 -0.93 237 0.97
10-m wind speed (m/s) 2.02 3.55 1.53 233 0.69
2-m relative humidity (%) 62.31 66.39 4.08 14.93 0.86
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