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Abstract In this study, we quantified changes in domestic emissions impact on PM, 5 and NO, concentrations in South
Korea during the 1% to 4™ Seasonal Particulate Matter Management (SPM) periods using observations and air quality
simulations. During the entire SPM periods, reductions in domestic emissions impact, the combined effect of changes in
emissions and meteorological conditions, contributed an average nationwide decrease of 1.5 ug/m*/year for PM, s and 0.9
ppb/year for NO,. The implementation of SPM, coupled with changes in meteorology and unexpected societal issues such as
the COVID-19 pandemic, resulted in a decrease of domestic PM, 5 emissions impact by 61.2% throughout the SPM periods. On a
provincial level, the decreases in PM, s and NO, concentrations due to the reduction in domestic emissions ranged from 0.1 to
2.6 ug/m* and 0.3 to 1.9 ppb, respectively, showing a correlation coefficient of 0.60 between them. When a nitrogen oxidation
ratio of 0.2 from previous studies was applied, the decrease in domestic NOx emissions impact during the periods accounted for
approximately 40% of the nationwide reduction in PM, s domestic emissions impact. These findings suggest a high possibility
that the decrease in PM, 5 concentrations in South Korea was affected by various precursor emission changes and
interprovincial emissions impacts. Therefore, considering the complicated nature inherent in secondary air pollutants such as
PM, 5, it becomes increasingly essential to establish a comprehensive analysis platform to integrate various information such
as emissions, observations, and air quality simulations. This integration is crucial for more adequately developing control
strategies for air pollution problems that we are facing. Additionally, from a health perspective, the magnitude of reduced
PM, s and NO, emissions impacts varied among provinces. Therefore, developing strategies tailored to regional conditions,
considering both achieving national ambient air quality standards and promoting public health, appears crucial.

Key words: Domestic emissions impact, Seasonal PM management, NOx emissions reduction, Precursor emissions, emission-

observation-modeling-integrating analysis
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Fig. 1. The modeling domains at horizontal grid resolutions of 27-km (Domain1) and 9-km (Domain2), the locations of seven-
teen provinces, and air quality monitoring sites (KR: South Korea, SO: Seoul, GG: Gyeonggi, IN: Incheon, CB: Chungcheongbuk-
do, CN: Chungcheongnam-do, SJ: Sejong, DJ: Daejeon, GJ: Gwangju, JB: Jeollabuk-do, JN: Jeollanam-do, KW: Gangwon, GB:
Gyeongsangbuk-do, GN: Gyeongsangnam-do, DG: Daegu, UL: Ulsan, BU: Busan, JJ: Jeju).
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Fig. 2. Schematic diagram of adjustment of foreign emissions impact and estimation of domestic PM, 5 emissions impact.
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Fig. 3. Changes in provincial (@) PM, 5 and (b) NO, concentrations during the seasonal PM management periods. ‘BS' repre-
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of A2t 71E A7) =Wl NOR 52 e
3% NO, HiE&9 Hstes =Wl PM,; HIEFF W
SFE Zd 40% A= AEE 4 U3
71 A4 5 H5 ARE o8 7IE AT
ol A ALHE S PM, s E =7t oSS AL o]
H|Z2 =olF t}(Lee et al., 2024; Bae et al., 2019). T+
2hA], Ul NOx HiE dave 353z s ditd
o gdaz olojd Aoz A gH. ol £
3} o] NOx HiEo] & A|ode] A9 FhalA 9
£ NOx M5 Aok 289 A S5 271
KT 5 glow, FezRE ] ANPA §9 D
FL HesA 4457 olFTh (Kim et al., 2021f,
2017¢; Huang et al., 2020). E9], AZTHA 717 5
oF H3He NOx HlE&2 =& =l 9] b Yot vi&E
z70] 28kt 11 0163% w4 o, 2B 28
&5 °olF T PM,5° AF= =k Bl
S A5H= o] RS (Yoo et al., 2024; Kim et al.,
2023a, 2021a, 2021b; Bae et al., 2021).
oj2fet FolA =l PM, ;s T&= 7AS HlsiA=
PM, St 22 BT 729 BAS He HepHo
2 248t ol t71d A4 i et Bl
QAR Ao] Wastch o2 S1a) wiE-pE-d713
BAE FRHoR BAst olsfet & gl A7 ot
g} olg 287 & 9 9F A9 SHE I o
71 Pele] s} wAoA Bobug deoz o
AT B QPO AQIE S851] PM,; S
5 Wl O AL IO, Bl
£ PM,; A w57t 13E AR9TE B ols
T o= s =l AQI o] e s Helk .2
B, =Wl B AlkoflA 2 2 Azt dizjde Al
Ho, AZEF SHA dHE PM, 5 E NO,

XH

HIEFF] Hae ARART 2ol Kl o]
gt Holl A AAAE viE S4o] 8 5= A% o
Ae Tl di71ed7Ee 2dshke A0, AE4
Q1 =Rl 7ol gt S A Wrtste ol A
A3l Helch
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Fig. S1. Time series of observed and simulated daily mean PM, 5 concentrations in South Korea for (a) BS, (b) S1, (c) S2, (d) S3
and (e) S4. The circle symbols and red lines imply observed and simulated PM, 5 concentrations, respectively.

Table S1. Model performance statistics for PM, 5 concentrations in the South Korea for BS, S1, 52, S3 and S4.

Period Observed mean (ug/m?) Simulated mean (ug/m?3) MB (ug/m3) R NME (%) NMB (%)
BS 33.2 27.0 -6.2 0.9 21.8 -18.7
S1 245 27.9 3.4 0.8 24.2 13.8
S2 24.0 244 0.4 0.8 20.3 1.5
S3 23.1 26.2 3.1 0.9 239 13.1
S4 24.8 26.3 1.5 0.9 21.3 6.0

Emery et al.(2017) goals for 24-hr PM, 5: R>0.7, NME < 35%, NMB < + 10%, criteria for 24-hr PM, 5: R> 0.4, NME <50%, NMB < + 30%
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