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Abstract To effectively manage air pollutant emissions, it is crucial to first analyze the impact of emissions on air pollutant

concentrations and subsequent human exposure. This study utilized air quality simulations for March 2021, based on top-down

emission estimates capable of reproducing observed concentrations of pollutants such as NO,, SO,, and CO in South Korea. The
simulated concentrations were further used to calculate the Population Weighted Concentration (PWC). Additionally, a separate
simulation was conducted to estimate changes in concentrations and PWC resulting from the removal of regional emission

disparities, including emission hotspots. During the study period, the emission density of the top 10% emission hotspots was six
times higher for NO,, ten times higher for SO,, and three times higher for CO compared to the national average. These hotspots
accounted for 57.5% of the total national NO, emissions, 89.7% of SO, emissions, and 36.9% of CO emissions. This indicates a
high concentration of emissions in specific areas, raising concerns about exceeding air quality standards. Under current emission
conditions, NO, and CO concentrations were highest in the Seoul Metropolitan Area (SMA), while SO, concentrations were
highest in the Chungcheong region. In contrast, the PWC for all three pollutants was the highest in the SMA compared to other
regions. Furthermore, the national average PWC for NO,, SO,, and CO was 2.5 times, 2.2 times, and 1.4 times higher, respectively,
compared to the national average concentrations. This suggests that, despite improvements in national air quality, relatively

high concentrations persist in densely populated areas. In the scenario with flattened emissions, the national average PWC of
NO,, SO,, and CO decreased by 50%, 24%, and 23%, respectively. This finding underscores the importance of establishing air
quality improvement plans aimed at reducing population exposure within regions, independent of total emission regulations, as

strategic siting of emission sources can reduce PWC regardless of regional emission volumes.
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Fig. 1. The spatial distribution of emissions density of (a) NO,, (b) SO,, and (c) CO for CNTL (left), UNFM (middle), and the dif-
ference (right) in South Korea for March 2021.
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Fig. 3. Time series and scatter plots of daily mean concentrations of (a) NO,, (b) SO,, and (c) CO in South Korea for March
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represent UNFM simulation.
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UNFM EZAMoA CO%}t NO, =7t 42} 11.9%,
42.5% S7Fotadnh. ohel, 19 5olA E 4 1ROl
CNTL BAPA &7t S9IE 299 H%-(ie., &
I 59 10% AAD), UNFM 2AMfA =7} F71s}
71& shy di71e 7S ol4d6] whEohe ol
Ak

1% 5004 CNTL R2AFIA 618 %= 10%°] s
she AZE0 Bt w20t A= B Tk 749 H]
= NO,E 0.2, SO,= 0.3, 181 CO+= 0.70]31ct. &t
A, A9 & 10%0] siEste Al gt v
H]3= NO, 2.7, SO, 3.6, CO 1.52 obxlth 17 29
A ZES9] 10% HiEel sidshe AxfellA =l A
NO,, SO,, CO Wi&%F2] 247} 57.5%, 89.7%, 36.9% S
A7 stR o, HiE S o g QIR ke Ho7t 54
2190 HFE= e & 4 Utk o]FA HiEwol
DHE hotspot A= 7] 7|7
Zke f27h Erh mebA, o5 Ao tigt viE
w7 A5 2871

UNFM ZAFIA 9] -5 10%°] sigot= A2t
9 B} = B 5 7+ Hl= NO, 0.3, SO,
0.3, CO 0.7%2 CNTL ZAF A3e} FAFSHATE o]9f
HHall, %91 B 10%°] it A2l tigt 5
H]:= NO, 1.5, SO, 1.4, CO 1.22 CNTL &AL Axto]
H]8f YolH k. CNTLY UNEM RATO A A= Bt
F& o] 2tol7t 22| AL T BARo|A] Sk9] 10% AR}
O] Wt FE7F AR 18T ufl, CNTL BEARof A
FLE Hold hotspot AAE9] Lt A HA
o

R

o A
= € g At

)

HjE Hetel M9 o] HAF & §9E HWSHY,
CNTL ZAtOA =W AZPE NO, k= 0.9~47.3
ppb AR 2, UNEM EAFA & 1.0~15.8 ppb &
A= 7t A HASHATHLE 5(a)). SO, T &
= CNTL 2AFA] 0.4~65.5 ppb, UNEM FA}o]| A=
0.4~3.4 ppb2 ZrAote], Hof| 57} CNTL 2AR]
5% 0 QTH(LE 5(b)). $O,9] HlE EAAT 47
2ol H5H ¥lES Hol=tl (Kang and Kim,
2022), UNFM 9| 7-¢-  Azpol| A 112 vjE=H
A, Sl 5 717 AEE A2 ARt tiEE
o] Axfo| A RAF FETF FASIR A o= HQlth
CO9| A% CNTL RA}OA 223.7~866.4 ppb2]
o HOE HIATE UNEM RAMY A 196.5~417.4
ppbE FE7F ARFE It (TTE 5(c)). T, Hi7]
= AFAIRe] 71 co9] -9 =l viEol ofgt FF
A AR olFel o7t =] F49] FFel =
7] Wizl (Kim et al., 2024b), U] Hl& HEratof ot
2 =T H57}NO,2t SO, Hls] Wkt

HjE getsto] oo 2] Az A = B+t
of 77k & HAAT AtiA o g HAL 57}
=2 AAEE FRIE Ik UNEM 2AOIA A2 2E
LA FE 9 Aol viETol ot A Hhss, 2|9
A Aol 219 W 714 T aQld ofgt Aew
THE T (Jeong et al., 2024). TEHA], T17 40]] AAIH
UNFM HAFOA] g2l og2 1isegl 2o sk
M S F7HR1 vilE w7 Do) Helch

1% 5004 AAIRE T T 71791 2021 39
of thet B+t FEo]7]= Sk, CNTL RAFS] 79
9] 2.1%2F 0.6%°l siFot= A4 NO,2t
SO, HAF w27t Agat 7S 7|2 20kl
t}. o]of §holf UNFM EAtO A= BE ZAfeA of
T 717875 THESHH: ol e At I
WEE Azt Hold 7|2 7o) 2= Y
E°] hotspot 5 YF Ao HFH ZAH}= osf
=, o]zt EA1EE siEst] fleiAe, A %
71 B4& 1efshe SA, tid tir1 e dEd e
Hj o] oigh 24t 29 Zuaj7t Zasiot #iE 3
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Fig. 4. The spatial distribution of monthly concentrations of (a) NO,, (b) SO,, (c) CO for CNTL (left), UNFM (middle), and the dif-
ference (right) in South Korea for March 2021.
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Table S1. Population and population density by province and region in South Korea (unit: thousand persons; person/km?).

Province Population Population density Region Population Population density
Seoul 9,508 15,709
Incheon 2,950 2,766 SMA 26,069 2,196
Gyeonggi-do 13,611 1,335
Gangwon-do 1,520 90 GWD 1,520 90
Daejeon 1,482 2,747
Sejong 361 777
CcC 5,644 338
Chungcheongbuk-do 1,626 220
Chungcheongnam-do 2,175 264
Gwangju 1,476 2,945
Il k- 1,792 222
Jellabuk-do 2 HN 5,725 177
Jellanam-do 1,785 144
Jeju 672 363
Busan 3,334 4,328
Daegu 2,396 2,711
Ulsan 1,125 1,059 YN 12,811 562
Gyeongsangbuk-do 2,641 139
Gyeongsangnam-do 3,315 314
South Korea 51,770 515 South Korea 51,770 515

Sources: KOSTAT (2021)
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