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Analyzing The Main Drivers of Observed PM, ; Concentrations
in South Korea during the 15 to 5" Seasonal Particulate Matter
Management Periods
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Abstract  To analyze the causes of the observed reduction in PM, s concentrations in South Korea during the 1% to 5%
Seasonal PM Management periods (S1~S5), observational data and air quality modeling were utilized, including data from
the same periods over the previous three years (BS3~BS1; BS). Observed PM, 5 concentrations during S1~S5 decreased by 8.2
ug/m?3 compared to the BS periods, while emission impacts reduced PM, s concentrations by 9.5 ug/m?, and the influence of
meteorological conditions increased PM, 5 concentrations by 1.3 ug/m?. Although meteorological conditions changed to
reduce PM, s concentrations during the 5™ Seasonal PM Management period, both long-term and short-term meteorological
conditions could potentially increase PM pollution again. During the same periods, the impacts of long-range transport (LTI)
and local emissions (LEI) decreased by 5.8 pg/m? and 2.4 ug/m3, respectively. Overall, the recent trend of reducing LTI due to
reductions in upwind foreign emissions has contributed to lower PM, ;5 concentrations in South Korea during the $S1~S5
periods. However, the rate of improvement in PM, 5 concentrations in upwind areas such as China is expected to slow down.
Therefore, more proactive domestic emission control measures and policies are necessary to further improve PM, s levels in
South Korea. This study employed foreign emissions adjustment, considering the uncertainty and severe spatial variability of
domestic emissions. To develop advanced domestic emission management and effective strategies, it is essential to establish
an emission estimation method that accurately reflects the current state of PM, 5 concentrations.
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Emissions adjustment

Ly = (KMOE, 2024a). =Hj¢] PM,; &= 5+ 2016
o|% ZastE FAolH, 55| 12 HlA|HA] AlE

o= ALE T BobAle ZuAHA AT AIRE 717tel= ol Ax F7] diE 2
(PM,5) B& /NAS ¢35 2019 129 AlF ez AE HAth(Park et al, 2024; Seo et al., 2024). 12]
20249 3974 safoll AA o A-&Anict wAHA] o, AEEATE oid AEA o ® ARE ol =
A A (olst ‘ADTHA)E AFSHUTt  EFSEL U PM, s 5 i F2 534 AETE A
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= Al&Jstd 22k Ay A o]F ZobFlTh (Seo et
al., 2024).
ol2|gt AT A 717te] Ul PM, 5 5k W3}
9 A E FH R S5
1~42} Al @A 713t 242}
T st s H
ZY7 -2.0~-0.2 pg/m’,
-3.0~0.1 ug/m>, -2.0~1.6 ug/m* 2.2 A A5}t
(KMOE, 2024b, 2023, 2022, 2021). T3+ A-2A] 42}
AT A 717E0] PM, 5 FE= 3249} H| W ske] of
1.8 pg/m’ ST, o71el= 71793 0.4 pg/
m®, 59 F 0.8 ug/m?®, A EI} -0.3 pg/m*7t £
d Ao=m FAHUTH(SE 2023). °]2f_F PM, 5 F=
Hste] tigk 9l At & U71E BAE F
Sff A=, A R vl oY 7]Ttel] whet o
EA AAE 4 A
=& HXS %E.L 5 FEoL ¥ PM, 5 =
= AddgAet 22 di71d A gEle =8,
COVID-197} -2 AF2]H ol4r, A&, 714 o1
H3} 5 okt Flofl ool WSkttt (Jeong et al.,
2024a; Kang et al., 2024, 2023, 2020; Kim et al., 2023).
53], 72l PM, 5 T Ul HiE2 8 =< Hl
Eof ot JFE A ‘E”'ﬁl 21 © ™ (Bae et al., 2022a,
2019) PM, s 5&7F EoHl= ALE Fetolle =
5 HEFFel & Aol Hs] ZoHIt (Kim et
al., 2024b; Kim et al., 2017). 2 532 PM,; &
=20149 o|F E35] A4S o7 HuEY gl
o, A BlEEFNA PM, 59 MAEHERI SO,
NOy Hl&% A] 748k It (Kim et al., 2024b;
Zheng et al., 2023; Qi et al., 2022). ©]°] T2} I &
ol sidsote S viE E 71 AL =
7o e 4 FiE 93-S vE Ao o=,
F= #E et = Ul o714 §igke] njAe JF
Z 717 A A= TR
TN E DBt PM, 5 557 BoHdaE 59
HlEF o] EoABg, =Wl PM,; B& ¥3t 54
24 Al =Rl 2 R E Y {9 FFE melsh= Aol &

=

Q35}ct (Bae et al., 2023a; Bae et al., 2019). ©]2]5t =
o] Y-S AFHor A Qo th71d BARL
wol 8|0ttt (Bae et al., 2023b, 2022b; Kang et
al.,, 2023). 329l F3}et Bl 55 o]gsto] Fo} A
Ao 7| e HEH Frof et =9] viEFFS &
Aohe 7, ti71d BARf o] 8 5= A HlEE
= 7|5ke] ¥4 9 Fot e dYgtme =uet
22 ZFot A oA m¢ Fa5HA 28t (Kim et
al., 2024b; Bae et al., 2017; Kim et al., 2017). ©]& 3
oA Foh= B2 T BE AHolA PM, s AL 5
Lol QS FHE o e HiEF ARE H7E
LAte]| -85t A2 Feet Ao viE g2 28
o

AT
= lEdeS BAshe H A 240 2 % 9l
o
Ju A MiESF0] A A= Al 2a

S AR O] BRAS e w), g¥shs

Fop Ao o] vjEgS A45] vhgste A2 dA &
T} (Kim et al., 2024b; Jang et al., 2023). ] H-&
25} Seo et al. (2024)1} Bae et al. (2022a)-2 F=+2]
05 558 olgelo] tr1d WA 79| P,
=2 BAgo R, Sz fAsHE S9 viEdT
o] A5 @2} (systematic bias)E 7i41 ek v} Qlct 1
L, Y+t seot 22 ©7] ol tigh 7249 @
Z} (random bias) R4} PM, - ‘55 A4 g0l A <]
HIA@Ae At AsiAe vl diet 27
50| F7tHo g xFEojof gt} (Deroubaix et al,
2024; Bae et al., 2022a).

718 HAF A] o] 85 AFRFA HlER] AR
= Heksh] Sl 9148 5 HEARE ol 8% A4
719 5ol HEEA Utk (Moon et al., 2024; Luo et
al., 2023; Wu et al., 2023). ©]2} oF&2] Z|oll= =
= B2 7 oA AR ol ot
o] o|-&5to] otk HjEES F7sks A7t
212111 9tk (Kim et al., 2024a, b; Jeong et al., 2023;
Bae et al., 2020). |83t L= Esﬁ o] 3ol
fQxIste] = tf7) el B2 S A= T

HEFS $HH0E BAY 5 9on] ol sure.
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Meteorology vs. Emissions
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i Top-down emissions =
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. | Transportimpact |* Brute Force Method
i (LTT)
Adjusting factor
AEMI = ACqgps — AMET 3 Systematic bias correction
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Fig. 1. The flowchart of this study to quantify the changes of PM, 5 concentrations in South Korea.

= U PM, 5 5ol it =9 j&ddFS 2
%}0}711 A 4 Stk e, ol VIR 24
283t ol ¢ ==t
2 AFoA = 1~52F AR A 717 5 1=
= PM, 5 50 T2 IA F 7] ERE
Skl Hstlom, o] ffsf 7 E ARt 2%
5 2= E Z8SA(2E 1. A HARE =4
PM,; &% ¥2to] Qle 7173 wistel wjEt WSt
of oJgt ZAog FEsI. o5 fisf 714 ¥l
Ot Ul PM, 5 ¥ T o] Ws}t £ FA51] 9
S 2AH HiEES ol 87t di71d BARE 435k
o 7 BAzE =W PM,; 55 W3} 72| %ﬂ
Ui &g a7t AAshs FES AHET, olE
di=z = &9 HekE fFotd. = - ¢ HH
S HkE AETA AlF o]} vl sl K7
sl A=A AR o] 3| 7S AF7IE
of etstgith. F7ITtell AX 24 Al =8| vlEF
o] HIglE Hhgsfjof st ®, & AFoA= RAF A
A4 EE 93] NOy, SO,, Primary PM, 5 5 PM, 5
T ot BRlE =9 ujEHS EASHAI ol
RF A= Foll A 713bel| digt =Wl PM, s B W
3ko] oot §Qle EA6H, % A& =y
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PM, 5 &%= 7410l Bolste % FalAk ettt

2. 9734

2.1 e X9 & 7|2t
U PM,; F= IUolA #iEE= ti7 e dE
A Bk op et Felof| A HiEE o] SR FUE=
FS &7 W=t (Jeong et al., 2024b; Kang et al.,
2024; Jang et al., 2023; Bae and Kim, 2022). T=}A], 2
T 71 E BAF A = =8 59 5 5ot
‘:—’3:—% Zgstiet. 1 2«] FEoF BAF gYell=
= A 2o ZFE = o viE EEvt =
57 F0) Ao} Ao Q9T o]
Hrf ek 5o BAF G fofl, =] siEdF
TS HEFEFE Tl AEERE Bt AAlsHA 4
gst7] flote] SUE SHOE AR BAF oS
T2 AQstgoh(ad 2). 23 20) viE=F 2 of
A BA WIS Gl A BELo] 421 HYlO
™, Z=9] 79 China National Environmental Mon-
itoring Center (CNEMC)E&, =¢] 2ol Air-
Korea (https://www.airkorea.or.kr/) Zt& 7F-2-H] LEA]

I~

ol rlo oy X
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Fig. 2. Modeling domains for air quality simulations in this study. Domain 1 covers the eastern part of China and South Korea
with a 27-km horizontal grid resolution. Domain 2 covers South Korea with a 9-km grid resolution. Blue and green circles indi-
cate ground air quality monitoring stations in China and South Korea, respectively.

H7]1ZA % (Urban Air quality Monitoring Stations,
UAMS) ¥#= =& o]-85H3ith

AdEA] 717 E3F PM, s B #3E F0S &
A5t7] fIste] Alde]A] A8 7|7t (the Seasonal
PM management periods; )2 ©]% 7|7t (Before the
Seasonal PM management; BS)& 725t A5t
ok AT A A3 717l 12~53F Al A
7|7to] ZFE M, AlE o] Z|7tel= 2016 129
o]% 3o A F 71z (129~t35l 3)S 2T
Shleh = Uioll A EAIH 7SS B9 PM, s 5
52 201597 H o] Folf o, 20158 9] ¢ o
F A oAM= fa BS540 7 S-26HA] got H|
W T 717l A Al Lf st

12 AT 71 HeRt Ao R, ST =
ollAl B PM, 5 717 Bt S E AAISH
ot 717 B S PM, s B = Ul
Hlg]| Hot 28] A =9ror, & 19 AAE F A Y
oA ZITHEE HH PM,; Tk 1He] A=
0.81= EUTE o= F XY 7t PM, s 5= 2] 7]
A2t AR onlste 71 viEE 5 22 5

ol ofsf F Mt TS 73S AARRIH.

T=Y A5 thE 71kl HIsf BS3 71t 57t 7HE
£ PM, s F=7F BEE oW, oAM= AE T
2AI7F A2 7] vh= 27 717ER1 BS1 71%E 54}t 7t
'S PM,; w=7F USE I BS3~S5 717171
PM,; 5 she B0 F=olA 3.0 pg/m?/
period, =S| -9 1.6 pg/m?/period] H-EE T4
=ik

2.2 CH7[E 2AL

th714d BARE 9]6iAE Community Multi-scale
Air Quality (CMAQ) v5.3.25 ©]-85}%1 T} (Byun and
Schere, 2006). 2Fet M7 Y52 SAPRCO7-2, A
RE2 AERO6E ]85ttt =3} Sh=-& E s}
L =20} BAF 99 (Domain 1)9] 5% A} shAE
= 27-kmz AA5tH o, S-S S 9 2 Domain
29] 53 A I 9-kmolck. 714 JeizR e
A= Weather Research and Forecasting (WRF)
v3.9.1 2E-2 0]-835}% © ™ (Skamarock and Klemp,
2008), Meteorology-Chemistry Interface Processor
(MCIP) v4.3-& ©]-85to] WRF HAF 23S CMAQ
2o ¥zt FHi= HesHR.

Sh=Ci7 | EstE|X| M40 H M 4 &
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Table 1. Definition of the study periods and observed mean PM, 5 concentrations in China and South Korea.

Observed mean PM, 5
concentration (ug/m3)

Case Period
China South Korea
Before Seasonal PM BS3 December 2016~March 2017 69.7 31.5
Management periods BS2 December 2017~March 2018 60.7 303
BS1 December 2018~March 2019 55.9 33.2
Seasonal PM S1 December 2019~March 2020 50.6 24.5
Management periods S2 December 2020~March 2021 50.6 24.1
S3 December 2021~March 2022 44.8 23.1
S4 December 2022~March 2023 47.9 24.8
S5 December 2023~March 2024 47.2 20.9

71 BAF A HERE AR ms A v s
= 7I9te] s A, =l sk
e DA ol-&skoAtt eh=ell titt A
& HAPIZH(20161 129~2023E 3€)E 3125}
=7 MHZ] G RANE] 2] CAPSS (Clean Air Policy
Support System) 2021 F4| H}&55-2 (NAIR, 2023;
Park et al., 2023), 71 £] Z]<e]| tsliAl+= SIJAQ (The
Satellite Integrated Joint Air Quality) v2 (reference
year: 2021)5 ©l-85t3th ¥ HIEEE] B¢

< 7174l His aL7gste] RAte] o]-gst e, o]
£ 5l 717 714 =20 st whE PM, s RAFE
T Wt & Skt S0 Ae A wE
o] 37 7tA45t S B2 (Zheng et al., 2018; Kim et
al., 2024b), & AFoH= S A viET Hto]
o2 = PM, s o 2 Adsh] f1sh 713E
2 =9 #iEdS BAske] ol gkt HilEd 2
e 7L B HiEST A" ihE oA &

1 )t} (Kim et al., 2024b). o]
T A AV 2.4~2.580f] 7]& 5ttt

et al., 2021; Huang et al., 2020; Kang et al., 2020). &

eh IS Tk §isto|A 714 o et oet Fk
HIE Al elohd, w93 #ste] o3t PM,; &
Holz B 4 9t (Jeong et al., 2024a; Bae et al.,
2023a; Bae et al., 2020; Kang et al., 2020). 7]/ H3}o]|
Ot PM, 5 I WSS AW E 7] 95 & AoA
VA E AJFA E55S o]-85to] CMAQ RAF
stelom, 717HE BAF FEO] W3l 4] (1)
AlArsHAT.

O:

w4k

O
ol

ACk = Cly - Cpy” M

o714l CE9t Cff e 5% B &2 E (Emissions
Inventory)< ©]-8-5to] £ thi} 713t i ¢F 7]%o]
£ 713k (ref)oll thsll HAFE PM, s F=olct ol
PM,; BA 58 TS Fo] tis] gstA A4
517 o] eB g, B AfoAs BA S Ve
= 71 #zte] oJjt PM, 5 FE O] ATA] Helkes
AP A 2)F 7178 AL FEE o]-85to]
714 Hglof| oI5t PM, s 5 WSS 4P A o]
tt.

ArCEi‘I = (Cél - Cglef)/cg;zf )

4 @A arcle 71 22 Hakel e At
=o] WeHe-2 ofujsinl, @A < &

ST AL S5 3] Aolg Mefsle] 1 &
2 stol g pM,, B3 FES] Wk 4 (3)3}

=
=
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AC(i)BS,MET = CSeB’; X ArChy 3

A71eNA €)ns TIE T E Az g PM,  BE
Loltt PM,; #5 sk o] HstE 7|47t vjE Hs}
of oJgt 7 -9, AT A 713t Fet wiE
stoll ot PM, s TS &9 H3h= A (42 Zo

o s A
F4% 4= oot
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AC(i)BS,EMI = ACci)Bs - AC(i)BS,MET (4)

2.4 =3I H|EZ B dhH

e 717tell tht =&] vjEdaF Aol oFA = U
PM,; sxol B2 9T vA= S g ¢
Hi BE =L E o]8sle] AT (Seo et al.,
2024; Bae et al., 2023b; Kim et al., 2023). ©]& I3
S 4PN HEREE ol 8T WA B (G
o]@o] F=+2] NOy, SO,, Primary PM, 5 (PPM,5) &

e HIETES 50% (M) AT & 24E

Tl

(Co )& Z7H8 02 BASIL. olg igoa
= & At gt PM, s F% §gte] U

= 4] (5)9} 2o FaIATt o7|olAq BZE ShEe
= Z2o] @ DoolA BAPIZE 59t 512 w2
AL 4] (5)014 Co 9} Cppon e ZH2E A
717F ol ] EARE 512 (day)oll Tt A wjE
(EL1)3} o2 500 AH7bet vl &S o]-45}0] mA}
= o]},

iday _ iday _ Lday
Schina = (CEI Cep half)/Ag (5)

B WS (B0 A (6)TF 2ol AFA &
S =A5}o] APASEATH(Kim et al., 2024b; Li et al.,
2023; Jeong et al, 2023). 97]0] A Cope’ = EA o]
et QB B Smolv], BV} Bt 2t
ol gt Ak wiEgs B uiEgoltt

i O

l Jday _ iday _ l day i,day i,day
E/p; [(COBS )/SChina +1] X By
(6)

2 AFoME T4 A PM, s A BEE T
b5 A £ &S] okl he4
7] 2 &4 (ie., NOy, soz)— A iﬁo}oﬂﬁ} T
gk A d71 e dE o viE 7 Tl o
e TS T BA FEY 1}01 F7H o= 7
4517 f15ke] PPM, 5 HlEdS £S5k 7]
7F 5t F=r9] HiEs BA2 J (prefecture) T2
Y=o, viEF W] mE ALEEY 5k
13}, M, o 4 TPEoIAS] MR 52 el
o 722 W QAT R E o] e B A
o5 F ¥4 pefsigit viET BT wlE A
AR U8 dﬁgﬁ:ﬁzﬁ‘ ’;‘:—1_’—62l = ok (Kim et al,
2024a, 2024b).
et al. (2023)-2 HHX}E‘LJ 545 1sto] F=
NOx &% B4 Al 10€9tch 7

™, Lee et al. (2024) = W= 5Lt BA o] H|E

olgstel B3 A9 METS AF Y v L

v

2.5 ZUQ HiEFE 22| WY
2 AFoME T2 PM,y; BAF BEE TS F
Lot Hoh fAfstA Ade 4= Qe B viEde
019”6]'0:1 2] HjEY ﬁo’% skt 71 At
o]t =&] MiEFF 1M Aloll=
%Eﬂﬂ Hl &S Lﬂ'/\]ﬂ% o] A8 4= glom
(Bae et al., 2023b; Nam et al., 2019), & Ao A= =
o] HjEF-S WStA 7= URS AEskSITh o] & 9
5l Brute Force Method (BFM)= ©]-85}%1 2, 7|7t
E =9 M2 FEE A (1) Zo] TS (Bae et
al., 2023a; Kim et al., 2023).

100%

LTI = (ng}/\/nwind _ ngyggnzind) -

@)

A

oA7lelA LTI B o] WiEag TIuros 4t
e =) whzeelet. G5y ™ " e Fat A1
BAE 9] &L olgste] Fuf Aol s
AP el CHppRe e B o] mhEde

ohE BISIAZ] & RALE S ) AI7PEE A

B e

Sr=i7|1etsta|x| H 40 E K| 4
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3 1A FFA i E 5SS TU5H o8tk
&S B & di7]d A Anks 2, 34 A
o PM, s AL O AL random bias7} A
ato] AAElow, I8 s13t S2014 Hol: A%
QaFR Q5] | PM, ;s skl thet o] viEd
(Long-range Transport Impact; LTI)> Z}of] 442
= th (3.2 FX). Bae et al. (2022a)7} Seo et al.
(2024)2 B4 0] P Fz (Coby "o} BAL 35
= (O 7ke] A 2AE Hasteh] 918 4]
(8)¥} 70| Z=F Beijing-Tianjin-Hebei (BTH) 2] &=
ket A EEE o5t T 9] AT £
SHcE 2 Ao A E A o] BjER TS B
at7] SJal FLet WS 285t o] MiEdF
o] A% a5 MAE7] f8) B AFoAe
Cobs ™oy G ™2 Am @t o8t ol
o T Fhot AL 55 HE o]-get BAF Ao
gt 42 71E Aol H-8H vt Tk (Lee et

al., 2024; Li et al., 2023),
LTI = LTI' x Cyby ™ JCyb ™ 8)

Zot ARl Tl TS = PM,; 558 =9
&G (LT =W WiEIF (LENS ez 7}

Aot sl M4 oS = =9 WiEdF
o] zpo] & Atk 4= it
LEI = cggwmwind — I T] ©)
3. 97 &3

3.1 PM,5 Sk H3IeL 7|2 FE
1~52F AAZ]A| 717 (S1~S5; S)TF Alef o] A 7]
7F(BS3~BS1; BS) &<t T=11t =] PM, 5 TS

H
rlr
)
rII.
)
o
u

)
_>'ﬂ

N,
Ex
o
38,
=
[
o
W
=
A
=

13.9 pg/m’ & U] §istol] vl A}, Fag-2 22%
2 ol vlaf gttt 22 717t Bt T 58 A
482 Beijing-Tianjin-Hebei

(BTH) 34%, Yangtze River Delta (YRD) 22%, North-
East China (NEC) 19%, Near Beijing (NRB) 18% <=2
2 =Stk ol2’t T PM, s B HAE S
Hj& ZHaof A 7)1 Ao & 2016~2021 Azt
CO, NO,, SO, &= T4 FA|= 22t 7.2%/year,
4.5%/year, 10.6%/year2 H 1% H} It} (Kim et al.,
2024b).

ohat, 1~52F Al A 713 Bt 5 B A
Ay A Al HEE o] 7|7kl BS1 (2018 129
~20194 39Y) 717+ 7|EFo 2 AmEH o] 7
T PM,s TS B Zago] 29%= oMY S
< B 14%=E © ROy, = A 9E Fasd
12~23% % 2= A oA 4~11%7FF Hobxitt o]
gt ztols o A= 20198 29T A 3YZ7}HA]
TG A5 PM, 5 ARl o5l T17 3(a)oll HQ
Hie} o] pM, s TS F=7F thE 717t Hsf =0t
Rou, S=olAde olddt PM, s BE 7 B
=2 eFt7] mieltt. AA| 713+ (BS3~85) F<t =]
o F= A9 717 Fat PM, s T F& 1He] g
A5 ()L 0.71~0.800190H, = A 2 H
PM,; = FEolE= y=0.812 A2 Bt o
gk 33 Fok A1 7t w5k #eke] o] =]
PM, s &= Hale] tigt =¢] siEJF HskE ou
SHAle Gong, & AFoAs t7|d BAE 59
=2] g Fe] WIS 3.3 9 34N HFH o
= A6k

39 3(b)= T=0 I PM,; 5 =9 Wt
= ARTEA AIF A4 7171 BS1E 7S
grtekstol AAIRE Aot} BS3~S5 717 FF A
H PM,; ¥5 &9 % ZolE AT A9,
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Fig. 3. (a) Trends in observed PM, 5 concentrations in South
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Beijing (NRB), North-East China (NEC), and Yangtze River
Delta (YRD) regions, during the BS3 to S5 periods; (b) trends
in relative changes in PM, 5 concentrations compared to the
BS1 period; and (c) impacts of meteorological conditions
and emissions on changes in PM, 5 concentrations in South
Korea compared to the BS1 period.
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Table 2. Model performance statistics for daily average PM, s concentrations in the BTH region before (‘El') and after Chinese

emissions adjustment (‘ADJ’) during BS3~S5.

Statistics BS3 BS2 BS1 S1 52 3 s4 S5
Meanys (Mg/m?) 106.4 72.1 70.8 64.9 58.7 46.4 52,0 518
Mean, o (ug/m?) El 556 459 493 544 46.8 4838 45.1 50.9
ADJ 109.1 77.1 77.0 733 62.9 53.0 57.0 60.1
Correlation coefficient El 0.90 0.86 087 0.89 077 09 0.71 078
ADJ 0.99 098 0.99 0.99 099 0.99 0.99 098
T R TR
ot ol A9 FHORE FUISHATH(IH 4 WIS B4 ¢ BTHO| HA 5hv 71.8ug/m’s, ¥
(0). 53] &sfloll 23 PM, 5 BAF F52] S = S5 FEQl 653 pg/m*E 6.5 pg/m’ I HARSHY S
e 52 =9 29 57H ou|eith L, Z8AS 0,992 EoATh o|dt At S
BS 7|17tat AT A 717 E1F PM, s BAF B HIEE HA Mol PM,; S w0 9 HES
+ W& B4 A vlwsto] B Sof] Hok £51 whgehr] Eotglo, iET B Sole B Tk
gk 2ol 5 HAH (18 4(f). L& 4(o)°ll AAE 71 o HEAdS & At 34 A ollA 9 mrf
& FRFS A wl, 1 4(f)oll HQI PM,s = W HAR= AP o= Aol f1AIshs =Wl = o<
St i =] WS 9 wiste] ot Aotk F A & Qlth 19 S2= W oA 9] HAF B WIS
= WS B0 ohE =W PM, 5 HAF B0 ¥i8t  H|wIk Zo g &S HA Holli= mean bias TR
= A3let 5 alet A Ht —’Fl:-_;ﬂ, =5, 78‘% 5 -53ug/m’E Flou, 8iESF B Fofl= mean bias
U5 A oellA] iAoz =qth (1™ 4(g)2t (h L 0.7 ugm’E FAsFAY, AAS E3F 052004
ole =e MiEJF] B¢ 5 o] 7]' 0.772 A= S= viEF Y7 BTH
5ot AEE F% A , L SiQtE s PM, s WS Bk 7IRNO R Al 0 E £ Foll=
WSollA 87|17 32 21 a3 5o] Bt og 2 #E o 49] mean biast= ~1.4 pg/m’E YK F7FHA
4307] W2 &= It} (Jeong et al., 2024b; Kim et al., O AAAS= 0.822 AT 1™ S2004 2
2023, 2021a, 2021b). T3, 17 4(g)¢t (h)ollA S=  Zeh 42t AE@=A| 717t F<t o2 7[7te] vs| 9

1 g zg% ) AEITE s

4
2 39 MY s SRl 5 A7

AT =& g
HAZo] Q3 Eo];].

I8 S12 T WiEd B A5 ¥t PM,;
A} SRS B3 S g Aol Wad v
A A A sEE A 713 B 50.0 pg/m’ 2 T
F2te] mean biast 15.3 pg/m>°] Tt (y =0.66).

oA Ta RARZE U, ol s 717 B2t
AL A H o] Z7te] oJgt Ao 2 Helh
#2014 AH iEFS o83 BAIA F=
BTHOA 9] PM, 5 ‘5 ¥ISH= A4 717 52t 45.1~
55.6 pg/m’E T= F o] W} 22l 46.4~106.4 pg/
m*eHs 2 2jo|E Bk 2 WS B o
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Table 3. Model performance statistics for daily average PM, 5 concentrations in South Korea before (‘El') and after adjust-
ments of Chinese emissions and modeled bias correction (ADJ") during BS3~S5.

Statistics BS3 BS2 BS1 S1 S2 S3 S4 S5
Mean,, (pg/m3) 315 30.3 33.2 24.5 24.0 23.1 24.8 20.9
Mean (wa/m?) El 20.0 20.7 23.0 239 21.3 22.2 22.7 20.6
model (M9 ADJ 302 285 306 2638 239 2311 247 219
Mean Bias (ug/m?) El -11.5 -9.6 -10.2 -0.7 -2.8 -1.0 =21 -0.3
Ho ADJ -13 -1.9 -2.6 23 -0.2 -0.1 -0.1 1.0
'ADJ" were recalculated by combining bias-corrected LTl in Eq. (8) and LEI (= C4g¥™ind — LT]"). Correlation coefficient for ADJ was not presented since
the biases were corrected on monthly basis.
=obHTtH( ™ s2 &a). w0 -6-0BS ——BASE ——ADJ
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Fig. 5. PM, 5 concentrations in South Korea during the tar-
get episodes. The Circles represent episode-average observ-
ed concentrations, while the gray and blue lines represent
modeled concentrations based on El-based emissions (El)
and adjusted emissions(ADJ), respectively.
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Fig. 6. Impacts of long-range transport (LTl) and local emis-
sions (LEl) on changes in PM, 5 concentrations compared to
the BS1 period in South Korea from BS3 to S5. The Circles
represent the changes in observed PM, 5 concentrations rel-
ative to the BS1 period.
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Fig. 9. Provincial changes in the impacts of meteorological conditions (MET), emissions (EMI), long-range transport (LTI), and
local emissions (LEl) on PM, 5 concentrations during Seasonal PM management period (S1~S5) relative to BS period(SO: Seoul,
GG: Gyeonggi, IN: Incheon, GW: Gangwon, DJ: Daejeon, SJ: Sejong, CB: Chungcheongbuk-do, CN: Chungcheongnam-do, BU:
Busan, DG: Daegu, UL: Ulsan, GB: Gyeongsangbuk-do, GN: Gyeongsangnam-do, GJ: Gwangju, JB: Jeollabuk-do, JN: Jeollanam-

do, JJ: Jeju).
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Supplementary Materials
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Fig. S1. Time series of observed and simulated monthly mean PM, 5 concentrations in BTH. El and ADJ represents simulated
PM, 5 concentrations using emissions inventory and after Chinese emissions adjustment, respectively.
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Fig. S2. Time series of observed and simulated monthly mean PM, 5 concentrations in BR. El and ADJ represents simulated

PM, 5 concentrations using emissions inventory and after Chinese emissions adjustment, respectively. Application of system-
atic bias correction was compared.
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Fig. S3. Scatter plot of simulated vs. observed PM, ;5 concentrations before (‘El') and after Chinese emissions adjustment
(‘ADJ) at the Baengnyeong supersite during the BS3 to S5 periods. Systematic bias correction was applied in ADJ.

ror

=72 HStE|X| H 40 H M 45



	1~5차 미세먼지 계절관리제 기간 국내 초미세먼지 관측 농도 변화 요인 분석
	Abstract
	1. 서론
	2. 연구 방법
	3. 연구 결과
	4. 결론
	References


