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Overview and Prospects of Long-range Transport of Air Pollutants
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Research papers in the field of Long-range Transport (LRT) of air pollutants over the past 40 years have been

comprehensively summarized from the perspective of modeling studies, based on publications in KOSAE journals, including

Journal of Korean Society for Atmospheric Environment and Journal of the Korea Air Pollution Research Association. In

addition to reviewing research trends, future directions for atmospheric environmental research are also discussed. The
results indicate that the target pollutants addressed in LRT studies published in these journals have undergone significant
shifts over time, with key pollutants of interest evolving from acid rain, sulfur, and ozone to fine particulate matter and

greenhouse gases. Looking ahead, with the rapid advancement of modeling and measurement technologies, research on LRT

of pollutants over Northeast Asia is expected to accelerate, particularly from a modeling perspective.
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2 A=A (Long-range Trans-

Fig. 1. Percentage distribution of KOSAE manuscripts on long-range transport processes in modeling studies, divided into
four periods: through 2000, 2001~2010, 2011~2020, and after 2020.
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Table 1. List of long-range air pollutant transport studies over the past 40 years published in the KOSAE journal.

Year Target Research summary References
pollutants
~1990 SO, « Basic Researches on Acid Deposition « Shin et al. (1986), Park et al. (1989)
Acid rain « LRT" Impact Assessments of Asian Dust - Lee et al. (1986), Kim (1990)
1991~ SO, + Model Developments for LRT of Acid Deposition «Lee etal.(1994), Lee et al. (1995)
2000 Acid rain - Basic Researches on LRT process over Northeast Asia + Kang et al. (1993), Chung and Kim (1991)
Asian dust « Aircraft measurement for SO, LRT Studies «Kim et al. (1997), Kim et al. (1999a)
O3 « Case Studies on LRT of Asian Dust +Yoon and Park (1991), Kwon et al. (1995)
TSP - Diagnostic Model Studies on O3 LRT - Kim et al. (1999b)
2001~ PM;¢/PM, 5 + LRT Model development for Acid Deposition and PM « Kim et al. (2003a), Yeo and Kim (2005)
2010 Asian dust « SRR? modeling Studies « Shin et al. (2006), Lee et al. (2009)
O3 « LRT Monitoring of SO, +Han et al. (2004)
+ LRT Modeling of O3 - Kim et al. (2003b), Oh and Kim (2004)
+ Modeling Studies on Asian Dust transport « Shin et al. (2006), Kim et al. (2010)
« LRT Studies from Aircraft/Ships/Remote Sensing +Han et al. (2004), Han et al. (2006a)
2011~ PM;o/PM, 5 + 3D Modeling for LRT of PM;o/PM, 5 + Choi and Koo (2013), Park et al. (2015),
2020 Asian dust Choi et al. (2018)
O3 + SRR analysis modeling Studies on PM;o/PM, 5 +Kim et al. (2016a), Kim et al. (2017),
Nam et al. (2019)
+ LRT Modeling Studies on O3 + Kang and Kim (2013), Kim et al. (2016b)
+ Modeling Studies on Asian Dust transport « Shin et al. (2012), Choi et al. (2016)
« LRT Studies from Aircraft/Ships/Remote Sensing «Ohetal.(2017), Noh (2018), Noh (2020)
2021~ PM;o/PM, 5 + 3D Modeling with machine learning «Kim et al. (2022b), Kim and Lee (2023),
Asian dust Kim et al. (2023),
03, GHS « SRR analysis modeling « Park et al. (2023a), Ryoo et al. (2022)

« LRT Studies on O3

+ Koo et al. (2024), Lee and Bae (2023)

» Modeling Studies on Asian Dust transport « Jeong et al. (2023), Kang and Lee (2023)
« LRT Studies from Satellite/Aircraft/Ships/Remote Sensing + Lee and Bae (2023), Chang et al. (2023),

« LRT Studies on Greenhouse Gases

Lee et al. (2024a)
« Lee et al. (2024b), Kim et al. (2024a),
Kim et al. (2024b), Lee and Kim (2024)

DLRT: Long Range transport
JSRR: Source-Receptor Relationship
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249l CMB (Chemical Mass Balance) =¥, =44
£ 7|dre] B4 7|2l PMF (Positive Matrix factor-
ization) & ©]-85to] sk ARS] U A B 7]
o 34 A7 5ol AP, of27t RYEL
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] 71o9& A48 PSAT (Particle source apportion-

he shs W

¢

1o of %

]

o

r

N

ment technology)@} OSAT (Ozone source apportion-
ment technology) B¥ o] A2}y oz Hawct
£3] CAMx®] PSAT HE2 Tyt ofye} F=,
2, s e A7l Qs Forror &
A ZL% 24t ool 2E2] SRR (i, j) Alte] A

o] £ttt (Park et al., 2023a; Nam et al., 2019; Choi et
al., 2018; Itahashi e al., 2017; Kim et al., 2016a). =7
A Aol mr2d FEopAoF FHoll A viEd
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Fig. 2. Distribution patterns of: (a) SO, , SO, and the sulfur ratio (50./S042") among three countries: China, Korea, and Japan
(Park et al., 2012); (b) PM, 5 contributions from emission source regions in Northeast Asia to Seoul Metropolitan Area (SMA)
during a high PM, 5 concentration period in February 2014 (Kim et al., 2016a); (c) domestic and foreign contributions to PM, 5
concentrations due to variations in anthropogenic emissions (Nam et al., 2019); and (d) scatter plots between simulated daily
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during May to July 2014 (Kim et al., 2017).

5 672 FES] g4 [SAMS o] 83t 9T A HuEzR] ke Ao
Al L J]ogo] 2 oF 520, B Eol=ch
18%, &t 2k 7138 (201419 29 24~272 71F) Q&0 A7t A Qe SRR AT EA CMAQ-
21% S T&SH HF 9low (1 2(b), BEM] H|AE  HDDM WHO R £EH AIMET Q& sTof gt
ol 71ofohs oA F4% =5, S WiEd i R VojxE SO B AW F19 JoEE
TS 20%, 40%, 60%, 80%, 100% AH7et ZF =Hlg] 2 (2014 5~7¢¥ INTEX-B HIE% 7]F) NO, HI&H
ﬂE B0l 1 AFolE oF 10% olske] ARt A 719k 36~39% (T1E 2(d)), VOC HiEHF 7]o=
5ol FRIEATHIH 2(c)). BT, CAMx-PSAT 'Y 18~20% 522 ARIEL, eF 5wl T3 A4
I GAFSE BAZ QI ISAM (The Integrated 719 Z+ 50% FEUS =& v QUTH(Kim et al.,
Source Apportionment Method) -&°] CMAQ &8 2017). o= F&st A AA-E =E517] {5t
o §2E CMAQ-ISAM 2Ho] =¢8] §5] T=Z % o Bt HJwstl A== SRR ALt BE 2 1
AO= AF PM,; 7| Aol Wol AMgE o AHg At Y A Ao ek
(ell: Kwok et al., 2013), KOSAE =5 4= CMAQ-

ek 5ok S
RR Al4T 23}
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3.2.3 Y ¥ oz Aol A7

QT4 AT GEMS A=7L AATE]7] o]
T 2 FEEQTE T o2 NASAS] Aura 9149
2% Ozone Monitoring Instrument (OMI), Terra
4 Aqua /3¢l EA%E Moderate Resolution Imaging
Spectro-radiometer (MODIS) 5-2] €117} &ldtt
(Lee and Bae, 2023; Kim et al., 2012b). 20103 FHTo]|
= AR A AE7} =S F8oHHA 5
FobAJot mIAHZ] Adt, 274 244 A7 59 4
W7} ekER] o AR 7] AlAstdT 53] GEMS=
AlAl 2|z BAAE e 9otz oA A AlA
o g FES Hgton, GEMS AFEE-2 A ti7]
A AH 14F (ol =F, olitebd 4, olitels, oF
$)° A= 7t 2021 A5 H FA = o] F 5L
S|E T 759 AEIF F7F SN A AARE b7
A GAlol Z-8o] 7Hs % 2™ (Chang et al., 2023),
SEobAlore] 71, AHEREAL, 7] S st fIEE
A & 915 F8% =42 S8 H U (Lee and
Kim, 2024; Lee and Bae, 2023; Chang et al., 2022).

GEMS 9142tz 2] &8 % 45 d7= KORUS-
AQS} 71 52 78|91 GMAP (the GEMS Map of Air
Pollution campaign) (Chang et al., 2022) 5] 1<}
HAFEO] LRT 9+ Et o HHA 02 $of5Ql
o} |9l 7|7kl GEMS Y47t R ASS At &
571 TSET ofyzt 214 94 BEEH]Q] Max-
DOASE “dX|sto] GEMS 84 914 HSel "agh
7S £ A2 (NO,, 05, HCHO)® 5= AFAI5]
42 4 AL, 202100 At BEEHY Car-
DOASE o|-&ste] =4 ti7| e H=4 vi&d
nj7)Ae] $7F vletd Aol it 52 X3P st
924 = 2} v] w8t (Chang et al, 2022). ©]%
o) g4 QIS Bl o710 mele) At 91
F7h QBsel 43 U 4T HY A7 214
et

Fjol i KORUS-AQE} 28 §87] ¥ A
olSfollE Aokt B FAE 4517

AR E S A4 93]

ok

ke

= Al di71d AAIES =1 (YENow Sea-Air
Quality; YES-AQ)= tfd £=3f3] 231 1tk (Kim et
al., 2022a; Shin ef al., 2022). ©] M| SIS S5f A4}
oolrZE 0] B2 (%L, 27| ERE), ofshz] (A
Tk, 3o 24), BH Al &5 E4
7} olE et FHEE 9 ek ARES] g
A B o] PE T Qe FRollx FE] T
I At A7t s3E AR 7| Eh (Park et
al., 2023b).

>

3.2.4 7[e} 72| ol HF

FotAlobs BAE A o]l &sto] 75 d 3=
LRt TEOMAoF A|Hg e =m T4 ohe
LRTO] FFe mofstr] ffste], GH1A (Backward
trajectory) 44-& ©]-83F LRT A7 Hol A==
tt. 21 2 HYSPLIT 2@ (Hybrid single-particle
lagrangian integrated trajectory)= ©|-&5to] HH4
2 BEX%E A (Kim et al., 2018; Bae et al., 2017; Park
etal,, 2012), =7} S48 F2 = FHo R 714
FFE st ti7]| 2 A=A AAAE thE=
AFE0] 27|78 3P AI (Chung, 1996;
Kang et al., 1993; Yoon and Park, 1991), 9#4 7|5t
o] #HEA (Cluster analysis)¥ PSCF (Potential
source contribution function) £ 5-(Oh et al., 2017;
Cheong and Lee, 2006) tH7]| L HEZ ] LRT 4 <
37} TjeFebA] thoj Ak, 2o b LRTS 2
B QusAE got 94 BEAa S (20
ARIAS) o 4 g el 4T S2 94
AES 98 FTE APEE HA] B
O 1 (Lee and Bae, 2023; Zhai et al., 2021), ©|2{st A
7 ATEL PF LRT A7) 0h9 B Aol &
= 702 peen

20004 015.9] A 917 27 4771 A
A, ol ol8% /e QR A AT} FE0)
S =|Qiek. o]l & So] AERONET A1 ZEH[E, A7}
oletrieule, Ymane 5 A4 AAgE B
@ olol2% B4jol eizo] #4 5] A Az}
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tf7]1d 9] LRTE] 2|F EA4J-& nfet
5t 9] &85 tH(Kim et al., 2021b; Noh, 2020;

Lim et al., 2018). €3] 20004 ©]5 teFst B=7]ut
A7 FASEEA ol YAFA A4ES
KORUS-AQ HH A 53} A= 57 #=

ZtZ o] Jehd Ax}A} @ 2R 0] sletAEY 27
7} SRS AA g opuat 9= SCIE #g ]
ok AE Ao & Sl
o] Slol i Harol A= A|stg oLt B we
%Lb BT ] SaEon, 4—%11% =
A

i gle ‘11 04] Kim ef al., 2023, 2022b) oF EO=
o] g3t @EO] A& = A (Koo et al., 2024) 5
= s S TheFel A AL Qi

(¢

4. 37 ols A9 v A7 IY
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7 Zx]—ﬂﬂ ﬁlyﬂ EI:—HE] oq:r1_7]. 561—14 og 0]201
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A (hyperspectrometer) & 283 2|4 B x| 5
o] FgA o7 Fg= 7540l 217, Pandora, Max-
DOAS, Car-DOAS®t 22 24 9AZA A7t 4
% T8 5747171 (GCAS, GeoTASO)%t YA o=
5oto] thafet LRT 292 558 AMESH=
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Ao 2 =% Pandora Asia Network (PAN)
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F_R

ruhl w2 ofN &
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