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Abstract This study analyzed the distribution of Aerosol Robotic Network (AERONET) Ver-
sion 3 Level 2.0 data, spanning over two decades, across South Korea and its six administrative
regions (Seoul metropolitan area, Chungcheong, Jeolla, Gangwon, Gyeongsang, and Jeju). The
research assessed long-term trends in aerosol optical depth (AOD) and mass concentration of
particulate matter (i.e., PM;y and PM, ), using data from the AERONET direct sun product and
AirKorea, respectively. Additionally, eight aerosol types were identified using the scattering
Angstrom exponent and absorption Angstrom exponent from the AERONET inversion product.
The study further explored their domestic and regional distributions. Findings indicated that
AERONET data were predominantly concentrated in the western regions of South Korea,
including the Seoul metropolitan area, Chungcheong, and Jeolla, with a higher frequency of data
in spring, thus demonstrating spatial and temporal heterogeneity. The annual average AOD
exhibited a declining trend of —0.006 yr’l. Similarly, PM;, and PM,s mass concentrations
decreased by —1.324 pg m™ yr™' and —1.335 ug m™ yr', respectively. These trends in AOD and
PM,, (PM,5) demonstrated positive correlations, with correlation coefficients of 0.674 (0.753)
and statistically significant low p-values of 0.00058 (0.03), respectively. The analysis also
revealed that aerosols in South Korea predominantly consisted of black carbon (BC) or BC-
mixed types (84.09%), with a notable presence of smaller, less absorbent aerosol types

(13.11%)).
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Fig. 1. The locations of the AERONET sites in South Korea.
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Table 1. Aerosol types classified based on Schmeisser et al. (2017) and expressions in this study.

Aerosol type name Expression
Black carbon BC
Brown carbon BrC
Dust DU
Mixed black carbon & brown carbon BC-BrC mix
Mixed dust & black carbon & brown carbon DU-BC-BrC mix
Mixed large particle & black carbon LP-BC mix
Large particle & low absorption LP-LA
Small particle & low absorption SP-LA
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Fig. 2. Available data at AERONET sites in South Korea: Blue boxes indicate the months each year when (a) direct sun
products and (b) aerosol inversion products with AOD at 440 nm greater than 0.4 are provided.

4rE 59yl AE7F 7P ol B¥shs 5SS B 2019)°] HEE ARE AFH) Wil F5 4F
21S™, AERONET Version 3 Level 2.0 At5= 5  °] @2 AMY d5dle= A5 71 71 Atk
o] go g odd ANEE AAsE #<Q Cloud-  (Figs. 4a, 5a). 22U} oHF o2 20163 8¥<] 2
screening ¢ 7.2]5(Smirnov et al., 2000; Giles et al., A& 28 e 20,6350 F, 2 8 59 o' v}
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Fig. 3. The number of (a) direct sun products and (b) the AERONET sites by year in South Korea.
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Fig. 4. The number of (a) direct sun products and (b) the AERONET sites by month in South Korea.
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Fig. 5. The number of (a) direct sun products and (b) the AERONET sites by a month each year in South Korea.
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Table 2. AERONET site names and data counts in August
2016 in South Korea.

Site name Data counts in August 2016
Anmyon 2,571
Baengnyeong 1,811
Gangneung WNU 1,758
Gosan_SNU 1,490
Gwangju_GIST 2,022
Hankuk_UFS 1,114
Ieodo_Station 75
KORUS_Kyungpook NU 1,903
KORUS_ Mokpo NU 1,733
KORUS_UNIST _Ulsan 1,856
Pusan NU 2,072
Seoul SNU 431
Socheongcho 463
Yonsei_University 1,336
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Fig. 6. The number of (a) aerosol inversion products and (b) the AERONET sites by year in South Korea. Red boxes represent
all aerosol inversion products used in this study, and green boxes represent the aerosol inversion product when AOD at 440 nm

was greater than 0.4.
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Fig. 7. The number of (a) all aerosol inversion products and (b) the AERONET sites by a month each year in South Korea.
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Fig. 8. The number of (a) aerosol inversion products and (b) the AERONET sites when AOD at 440 nm was greater than 0.4

by a month each year in South Korea.
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Fig. 9. Distribution of (a) AERONET's direct sun product, (b) aerosol inversion product, and (c) the aerosol inversion product
when AOD at 440 nm was greater than 0.4 by six regions in South Korea.

Table 3. AERONET site names located for each region in South Korea.

Region name

AERONET site name list

GWD

DRAGON_GangneungWNU, Gangneung WNU, KORUS Daegwallyeong

Baengnyeong, DRAGON_Bokjeong, DRAGON_Guwol, DRAGON_ Hankuk UFS,
DRAGON_Konkuk Univ, DRAGON_Korea Univ, DRAGON NIER, DRAGON_Sanggye,

SMA DRAGON _Sinjeong, DRAGON_Soha, Hankuk UFS, KIOST Ansan, Korea University,
KORUS Baeksa, KORUS NIER, KORUS_Olympic_Park, KORUS Songchon, KORUS Tachwa,
Seoul SNU, Socheongcho, Yonsei_University

Chinhae, DRAGON_Kyungil Univ, DRAGON_ Pusan NU, KORUS Kyungpook NU,

GSD KORUS UNIST Ulsan, Kyungil University, Pusan NU
LD DRAGON_Gwangju_GIST, DRAGON_Kunsan NU, DRAGON_Mokpo NU, Gwangju_GIST,
KORUS Iksan, KORUS Mokpo NU
JID Gosan_NIMS SNU, Gosan_SNU, leodo_Station
CCD Anmyon, DRAGON_Anmyeon, DRAGON_Kongju NU
AP+ AOD, PM;, 283 PM,so AHE5E7 & 7} Moderate-Resolution Imaging Spectroradiometer®l]

F AaseE FAE BA719(Fig. 12), PM 3} PM;s A AFESE AOD 7Zholl 0.509] o] AAHAAE B
o] A+ AFFEe A%+ AOD 7He] A 0 Atk B9, $59 PM g PMys AHEESH AOD
e S35 20019 FE 2022374 PM,09 7F 0.5 ©]3F9] AA A (coefficient of determination)
Bt AFseol A% AODE 0.674°] kol 4 FEs Bol AODSH PMy, B PMys =7t A=

3

HAE BA Egh 9] E-E(probability value, p-
value)°] 0.00058% PM,p2] A% d FFs=9} A%
7 AODZFe] A#AAE SAFCZE vl$ F2on
g A79E B3tk PM, 5] A%+ AFsEe A
o AOD 7ke] A#AAE 0.753°]2 p-value= 0.03
ol, o= PMEth ¥ =& o] JHAAAE e
W, o] &3k 0.055 T WS pvalue® W] UE
ALS & Aok F, PMet PM,s8] AR+ A%
FE Ao 9EE AOD ZA 7 BAFORE &
ojmgl HEFAA #AVE EAIS & 5 AT} Seo
et al. (2015)= DRAGON-Asia 2012 717} &<9F A&
Ao of|o]Fo} PM, i PM, s A5 =9 AERONET
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HAFF=7t AODS] FHBAZE ¥ =4 Yehd S
HAHKong et al., 2016).
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Fig. 11. Annual AOD at 550 nm variation (green) in South
Korea from 1999 to 2022. The red and blue boxplots indicate
the annual variation in PM;, and PM,5 concentrations,
respectively. The circle symbol and black solid line in each
boxplot indicate the annual average change.
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Fig. 13. Annual variations of average AOD (red), PM,, (blue), and PM, 5 (green) for six regions in South Korea.
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