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We analyzed the observational patterns and trends of atmospheric aerosols in the Arctic region above 60°N

latitude from 2000 to 2023. Aerosol measurements are based on observations from 15 ground stations operated by AErosol
Robotic NETwork (AERONET) and the ultraviolet observing satellites. Results showed that Aerosol Optical Thickness (AOT)
over the Arctic region has gradually decreased (-0.057 AOT/year X 1000) over the past 24 years. This decrease is more evident
(-1.180 AOT/year X 1000) in the period before 2016. However, from 2016 until recently, AOT has increased significantly (6.461
AOT/year X 1000). This increase was most pronounced in North America and North Asia, and was associated with an increase
in fine particles. Due to the increase of fine particles, the aerosol radiative forcing has shown regional variations, and we
found that it has increased by about a factor of two compared to before 2016. These trends in aerosol radiative forcing may
have implications for future aerosol growth as well as climate change.
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il A4 A=
FA fEol aed 4 Qlth 2719 AfollA=
A5E 20067121 €] ©F 30 7|17 5t B2
ool 2& FSHF7 (Aerosol Optical Thickness; AOT)
o] Msh= AZF -1.6%~-2.0% AFO|2 FHAsHe A
£ X115} (Tomasi et al., 2007). 7P 229 B=
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& =0l AOT gl &9 FAIeF ol FA1E
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AATt Z7I=2 Qg Ao 2 H 1T} (Xian et al.,
2022). 53], B5 715 #3} AFofA] 715 2E2 Hp
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28 & BT B Aol G vl o
o 2&9] & a3t= T2 YZER TH(Cooling effect)©]
™ (Najafi et al., 2015; Fyfe et al., 2013), B= IF2
Hazt 297 2dete] Srte] 71oig-e Balstitt
(Acosta Navarro et al., 2016).
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AFslal 1= 157 A3 (Bonanza_Creek, Barrow, Kuo-
pio, Yakutsk, Andenes, Hyytiala, Resolute_Bay, Horn-
sund, Thule, PEARL, OPAL, Kangerlussuaq, Helsinki,
Yellowknife_Aurora, Ittoqqortoormiit)= A17d5Fo] %]
S AmE S (2™ ). 4 Akm 550
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Fig. 1. Region of interest in this study. Blue points represent
selected ground AERONET observation sites at Bonanza_
Creek, Barrow, Kuopio, Yakutsk, Andenes, Hyytiala, Resolute_
Bay, Hornsund, Thule, PEARL, OPAL, Kangerlussuag, Helsinki,
Yellowknife_Aurora, Ittoggortoormiit, respectively.

Table 1. Geographical locations of the selected ground
AERONET observation sites used in this study.

Site name Longitude Latitude Elevation
(°B) (°N) (m)
Bonanza_Creek -148.316 64.743 353
Barrow -156.665 71.312 8
Kuopio 27.634 62.892 105
Yakutsk 129.367 61.662 118.5
Andenes 16.009 69.278 379
Hyytiala 24.296 61.846 191
Resolute_Bay -94.969 74.705 35
Hornsund 15.540 77.001 12.44
Thule -68.769 76.516 225
PEARL -86.417 80.054 615
OPAL -85.939 79.990 5
Kangerlussuaq -50.621 66.996 320
Helsinki 24961 60.204 52.8
Yellowknife_Aurora -114.376 62.451 220.8
Ittoqqortoormiit -21.951 70.485 68
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Fig. 2. Heatmaps of available day numbers of AERONET
Level 2.0 AOT (top) and inversion (bottom) data from 1997 to
2023.
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CE-3182 7719 A (54 =340 nm, 380 nm,
440 nm, 500 nm, 675 nm, 870 nm, 939 nm, 1020 nm)®]|
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(T2} o] EANHR| 7} 24 7] & Sashe A4
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1 1
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iz FetFA= A (NolM 2HE 1,025

B #| gz At (Rayleigh Scattering)of| 2|3+ F&-F7
() 03 2 7NE} D2 71A09] Bol Sf7t HHE
(1405 A A (2)9F Zo] Attt

Taer = Ttot — Tray — Tgas (2)
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ning Imaging Absorption SpectroMeter for Atmosphe-
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ric CHartographY (SCIAMACHY), the Ozone Moni-
toring Instrument (OMI)$} the Global Ozone Monitor-
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ofo] 24 QIEA (Ultraviolet Absorbing Aerosol Index,
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Fig. 3. Time series of aerosol optical thickness at 500 nm at Bonanza_Creek, Barrow, Kuopio, Yakutsk, Andenes, Hyytiala,
Resolute_Bay, Hornsund, Thule, PEARL, OPAL, Kangerlussuag, Helsinki, Yellowknife_Aurora, Ittogqortoormiit. Linear regression
lines (AAOT/Ayear X 1000) are shown as green line with data for whole period, blue line with data before 2016, and red line with

data before 2016, respectively.
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Table 2. Yearly mean, standard deviation, linear regression
slope with intercept before 2016.
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%Atk 20164 O|FRE] 7P 227k o] BEGES 0
8% 37449 712717 ol ghe ekl A
< Bonanza_Creek, Barrow, Yakutsk, Hyytiala, Reso-
lute_Bay, Hornsund, PEARL, Yellowknife_Aurora,
Ittoqqortoormiit®] 97 Z|Qelt}. o] A PEL LF
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[
il
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il

201649 o|THE 7R ooj2&e] Halgko] =
Jbet AL Wit a1 3R we go
YakutskE A28t BE TS5 FAA 202018 9] 7HF

122 gro] P2tk Holc,

#29] AOT] 57} 7] 5 429 S7}o] e
AT BRRE 3] 9I5tel 2 BEA B
%91 717 53t tf7|o] £l & SR 717
=% (Precipitable Water Vapor, PWV, &¢]=cm)2] H
SFS WStk 18 4= 2 BEAHAA S WY
of thek A AE Hsotet A ‘?iﬂ%% UERATE ©]
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Aurora, Ittoggortoormiitoll 4] 201613 ©]% F715A]
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Bonanaza_Creek, Yakutsk, Andenes, Hyy-

Table 3. Yearly mean, standard deviation, linear regression
slope with intercept after 2016.

Standard Slope

Standard Slope

Site name Mean deviation (X 1000) Intercept Site name Mean deviation  (x 1000) Intercept
Bonanza_Creek 0.161  0.080 -0.936 2.038 Bonanza_Creek 0.186 0.119 40.853 -82.317
Barrow 0.115  0.040 0.459 -0.805 Barrow 0.090 0.033 11.087 -22.300
Kuopio 0.104 0.014 -2.954 6.046 Kuopio 0.094 0.020 -3.149 6.454
Yakutsk 0.169  0.054 4.857 -9.591 Yakutsk 0.259 0.106 41.320 -83.186
Andenes 0.093  0.021 -1.964 4.038 Andenes 0.071 0.016 -1.152 2.398
Hyytiala 0.102  0.022 —6.932 14.045 Hyytiala 0.110 0.011 1410 -2.737
Resolute_Bay 0.116  0.083 -6.015 12.203 Resolute_Bay 0.090 0.020 5.898 -11.822
Hornsund 0.097 0.021 -0.358 0.818 Hornsund 0.075 0.018 0.091 -0.110
Thule 0.079 0.014 -1.373 2.841 Thule 0.071 0.018 -0.699 1.482
PEARL 0.068 0.017 -2.704 5.506 PEARL 0.092 0.025 9.255 -18.598
OPAL 0.065 0.019 -1.301 2.681 OPAL 0.073 0.025 -6.315 12.827
Kangerlussuaq 0.073  0.010 -1.227 2.541 Kangerlussuaq 0.066 0.023 -2.818 5.757
Helsinki 0.102  0.018 -1.668 3.457 Helsinki 0.088 0.019 -1.515 3.147
Yellowknife_Aurora  0.137  0.048 1.368 -2.616 Yellowknife_Aurora  0.102 0.016 1.537 -3.001
Ittogqortoormiit 0.065 0.012 3.048 -6.069 Ittoggortoormiit 0.062 0.015 1111 -2.182
Average 0.103  0.032 -1.180 2476 Average 0.102 0.032 6.461 -12.946
Standard deviation ~ 0.033  0.024 3.013 6.049 Standard deviation ~ 0.053 0.033 14.786 29.813

J. Korean Soc. Atmos. Environ., Vol. 39, No. 6, December 2023, pp. 1062-1074
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Fig. 4. Time series of precipitable water vapor (cm) over Bonanza_Creek, Barrow, Kuopio, Yakutsk, Andenes, Hyytiala,
Resolute_Bay, Hornsund, Thule, PEARL, OPAL, Kangerlussuagq, Helsinki, Yellowknife_Aurora, Ittoqgortoormiit. Linear regression
lines (AAOT/Ayear X 1000) are shown as green line with data for whole period, blue line with data before 2016, and red line
with data before 2016, respectively.
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Fig. 5. Mean volume size distributions with data before 2016 (blue line), and data after 2016 (red line), respectively.
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Table 4. Mean, standard deviations, linear regression slope with intercepts after 2016.

(a) VCF (b)vCC

(c) VCF (d)vcc

Site name (before 2016) (before 2016) (after 2016) (after 2016) ©/@ (/1)
Bonanza_Creek 2.525E-02 1.335E-02 5.285E-02 1.624E-02 0.478 0.822
Barrow 1.090E-02 5.502E-03 2.933E-02 6.259E-03 0.371 0.879
Kuopio 1.359E-02 1.120E-02 1.388E-02 1.364E-02 0.979 0.821
Yakutsk 2.581E-02 1.174E-02 4.210E-02 1.428E-02 0.613 0.822
Andenes 1.085E-02 4.854E-03 1.054E-02 5.389E-03 1.029 0.901
Hyytiala 1.513E-02 1.811E-02 1.195E-02 1.064E-02 1.266 1.702
Resolute_Bay 1.514E-02 3.135E-03 NA NA NA NA
Thule 8.401E-03 2.066E-03 1.003E-02 2.311E-03 0.838 0.894
PEARL 8.445E-03 1.375E-03 9.534E-03 1.500E-03 0.886 0.917
OPAL 9.033E-03 2.121E-03 1.703E-02 1.784E-03 0.531 1.189
Kangerlussuaq 7.759E-03 5.290E-03 7.367E-03 4.771E-03 1.053 1.109
Helsinki 1.485E-02 1.192E-02 1.277E-02 1.464E-02 1.163 0.814
Yellowknife_Aurora 2.992E-02 6.671E-03 2.736E-02 8.818E-03 1.093 0.757
Ittogqgortoormiit 7.227E-03 5.417E-03 1.135E-02 5.788E-03 0.637 0.936
ol et A9 VSDE epick 2 el | e 206 —

. TOA

Al mE gl 2o HEof digh gk nlA] RE=o]
AA F5& 2717k 2016 o]l HIske 2016 ©] %
of <& =2 7102 el Bonanza Creek, Bar-
row, Yakutsk, OPALS] 3%, 0jA| ILE ofo] 249 ]
ol A4 s 2016 o] o] %]l Z42F 0.029 B
0.046 um*/um’2 7H =9kt 2016 0] <] vSD7}
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sol radiative forcing, AF (W/m?)o|tt. BAPFAH &
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Fig. 6. Aerosol radiative forcing at top of atmosphere (TOA)
and bottom of atmosphere (BOA) before (top) before 2016
period.
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Fig. 7. Aerosol radiative forcing at top of atmosphere (TOA)
and bottom of atmosphere (BOA) before (top) and after 2016.
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Fig. 8. UV absorbing aerosol index from the SCIAMACHY,
OMI, GOM2 satellite observation data during 2002~2016 (top)
and 2017~2023 (bottom).
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