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Retrieval of Hourly Aerosol Optical Depth Using Top-of-Atmosphere
Reflectance from GOCI-II and Machine Learning over South Korea
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Abstract: Atmospheric aerosols not only have adverse effects on human health but also exert direct
and indirect impacts on the climate system. Consequently, it is imperative to comprehend the
characteristics and spatiotemporal distribution of aerosols. Numerous research endeavors have been
undertaken to monitor aerosols, predominantly through the retrieval of aerosol optical depth (AOD) via
satellite-based observations. Nonetheless, this approach primarily relies on a look-up table-based inversion
algorithm, characterized by computationally intensive operations and associated uncertainties. In this
study, a novel high-resolution AOD direct retrieval algorithm, leveraging machine learning, was developed
using top-of-atmosphere reflectance data derived from the Geostationary Ocean Color Imager-IT (GOCI-
1), in conjunction with their differences from the past 30-day minimum reflectance, and meteorological
variables from numerical models. The Light Gradient Boosting Machine (LGBM) technique was
harnessed, and the resultant estimates underwent rigorous validation encompassing random, temporal,
and spatial N-fold cross-validation (CV) using ground-based observation data from Aerosol Robotic
Network (AERONET) AOD. The three CV results consistently demonstrated robust performance, yielding
R?=0.70-0.80, RMSE=0.08-0.09, and within the expected error (EE) of 75.2-85.1%. The Shapley
Additive exPlanations (SHAP) analysis confirmed the substantial influence of reflectance-related variables
on AOD estimation. A comprehensive examination of the spatiotemporal distribution of AOD in Seoul
and Ulsan revealed that the developed LGBM model yielded results that are in close concordance with
AERONET AOD over time, thereby confirming its suitability for AOD retrieval at high spatiotemporal
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resolution (i.e., hourly, 250 m). Furthermore, upon comparing data coverage, it was ascertained that the
LGBM model enhanced data retrieval frequency by approximately 8.8% in comparison to the GOCI-II
L2 AOD products, ameliorating issues associated with excessive masking over very illuminated surfaces
that are often encountered in physics-based AOD retrieval processes.
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0of: tf7] F o2& Aol ot daFS 713 B ofy et 7|5 Al Ag o e AT A Q] FEFS nA B of
o) %0) BAT} AIZ7HSl o] T ofshi th$ ER 3 ol A8l /1M BEL F ool 22
I8} L7 (Aerosol Optical Depth, AOD)E AF&E35}0] of| o] 228 MU H sl thFet A-7F e = of it
SHANE o] = 2 XS B8 o AbE dare|Eof 7]ubkste] o] £o]x]7] o] B ALt a5k
S8 o] A3ttt uhatA], B 9 TLof| A= Geostationary Ocean Color Imager-11 (GOCI-I )94 o) 7| AF S AL
(94 502 09| SIS 3 AU AT U] A0 &, U U 5
L35} 7| A gk 7wt J_oH/‘]'E AOD A AtZ od318]| &2 7)es} 4o, Light Gradient Boosting Machine
(LGBM) 7] o] A5 %] FAH A= A4 B2 A= 2] Aerosol Robotic Network (AERONET) AOD
£ 3kg3lo] Ad, A|7H Ux‘ %,—Z_]'tg N-fold W X}AZE B8 HZEHQth A 71A] mabEZ A3} R?=0.70-0.80,
RMSE=0.08-0.09, 7|t 2} (Expected Error, EE) QF]] Q)= H]-&-2 75.2-85.1% 302 A X9 A& HH
t}. Shapley Additive exPlanations (SHAP) E-A]of| Al = HIAL & 3 Bl4=50] 7]@]54 Are)d I‘Hﬁv‘i—% A}A| 8}
9 S B MARE 27 AOD F40] B2 71018 S 2 SIS AL 4 Aol et A
7H4 AODS] T7H B2 2 Badst ATk ks LGBM B Ul A|7ke] & o uba} ABRONET AOD 2k} &
A 5E 02 AODE 24T QAT 0] % F) & AT AR (e, AT, 250 mpel 9] AOD AL
o] 7}76;; sol5kg e =3 A #H 2] A] v o A LGBM X9 9] 4t AbE ¥l =7} GOCIII L2 AOD
2% tiu] 8.8%7FF S71%E AL B4l 71 B BN AOD AHE BHof A whAlshE Bk 2| E | o
A o A
01 oo]2& Fek FA, GOCHL, 7| Ak, 7|4

1. A= Z0) et 9 Eel EAT A3 BEE olgfste

2L - 2.5}
o] B2EL2 7] Foll ot LA E= HA| el of o] 2 8} F7|(Aerosol Optical Depth, AOD)+= T
O] ZF-2- A ZKQF 0.001-100 um)E-2] FAH O &2 %_Ag%g 7] & oo]R2Z0] Z40F Algto & 013t B ok EAL ofY
T5roll wheh A A A AT QA9 Y o ' SR Ao 4 F s U= gt s, i7] LA es B
et oY AL, B, vho] & oo 2 5 3 A A o 3} 8to] UrEfU= A] 3 5 E-8-F Th(Chen et al.,, 2022b; Wei

A of o3l AA =i, W 71 (black carbon), SHAFSE etal, 2020). AOD= =2 B %F F= 7| (sunphotometer), &

&, AaitekE, 293 A f718skE 52 = AHA| (radiometer) 5 HARISAH & S-8-3F A1 &5
OJHX* &5 9l 7] Fo 2 wiEH T (Kang etal, o5 o5, $A #5525l AFEE th(Antufia-Marrero
2022). o] 22 A WY Fald e & w5EA etal, 2018). A4 73 4| 9] 79 A & ko 1A
Aol = F a3 A o ofy gl 7| ¢ Al A" o e 7F Qlof kS A o]l thgh 37+ Q1 B2 A o] A
A7A A0 RGeS u ATk (Mao et al, 2021; Noh,  3}7] fj¥o]], 22 ¥ x| dof| tfate] Z7H2 02 ol
2021). A A o == o] Ak, 5 F3l HA A A AHE AT 4 3= $149718 AOD A= 7t d
28 W5lA|A A} WHof Qe n)x|n] b Aoz 2] B85 31 9 THCao et al,, 2023; Kim et al., 2021; Kang
=75 SEAH O T 2-8-5}0] Y| = (albedo) S HIHA et al., 2022; Ranjan et al.,, 2021).

7= A& Frh(Charlson et al, 1992). THEpA], ool 2 2148715 AOD &2 S%= f4d ol A A=
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Ocean Color Imager (GOCI) tf 7|4t WAL= & 28
shol ok xlot %ol sto] 71484 7] 6 kan S
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o] ofo]2F HJH7} @ HER T340 AOD AHE
o] 2R A ¥ 3L QT (Zhao et al,, 2019). WHEpA], B A7
ol A= A A= 914831 GOCI-L 9174 9] df 7173k ¥k
At AR E -85k 7| AIks 7]9ke] AOD A4 A
& Y YEE /ekaa ghet 2 At GOCHI 9]
B ARE SEsto] A A tiH] 2 ASE S
E (e, AIZHE, 250 )] AOD 4H& 7] A8k 2EE 7]
et o] 5 uhgre 23k gk A oof disto] Kt 4
7] F ool 2E Sk HAE FRE Tk B
AQFsl= el of Al F7HA Qbg A W Ukt 7}~“£
HEot el ol A ZF g W59 7] s 24
sto] AODS} 912 W gaA ol s 22l
starzf gkt

Mg 79 4

2. 4749 P AFA=

2.1. 89+X4

B oL ek 1 9(33-39°N, 124-131°E)
2 Y| glom(Fig. 1), A 7]17H 2021 F-E 20
WA7A 2 A48Tt s A o2 A 4= A
&ok ARl ske A Ao gt 7 e =
o1A Wi &gk F2 07 A7kl 7] 9 d BAlE
= A02 A A th(Choi et al, 2023). 0] w2}, Z|
o] X[ A of o] 2] AlF7HA HUE ol gk
Al E3F 27181 9l 4|0 ThLee et al., 2023; Lee
etal,, 2022b). Fig. 12 A 2| 3} A B A Lof| A A}
L5 of|o] 2= XA} =421 Aerosol Robotic Network
(AERONET) Q] #325 UedTh 2 dAo A = tf 7]
S AEAY HiEFO| =2 BA F RHE E EAhS
2713 A ste] B0 AHEEFST) AL il
O] g A QI HA| 5] HYF o= BeA o H]
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Table 1. Summary of input variables used in the AOD retrieval algorithm proposed in this study

Source Variables Abbreviation F atl'fﬂ Temp qral
resolution resolution
TOA Reflectance TOA
@ 380,412, 443,490, 510, 555, 620, 660, 680, A2 485,490.310,555
709 745 865 am 620, 660, 680, 709, 745, 865 nm
Differences between reflectance of target day
and its minimum value over the past 30 days Difffss0, 412,443,490, 510,555, .
GOCLIL @ 380, 412, 443, 490, 510, 555, 620, 660, 630, 2060680709785 55 025km | 10times/day
709, 745, 865 nm
Observation Angles
(Satellite Azimuth, Satellite Zenith, PHV, ];EI)\IZ,ZS OLA,
Solar Azimuth, Solar Zenith)
Surface Temperature Tsrf
Temperature Temp
1 Hour Maximum Temperature Tmax
1 Hour Minimum Temperature Tmin
Dew point Temperature Dew
Relative Humidity RH .
UM-LDAPS - - - 1.5km 8 times / day
Cosine Value of Wind Direction Wecos
Sine Value of Wind Direction Wsin
1 Hour Maximum Wind Speed MaxWS
Surface Pressure Pstf
Planetary Boundary Layer Height PBLH
Visibility Visibility
GPM Precipitation Precip 0.1° (~ 10 km) 30 min
126°00°E 128°00"E 130°00°E
0 75 150 300 km /x
L 1 1 1 1 1 /
Baengnyeong N
38°0'0"N- D Gangneung_WNU ~38°0'0"N
(=2
36°0'0"N- -36°0'0"N
RUS_UNIST_UlIsan
ULSAN
Legend
i AERONET
‘. © Level15
34°00'N * T = O Lewel20L3ge00N
' Elevation (m)
T o High 1854
C@“ - Low: 0
126°l0'0"E 128°b‘0"E 130°E)'0"E

Fig. 1. Study area with in-situ observation (i.e., AERONET) sites. The color-coded dots
are indicative of the quality level of the AERONET data, while the background
image provides an elevation profile (m) of the study area. The red lines denote
the major cities (Seoul and Ulsan) used for the subsequent analysis.
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2.2. AKt=

gt 2] o] takel A7 AODE 4SS 913
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OD Zhe 718} BElo] 45 Wi4(% 4 w49 A}
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SEon, Uz AR5 SHHEYY MR
L =9tk & 41 7)9] M7h AOD A &a1el & A
S 91el] Ao = QTk(Table 1).

2.2.1. A5 AR

& Ao J3 A ol st ool2E
A4} #=401 AERONET T3 AOD A& 29l 9]
<= Ha= 2 85191 T} (Chen et al.,, 20222). AERONET
= National Aeronautics and Space Administration (NASA)
@} PHOtométrie pour le Traitement Opérationnel de
Normalisation Satellitaire (PHOTONS)O] st 2|4} 7|
HH A A ofoj2E HIEH T ddC R Y F=A
UES 53l ool &9 Fohd EAS Attt H5
Azof tiet B 9 F4 #eE A golHE Al
tch(https:/ /aeronet.gsfc.nasa.gov/). ABRONET-2 Level
1.0 () 3<p), Level 15 (-5 2389 2 54 o), 1
2|3l Level 2.0 (F4 H3)¥} 2ol Al 7HA19] HlolH &
| o A AOD A= S A58kl itk & -0l A
F4 B3] o]F o7 Level 20 A RE $-A 202
§3HaL, B F o] AR AT A e
220} 7] 7bof| ool St HlolE S-S 9l Level
15 An 2 thA] Z-8sto] Jet o] & 9 3o #&Ea
AR E AT Fig. 1). GOCII= 550 nm THFof| A
AODE A8 3HA 9, AERONET2 i g 27 of] A]
AOD k& Al5-skA] ¢b7] wiZel, 243t v s $5)
500 nm TH4}o] A1 2] AERONET AODE th3 412 53

BA Y-S AA ARE-3FTHBb et al., 2015).

fr

>~
el

N\

AOD, :AODu(g)ﬂ (1)

A (1)of| Al AOD = 2 A% AOD %k, AOD = AERONET
9] 500 nm AOD Z}o] 1] c+= 550 nm, a+= 500 nm 2] TH4; 7k
ot} o= 440-870 nm TR 2] S AEE 2|5 (Angstrom
exponent)% LehdTh

FH A

i

2.2.2. $18714 A m

AA A= B34 A ) 2BE (Geo-Kompsat2B,
GK-2B)of| A1 AA A Z3] %4 23 (Geostationary
Ocean Color Imager-11, GOCI-II)= GOCI9] Q5 4
A ol 250 m S == 3FF0] 108] 7F AlIZEZHA(08-17
KST)S.2 g5 ofA|o} A] of| thet t&-5 433t} 4]
A 52 F 12709 SR (loy 22 i E =, & A
oAM= et A Ho] £k &% T& ARSI GOCI-
1= 370-865 nm @] B3} W 9Jof A UV W= 17), 7}HA]
Bd e 87, 24 2 e 37, Fd] o & W= 1,
F 13709 WEZ FATE GOCLI B3 22 73
F2AF =711 A E] (National Ocean Satellite Center,
NOSC)o| A ththa = glow 2 d5tof| A= <
L WHEE AT 127) =9 7] FZHRIAME (e, ]
A Al B A ‘E‘_]'/\]-E(Rayleigh—corrected reflectance, R,
2475 ARSI THhttps:/ /www.nosc.go.kr/main.do).

E3E, B O] GRS 713 = B A4 B
A2, 9174 72, 1 Wiz a7l 9l 71sh 2 A |
2 W42 ARESEGITE GOCLIOl = SWIR o] £
SHEL2 SWIR #919] th7] AL E ol A] 7hA] #1919
E9 WAES AN 4 gltk webd 9 U
AR87] 9190 24 LS 710 S A getel 127] s
o] wao] oA B2 A1 ol o] 302 F2k B3
o7 3 A4t B2 A0 o)A
VAR Fo] e 712 4 U gttt
(Choi et al., 2016). 30 §2F2] 2| 47ko] 71A]&= QJul=
- g 7] ARhe] WAL S ojn|she, ofjoj =
S0 5ol F7keol whet A WhAbe F717F 4717
w ol Zfo] g Foll ollof =& G Ao
SFSAIAFILAL BFGIT.

F7he %] ofat ool % 44 WA BTS2
3}7] 93l Global Precipitation Measurement (GPM)
Integrated Multi-satellitE Retrievals for GPM (IMERG)2]
I AR E o] 4519 Tt GPM IMERGE= 0.1 x 0.1°9]
AT =S 71 Level 3 ©] 0] E] 2 Goddard Earth Science
Data and Information Service Center (GES DISC)of| 4] A|
FHFQICHhttps:/ /disc.gsfe.nasa.gov/). ESH 15 ER| &
ofaf 7h7 1AL oL AE ol 4] A1 8= 28 7129] 2k
FAEE 2 A oFA 245 (Geo-KOMPSAT-2A;
GK2A)9] AFA ] 7] 4} %A 7] (Advanced Meteorological
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Imager; AMD 9] -5 B 4] AF57} AR5 2 Th(htps:/ /
nmsc.kma.go.kr/homepage/html/main/main.do).

2.2.3. FAEE 2tz

71434 8.9 aEstr] flsl 7144 oA Algst
+ A o X2 9 (Local Data Assimilation and Prediction
System, LDAPS) ] A 25 A-5}%t}. LDAPSE 1.5 km
o] St ER AR 02 oF 40 km7HA] 70 7] 591 A4
B Algsh, A7 4 o= A R 2 R E
A& A5 ot shFof 83] o S5 agtch & d+
oAM= AY A Farsto] A rH 2 (Tsif), 7]
(Temp), 2|31 Bl 2] #] 7]2(Tmax, Tmin), ©] &7 Dew),
FHEERH), T2 cos, singl(Weos, Wsin), A| 7+
Z o & MaxWS), 3 7] & (Pseh), 71 F A5 &l
(PBLH), 7FA] A (Visibility) & 12712] 7| H 45 11
S} tH(Che et al,, 2019; Kang et al,, 2022). 3G A E =
7187 718 A =AY 2D of A TR ot ARE-3H R T
(https:/ /data.kma.go kr/cmmn/main.do).

2.2.4. A5 AAP H F4]

e Wa5 o) A 27t S} hobaly) o]
GOCLII9| Al g3t /=2 el Ak 4457 9
3 GOCIIIY] A187F shAkme] 9 el 42 & 53
3FITh GOCI-TS] 27t SiAHE 9} T2 LDAPS GPM
A7+ o]FAE EIHH (bilinear interpolation) = &3]
250 m 241 Ze) )9k LDAPS A== A A7 7
202 517 88 AF57) gl lincar YARS o] 85}
of A7 8 AR E A3

B Ao 8 A2 FE3HE GOCLIY 25
29 Ado] FAs7] WiZofl €L FF0] sk
AODE Q BHz| 5= 707} ubABITh(Lee et al,, 2021a).
whepA] 2ok HUet 5 HAIE 8l 714391 o GR2A
AMI9] cloud maskE 0|80 5202 HA|H HAS
9 A7 AR GK2A AMI= -8 6] ATHE
ZAHZ JLE (cloud: 0), 7-5 EH& 3 (probably cloud:
A (clear: 2) 0.2 FLE3}1, 2 km Q] SR 2 B 7
bR AT T8 BA A3 TEOT TS 2
QEEREEEEESEEEREEE B}
A (i.e., GOCII £ (slot) 7)ol A GOCI-119]
Tfafo] ol 17k 2550 4] 355 Afo] ] 2}

N
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o

ofy
ot
=3
o
K
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-
o
|o
fru
o
N
i1}
IR
(1
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ul ]
|o
fu
=

3. A4HH

H A1 A7 250 mo] A ER AOD =25
24317 98], =9 W42 GOCIIL, GPM 18] 1L

LDAPSS| A2 & ARE-alal 4 2 AERONETY]
AODE AHE-SHRITE AOD =5 F+74317] 9J8f Light
Gradient Boosting Machine (LGBM)©] AM-%|$1 0., 3=
8% A= N-fold X AE S5 Fof A5 H ek £
ZF 19 W7t e Aol w2 = 7] of o] thgt &
A1} GOCIHI L2 AOD 4AFH&&E 3 LGBM 4 AODZH
O Al 574 far et dlol e AR 2] A] A o] el v

J

/" Independent variables

GOCI-ll
TOA Reflectance, !
Channel differences, |
Angles i ‘

i Data preprocessing
: & Cloud masking

I

I

Machine learning
(Light Gradient Boosting Machine)

LDAPS

i
i

i

i

| Meteorological Data i

! ! Estimated

| - 3

i h

i

i

GPM !

Precipitation

,,,,,,,,,,,,,,,,,,

Model validation and analysis

i

| | 1) Model accuracy assessment

i I

| AE:CO)SET | 2) Feature contribution analysis

! ! 3) Spatiotemporal distribution analysis

| ) 4) Comparison of data coverage

Fig. 2. Process flow diagram of the machine learning-
based AOD retrieval proposed in this study.

Boosting Decision Tree (GBDT) &il2] &2 92 A= 9]
FR9k 47 271ekE A Qe

o) o1 mELe] 5840] 1251 Heh LGBV
o] B3t A& +E-517] Y3l Gradient-based One-Side
Sampling (GOSS) 58] 14 ©] 1= @] 7} Exclusive Feature
Bundiing (EFB)S] 2 8- B mdlo] 87142 Zol
090 B8RS 274417 Beo]thKe etal, 2017)
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GOCI-II CH7 |4

£ o= Python 3 scikit-learn 347 of A] /\BHE] T
‘lightgbm’ )| 7] X] 9] LGBMRegressors <85} % T}
LGB 2.909] spol Hatetulel e Wlol ek 2413t
(Bayesian Optimization) &1 2] 52 7|92 2 3} Python
3.6.11 scikit-learn W50 A 5% = hyperopt o] 2
2 23 28k 7 AT GOSS 7] W o] HAE
Hhalo] ARR-E| % 0™ max_depth=9, n_estimators=900,
num_leaves=400, colsample_bytree=0.4, ZL&] 11 learning
rate=0.042] s}o] w utehu] E 7} 417 = 2k

AL 7k 9 2 A

< B &} (Root-Mean-Square-Error; RMSE),
7] EH i}(Expccted Error; BEE)Q] @2} A 71 AL-&-5]
At 7 6.3} AT ABHE 242 A @] et
Wl

rvse = L5 0157 ®

EEyomspr==% (0.15 xX4AERONET AOD +0.05)  (4)

Aol A ne: ZAH| A= A,y S8 e
i HEES olulaie), BEE AOD gke] %8k
ofulah gEO =, 3 Q7o) A MODIS DT §9)
WS AHBE EEE A4S THLevy etal, 2013;
Remer et al,, 2005). EE ¥ 9] ool 0] 9= g|o| €] <] 1]
Ble, vithin EE) 9282 ek 9lon], o] £&
=2 ndl o] ol o] =t A a 4= 9ot
Aol A= N HE O Al P B
7Fst7] 98l F2F9] W AFH S (random cross-validation,
RDCV), &-7H4 A S (spatial cross-validation, SPCV),
AlZHA WA S (temporal cross-validation, TPCV) A 7}
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N = 12685 N = 12685 N = 12685
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Fig. 3.
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Scatter plots between in-situ observations (x-axis) and AODs (y-axis) estimated by the LGBM model for each

cross-validation method: (a) RDCV, (b) SPCV, and (c) TPCV. The black lines represent the one-to-one
correspondence, and the grey lines denote the expected error ranges of MODIS DT AOD. The color gradation
from yellow to red serves to highlight variations in data density.
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Fig. 4. Variations of R? (black) and RMSE (orange) of each fold within (a) TPCV and (b) SPCV.
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271017 Q1 W] BepAo] 2 A B o
o2 Z1 0.2 & 4= QT (Feng et al., 2020; Lee et al., 2021b).
U d3ko] A9 Al ol A7 Gosan NIMS_
SNU' #5204 =0l H= A5 Ash = =,
ol B2 4] 917} EhE B AET} He] 4 Aofo]
AR5 (Fig. 1) A 2 AL Waf7F AL A8 e
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T2 Q0] 0 25 4= QlTH(Lee et al,, 2010). TEoF, &2 A1
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4.2. SHAP &4
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Tholl G2 A EW WHALES] Z7F, 5 ofo] 2Eo] 9%
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1] AOD &2 gho] o o 2 L vl A}
31 5 9tk B, TOA,, W47H Fute) o
BS710 8 1) o]t 380 nm7t 2ol B W
S2 A EE 2 AHE 5o 44 ool 2E] o
3 R 7} Z7HRlc e A s 228 1)

Ch(Lee et al,, 2021c; Lietal,, 2012). 52 A 3 HEALE 3}
7doll A= AOD AbE9] @27 AR 7] e Zof|, =2 A

Fig. 5= 2 Atof| A A|QHe LGBM R dlof AR8-% 22 2 WAL S Zh= 2k 9 Y
g HeEo] AOD of|Zof v A= 7] ot ik d & o] P& Oﬂoiii‘:*xloﬂ o] & 74 Ko =2 7]
el W7o E=7F =9kE A 10 7)) e = =g B S Zlo|gt Bt ol (Penning de Vries et al,
HBo| 7| ASHIALE &2 302 ] AHMA}EoFo] 2} 2009). 718 Qolor = Visibility 1 4 Zko]l 2
o] Fr3l A& Fol 1499 WAL= AT} of| o] 2 st AOD &5 742 S7H7 = HFL R, =8 1 AOD 9
A EAS e = AODE F45t= o B2 9= 5 S AT o R Agst 7 Mg 5 7t
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Fig. 5. SHAP summary plots of input variables, ranked by their global feature importance in the
LGBM model (Only the top 10 variables of significance are displayed). The x-axis shows
the SHAP value that is related to the impact of a variable for each sample on model
prediction. Each point represents a specific sample, with varying degrees of feature
values illustrated by a color scheme ranging from high (red) to low (blue) values.
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Fig. 6. Spatial distribution of hourly estimated AOD derived by the LGBM model for Seoul during 08:00-17:00 (KST) on
March 10, 2021 (There is a data gap at 09:00 (KST) due to a wheel off-loading issue). The area marked with a
circle is the ‘Yonsei_University’ station of AERONET. The date was selected for its low cloud contamination and

high AOD concentration.
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Fig. 7. Spatial distribution of hourly estimated AOD derived by the LGBM model for Ulsan during 08:00-17:00 (KST) on
May 24, 2022. The area marked with a circle is the ‘'KORUS_UNIST_UlIsan’ station of AERONET. The date was
selected for its low cloud contamination and high AOD concentration.
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Fig. 8. Spatial distribution maps representing the coverage (%) of AOD data and standard deviation (SD) based on (a)
GOCI-II AOD product and (b) LGBM-derived AOD by pixel from 2021 to 2022. The spatial resolution of the GOCI-
Il L2 AOD product is 2.5 km, while that of the LGBM-derived AOD is 250 m.
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