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Introduction of Ground-based Remote Sensing and Applications
for Air Quality Monitoring
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Abstract Ground-based remote sensing is widely used in various research fields related to the atmospheric environment
study. With the increased operations of satellites and airborne observation in recent years, ground-based observation
instruments have become more frequent, and their operation and applications have become more diverse. This paper
provides an introduction to ground-based remote sensing instruments used in atmospheric environment research, especial
to Dobson and Brewer spectrophotometers, MAX-DOAS instrument, AERONET Sunphotometer, Pandora spectrometer, and
Lidar instrument. Also, this paper summarizes the key research areas adopted by the ground-based remote sensing dataset.
Since the classical ground-based instruments such as the Brewer and Dobson spectrophotometers, a variety of instruments
for observing aerosols and trace gases are now being operated both domestically and internationally. Through these
instruments, it has been confirmed that ground-based remote sensing has been actively utilized for satellite/airborne data
validation, atmospheric quality characteristics analysis, and long-term changes in air quality.
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T o] gRAY i LEsE 9T F=
ATEE 23 §lo] (of: Han et al,, 2019; Nagashi-
ma et al., 2010; Carmichael et al., 1998), L35 A
Q7] el AHESIE 27]0) 2 At Aol
A )8 A7) B E B s
< UV 23433 %A (Dobson UV Spectrophotom-
eter)= 19283 C. M. B. Dobson 15>2] Az &3
A EolXl o] 2 A AlA o 12091 7lo] HS54
A &8o] ALE T Qth(Kim et al., 2007a). T+
Ul A= 198597 A2 Aot P40
A 2-85to] eEHT| Atr] MEA o] Aot 7]
TAE S Jdstal It (ol: Park et al., 2019).
S Ee B A2 wFa) AaEd o
o A4Hon 2ol WS B AuAe AAek
dow, Tk 202496 "= S
(National Oceanic and Atmospheric Administration,
NOAA)oIM o] Hu7go] o]Fof B} It} (Park et
al., 2024b). 21/FLATES Fol M= L Fofl &ot
€ 5712 &5 st Ui7] A5 LE3qFT &+
AR 572 7Hth= 7Hg< ©]-8-5F (ofl: Park et

2
I~
T
hil

fo x o off Mo

al., 2019, 2011; Cho et al., 2003, 1996, 1989) 2E5-2]
7] AAE AT 5Ho= EEdn Ei
Umkehr P25 o] LEZ7 A & A4
IO BofS FASHE AEHS 7Sk (o] Pet-
ropavlovskikh et al., 2022; Bojkov et al., 2002; DeLuisi,
1979), 458 8 oty tifd 2o digt 5
HEsE 745 ot diFd R dF g
SHA = 3l
B 2ol BT A (Brewer Spectrophotometer) &
B 2FEEA A FE= A Sr=
ol & =A@ F shuel o4t
1ol 1 At 9= Fadlste FEHiE HAl
= Z7)o|th(4: Kerr, 2010; Brewer, 1973). 3 =7]
5T 2R EANA BEchs LAY °0F
A2 2 FEE opy 2t Apejdof] tigt JEHE FAI
o A&Eshs F70lth. o] & F7]= A7
Meteorological Organization, WMO)2] @&
B2 BE 27)2 A4He] A7 BEFoz Be5

BT BR| BYRYEAL BE 0257 49
el 7] WAL BA] §18 BH 02 At
oIk ]2 Iste] Lt Bo] BUFTAL 2]
A BAg] Arjare A& Zo] ohet oo
4k S S Rt shAe] e Zste]
1 sl o] BAHIE o] gate] AEah 7}
2oz wapye 23 BN oolzEt B
ofgh Aket ATHS] TPy oA olg Beteg 1A
s17] Slate] g ol el shg Aol 7} fatakiz
5 He] sy 2L ol §otel QEAFS A&

S Hot. o7]o B2 EFdEAE 7R
olstRe] F4 avtE Hest] flste] 2719 ot
B @)l 712 1709 2gE o o]-8-5to] sut
& o8l LTS STt

T E57E LEAFY A7) ¥E5Lz 7
4 A7l F8 FHS 7L Lo, A AF
el Zo] tf7| e ol oA &S ARt 714
=20] 7HlE S8 ke UFdd AZA 9| b7

e}

-{oll

roh jm

x

2
o




Al =S 9|5 AR 74Tt = = al St
07| 252 98 XyAes 57| 4 &8
84 |85 |86 |87 |88 |89 |90 91|92 |93 |94 |95| 96|97 |98 |99 00|01 |02]|03|04|05|06|07]|08|09]10]11 |‘2 13|14 (15|16 |17 |18 | 19|20 | 21|22 |23 |24
v —
T Y T = ra P

Dobson Spectrophotometer it i
WMO/GO30S Stn. No.252 .
'Yonsei University/KMA

Brewer #095
WMO/GO30S Stn No. 332.
KMA, Pohang

Ozonesonde p‘
Model 5A ECC
KMA, Pohang

AFZEolu o] kelstel 7 (of: Diémoz et al., 2014;
Chakrabarty and Peshin, 2011; Cede et al., 2006; Cap-
pellani and Bielli, 1995), ¢lo]2& 33tE4 HH 4
Z (Sellitto et al., 2006; Grobner and Meleti, 2004;
Marenco et al., 2002; Carvalho and Henriques, 2000)
& 7Psaht,
LFFEAE FHole AL,
w20 ATt oleH, 19
| 7871 B} 7]
Al2FSE7] el =
oE A4
Szt 2]
171 w2 H]
sl o Eoh(eE
(Komhyr et al., 1989). o}
EAE t712 e w4
QR AT H =
ARt 71 k= (o]: Baek et

5 W%

N
2 W o

7]

=
o

d

T

oo
N
rlol
o

o

)
o
u
A
ol
N,

O
o

<]
B[}

A

)
o my to
A2 r_]E _|l)]|

—.‘)ll :?L_l;

_0|L

la

2

N

)
I =
R
2 32

Rl

N

—

L

H1
o
ox 1r
L=
1
N
o,
N

N

N

I

o
=
I
K
=

g W
=]
(=)

-

o oo e
N X ol

=

i\

P
P!
N
2
oft M
oXx of
flo of

>,

ox,
o
WU

fu
1o
N

Feote)

Brewer
Gosan
KGAW

Brewer
Anmyeon
KGAW

al., 2023, 2017; Garane ef al., 2019; Bak et al., 2015; Park
et al., 2012; McPeters et al., 2008; Balis et al., 2007) 2 &
|EHAU B 2GS 5719 7139 Am FH9
H53e Wrksky] 918k Aol Wol &-8H . =
5| F A HZ=2HE $/3[ 7=} Tropospheric Emis-
sions: Monitoring of Pollution (TEMPO), ©}A|o}:
Geostationary Environment Monitoring Spectrometer
(GEMS), +H: Sentinel-4] B]AofA @ ZEZHTF}F A=
wIoA 918 A= HSE SR IR RRE A
gElo] 2 Aotof o5t &-grtx|7t
o},

e 27]0]

i
[
o 2

H‘]
fo AL
Ach
oj ofd
H
i)
rr

i)
o T
oy
>,
N
)

=
=
o

N,
i)
o
T
e
2 e

Hir

do o
)
o N
=)

Mo o
)
B[}
N
Y
L)
I

=

o S
i
Y
=
N
N
=
R

i)
)
Jo
ku

ﬂ

il

LT
Ho &

It
>

ooN
=
)
-
S
rel
2
i
N
ot
ol
rlr

4
=
lo
e Mo
r
-IIN' ol
b~
N
op
i)
Rl

‘

=
>

I
r

oy
il Jl)lu
jg -~
o, 12

oX,
T

Nooh g 1o X oy O oo o) HI ox
do 2 -

il
o

J. Korean Soc. Atmos. Environ., Vol. 41, No. 2, April 2025, pp. 254-280



258 HHA, S, HHet

McPeters et al., 2015; Kiesewetter et al., 2010; Harris
etal, 2003)°] &-§2 7 o= Helct.

2.2 AERONET/SKYNET Sunphotometer

oflo] 24l (AERONET; Aerosol Robotic Network)
Lﬂi%ﬂi A AAA R F5H oolzd Fo=E
4 UES AR AF HEY AR oflojzE ¥E A=
£ =SS 59 75k 3t (Holben et al,
1998). o] T HIEQ A= vl5 397 (Nation-
al Aeronautics and Space Administration, NASA)©]
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2022; Velasco-Merino et al., 2018; Ramanathan et al,
2007)1} EAPFA RO WE/ (l: Garcla et al.,
2012; Balkanski et al., 2007; Yoon et al., 2005)& O+
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Fig. 2. Monthly observation data from AERONET at Ulsan, and example of sunphotometer installation at the observatory.

SKYNET 2004476 #5-& AJZfsto] 11 Az}
25|90, Fopilot o] ofol2 2/t 54
of @A7eh l4aE meAEch AAFo] Thre
% A= AT 8 715 4 Aol 2710 7)ofeleint.
olQ]o| & F=olA+= S Ul Sunphotometer ¥+
AFOlE Y E£]3Q] China Aerosol Remote Sensing
Network (CARSNET; Che et al., 2009), Sun-Sky radi-
ometer observation network (SONET; Li et al., 2018)
o B3 YEYAE WS BEL WA ek
SONET-Z S 9] 16714-2] 7] &3 B=54E
K85k 9)om, CARSNET EgF 2002WFE F=F
Ve THCE TS U o7 eSS
A oF 607119 TE42E AR5t 2FSHL T (Che

etal.,2015).

2.3 MAX-DOAS
Differential Optical Absorption Spectroscopy (DOAS)
AATA PAL 2ol BAG o) gte] ulE
714 & ofolzES AHEStE 7S TRtk DOAS
a

Flge Qg gmar ohet 4k 8 Alu, 337

T HgR ERECR FHE o]gH oy
(Kreher et al., 2020; Baidar et al., 2013; GrofSmann et
al., 2013; Platt and Stutz, 2008), TF3t DOAS 4]
(Long-Path DOAS, Direct Sunlight DOAS, Zenith
Scattered Light DOAS “5) % Multi-Axis Differential
Optical Absorption Spectroscopy (MAX-DOAS) 4]
o] m|gF 7|4 9 olo]2E o] Wol FEE L 3]
I:]'(Hijnninger et al., 2004). MAX-DOAS =2 1
3004 B viel Zro] thekt I 7} (elevation
angle)of thsto] Arete S

oh 22 Lzt A o] &2 tiRd 5k5o AR E
ZAoEA T V2L Ui dSolA w2 14
EZ Ho|7] 2o MAX-DOAS 4] o]-85HH
A2 S E-5 I (vertical column density, VCD)2} 1]
F A9 A mEnde BE AET 4 9
(Platt and Stutz, 2008; Honninger et al., 2004). TH2FA]
2% MAX-DOAS FHl= t7]d A+ (Ryan et al.,
2023; Dimitropoulou et al., 2022)} 1594 2= 9]
A58 (Ha et al., 2024; Lee et al., 2024; De Smedt et
al., 2021; Wang et al., 2017) 2.2 o] 28511 9o},
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Fig. 3. Principle of the MAX-DOAS observation.
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27bHel Felo] Wask glo] e WoRE ALET
= k= g 7Hch(Platt and Stutz, 2008). THt
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A AAR o= wo] =1 qlct.
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A3S5H7] Y1al 4] Cabauw Intercomparison Campaign
of Nitrogen Dioxide measuring Instruments (CINDI)
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AGLE 5Bt (Friel et al., 2016; Pinardi ef al.,
2013; Piters et al., 2012).

2016 9€ell &= CINDI 22} 7|31 (CINDI-2)
oNME 13l A Hlwel A @F, opdat
(nitrous acid, HONO) ¥=0<]| thgt &7} v|u7} o] 7
O] Atk (Kreher et al., 2020; Wang et al., 2020).
CINDI-2 7|7t & 1% m2upido] HjW Ak
CINDI 12} 7]3to] £ = UE ofloj 2 24 A%
EX (aerosol extinction profile)®] 75 (Frief8 et al.,
2016)°14 © ozt ojitehd 4, ZEdHsto|l=
(formaldehyde, HCHO), 2 &3} Zr2 u|gk 7|4 A2
2t HF o2 S H It (Wang et al., 2018;
Tirpitz et al.,, 2021). £+ MAX-DOAS THA| 1 =7}
o] Aot of whet IS 4= Qle A5 BASAEE
I (differential slant column density; dSCD) 2] B
£ W7le) ietel LE2e] Beheg WS
¥t A% WAL AN ATE S
(Donner et al., 2020). 36055 WEY 7 Sl imag-
ing-DOAS 4] 9] |22 = F3t CINDI-2 7131l
43 =] Utk (Peters et al., 2019).

121, 2210 913 ATE vhgro 2 2024 5~62°]
CINDI 32} 4=l (CINDI-3)°] EEitt (https://frm-
4doas.aeronomie.be/index.php/cindi-3). CINDI-3°]|
Me T8 vl 7141 ol4tabd 4, 440l A (oxy-
gen dimer, O,), HCHO, & #=3 d Hi7] &
HONO, ¥44sHE 2191 (bromine oxide, BrO), 222
4t (glyoxal, CHOCHO) ¥5 0 = St =] gl o]4ks}
2ot @EL] B9 7t 714 4=l AHEE= DOAS
240] b M S th=A| st ARRRE o H St
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Table 1. List of Pandora observation sites in South Korea.

Location name Version Latitude (°N) Longitude (°E)
Busan PAN1s 35.2353 129.0825
Seoul PAN1s 37.5644 126.934
Seoul-SNU PAN1s 37.458 126.951
Ulsan PANTs 35.5745 129.1896
Seosan PANTs 36.7769 126.4938
Incheon-ESC PANTs 37.5689 126.6375
Mokpo PAN2s 349134 1264372
Daegu PAN2s 35.8869 128.6061
Suwon-USW PAN2s 37.211 126.98
Yongin PAN2s 37.338 127.265
Seoul-KU PAN2s 37.5855 127.0257
Jeonju PAN2s 35.8466 127.1307
Gongju-KNU PAN2s 36.471 127.145
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Air Quality (ASIA-AQ) HHANA = FEate}
AERONET #2 A4 7|9 5 7 25 ZHl=
AN AFLATES T oA AF
kot AODE B/t B2 A|F9e THORE 54
€ 550l AFER FHoll 914 dleleeke] Blal 4
= FsAY, A FAHoA st FE o
T=[High Spectral Resolution Lidar (HSRL)©|H
GeoCape Airborne Simulator (GCAS)] o4 AF&EE+=
5 et Hlaste] 29 AlFIHEE S0 o
3 32k Aol AHE7 | skl

2.5 X|& LIDAR
2to]th(Light Detection and Ranging; LIDAR)+& %]

7 "l-& Ao} W=5]= active sensor®|T}. ©] & 7]
[e}

Stof ofolzE 7k I AR g2 =l ¢
Ak 57 Ee uF 7= 540 7Fssit. =

olcke] o] 4] Wk of7] & olFatuAl Wl g
7} Qofiba o] F AR wiAbslo] gtolcte] 441
N2 Solod] gk o] HAA Az Azt A

i
N

bl
B

[H

o
4o
rol
Ral
0x
rio
N
e
i
A
N
%o
ok
olo

263

T
i
J
I
5

of
ol
for

pue
)
o
o,

>,
o n &
e St ~

7] At 245} gholtt ko) ARlE 7
FES ol8ste] AAdA Y] Fk HEE
2w o] g3ste] z7]o=

o,
E
c
ol fllo
o

-
al

]
ol
)

mee 44 ne O o
I.r]

L oo ot mo kI

N
2
oX
e

e Jjm
» 3{:9,
fr 1
o
= o
(o]
— |

doh = ooy oy Rl
o

I I

fﬁ e o :r%
il
2
2,
2
ku
iy
=]

i)
rr
)

£ oo i @ ox I

39,
o
x> 9
=2
2
il
TR
JQ, HE
= W
H1
fr
ik JIN' -
o
i

_E_L

19

o

>

% & o
L9 oo
rﬂi ki

= J

(]
—=

|

i
o
r Moo

2, |
2
fu
iy
i)
)

]

Mr
rlo
s,

or

T

Ol
-
N,

H ox
e i

B

L
N

M
=2
fn)
N

off
H1
1o
Am
ox
flo

sferats] S1g
o 57} WS

SR CEERRE
sfotshis FAA] eolct

T us 2 ol

=2
o
k)
w [

O ooo o N Ko -

H‘I
N
2R W

lo,
Hi
rlo
>
=
:0:1[1
o
I_r]
o
re o
Yy
%
o

N
3
ol
oj =
i
e

2 o
i
Jor TR

Alm
o

ko
N
i
1A
i,
i)
-,
O
rlr
4
i_!"
il
2
2
il
i
1o
=)

HT
Y
Lo
i)
e,
o
2
~
o
ol
o
2
ol
2
-
rir o% o

o ol
X
rR oop i mn rf ofh mo M

3 =
=2
2
u
i

O
-{oh
ol
2y
)
Am =
o,
>,
i
_?_1'4

.
e
e
e
o
i
w2
&
5
&
)
ofd
2 ok
2

LoHe o

[¢)
-
X
N
[*]
=

52 5t ool2E] AREE S
&l 2rolth= olol2E (53] FAF
SAote o] A &8
&= oA o] A7 Fo] B4 ®gkE melsh=
Sof @o| o] 85|31t} (odl: Shin et al., 2014, 2012;
Noh et al., 2012; Kim et al., 2010; Won et al., 2004). ©]
£ dlolthe F2 532/1064 nm o] o] T &
off o] 5 54= motshaleh
o 2bet eto|oh A AE] 22 7-2-ofli= 355 nm
€} 532 nm 9| P9 o] Ho] th7] FoflA] W3
Sh= oA dofu= 571 B2Fel| 9t 2t
O &2 WASH == 2Rt 4letgs g Alst
2
53

o o

I
ool 2
>
N
N

ikt
2

AT
I~

-

A SR AR 2ol RAstel 2749
ARE QS & ek S okl fy] 9 BE
2gelA

J. Korean Soc. Atmos. Environ., Vol. 41, No. 2, April 2025, pp. 254-280



o} ehe e BAO BEstel 2upe] ool
52 A& Ert. o]
= o 107kl

& ol & (Korea Aerosol Lidar Observation
Network, KALION)2 -2%5to] = 2fg o] BA &
1eES Bttt 1 AsE sk Al
(Yeo et al., 2016). @A) KALIONS F 20]|4] Hi= n}
oF Zro] 57 IEA7F 4 Foll Ut

T12]al go|rke] glo|A PATE At HhAlS)
of EEsh= 54 ol-8sh= Aol F7Fkste] 714¢]
57 B4 7He o 992 B9l 1A BEE
Fote o rL &8 &85k qtrh 53] 2t
s <= 2fo]t} (Differential Absorption Lidar;
DIALYE 2folc S4e] 0 F 54 14 548 57}
6}04 0% rol g7 By= =457 Ht okl

719k FARSHA gllo] A HA] e @
S _u]—;(]—_],]- okst J_]]—Z]-OE A—]Eﬂo]-o:] F'/]-O]
Al A - mpo] glo]#] HA9] 4
7] % 9F =2 2Xet

% DIALS AZA (5T @
Ak 2F d)ol o=t b
"SS9It HAH 9] 5 9
Lo Ayslro] o

op T
!

=7
=
3
2
e

e~ _1])1*

)
ol
=L
£ ]
é?:

)
o
o

)
18 o
o
au
L

7}

_1>~1

of

i
fn)
=il
r-\J

AL SN o O
i)
=
o
ri
folk —~
B 2

X o oot

il fZi
™ 10
gl
o g
ox
st
i
39
i

oo o Mo
=V = )

(]
—=

Th= AX] Aol A B 2L A7 of
]S4 ] B]-g-o] S0 QA= tiH]
A AR 7T FA] 7] W2l ohgRt 2ol
= UEYZ7E F/d0] HAL Uk A AlAA] u|
EA FHo2s AAZE7ITE AFH713A]
(Global Atmosphere Watch; GAW) sfef] A%
GALION (GAW Aerosol Lidar Observation Network)
o] 9121, GALIONZ Z} A& 0] 2 YEYA
So] A7 YEZY 74l 7)ot} ek, BT
ol 219998 Y EY A= 432 EARLINET (European
Aerosol Research Lidar Network, 20004), B350 9]

Table 2. List of Lidar observation sites in South Korea.

Site Name Location Agency
Seoul_SNU Gwanak, Seoul Seoul National Univ.
Seoul_SRI Gwangjin, Seoul  Research Institute of

Public Health and
Environment

Anmyeon_KMA  Taean National Institute of
Meteorological Sciences

Ulsan_UNIST Ulju, Ulsan UNIST

Gosan_SNU Hangyeong, Jeju  Seoul National Univ.

LALINET (Latin America Lidar Network, 2008d), _1
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