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Abstract In South Korea, ground-based total ozone observation has been operated since 1984
by using a Dobson spectrophotometer at the Wolbong Observatory of Yonsei University in
Seoul. This year marks the 40th anniversary of the observation by the Dobson spectrophotome-
ter. We introduce the detailed history of the Wolbong Observatory, the oldest ozone monitoring
site in Korea. In addition, we provide an overview of the instrument updates of the Dobson
spectrophotometer and the processes involved in instrument calibration and data quality control.
It also reviews various research activities related to using data by the total ozone and ozone pro-
file observation from the Dobson spectrophotometer over the past 40 years. Long-term observa-
tional data have been used not only as a reference dataset for the validation of other remote
sensing instruments, but also an important dataset for the study of long-term trends in the ozone
layer and the spatio-temporal change of ozone. The Dobson spectrophotometer has produced
observation datasets of high quality for four decades, and it still consistently provides homoge-
neous and reliable data on total ozone and vertical profile information. It is expected to continue
playing a significant role in ozone research in Korea.
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Fig. 1. Global distribution of observatories for Dobson spectrophotometer (Tully, 2023).
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Fig. 2. (a) Principle of Dobson spectrophotometer to measure the total ozone [originally taken from Miyagawa et al. (1997)]
and (b) radiative absorption sensitivity for ozone at the respective wavelength pairs.
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Fig. 3. (a) Early model of the Dobson spectrophotometer, (b) Dobson spectrophotometer in operation on the rooftop of Yonsei
University in 1993, and (c) Current observational setup at the Wolbong Ozone Observatory following the installation of the

observation dome.
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Aox <] 35 FE F7F FAl vlaiX e thh =2
F=<=0]1}, Chehade et al. (2014)01412] Az}l e}k
W SRS A7) M AdFHE AR FELE
[SR=07e=4

olgl AA| Al7]ef gt B4 o= FrpHo=E 3

H7F 23 Aol tisiM e A7 3E vh ek
SC¢t QBOO| Wigh WS aEsr] flst] x7]
A= A 717k tisliA 2AlE &S 35
7Ae B4R o, Kim et al. (2005945 &7
W3} kol thaiA A71(1979~19913)2} F7](1992~
2004) 0 2 o] 48 Fagh vt it} o] & F3l
7] Wst Age B 49, d719 M 4.9%
decade™ W92 Yeptoy, $7]9 A7 st 43
2 0.10~1.07% decade 'Z YER} 5 2FF9) 3
Age 1 B4 A mEA gE2A UeRte
< st en, 1980d] o] AJdE CFC wi&
Aol o5k F 3|& AFe] AT YEhte
A& I vt Aot o]2fgt 42 Park et al. (2011)
A ME FAFSE FElZ B8 A3t up o)
HeFe] W3l Ak Aol

=

FHow YRy oF
L oolg oE39 Wsl Auw FUT 202 7Pyl
of T WA oE2Fe] WENS FAAGIL 9
Atk e 4EA eEEel WEAe] oEdw

et LdAIsHA
EZ 9ol A diFdolAe] o viFAol v 2
Al dojutAl "t ol gk A 23}

o o3 FFoE QETAF FFOE A
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A %S & UtHe.g, Park et al., 2012). o]2]gt
< I3 Ate FHI2o LEAF] ] WEs &
2E e FEAo] o]FojFom, AA| Park et al

-1 =2

(2019914 = 23} 2ET A dAJo] Yehds {5l
o3k o= 7] 35 AL 1.23~141% decade™
oA 1.11~1.26% decade = AA] 3= A3Fe] 25%
F55(0.12~0.25% decade o] 22 @ Fv| =] WA H
Hslol] o3t JFoz ATt wpEta] F 2ol
QEZ 38 YA 2EHF] A7) MW
oflg} 23 eEF A o] g FA g

rr b

a3t 7 dEske Zlo] Had JoR AFHA
o o3 dadss AAAeR sofd A9, M
Ao 71Eer & E T WY S/
o ke ATl oF 3 A 22 5=
BRI, 2010 o] Folls 7t FA 9] S=7F qF
AoEle AeR Holn, Buby ekl 1980
el HEiA 2.0% FESE o3[ e Zow =
m e 352 204090 A7 Ao A

31 B} QJth(Park et al., 2019).

9, 9F0) 48 I s

>
e
ofd
o
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lo,
(@)
=
2.
=3
e
H\Y
)
ul
il
ko
-
Y
%
ofr
9
M
2
o E K H1

sl disliA] EAE vl 2lomn, o5 Eere] o
o9 Bk AFEo] o] FAXTHCho et al,
2003). £EFH 7} 35 km A% o]Ae] o] of] &
S Bl 5 B EAE FA 50 km7HA
10709] ol 3 22k =S A=sle] O XS
ylorsl 4= 9l7]o] KT} obgH = z7 &
Satgon, oo it AdE 54 E3 Cho et al
(2003)0ll A1 A A 3FA L. = A5E AV

A% BAE s 0F 9% P Ao

fz

o5
ARE 33 ASddAe et A °l&
9, SR AEdolM e Aaske A7) Ae]
EPS 35 A5 E FEA A Hol 0EFE] 3&
A EAJo] BE FoA @A Yehde Ao of
Yz 47 Exeo 542 g Hslsiy e AS
3] vl lck(e.g., Cho et al., 2003).

]

2 S0l SR 540 gk 7Hgel A
A5 914 AHE Aol HAe} BEAAS o)
Hthe.g, Kwon et al, 2017; Baek et al., 2024).

3t o] FZ 94 AE FuEES A Y AT

Hgo] Qs olE % FI=rt =2 EF A

871w F8slith

5 BEEAs 21 E #EE 38t AU

H 1 T L

|

B T

@=714eks t7] A35 35 (2025)

FAEA ©F HE 409(1985~2024)

T7F o]FAK F710)7] wjZe| 1 A=} wj-
3] Komhyr et al. (2008)1A+= &< 4%
o B AgEw HAIHSE VTSR 1% W9
A= 4%°] A7F @A e

=
At

ML o 2 at o 2 O Hi HE 2

of AdAA A4 ARAS gt 71F Z7](fiducial
reference measurement; FRM)2. 2 X| g o] @ =3k
o] AZol 8% ATHESA, 2017).

M BE BEEAE 028 A3 94 =
FAES} fAMeE #F 7|7HS 7EA7] wfZol| ofAJo}
Ao Aol 94 oF ABE HFeE A7 A
e} Z71¢] AF Aol wi- FHELsHl &&=
NEHo e QEXNF] A7) Wt A AT
Qste] oM Fe] A PE AE M 2 =
£ otstr] 9t 9148 Asete] vlaE g vt
Atk G Bl FAoAM = Aol #ASe A 7]
Zhol tialir] =X A5E Vet on, 1985~2017
W7kA €] 33d 9] #F A5 A A& 55 58
A 94 AF Zke] AA= 0.1% £ 4.9%2] A3}
el Ao g vehtth 2 2% Park et al. (2012)

dMe FE B3gEAe] o okl deiM T
H550] HRS] 3G, o] B9 B33
EA, 91 eEAE A5gkte] oAt vlaLE 20079

MR #E AR E o] &35ty FasIATh o] A
ANE 523 BRYE 1.1%, 553 ¥3 HEYEs
3.8%, 94 AEo= 0.9%2 HAF e M2 &
& BRgeA Ag=E A5 B A7 TS
Qg 71z A52 A% A AAE B Utk
3 O 2715 o83 5 EFFEAY nuE F
3 Mg Fe BEEEAL A7) 9g4dol Komhyr
et al. (2008)014 AL YE BE AT FFS
DS BE AR YS SHE b Utk

ol gt AFES Hig o2 ste] 2o /T AY
N2 =4EE 704 gt ASds 5& 233
Aol Atg7} &457]% 3 th Kim et al. (2017) ©ll
AMe FHol MEE A= BE3ETAe] S =Y
of met AMEeA ST F=, BRY, A= B3
FrAY RE A d o ATE F
Pk, ol B3

il

Az RSl tald BRI ol F,
AY WEYS Aoz setat ul Ak, 53
e} BRREAL AFE] ol Fe % LR
BRREARTE B2 gou, AzkEe] 2He
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o

7HE Z7]olt}. &% HA]A % 37 14 (geostationary
environment monitoring spectrometer; GEMS) 5ol 4]
AEEE AR AFS AT UESNA 50 HE
Aoz &g oA A7 wiel ol d+E 5
3 A2 === S0 tigk Ag=E Hrteta, A
FEE Fole Ho 7ldsks A7t o] Fo Rt o]
Hgk de AFE mEeR 58 2 AFEE vt
Foz sto] B 4 ATt 2 dke) 2%
FEATE Fobrlol AGel| thre] ASAol AR =W
A g 27|18 B3 GEMS?] oF k& <agE
AS ARZE U E8-5 A0k (Back et al., 2020, 2023,
2024; Bak et al., 2012, 2015).

SEAY 9oz 9F 94 x4 YEiM=
HWE Fddle A4E Fde v o 5&
SF=AS] Umkehr A5 2 Q& ol Bls)A
At X 7] Wil LE2dEHE A

fir Me o

o [
Hl 2 oo oX 10 (T oX @ o fof

A EE B3 HastAY AEE §8 &8ss
Foll o] o] &HA. AN F<& EFE =AY

Foll= twolA FdatA 4717 AS5o] T
A AZ 25 olgty] dZo] Fue] oF A7 &
5 A5e] At WHE A& A oNA o] & AU
53] =g TATYe Korean Sounding Rocket
(KSR) Alg]=ol] BAlgh 2ke]d BAlaASAlolA o&
A7 FEE AESHE AFE FYENE "Helle X
gro] Q9 =Zd 9} Halogen Occultation Experiment
(HALOE) $143} ¢ Umkehr #2 2487} A5 &
&) L ARE F857|% SFATHKIm et al., 1997,
2001; Hwang et al., 2007a). ©] Z*J oA Hwang et
al. (2004) 53 7ol F7] s=sojof o] &A%l EA}
#5530 oJg oa BT AA A5 AEE Y
3 HwElEA A2 0F A% B AE YHE

43 XM U YAY BS o7
ezFe] A7} ol

o] Arale §alA9)
7] 9§ F2o] k. o]F % eEFE A T,
AL A deIQ1 UV-C (100~280 nm)$} UV-B (280~
320 nm)9] IF G} A& Aate] A e =
Qe A9H Bal oI@ AuAY fel EAE 2
Hehs Z9E /RY. 28d 2EFE AR =Y
e Aeld AL Awe] 2A JBe 77 o]
oF3 A9 kel A B AT hers
Al o]F X THe.g., McKinlay and Diffey, 1987; Scotto
et al., 1988; WHO, 1994; Weatherhead et al., 1997).

o) Aol B Ao delE olof fAle

=

RS ol

P
=
IS
=

A&3F - B - Koji Miyagawa - G0} - Al - 4w

AF7E Bol FYEHI oM, 53] e&H7F gk 2}
A BAEe] WsAd gt AAE A BE AR
S8 ABdE e ArE 270l o )
Aol A Ao 48 QEAZL Je A
A A5 S22 A5kl FE A5E FEHA
TH(Cho et al., 1998). 3T A7l = £ Wl
I Ao WS AIZHH o vwd He &
F 7] e 2o BARY] F7tel A A=k
S &3l sk o] FA A AP v FdA
of et &S AAS Foll +5 235 BAYs
BA5l90H, o] A3t 1% eEH W) 0.7~
1.2%°] A} Wsle] mx= Aoz SRl &
Sk, Ak A3 Q& BTk A W ollE) Abela
o I WAE BE 2&FE, d2E HHE A
T A5 A5E S8 st A& A9 2]
A Wste] 7| mrt &, olol2E BT, oF
Fgol| ol FAl JIFS wom, Mg A HofA ]
Al o] b o] ekl HAre ] 7
2 S fEsi, A2 V=g Brksk A7
gk QITHKim et al,, 2013). L] zp2)al Fo €
o= HA AL WEiM = fARSE BAS st
o ool2EF TF, LEHF] vX = AE =Y &
At G237 ool wEbA] gk RIS THLee
et al, 2018, 2019). 3lF AFLES A& Ao &
/go] ol g Azte] EAF tiHH R H|zgh
FAZ RIHY HEHE T8 oo o AH
T Hsle] A FHE A 72 d7E &89
1=

23l A Wsle] UigE 54 JNke g 3§
of AA AA o= = B gyo] &g Ueks
Tae N oFEAH AEE B4
2 o &89 v} Qlth dE 9] Park
3} o] fal zpLjAe] T EAS
oME BEY EgFEAd UoE 2
A8 2 QENY AFE &8, dojzEF TE
o] EAL st Aol Y AEE 4y
she ATE FYstaL Aoy, AT ATE vEeR
slod 2] M AUV Index)ot 7o) el el koAl
ARG FGsAY, ABE 7] fg A5 S
= FAolA 2 72 HRE F& BEREAL oF
A A587t S8H7% A TH(Lee et al,, 2009; Park
et al, 2015). o2 3 AFAE E3] Ao A
gt 1S flete] QEMFL G tig &
Me oEAF] o hF BEZgor FPsle] 9F
Az 45 717873 A 74 dAAd e T 2Fd
FE FAXCE CdFstaL, AL o re Fedte
WS =9etelen, o] HgolA F& EEEEA
A5z &&= ATH(Lee et al,
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2009). L 9ol zpej o] Fa &t ofd B
A a3z Zol F83&= vlelel D FAo g =
M R o] FAF AR FE ATl M= oF
el Arot Aoy, & B =Ae Rt
g2 tHe.g., Park et al, 2019).

LEAF AEE e AFY 0EFF WE AT
ARE 40d5¢ dERS v R dto] o
#=5 T ARE wEANY 55E T 254
L d#AE HIREE et 27l o2 o
3l o) 7] #F2) A air mass factor)7} 1.5~2.5¢1 ¢ oF
o] FZRHE FHFEE 2T |Z0] Hof UL
(Chung, 1996), ©] W&ol A3} Q5o ztz} 134
Z 23]0ll A BZ5o] o] FojHth(Park et al., 2019).
a8y AE3} o]Folle oA He, 959 B o
Fog WARHAA o 335 A5 7|E0RE FYHI
o 7 #= 3 YoM = AL UAPH (direct sun
method; DS)¥ % AHFA AN (zenith sky method;
7S)eleks F 7H B35 WS shte] AlER ol
Tt o] HGollA DS =S fI7 71 21d0]
obd ZAgolle Zs #5o® 23] HAste] AEE A
A "nk A To® Al fle AT, T ol
o] d #AZghko] AAEY, o] F I thEFS o} <]
/el wet de

1) DS #= A8/} RE 7S =R A3

2) DS #Z0] & Avele 75 24 T ek 7
ol 8l 495 ¢4

3) 1, 2d1e] 7o g o2 Jie] #5 AR A
g 7, WA ZFAAE A2(F, B FdA 7ol 22
w5 AE7E A

4) 78 #= AT Bfole 75 sl 9
A o] 2S5 )9k B FHPZE FHA
zto] 2k A A1)l whet 497 e

olFA MeH ARE FalA FE% A tiES
ME A e2dFe VIEARR AYEH, Ae A
o] eEdYgt B LE A7 7% Awst ©rh
d oIS 19859FE 202497k4] 9] F 12,4999
W= A57E EAsH, AS5E2 16.5% dTE
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T2 AZ2A Y &) EAl(eg, AT = F
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Histogram of total ozone (1985-2024, Seoul)
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Fig. 4. Histogram of daily total column ozone measured by
Dobson spectrophotometer.

ol 2017d7kx19] B3¢l 3243 DURTH 1.1 DU
o] %713} Zro|th(Park et al, 2019). & Th3EZES] &
FH2E 37.8 DUR ©l= 2017d7k41¢] 37.5 DU
Hgi = & Hsh7} gl ol & F38liA & of H2
Eo] ¢&20] 3H Ao g HF QFHFo| {9
maA A5t Aoz Bl Fgkel sigshes A o
FEZ H&, Hgke zhzr 225 DU (19943 7€ 29
)e} 518 DU (2010 59 11¥€)S.Z Yo H, o]
£ FA Park et al. (2019)°14 RIIH A3} 2o
Figure 4= ¢ Wi Q&7 disiA Rl=4E
Bl Zoz Adnx=g vehdte #9l= 300~310
DU®| ¥ 9](14263))2 YEFRLTE. L8] 3L Fig. 4914
Efvbs vhol o] X9 PFEe SEFSRE X491
Fejo ExX = yehdth A4 o=k o oiEgk
o] 9= (skewness)= 0.692= UERY 2 n]3A HIT)
A & st e Aoz FAFHAL.

Figure 5& 19853FE 2024 d71x12] ¥HF &
S Jepd Zeoltt 405t 9 B=315= 954

Monthly Average (1985-2024, Seoul)
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Fig. 5. Monthly average of total ozone in Seoul from
Dobson spectrophotometer.



B A A ol B

o

Yearly Average (1985-2024, Seoul)
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Fig. 6. The annual average of total ozone in Seoul from
Dobson spectrophotometer from 1985 to 2024.
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doll A= 357t AFez HA Yehde olf+=
2024d9] F=o] A7 HFE 98k 3€ 319714
T A 200739] st AFof AAF 27] A

2gle] BP0z st 490l 7|7 ASo] 2
7] wiEd Aoz Belth 409 7|7ke] eE=HY ¢

Hi 2+ 1099 290 DUCIA 399l 361 DUE B
oln, QEAY AwxE 71 DUE YEelT) o=
Park et al. (2019)°|A] #2418t Axe} AnAollA 1
DU<] H3slyte] Ueld o2 FHZo] e&d e A
A Wzl 4o A7 543 fARHA vERdaL 9
om, A7k #AS A5 FHO=E QI #F A8
7F ARl JFRe R QdE AR HHE AR
7} EHE Zlow "ol

Figure 62 &4 7ol gt 74 A
olth, A& Ao dAF7F eEHHS 20108 TG
S = 343 DU°| #=H o] T2 Fuigko] 74l ¢
grow 47k T3k 198837 19931¢] 312 DU R
e, Park et al. (2019)014 201797418 = 2
A7t A olFol= 5ol o 2EHATF W
7F VERA 29kt 20183 o] o] o FAwe] HH

2 323~330 DU E{lollA Wslstal lom, ol=
713 @zgtel sidshks ftolA Al HoluA] =
Ao g wete Q) vk, 202438 #H=o] 1-3Y7HR
Tke] 2k52 7 EAEH] wzel A
o ol&f zHA HE AEHEAC] A
2 do} o] FF AW H3lE BEXEe FHNA
202492 x| AH7E 8T FoR HAlT.

Figure 72 &R dd d
th eEHFe A7)HA HE t=
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Histogram of Day to Day Change (1984-2024, Seoul)
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Fig. 7. Histogram of day-to-day change of total column
ozone in Seoul from 1985 to 2024.
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Table 1. Monthly average, standard deviation, and maximum and minimum of day-to-day change at Seoul (1985~2024).

Month Jan Feb Mar Apr May

Jun Jul Aug Sep Oct Nov Dec

Mean (%)
Stdev. (%)
Max (%)
Min (%)

0.3
8.3
354
-26.9

0.2
8.5
30.0
-26.1

0.2
9.0
33.1
-30.3

0.0
8.2
41.7
-31.7

-0.1
7.6
355
-23.0

-21.5

-0.1
6.7
23.8

-0.3
6.7
27.7
-25.0

-0.1
59
325
=355

0.0
5.0
24.5
-19.0

0.0
52
27.1
-23.4

0.1
6.0
24.7
-223

0.3
7.5
38.4
-233

Table 2. Relative frequency of day-to-day change larger than 10 and 15% at Seoul (1985~2024).

Month Jan Feb Mar Apr May

Jun

Jul Aug Sep Oct Nov Dec

>15%
>10%

7.2
19.4

7.9
223

9.3
25.6

6.5
17.8

5.2
15.9

12.7

3.3 4.0

12.3

24
7.2

1.3
5.0

1.3
6.5

2.0
9.5

4.8
15.8

vehtes Wil 6~1199E 1.3-4.0%2 %A JEl
e A4S A 3k 10% o] Hedos
Pt etE 2 717kl tEiA ZHzt 9.5~25.6%9)
5.0~12.7%= JERFAL $leH, o] STEe] <Jsir o
oUe UFASH-/35d3H-(upper troposphere/lower
stratosphere; UTLS)S] & F3% @9 HlEFo=
AR APo] e Ao g volEitieg, Hwang et
al., 2007b; Park et al., 2012, 2019).
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Fig. 8. (a) Annual and (b) Monthly observation counts of the
Umkehr measurements for ozone profile retrieval in Seoul.
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Atk T, Umkehr #Z0] o] FoA] &= 2~-3A17F &<
5 9% GPol A G AL WS =87
wEo] S Eo] thshA AT BE % e 2
e FYshok HAT, BE 057} S HHA
oF A% w¥e| AR st ¥ FUA AL B
A & gor], HE JYE FYT BEA T
JFe Hrsete FE PABEA AFREA L

=1 >~
A g

ge] o] HHo) Fashe
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50 1

Altitude (km)
w
(=) (=)

[
(=]

,_.
(=]

S

T T T

40 60
Ozone (DU)

100

(b)

(o)
(=]

Umkehr Profile (Seoul, 1986-2024)

Altitude (km)
(o8] S wn
S S o

[\
S

—
(=]

(=]

10
Ozone (DU/km)

(=]
W

20

Fig. 9. (a) Climatology of layer integrated ozone profile and
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Historical List of Participants for Dobson Spectrophotometer

Participant Period (Year) Participant Period (Year)
=9 1984 ~ 1994 A2 2007 ~ 2015
o] z] Y 1986 ~ 1988 HAd 2008 ~ 2009
35 1986 ~ 1988 ZU9 2009 ~ 2011
A7A 1984 ~ 1989 0] A3 2009 ~ 2012
A= X3 1988 ~ 1989 AR 2009 ~ 2009
2N 1988 ~ 1990 VAR 2010 ~ 2013
AH L 1989 ~ 1990 A4 2012 ~ 2014
e 1989 ~ 1991 A2t 2012 ~ 2014

1995 ~ 1996 H A 2011 ~ 2017
¥R 1989 ~ 1989 IR 2012 ~ 2016
o] el 1989 ~ 1993 o] s} 2013 ~ 2021
FH= 1989 ~ 1990 Sl 2013 ~ 2016
gL 1990 ~ 1990 s 2014 ~ 2015
pAT = 1990 ~ 1991 s 2016 2017
7733} 1990 ~ 1990 AR 2014 ~ 2016
3173 1990 ~ 1991 oA 2014 ~ 2018
o] 5 3 1990 ~ 1993 % 5] 4 2015 ~ 2018
o] A ¥ 1991 ~ 1993 Z94 2015 ~ 2015
A =+ 1991 ~ 1992 A= 2016 ~ 2020
o] A9} 1991 ~ 1991 Z94 2016 ~ 2016
. 1991 ~ 1992 ul= 3] 2016 ~ 2017
AE
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Az 2] 1992 ~ 1994 zd< 2017 ~ 2020
A 1992 ~ 1993 A7 2017 ~ 2017
olg 1992 ~ 1993 el 2018 ~ 2018
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A2 1994 ~ 1996 vl 2018 ~ 2018
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d8A 1994 ~ 1996 A 2018 ~ 2018
A A 1994 ~ 2000 747} 2019 ~ 2021
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