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Abstract The Korea Meteorological Administration/National Institute of Meteorological Sci-
ences (KMA/NIMS) has monitored atmospheric CO, at Anmyeondo (AMY) World Meteoro-
logical Organization (WMO) Global Atmosphere Watch Programme (GAW) regional station
since 1999, and expanded its observations at Jeju Gosan Suwolbong station (JGS) in the South
and at Ulleungdo-Dokdo stations in the East (ULD and DOK) since 2012. Due to a recent
WMO CO, scale update and a new filter (NIMS) to select baseline levels at each station, the 22
years of CO, data are recalculated. After correction for the new CO, scale, we confirmed that
those corrected records are reasonable within the compatibility goal (0.1 ppm of CO,) between
KMA/NIMS and National Oceanic and Atmosphereic Administration (NOAA) flask-air mea-
surements with the new scale. With the new NIMS filter, CO, baseline levels are now more rep-
resentative of the large-scale background compared to previous values, which contained large
CO, enhancements. Atmospheric CO, observed in South Korea is 4 to 8 ppm greater than the
global average while the amplitude of seasonal variation is similar (10~13 ppm) to the ampli-
tude averaged over a comparable latitude zone (30°N-60°N). Variations in CO, growth rate are
also similar, increasing and decreasing similar to global values, as it reflects the net balance
between terrestrial respiration and photosynthesis. In 2020, atmospheric CO, continued increas-
ing despite the COVID-19 pandemic. Even though fossil emission was reduced (around —7%
globally), we still emitted large amounts of anthropogenic CO,. Overall, since CO, has large
natural variations and its source was derived from not only fossil fuel but also biomass burning,
the small fossil emission reduction could not affect the atmospheric level directly.
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O|ASIRAN(COy)E 7HE T8% 2A7EE TS
Hsts dovl= Fo AJNEH F SRR AR,
A BAAIE ] oF 66%S 2}A]$HCH(Myhre et al.,
2013). CO9| HEAPIAIE S AAFs] fsiM= A
3} ©]49] FE(270 ppm) thy] AA FEE A5}
A7) Wiz A FEE A8 A=sle] 1 g
< Mgt AL Y 71$E dS&sket F88

71787 =718 EdE U7l 5 COo, F=E 1999
WRE QA7 SRS Lol A #Z317] A2k
o, 2012d0l& 24 ESEEE, 5EFS 71¥H
A 2E AYste] B33 QTH(Lee et al., 2019).
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of #3 e vid 697 AT PN BINE F5
of wEE,

Y1z2HED F ololRET vk S A7k
U, 9 BN oYARE AAT F A&HFT g
2 WESE WH, COst e ST WA

(Background level)& 4P sto] skt WMO/GAW
(World Meteorological Organization/Global Atmosphere
Watch Programme)] 7 ¢ #2242 AFTF FE
(Global station)9} A5 2 (Regional station)Z *
Tk A d5a0] e Sk S22 @ik
o3RS A e W, A9FE #5400
T AEE URET F IUS Ao 7| gth(https:/
community.wmo.int/activity-areas/gaw/research-infrastruc-
ture/gaw-stations/procedure-station-inclusion-gaw-pro-
gramme, last access Dec. 14, 2021). 71’7 2] 2247}
2 A5 BF WMO/GAWS] A9+ #54 A
CERR!

webd] SntEd WAEEsL AYEA B, BE
s CIOCE LR ES PSR

Aol pre] tEAL e o, 47u
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o
FAGEHT LA sl A BEs A9
PN
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AN

Zl(tracer) E-EH 2) 713AE &89 3) SAIE
ojt}.
1) AAAF EEHL A7 Ao das B8

= ofn

3 AT =& AANAE FAL, o]F o] &5t
AEEE AdYsh= 7Igelth CO¢l 7% CO, CH,,
Rn*? 50| &5 o] $rh(Sirignano et al., 2010; Fang
et al., 2015; Chambers et al., 2016).

2) 713 E EEHe T TS T 247k

FE 4BAL RO WASES AEshe Wil
o} o2 W IAAYE] BS HALE AEAA

F=7144e3 t)7] #3148 535 (2021)

I S uhro] Eo] @AIRE, A7l = AF
oA vlge] oo 5 A3 7)dvE
LHEEAE £ ARTE FEET] "ol v
=5k A= gkch(Bacastow et al., 1985; Thoning
989). Hllo] 3 = (Baring Head)oll A= 3l ol
A FdEE GAE 7R At WAz E A
Z3tH(Lowe et al.,, 1979).

o] 7 Wy BT g A= W olA Y v

¥ Al 271 A87F sy, o] Akge 2
SHA| o] Fo&jof dtrh= Ao] ofel e Ho=
ojgkth. =g BCY CHy 5 AEAE &85k
CO,o| WA Fs=7t HAaH7F HAY 2 A
o] O F/7F Sk A3t RarE vh dth(Fang
al., 2015). QFHZL F4ks} o] AHo| wet F
Fab FEol AdEgle]l aEE Atz YehueE A
7148 S B85t wiATEE AHEH] o] HTHLee
et al., 2019).

wEbA 3)9] FAH 7]
S 7 A=
AsEs & 4
of AFAoZ AFAILH T A Wslo] Frhe
714l A Z8Hslt}(Peterson et al., 1982; Sepulveda et
al,, 2014). BAIA 7IH& 53] A&5BS Al §-83HH,
B2 A Ak WA} Aggke] Aolghs &
g5t AT 4= 3)7] wfFe]th(Pales and Keeling,
1965; Peterson et al., 1982; Yuan et al., 2018). =¥
71BN E A &Aoo R 3)e] FAHS B3l
A5 E A3t O (Cho et al., 2007) AE2] &
A AdAA oA A s AR Bol oFE] EA
stom, o F2 el 3 wol HAE A ojd -
BT " (curve fitting) 2§ Al BZ4e] Ao g
sHAl Wrg = AThaL &F7] ofHt
T WA EEE obE Z AREsiiY sleEk=
FHARE ARE ST F oA 2 7184 9y

283 & 4= ATt Lee et al. (2019)0]] 2]5HH,

3ol Wsl, B=71719] wA, 7S Hme
5°] CO, =9 T7Hgel &S Uk 53]
7k o] Wshe Ar|HASdA 7P T8
2, F77k20 A&7 g2 3e A 99
F 4= glth(Lee et al., 2021).

AR 7174 ASL0lM ARSI = WMO-X2007
EF7128] Hr7) 20208 WMO-X20192 74 59
Ch(Hall et al., 2021). ©] ¥s}e]l 2314, 400 ppme] ©]
AbslERS 357} 400.17 ppmlE 571 WMO GAW
HAZLE 7F 22 ANFEE BA39E w v 1Y
ol S YERl = 33 ¥ 9] (Compatibility goal)
7} £0.1 ppme] 2, HZ 1087 A7F 710l 2.4 ppm
yr'el A& 7hekshd 0.17 ppme] Zo|zhe 2 on S
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7 4 ok wEbA 34 WMO-X2007= =73 7k
< WMO-X2019¢] =2 BASR e, il
To] #AFAe] ZTUEL OE ASAEY UEA F
T Utk

wEb B APERodE WMO-X2019 H g B
A7) HE2AEE RS hEA JE WASE
AFE3H7] 913 NIMS ZE WS st =g
22d7ke] A7) #EAE] AgsioH, AL E 3k
o] elAS A5 3taAl kst

-

et

e

de

2.4

ok

2.1 SHtE 2ATIA S

Shit o] 247FA ARHAZL AHIZ(AMY;
36.53°N, 126.32°E, 47m), AFZAHIGS; 33.29°N,
126.16°E, 71 m), 25 =5 (ULD; 37.48°N, 130.90°E,
220.9 m), S=(DOK; 37.23°N, 131.86°E, 24 m, <!
5 F Ml BEALE o]FA UhFig. ).
AMYE 1999958 A7 #5-E vHHFA A8
7] (non-dispersive infrared analyzer, NDIR, Ultramat 6,
Simens, Germany)Z #33}7] Al&sle] v 30%vlth
AZSAFE Ao, 201295E FEAE37]
(Cavity Ring Down Spectroscopy, CRDS, G2401,
Picarro, USA)Z 743t v 5zrith &3S 471
A Z& . JGSSF ULD, DOK 3 201258 &

uLD
37.48°N

130.90°E  poK
2209 m 3723°N

131.86°E

24 m

Fig. 1. Locations of KMA/NIMS monitoring stations in
South Korea: Anmyeondo (AMY), Jejudo Gosan Suwolbong
(JGS), Ullengdo (ULD) and Dokdo (DOK, unmanned). The
figure panels are derived from Google Maps.
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FHHERVIE BSS AFEI S, ULDS DOK
o] A5 = 201495E FANEI At 718 FSA|=
d2 212, FHE AFEA, #57171¢] £o=2 Hof
Rnow ARgsh= AlFEA ] g mEeHEAT
A3 714 B ARz o] o) H th#]10-2013-
0090710, 2013). & #=49] ARG AHgses &
7t WMO-X2007 =2 AMg-5ke] ke 34 3)
o gko} WMO9] = WA wet e 257} A
2Pt (section2.2). 7+ BS540 ASEIEE= 0.114~
0.116 ppm &= H|=3F ol Th(Lee et al., 2019). &
2459 A" A CO° EALS Lee et al

(2019)°l] ZgAI3] 2= o] STt

22 WMO Hz #HZFo M2 COo, s X

AT COY F= 2K Al 7] He @go=
218004 Mesl o] ks B2 20199714
WMO-X2007 H=2 7] 5 =& 243 t). Hall
et al. (2021)° W= WMO-X2007¢] 13} ¥F&
15719 &FuyF Addel AA)rizgde] Ax37]
2 o]Fo)x 1o wl-u|E](manometer)E ©]-§-3}o]
e Y3 H2| LA S (virial coefficient, 7]
AR 2o AR EE Ag)e BRI mlen g
(manometer)°l X 574 Al 7k2=9] FFo] RAF N B
AsHA HAoh o] A% A EE WMO-X20192 F
SIS

=rol AEd By A2 ot P

X2019 = 1.00079 x X2007 — 0.142 (ppm)

7104 X2007 WMO-X20072 7|&8te] AH4
H CO, &, WMO-X2019% 7]&3ste] 243 CO,
FEE X20192 E7IetH T A= WA gk &A
3 8-S Hall et al. 2021)° AM&EHo] gloH, o]
H AFoME =i Aed dE 99 By F4S
ot BE e AL shTh

2.3 LO~L2 Xt=o| 2™

#B=2oA F2H 52 ARE AAAEL)E 4
s, Log A5/ ¥ AR H F5)e) A
2 AR LI A2 ZoAh AHE QC (AQQ)S 7
$ H,08] %ol 0.02% ©o]/7dd o, ¥ (Cavity)s] =
T} o] AlFe gre] HMelolA gojd wf, iy
o ¥X|Mo] AFe Fo] ofd W & 71E3
AHAY, 5 QC MQC)Q A% °F 609712 &
7F em, 7t #EA4e] 2aES 7]t lele] &
B oA, tolojzd HE FF AFAX, A7)
7k AY 717F, ALY FHE 9 S8 7)Y 52
®7lsk] FYA s

ZY4E L1 A5 VRS AES AE, FH9
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L3 baseline hourly and daily data
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Fig. 2. Flowchart of data selection steps starting from raw
data based on 5 second averages.

2 AEYte] v, w5 Awrhe] te #Zh
of v, ThE # 35 ARl VL 5 Fal &
_]
[e]

2; Lee et al,, 2019). 1999@F-E 20203 7}x] AH=
L2AL8 7K o] 88 Ht 87% TE2E 20174
o] T E FFE3] 90% ol FHES Kol 9t

A (L3 hourly, daily): NIMS ZE{

24 L3 H{Es=
ABEE WA A3 BAL NS

L3+5-El<= Hl

gl BEGAA CO, MAFEE el sisic. A
SRECSEEFESE SRR E RS K
w9 43 AFNA BEe skl 47 uE
o (Fig. 3) & A1Z+ EFHAKHS: Hourly Standard
deviation)2} $147k] 2}o](CD: Differences of Consecutive
values)E ©|-&3t] S Mdste 497t Brh(Pales
and Keeling, 1965; Peterson et al., 1982; Yuan et al.,
2018). AAIZ 71747 <] A4t AL== Cho et al. (2007)
o oJAs| HSet CDe| ztol& o]&&t Tt
o] wj 25 2] 30% A Exre] Mo} o3| 1
T Al ol #ASEATHFig. 7; Lee et al., 2019).
53], HSS}F CD w2 #&at Wi s es A 7
T 53] 2Tt A&EE AEE At (e 627
e A48 s AE F AATHFig. 4).

wEA ol Ao WA FET FAIEE 71X
Sxo Wstge] A2 7|7he] MEAdS efste] HS
o} CDZ #g AFEsIAtHFig. 3; 2() (2)]. ©l
o], HS¢F CD9| 712 Al 312018 FH 2020
AR A8 S v s = AHEel CO, HSSE CDe] 74
S|2Ea#o] 90%7F He= 7 AgEkiich il
e AbEe] A & A d7lzdeaA E R
TH7VEstl HE5EE AE & 5 vhFig. 3). @t
Al olE w7l 22 WollA HSS CD9] 7Iewts
st o, Azt Akl wet ofke thE Wit
Hs Hol FHEFLOR AR = 90%7t He wE
AR ke =

T3k B s Al GAA SR ER(%F 6~10
A7h &= 79 HS9 CD WHogw tRE A A
ATHEFig. 5). °1F, 717 A&H e L= AL A
AL 93] HSSF CDE Aeld #5921 A59] 30
d ol 5TYate] xe](MD: Differences from 30-day
moving Median)E ©]-&3t] wAFEE AA I TH
[21(3)]. MD2] 7|&3t2 30 ol 5XFHAH 03002
R SN o 72 AR AAsih

2019-02-14 2019-b2-15 2019-b2-16 2019-'02-17 2019-‘02-18 2019-02-19

Tietoorogeal 3 TBUTC 76 FEB 2079 (W3KST 17 FEB Z019)

Fig. 3. (a) Selected baseline CO, cases observed from Feb. 16 to 18 in 2019 (yellow area) with HS and CD as 0.36 + 0.35 ppm
and 0.26 £ 0.29 ppm respectively. (b) surface weather map and (c) synoptic condition at 850 hpa on 16 Feb., 2020 while

observing well-mixed air mass.
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Fig. 4. The selected CO, L3 data by HS and CD. Data that cannot be representative of the regions still remain in the high

episode period from 8 to 16 Jan, 2019.
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Table 1. The criteria and percentage of selected the background level from the observed data at each station.

AMY IGS ULD DOK
Data period 1999 to 2020 2012 to 2020 2014 to 2020 2014 to 2020
HS [ppm] 0.5 0.5 0.3 0.4
CD [ppm] 0.9 0.8 0.5 0.5
MS [ppm] 1.30504
Spring, MAM [%] 34.27 42.33 32.34 70.71
Summer, JJA [%] 17.27 31.99 10.81 62.01
Autumn, SON [%)] 17.36 34.96 33.41 66.98
Winter, DJF [%)] 28.27 52.57 51.42 72.37
Total [%] 24.28 40.64 33.31 68.47

Daily Averages
430 { —— Smooth

B » &
o = N
o o o

CO, mole fraction [ppm]

w
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380

2010 2011 2012 2013 2014 2015
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Fig. 6. Daily averages of CO, observed at AMY (NIMS filter) and smooth data using low pass filter (NIMS filter + curve fitting).

Y599 =1L t A|7kolth, A, B, C= ZHzF HS, CD,
MD®] 7]Egkol Tt

o]&A &< W AMY, JGS, ULD, DOKE] Z} HS,
CD, MD®] 7|57k Table 13} 72tk %3 o] o
o7 AdE AFE F 24-68%=E 5= A4}
Mg B2 #SAEE IItK(Table 1). ©]& F3
AMY7} 71 #d)$ HS9F CDe] 7IE@e 2 AEE
Adstelw o]ibstetae] W&} Ad e JFS Bol
e A9l A PSS YeEPH, DOKE ULDS} H]
3 HS9F CD9| 7|53k o2 285 AEsh) DOK
7F Aoz Z 49 3717 o Bol #5E
L3 A¥xgrt o @o] Y28 & 4 )

NIMS ZE|2 M€ A7+ Z]'_,_‘_(Flg 2] L3 hourly
data)E ©|-&3td CO, ¥ AEE YA (Fig. 2
9] L3 daily data).

253 Hidszo 2Ly
TZE+ 7F{2ng gy
NIMS ZH & AMS-F 4+ A 58=

AFE (L3 monthly): NIMS
Ae] Jge

F=7144e3 t)7] #3148 535 (2021)

A A A= dE#S ol&3le A7I1FME AR
she o A WES AWsteE 23T (harmonics)
Z A" F4E ALtslE A olth(Masarie and
Tans, 1995). &+ WA= ¥+ A5 J§39
zfolE Felol] Wt Fug JHom o|Fgh
s A9 EHLHE o] &8t 1 Fa AEE AlA
g o Fao WS Sl 9 Wgkd 3
£ tlatd 2 F o] F7] duwt
2] Co2 &7} 73] I th(Thoning, 1989). A}
A @1s A9E5H4ZH FAG)=
= QE}.

t)=a +at+at2
0 1 2

2 mkt 2 mkt
+ T 1{172/{ 151"( 7 )+ byyeo (LT)} 4)



A4e] - olalq - A 599
_ B AL 2t2~= A8 (Dlugokencky et al., 2021)2} ¥ 3T},
H() = expl = @)+ #) } O aMyE 201498 AN S0 B2l0) 5

@2 = o @9l ARbelH, T= 365.25Y ©]
th 2(5)¢] f= Fareln, fe At FakEe|th &
W= ddg ti7]&ge] 2~3709 ool Yo
7] W&ol (Czeplak and Junge, 1974) At o2
AR-3E ZHe- (80 day/cycle) ']t} Figure 6= UH et
A5¢t HEH ®© CO, 35§ HAFth o] HHH
H CO, YARE o]&ste] Y9+ P th(Fig.
22] L3 monthly data).

3. 41 9 E9|

31 HE W0 o/t BE(L2 AIZHIE)T NIMS
ZE HEB(L3 gX2)e AS

=77 NIMS ZE ol gk 2&o] 2HgA] 7
@517] 98tk u]=3l Sl 717 (National Oceanic and
Atmospheric Administration, NOAA)o| A #43l= &

(a)

gtk QS 53 EEtea AEE 13 2J3EH
NOAAR $H3l 7 B4 zHe AMY AE¢) vz
sigitt o] Wl AMYS AEE Z~3E IHIY
T3 A9 L2 Al ARtk NOAAE
WMO/GAWS] #ZWELA YoM B = 7|3
oz 9o #Age] FHAY 7L A3 o|FANEAE
A3 vaE 53 FE3] A= 5 ITHWMO, 2020).
Tk Zetaa s 2 A S Mg =2
AZHFE 14~177) & AFAE7F PA QL 3k
e W& IEs] e NIMS ZHE A&
s #hahe] vt foh

HAZE WMO-X20192 WAI AMY L2 #59}
NOAAIN FAAH=R 243 Sepae] 255 |
ko] 1 ZSlgre] T3 W9 Qe EAlst=A] &
AstATh 58 W, B4 A ASIpke 78
Qe W2 BATHICGM, 2012). F 717
ghel A= Avith gt 201495 A<st
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Fig. 7. (a) Quasi-continuous L2 data from CRDS (grey) and weekly flask-air data sampled at AMY and analyzed by NOAA
(orange), (b) differences between the two data sets and (c) two baseline monthly CO, from flask-air samples and from CRDS at

AMY.
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TRl T (0.1 ppm) el 3o AMYS
A wAol & MFHNSE & 5 SUth(Fig. ).
201497H 20163704 Zpolgre] A 2 olf=
JEE AHIZE O R Bol 2HE] WES
2 WAsIAth(Fig. 7a). Figure 3914 18 & A%
o] AFE AHHQ 79 g AIZF FRte] WSk A
AL, EEAA] EF2 108 oJHR o] FoA]7] WF
o aFk AtlelAle] A Fekaa ghel H]
a7} o]Fojd 79 ASlgke]l 2 & Utk

b W EErt Ao wWol ZPHATAL
FHE 201797 F2kaa AR T NOAATH
e Az (Valid)oh, AMY?] #1745 HSAE(L3
AAR)E 747t Eoaste] vaLsksith(Fig. 7). 2020
de] ¢ NOAAYA miZds== &4 287t ¢l
o] ol Mol EFSA Fohrh. AFSIFES NIMS
FEE AX AMY L3 AE7} NOAA =8ki= 28
BHo} A+ 9F 0.79 ppm =34t NOAA Zek23 2
BEe F 139 A2 T WAEsER AdE s
dHAeE A7 M7t A dHHE 1o #ol
0.01~6%= ¥E3o] Atk ¥H, AMY L3 #t59] ¥
B 1o &2 0.1~04%2 ¥EFo] ¢ 2 Hrp &
2 FEAEE Rk Q7] wiEol(Table 1) &
o2 dlxAdol Aot ek =3 A Y
2835192 wok NIMS ZE S 283 L3} v
1S W NIMS ZEoIA HA A=A Zd
= AHIZF AAERCH, A 10%E FA Fd
B3 A57F o] A=) Bt ¥y e v=
&S FASIATHFig. 8).

ol o

i @ of

3.2 AHEL|Eg HE(L3 EXIE)st st Ea0|
CO, s 54
YHF AE(Section 2.5 F4AOE AMY, JGS,

R o] akshekas Wi 7w = ARk A

ULD®} DOK®] CO, 9%+ F&¢ AdWsS v
3} THFigs. 9, 10). AMYE 199995-E 202013 7}4]
2237 SAste] shitedA e 7P 71 AAIE AR
& B3t ok 20209 B EE7t 4204 ppmoE
19999 AHF F% 369.2 ppm} H|ZEe] 51.2 ppm
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Fig. 8. Quasi-continuous L2 hourly data (gray) from CRDS, the selected L3 data after applying previous filter (magenta, Cho et
al., 2007), and the selected L3 data with NIMS filter (blue, this study) at AMY.
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Fig. 12. (a) The seasonal cycle of CO, at AMY after removal of the long-term increase. The gray line is the mean seasonal
cycle during 2010~2019 and the gray band shows the variability of the seasonal cycle (one standard deviation) over 10 years.
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