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ABSTRACT

Accurate and traceable greenhouse gas (GHG) observations are critical for understanding climate change and supporting
global mitigation policies. Data compatibility across observation networks requires robust calibration protocols and sustained
quality assurance. This study assesses the calibration infrastructure of the Central Laboratory of the National Institute of
Meteorological Sciences (NIMS), which disseminates World Meteorological Organization (WMO) reference scales across
Korea’s GHG observation network under the Global Atmosphere Watch (GAW) framework. Calibration performance was
validated through audits by the WMO World Calibration Centre (WCC), WMO/IAEA and JMA round-robin intercomparisons,
and domestic comparison campaigns. The NIMS calibration standards and our calibration strategies consistently met WMO
compatibility goal (+0.1 mmolmol” for CO, and +2nmolmol’ for CH,), demonstrating robust traceability and analytical
accuracy. The NIMS system includes traceable standard gas production, interlaboratory comparisons, and uncertainty
verification, providing a scalable model for national-level calibration infrastructure. This enhances the integrity of domestic

observations while strengthening regional QA/QC capacity under WMO/GAW.
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g A sz EIAEJATHWMO, 2025), S2uet EIE
2050 BFAZY g 2030 27} LA7MA ZEEI(NDC)S
THAPSONE EFSHL CO, HIEHCHY), oRibe}dA
MN:0) 5 8 2A7IA FE= A5 571 FAIE Hol
I glow, E5] tHE X7 |HA|A29] 7] F CO,
=T 202349 427.3 pmol mol'2 A A7 HHFS A3
I QITHNIMS, 2023).
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spa s Aol Bae] Sk 1Mo} $hov(Henne
et al., 2016; IPCC, 2019; Liu et al., 2015), o]& E5}7]
g% WMoz edsls BEAR s S
(top-down) 4 HHHE0] EJEATHIPCC, 2019). o]
3 HEA Woke #EAEY] 4 9 =44 g
e o] 2948 BZAX7 I Qrt. AAZAA7]EH(World
Meteorological Organization; WMO)+= U3t vj&TF 3=
B el A ZdGH bi7] BF AwE YT IGTS
(Integrated Global Greenhouse Gas Information System)
e ASATWMO,  2019), ol YT
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qEAQ A X 247A =Rl WMO02Q] A+
717+ A|(Global Atmosphere Watch; GAW) T & 1302 7
MA 2 530709 BE=AE ZIFSHH(GAWSIS, 2025), &
%A F A (Central Calibration Laboratory, CCL), Al|A|/
A9 A E(World/
WCC/RCC), MAAZATE (World Data Centre, WDC) &5
A 7)ol A% dAY EZKZF(Quality assurance,
QA) AAE FATTHWMO, 2024b)(Fig. 1). GAWE=
CCLE 53] A=HES Aoz A A LA7FA
220 £F4S FHshD, Y54 7 42 st
=42 85t WCCE ZF #=49] 3174, A|AH], olg
Sold W Jl5e BekEs welsie, A5 Wole)
A +A:T MRATS o) 74T BEPYEE
ASet #AZ52 4 HE COx= 1= 7% (National
Oceanic and Atmospheric Administration, NOAA)I} A9
2 Qv A 755H|E& A4 (Swiss Federal Laboratories
for Materials Science and Technology, Empa)7} @35}
3, CH,= Empa®} YE7|AHJapan Meteorological
Administration, JMA)o] X9z Hgsid, 8-E3515}
(SFe)Q] A% 3= 7|4 WCCE ¥@3sta Qo z+ &
549 A== WDCO| "id 7Aoo R A|EE] &
=T, WMO/GAWS] =4 |zt 7] A% HS4
& IPCC B7HEIA 5 8 7|53}t FAEA 9 7]
i g Z-8EHo
39 ICOS (Integrated Carbon Observation System)
YEQIE A2, g7l 4 B2 SRes oI5
o, BE7l20 B3, ARAS, BAUE nE 59 ¥
A A4 (Central Analytical Laboratories)©] <=3§3Stct
(ICOS RI, 2024; Yver et al., 2021). ¥=4+= ICOS =hdl
% A2UE B A5 AAORE B4 A2 A4 A
2 Qool, mzoiE £ 471t 494 QA AEE 711
o7 F7|& 3715 H=rhk(Hazan et al., 2016; ICOS RI,
2024; Yver et al., 2021). o]33t 2= {=X7 9] AYAL
A5, &8 A B} dEE B, 18 W a4

Regional  Calibration Centre,
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Fig. 1. Elements of quality assurance system, data workflow in World Meteorological
Organization Global Atmosphere Watch Programme (adapted from WMO, 2017)

HiE F% B7F 9 A g9 AAEE ekttt
3tH, AGAGE (Advanced Global Atmospheric Gases
Experiment)= F=713} 3oHE9] Ad AAE HEE 4
A" A AT BSLOE, S B4 AHjet daeE
= AMESte 167 1Y BEAE FLJETHAGAGE,
2025; Prinn et al, 2018). =L Scripps NFATA
(Scripps Institution of Oceanography, SI0)2] EF2] o]
718ksh, A714Q1 71&3]9%F WMO #E3H9] Hl WA d
3 WE 2 AAE AT AGAGE= &qPR
] YEQA9 EAS AF A9 719 E49 5%
A 9 A2 7| FstARIE- ] 27] AEo 4
F=t}(Montzka et al., 2018; Park et al., 2021).
o]+ NOAAS] GGGRN (Global Greenhouse Gases
Reference Network)2 7 H#HEZ4AE FA 0T IFEY,
Zetaa AEY, L7, insitu AL BES EF5Io]
A AT 247MA BEE A Andrews, 2014).
GGGRNLS WMO/GAWS] CCLo] A4 BASE BE7MA
2 A85t7 dom, 59U A% YolH 28E 149 &
HE= WMO 247MA HAH(Greenhous gas Bulletin)d}
IPCC F7IEHIAoJA Fa3 7|& a2 &8}
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590 o|=d - OlcHY - Oo|Met - 252 - HMGH - 20l - Za
£ wAgstk=t E&HthFig. 2). AAIZE) A BAET, 47 5ol AP 2ES AHE:
247 A %OJ'*E] A2 CCLERH I 32 & gt 44 S B9 24 AdHY s E A5 EAR
7IAE A§A FZ(laboratory standards) Q.2 2850 HlE= CO¢t CHy £48& 9% ¥ 07::4'5"3'6]'7](CRDS
BE7MAE AJAbelal, =] 9 J=40] 28 F27HA Picarro G2401), N,O%} CO &3S 3t TAEHEG7|
£ BEE5H 9t o] ¥EVIALE T, T4 S5 E (OA-ICOS, Los Gatos Research GLA351-N20CM), SFs
Z3eE 8 GAW TZAE ofye Al -, 1FEY 4L % JrrIEnEIHE-ARIEE HEY
T OFE ERE0A SEEH, 7]“ 8 otz SA A (GC-ECD, Agilent 8890A)7} AR&-Ett.
T4a T OFRt f 71EelE SEEH AT ERE U HE7EA M 232 AH71ARl ASF A H
2| AN Ve LS Eﬁﬁ g EZVIAE TAYS B9 EIE. CCLERE 2014H 9] QIFH
ggsto] ZHH BEA ]’ —4 /\:"\33’—} dEE F714 A4 E29 20219 AEA ZI= CO, £0.06 pmol
oz #AZEs glom, FA18 3} glojEjeo]A 7] mol”', CH,y £0.24 nmol mol”', N,O +0.24 nmol mol”, SFs
gHo] B A ARS %aﬂ E—T_f— }/\-4 Az, A5, Ba I +0.01 pmol mol” 2}o]2 WMO 534 EH o|j9] 917
A& AAR R &Fstal AT A& FASIH. XS oF UiY VR FAE EETEA
RE7HA A ZolE 2 9 vEg/do] A2 4R ulE (surveillance tank)E ¥HE Z7sto] £417]7]19] H5=

A AUHE AR5} (Leuenberger et al, 2015;
Schibig et al., 2018; WMO, 2024b), AAH= Alg L3
A 12 =2H60T), A4 E34(flushing), ITHZ(5~ 10
Torr) HiE 59 AAZE AA t7|NEE 247N A

28 g7] A2E TRE AU ¢4F BYH, 5
= 232 9o BHs LU7kA 247} SoI9A g

7FA0l A|Z7M A (pure air)Q} Y= 7FA(spiking gas)E &
3oto] chopt SErle] EEIAAS AZVTHH Lee o
al,, 2021). SHHE AFH7|FAA0A AZXH7IAEE
ZRsH, ZHE A7 s 247IL STEIHAAS
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Hrysh, Y& A (repeatibility)2 CO, +0.01 pmol mol™,
CH4 +0.07 nmol mol”, N,O +0.25 pmol mol'2 H 1=}
O O WMO B84 BE EL B4 s34 B ¥
R EEERE 2 Aelehe A

%= Z4 A9 20 bar 0] —n—X] sfloF 3} (Kitzis,
2017 Schlblg et al., 2018; WMO, 2022), Al-8o] &=r=
Bl 271 R0k Aol Aok 214
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Fig. 2. Calibration gas hierarchy and quality assurance framework for greenhouse gas (GHG) observation

network of National Institute of Meteorological Sciences (NIMS)
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2.3. WMO/GAW =4 EXHE 28 WCC H
2 7t HA

WMO/GAWS] &A7IA &4 WMO 24714 3
430 Wz, WMO WCC E+= RCC7} Fsh= 2
4 Bk o 5 ¥4 2 A F48 JHgd
(WMO, 2024b). A4 B7H= 2t 5471 PAbkst= &
29 A3 AUEE gQlsta, 8 Al 7& i A
FZ AAsks A2 49 Bk 5 % gt
o} Atm £A4E EFolH, ol 7t BEA7E FA4 7]E
9y g5t AEH o2 [A] JjAdst=d H4ZH0 F
&2 Stk YU GAW g5 TS4AQ HE
(AMY)Q} TAHGSN) A7 7| A A= 2+ 2014, 2017,
20229 (AMY)T} 2017, 2022d(GSN)°] WCC-EmpaZ 5
B CO,, CH,, N;OOI i3t A3 H7HE wtthWMO,
2023b, 2023c; Zellweger et al., 2013, 2017a, 2017b). H7}
A= 7t #5549 Am F4S AWH o R HEc= 5
Alo], o]% & 29 A ¢ FHdE A9 71z A
22 g859th E3| 201797 AMYSF GSNO| I
= 2A7A IESAH Y Hugo] WMO CCLe| 33 #
Mg AR ARSI oY, 20184 o] FREE I

WMO/GAW #HZ2 A AlA 500097 o]4de] #&4
2 A= glom, ol 7t IEAET} A4S vl 7
s3e 27 AsiMe SLE BE A= AT FE4E
g Fx7} W4ZolthWMO, 2017). o]&gt ztE 7t A%t
A 2F48E AFohs HEARL o] Hlw Ay oln,
1 % WMO/IAEA =4 343 B 2 A (WMO/IAEA
Round-Robin Intercomparison)< THHEZQl Al o|t}. o]
H W A2 WMO CCLoj|A s, AlA Zh=9] 17
713o] Zofsto] A= wAAA L HE} WMO HEF
o] AgAS ASTTE 1984 ~ 19859 A3} AHE A
2o g A7IA F 7AHE AAERoH, St 712
A4zt 42002 ~2007H)HE A&Hog FoIshict
(NOAA/GML, 2025). H| A E-2 v]x] AR(EE7IL) A
UGS Fo] AP &0z Aot 7F g4

44 717H1~270¥) Wl CO,, CHs4, N,O, CO, SFs, 6"C,

0"°C, Hy 5 TSt JES B4 &
Hightt. olF, CCLZ 4

(reference value)i}9] HAE H| Wl FHSIH, o]& &
S 7 AAL] BEMA Ak, B4 AeE, JUk, AH]
o2 TPHCE B 4= Utk ol =A BlwA
A2 WMO 7|20 gk i AAY A543 #5 A=
o] FAA FAHS HSot= T o] HAAI =]
o, Zh S50 AR A4 BlavbsdE FESH=
o 7]ojstarl Qi

f
>,
ook
L g
10
e
2
N
B
N
N
EN)

= o
2545 sk A s <A vuddES 4
Hog S35t 9t} o] H|ZAYLE 2AHVIA FYAY
Ao A &3t 25 HFE7} A (traveling standard) S 2
240] $AHOR AP, 24 BH47) ol B
T SYAAAY VIEwd Hlashs Ao R APHTt

(ST Lee et al,, 2021). 35 AF- AMY, GSN, 22 %=
E(ULD)9] A GHSTET ofet Z2HL=ER(LWT),
F37I(NARA) 5 =874 Tsto] &Fst= UAl &5
} AukS Zoksh, 84 Al 9E7IHe F9 AVRA
ZAE Fojstol WMO X319 AF4E AESHL
o AYE AeE ¥ sk EE7EA ZF 1S AN
, AB7HA A1AHR016E: AMY, GSN, ULD), A|22}F
(2020¥: AMY, GSN, ULD, =343t 1A4TS4),
A3242024E: AMY, GSN, ULD, NARA, LWT, A]&A]
HASF AT et @ JHAE 154 H|n Aol 3
Eelom, o] o w7t 247IA #EYe £ AF
I A4 EE2TO] g SETL o] Fof AL UTK(ST Lee
et al., 2021).

4 oo

H o ¢

3. 247tA #5329l 258 A 2 48 24
3.1. I 2AFA WCCO gty Tt Zif 24

20228742 Al ZF](2014, 2017, 2022)2] WCC-Empa
A B7F 43HFig. 3)E B9, =471t I
AA9 g AAZE AW 247t F4 A 719938
< FRISHATH AMY S| CHy &4 Ad= Al &2 H71o
A BE WMO/GAW 234 E-H(+2 nmol mol)E 4
Hog Z2Zs9on, 3] 2022 £1 nmol mol’ o]
el #HA2 &4 ULt FEEATHWMO, 2023b;
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201790 AE ZAZro)A +0.1 pmol mol'e] 71& st W
ko, 20240l A WS RS B
ot 20189 ©]F LG Y= LATEA FYAHA
Hef BF AAZE WMO B2 w2 &5

1.0

mol &
umol mol”! o|A9] HMAE HYr}. o=
ARESHE -8 EEVIAY] B HP(COx: 390.49-452.56
pmol mol ™,
o Ase
Hrt.

, GSN& CO, ¢
tfyoz & HAF 24
™, CH,= 1700 nmol mol™
oy & Qg Ho|qlo

olol whet vl 4P BF L ABE WSl The
EZIAS BoEs

T3 N,09 B, F &
91(:0.1 nmol mol)& EISE Aol Lieheh

bottom) WMO/GAW regional atmospheric monitoring stations from WCC-Empa audits in 2014,
2017, and 2022. Error bars represent the standard deviation (16) associated with each station’s
comparison gas cylinder's measurement

2013, 2017a). CO,9] 7%, 2014L=1LL GC-ECD #AH] £89] u|Ag A7} ¢ =% 7]&0 &
w7 HpAlo A 7]QIgE A o=, o3t A= 2014
A &H 02 A A Eo] YPth(Lee et al, 2020; Lee at
., 2021b). o]= d1Z235}7] 8] GC-LECDS} OA-ICOSE
]% 5k N,O T H|WAIFLS 52851911, OA-ICOS ZH]|
7t #Eg et AdE oA GC-pECDET $-3t
! CH; RFolA A 1o A 4 Ae= H3low, olo wet ot 7|6k |2 o] TA A
it} 20224 AP Ao wp= A3HS =512 QYrh(Lee et al., 2020; S. J. Lee et al.,
oA} FL7to| A= +1 nmol mol”! 2021).
, A (03 ) 7ol A= £2 nmol
Z15F93t). CO,%E 390 pmol mol™ ©]3}of|A] 0.1

GSN7} e

251t H

e §A3)

l

AR

3.2. TN =Xt=g Hludd Zi}

27| A4S WMO/IAEA <A 2143t v Al
ol &Aoo FofstHA, I 2A47tA ASARY
g € WMO EE319] £3AAS A&HHoE HIot
I 9tk Fig. 4= CO, @ CH,o thal] A4x+2E A6zt
712 g7 4rstd ol £43 3 WMO CCL 7123t
749l zpolg sk EEE H|wet Z3E UEhdltt CH,
9] AL, RE 3|xjolA WMO/GAWS] S3H3 EI(+2

CH,: 1786.16-2182.46 nmol m01'1)7]— H| WAl
ogg_lﬂg zl:lo] :}I'LO]'—O_]'X] E}ﬂ7] r_rHU oz Héﬂ

o] PIEHAJTHWMO, 2023c).
4 BFolA S8 B3 H
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