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Abstract This study evaluates three distinct observation methods, CRDS, OA-ICOS, and OF-
CEAS, in greenhouse gas monitoring equipment for atmospheric CO, and CH,4 concentrations.
The assessment encompasses fundamental performance, high-concentration measurement accu-
racy, calibration methods, and the impact of atmospheric humidity on measurement accuracy.
Results indicate that within a range of approximately 500 ppm, all three devices demonstrate
high accuracy and linearity. However, beyond 1000 ppm, CO, accuracy sharply declines (84%),
emphasizing the need for caution when interpreting high-concentration CO, data. An analysis of
calibration methods reveals that both CO, and CH, measurements achieve high accuracy and
linearity through 1-point calibration, suggesting that multi-point calibration is not imperative for
precision. In dynamic atmospheric conditions with significant CO, and CH,4 concentration varia-
tions, a 1-point calibration suffices for reliable data (99% accuracy). The evaluation of humidity
impact demonstrates that humidity removal devices significantly reduce air moisture levels, yet
this has a negligible effect on dry CO, concentrations (less than 0.5% relative error). All three
observation method instruments, which have integrated humidity correction to calculate dry CO,
concentrations, exhibit minor sensitivity to humidity removal devices, implying that additional
removal devices may not be essential. Consequently, this study offers valuable insights for com-
paring data from different measurement devices and provides crucial information to consider in
the operation of monitoring sites.

Key words: CO,, CH,, Ground observation, Observation instrument

*Corresponding  Author: Sujong Jeong, Graduate School —of
Environmental Studies, Seoul National University, 1 Gwanak-ro,
Gwanak-gu, Seoul 08826, Korea.

Phone: +82-2-880-5664, Fax: +82-2-883-5620

E-mail: sujong@snu.ac.kr

549



550 7] & 27t T

1. M

rhu

SR A12oT 93 BA wjEe s A AT
Hat o|AFSEA(CO,) FEIF AEH R Frtste]
20139 A A F Hit CO, TE7F A2 2 400 ppm
& %3} 3} th(Friedlingstein et al.,, 2019). ¢17+ &5
o2 8 F7ke W7l F COo, vE= 7|F HIlE
PIANAIL, AT EY E5} 2L ol PIT Ael
Y et FArE S7H713L AtH(Coumou and
Rahmstorf, 2012; Stocker, 2014). 37 Algo =2
QA% 15} sk gel) wek A AA T F7b
52 FHOE Bh YL Ads A BFo=
gk g HlES Fo|7] fg =go] FYHI Ut
(Chen et al., 2022).

£3), F7h W) 2A7ks WE EHS AAROR
stepst aahael MEd 4% 44 AL 2L o)a
F7tE Y8 F7PERE SA7FA wiEo] wAshe o
v 71 E e R 3 7] T 24AVEE vE #5
HEHZ F5o] @8] =3 Jrh(Moore and
Jacobson, 2015; Pan et al., 2016; Verhulst et al., 2017;
Gao et al., 2018; Xueref-Remy et al., 2018). 7]=F &
Ego]= A, BAE, 22y loME EE 1
HRl #2 A, A Sz D 7oA ¢
LA BEE 24 PoRA Aoy sk W
T B4 2 Y9 welsly QIth(Hutyra et al., 2011;
McKain et al., 2012; Verhulst et al., 2017). =3}, 1]
G MEGA LI E M e F87 T3
BE(~2km) 247t #SF U EYIE 7530 A
o W AR o] F LA BE WE B4
AAIZre 2 H7bekaL 9l vk(Shusterman et al., 2016).
Zogx sleloAE B 2 A 24 Pl
247k wjEo] A StE ARk oA ] 3
FHH FE Wi 54 B #3535 9
(Xueref-Remy et al., 2018). Z A|AlNA 7P B2
s HiEshkes AR Xl oo} A oM E
A2 B0l 78 e FHOR I LAks B2
YIEX A F=0] 3% Ith(Pan et al., 2016; Gao
et al., 2018; Nangini et al., 2019; Park et al., 2020,
2022a).
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F5 sl WM 24 A9E FHoE &
A7k ZA2E FHH =AW B )E 54
& vielsla glom, R AR, oAbl R
£ EA W St % Ao AN S
g vagosn = el 2Avts i 54

H7}sl JtH(Miyaoka et al., 2007; Pan et al., 2016;
Gao et al., 2018; Sugawara et al., 2021; Takano and
Ueyama, 2021). $t=Foll A= 2018dFE M&S T4
0% Wl F 2Aks BT BE UEYS T

Sh=17)48ks 7] A133E 535 (2023)
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2.1 Zd| 7 ¥ 2|

2 A= e Fa ] T AT TR S
g e, HISE -5 A F I3 (Off-Axis Integrated
Cavity Output Spectroscopy, OA-ICOS), ¥& 72|53
" (Cavity Ring-Down Spectroscopy, CRDS), 383 =
W35 7 85 4% ¥ (Optical Feedback - Cavity
Enhanced Absorption Spectroscopy, OF-CEAS)2] t)3%
A AL RS ARt ARE s B7He s
ATt Brre] s ] Slsl 74 AzA
H| S Z}z} ot 4] Atol] Abgstlem sig gHEol
gk FRE Table 13 2t}

2.1.1 ¥|5Y F5HEFIEPH (Off-Axis Integrated
Cavity Output Spectroscopy, OA-ICOS)

o a7 #o] FE(cavity) SR FF 9
3 71&ojA Eol7F & AL T F AL AL
oAl SFE WAL 2AME FYo] IF oY &
Aol ozl Fogol wet Fde] duA= g
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GGA, ABB-LGR Inc., Ziirich, Switzerland).
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Table 1. Information on atmospheric greenhouse gas concentration measurement equipment by observation method.

Observation
Method OA-ICOS CRDS OF-CEAS
Manufacturer ABB-LGR PICARRO LI-COR
Model Name GLA331-GGA G2301 LI-7815 LI-7810
= I <t
Exterior / b ' ‘
Measurement CO,, CHy, H20, CO,, CHy4, H,0, Drv-COs. H,O Dry-CO,, Dry-CH,,
Item Dry-CO,, Dry-CH, Dry-CO,, Dry-CH, Ty H,0
Measurement CH,: 0~1000 ppm CHy: 0~20 ppm CO»: 0~10,000 ppm CHy: 0~100 ppm
Range CO;,: 0~200,000 ppm CO;,: 0~1000 ppm H-0- 0~60.000 ppm CO;,: 0~10,000 ppm
& H,0: 0~70,000 ppm H,0: 0~70,000 ppm 20 DU IRU PP H,0: 0~60,000 ppm
TEE AEsshes Wyolth & AFA= CRDS SEFHIATAANA Alxe AR 7128} air-balanced

[¢]
23= ¥ AH|Ql PICARROAIS] G2301
S AFEEFATHG2301, Picarro Inc., Santa Clara,
CA, USA).

2.1.3 3] =) 57331 F5-4"4 (Optical Feedback
- Cavity Enhanced Absorption Spectroscopy, OF-
CEAS)

FEol =AY B0l o 2ol oI5 FEo
me B Ase
HEY A4S T3 =Ede
WiHolth, FUFoA AME He Fg Ao o
3l LT A o] FAE et E AR
o]F Y& FF F WAL Alojolx] AT Z WAL
A 338t 7 Z(Optical Pathy’} & =Es G35 ZHA
Het 839 38 A2E Yol uist 24 A= F
AN B AFo)E OF-CEAS 98E AlMgshe
)3 4H]el LI-CORAR] LI-7815, LI-7810 4| & A}
-5} tH(LI-7815, Licor Inc., Lincoln, NE, USA; LI-
7810, Licor Inc., Lincoln, NE, USA).
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H7HE 98] 1A S83] gskE Ao
7] 24 #1919 30%, 50~60%, 90~100% S0 3l
e ET 7FEE A E FYst AA #E 71E
st} B3 7t = @ S HAE 44 A
o M 2 e A FE Ut 559 HAE Ak
A3t B Aol e 369.0, 409.9, 435.0, 504.7, 1175
ppme] CO, ¥ 7k~ 2 2040, 2190, 2410, 2630,
3050 ppb®] CH, #F 7FEE 71Fo = H7lstith

222 AFE CO, 249 U3 A=

85| PgskE Aulel Ay S 1] 30%, 50~
60%, 90~100% F=d| Fsl= BT 7128 A2
FU AARE 71ES AT AFS 53] WHE
stod EFE7EE TR AAIGL Alol] HAME 7ELS
A2 Hrisit), B Ao ME 369.0, 409.9, 435.0,
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504.7, 1175 ppme] CO, ¥F 7}~E 7|F0 2 H7}
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A 24 Bjel zeid % ek o, 17 2L 3
ol 54 5w Aarad e V1o 29 RUE
AHgsl B wgste WA ojusty, ol 24
ol el 2kzol U ofe wAHS ALE
ol wAshe WAL otk 2 AHE

72 Al [q.g]_ 13 24, 24 w4, oA
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&= H7eh 24 YEE(0A-ICOS, CRDS, OF-CEAS)
17 WA e Fx HrtE Fsiih
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WA ol mE FFE Briskrl flal 23 ol
o] 23 o] s CRDSW ] 4] 2thE A
83t CO,0t CH,l ASt=E 7t H7Fekaith. CO,
e 739 fe] 237 12~(369.0, 409.9, 435.0, 504.7
ppm)E ©]-&¢+ 4% WA 7] 2=3M712(409.9 ppm)
£ o] &3 17 wAs 44 st s v
stk ®Egh, CHy 22 29 5719 237122040,
2190, 2410, 2630, 3050 ppb)S ©]&-3+ 58 wHF 1
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Fig. 1. Experimental design schematic for moisture comparison test.

Table 2. Information of measurement display item and moisture correction for each instrument by observation method.

Observation Method OA-ICOS CRDS OF-CEAS
Manufacturer ABB-LGR PICARRO LI-COR
Model Name Greenhouse Gas Analyzer G2301 LI-7815, LI-7810

Display Items WET/DRY concentration, H,O

WET/DRY concentration, H,O

DRY concentration, H,O

Moisture Correction
Formula

[gas(ppm)]pry =

[gas(ppm)] ey
| [H,0(ppm)]
- 6
10

Sk=27)48k3] th7]  A333 53 (2023)
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3= CO, 4 0.221 ppm 1 CH, ] 0.46 ppbZ 1+
EbtTH(Table 3). =4 2] ¥Z& CRDS ¥ éu =
Hlo|A CO,, CH, 25 #A37} 74 3A et
1, OF-CEAS wW2]9] AH|eA CO,, CHy EF zw
37t 7P AA dEbsT 'R CO,, CHy 7
7t A} 25.0%, 248%% Uephth 4 7] U=
= OF-CEAS %4]¢] H]7} §h3-4% 71 CO,, CHy &
F 78 wWEA Ur*a}”oml, OA-ICOS 2] ¢] Zgu]7}
HE8-&%=7} CO,, CHy 257 7P =27 Yestt. vf
Ao, 244 7t 7&4 CO9F CH,o XA
Z}z}+ 0.526 ppm (CO, 1175 ppm 23} xﬂﬂ), 12.7 ppb
2 ettt o, €O, & AL F27kA B% 1175
ppm 57 AelA Hiddo] e ;oﬂ Hl oH EX
el %% CO, 234 W3t AFw HYrrt 27t
Hoz "ad 7107 Yehyith

3.2 =X CO, HH0f chsh sz
369.0, 409.9, 435.0, 504.7, 1175 ppme] CO, ¥+
IS Fsle] AN AL E Hylsigo o2 4
3}, 1175 ppme A3 x5 712 FE A= 3
7H—4 4 el g Zm] TE 99% o]de &
R THTable 4). AT, IZF% CO, BFE 7t
ol 1175ppm°ﬂ talid= 3788 =4 Aol g &

ujEoA B 84% el ASEE wolw, ol
Table 3. Results of the basic performance evaluation for each instrument
CO,
Observation Method OA-ICOS CRDS OF-CEAS
Instrument No. 1-1 1-2 2-1 2-2 3-1 3-2
Noise (ppm) 0.066 0.114 0.198 0.221 0.056 0.079
Response Time (s) 16.6 25.0 12.4 12.4 8.2 10.6
369.0 0.142 0.172 0.225 0.078 0.160 0.259
Linearit 409.9 0.125 0.028 0.005 0.089 0.123 0.107
( m)y 435.0 0.183 0.346 0.358 0.298 0.526 0.381
PP 504.7 0.041 0.042 0213 0.228 0.462 0.256
1175 58.2 61.1 58.6 57.9 574 58.8
CH,
Observation Method OA-ICOS CRDS OF-CEAS
Instrument No. 1-1 1-2 2-1 2-2 3-1 3-2
Noise (ppb) 0.12 0.46 0.26 0.29 0.10 0.10
Response Time (s) 16.6 24.8 17.8 16.6 7.8 10.4
2.04 0.50 0.11 6.8 6.8 0.50 1.6
Lineari 2.19 0.60 2.0 44 44 3.6 4.9
‘(“eag;ty 241 53 6.5 22 22 11.5 12.7
PP 2.63 2.5 3.3 12 12 11.8 13.0
3.05 2.8 24 4.8 4.8 17.8 19.1
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Table 4. Results of the observation accuracy (%) for each instrument.

Observation Method OA-ICOS CRDS OF-CEAS
Instrument No. 1-1 1-2 2-1 2-2 3-1 3-2
369.0 99.96 99.95 99.94 99.98 99.96 99.93
Standard Gas 409.9 99.97 99.99 100.00 99.98 99.97 99.97
Concentration 435.0 99.95 99.91 99.90 99.92 99.86 99.90
(ppm) 504.7 99.99 99.99 99.94 99.94 99.87 99.93
1175 84.24 83.43 84.11 84.30 84.45 84.06
T Hlz % ﬁE | 343 #aste 222 Uet 99.98%)0 2 uehdth = w4 4] 2 ) BF
BTh &, Fx A JojA e A dE = #E AL Had 99.9% ooz HﬁWO] T
F Ag=Tt %OWE ZAog welt} g Zo® Yeht W Aol mE COo, ¥ 4g
o= xpol7) Qe Aow Helrh
3.3 Zd| wHd Ao 2 HEE CHyell tisll CRDS ®W2le] AH| F tjef] 237t

331 2AHE g uE F¥=

CO,oll il CRDS *21¢] An] & tol Z:T%H7}Z:
471(369.0, 409.9, 435.0, 504.7 ppm)S A&l 2tz 4%
WL AN T T S o] 2WMtAE ZHZC"
SIS o 7 o] A HIeE 77 W 99.95%
(99.92~100.00%) = HF 99.96% (99.93~99.98%)>.=
UERGTHTable 5). CRDS HH¢] CO, AH] F i
23M7E2 170(409.9 ppm)E AMES 47 18 WA S
AN T 5 47fe] 23 71~(369.0, 409.9, 435.0, 504.7
ppm)E FTHHAS W F el dHE AgdEe H
& 9.91% (99.87~99.96%) ¥ HIF 99.93% (99.88~

571(2040, 2190, 2410, 2630, 3050 ppb)S A3l ztz}
5H WS AAGE & U e 23k E AFE
A3 w F el v A= 7 Hat 99.83%
(99.67~99.95%) % <+ 99.83% (99.67~99. 95%)23
LFERSTH(Table 5). CRDS W1e] CH, 4] T tholl
/\_Lﬂﬂ_/\ 17H(2040 ppb)—e— /\]"Q“OH 7L7L 17(4 '—r;<4 0 /\1
Algt % 57l MJ7}*(2040 2190, 2410, 2630, 3050
ppb)E T sAUES of F tidle] AuH HFgre
99.69% (99.4~99.99%) 2 H 99.70% (99.47~99.99%)
o= yeiyth &, 44 s 2 vl 2F #= A
STt HF 99% oo w Aol $43 Zlo=w

Table 5. Results of the observation accuracy (%) by calibration method for each instrument.

CO,

Category

Multi-Point Calibration

Single-Point Calibration

Zero Gas and Span Gas (4 point)

Zero Air (Air balance)
Pointl: 369.0 ppm
Point2: 409.9 ppm
Point3: 435.0 ppm

Calibration Conditions

Zero Gas and Span Gas (1 point)
Zero Air (Air balance)
Point1: 409.9 ppm

Point4: 504.7 ppm

Instrument Span Ga.s Response Accuracy Average Response Accuracy Average
No. Concentration Value (ppm) %) Accuracy Value (ppm) %) Accuracy
(ppm) (%) (%)
369.0 369.2 99.94 369.4 99.9
409.9 409.9 100.00 410.1 99.96
CRDS-1 435.0 4354 99.92 9995 435.5 99.87 9991
504.7 504.9 99.96 505.1 99.91
369.0 369.1 99.98 369.2 99.95
409.9 409.8 99.98 410.0 99.98
CRDS-2 435.0 4353 99.93 99:96 435.5 99.88 99.93
504.7 504.9 99.95 505.2 99.89

Sh=71748k3] 7] AI33¢ 55 (2023)
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Table 5. Continued
CH,

oY AWM - FEE 555

Category

Multi-Point Calibration

Single-Point Calibration

Zero Gas and Span Gas (5 point)
Zero Air (Air balance)

Point1: 2040 ppb
Point2: 2190 ppb
Point3: 2410 ppb

Calibration Conditions

Zero Gas and Span Gas (1 point)
Zero Air (Air balance)
Point1: 2040 ppb

Point4: 2630 ppb
Point5: 3050 ppb

Instrument Span Ga.s Response Accuracy Average Response Accuracy Average
No Concentration Value (ppb) %) Accuracy Value (ppb) %) Accuracy
' (ppb) (%) (%)
2040 2030 99.67 2040 99.99
2190 2190 99.80 2190 99.87
CRDS-1 2410 2410 99.91 99.83 2420 99.56 99.69
2630 2630 99.95 2640 99.59
3050 3050 99.84 3070 99.46
2040 2030 99.67 2040 99.99
2190 2190 66.80 2190 99.87
CRDS-2 2410 2410 99.91 99.83 2420 99.56 99.70
2630 2630 99.95 2640 99.59
3050 3050 99.84 3070 99.47
Ueht, CO%F PRRZIAIZ CH, &5 ot 94 &L 973 202 Yyt

A Aol 2 S wx] 2= Zoz el

332 24 994 13 A BE 3g=

=24 94 14 244 U2 HIEE CO, CH,
o thall zZ+zt ket |A, Coel hE 3= 3
§:L1: ﬁﬂ7]. 7ﬂ4,]_ CRDS HI—N z]-u] ] 7(-1§]-1:‘: Jg&
99.95% % 99.96% = EF O, OF-CEAS W4 &
H] <] Xé-zut B 99.93% 2 99.96%F IEFTH
(Table 6). OA-ICOS W2 A¥le A2 w4 75|
ol A2 7HAE o] &3 A= WA glo] 23 i
TR ARSEE 1R W% —% AA] B9, Hd 99.95%
2 99.96%°] HI=E HAth F, e 4 A
ﬂﬂ] BT CO, 13 :M T 99.9% o] HI=E
Hoom HAyPY Eg 59 Aoz yEryth
CHll i3k #= Agx P 23 CRDS W4 &
H1o] AEE= Hd 99.69% 2 99.69%%E 5L
‘)rE]r” U% OF-CEAS ul—/q X]—]:]]_,] x%ﬂc}: jﬂﬂ-
99.61% 2 99.66%% EFATHTable 6). OA-ICOS
2] AHE CO%t "RIAIE AZE WA 7]Fo] §lof
29 7RARES ARES 1 RS AHA ser, 3
o 99.91% 2 99.88%2] HEF=E HATE F, 3719
=4 98 BF CO%t R HAIE CHy 94 1@ km
A T 99.9% oo AL E Bgon MFA w3k

34 tf7| & =20 2 M
7] F Fio] 24AVLE FE A6 nA e I
< Hrtetaar 7k 54 e AedEE o]
Tol mE FIFS Fotstarat &FSth(Table 7).
gjxi, C02°ﬂ 1:H§5_} CRDS H]—N x]—a] o] _’_1?_ oﬂ tﬂ: H]
Ay Axp 5 AA A3 $71F CO, FE(WET
coz)oﬂf\i SRS BAE 717]F CO, EE(DRY CO,)
2 H3E A FNEETE 96.7%FH AhY o 3
Q2 2}7} ﬁé& 0.370% (0.337~0.434%)% 7+ =LA
[BRSR ey CH4°ﬂ o3k CRDS ®H2] Av|e] 8 ok
Hlw Ay A3 58 AlA 199 F71%F CHy 5%
(WET CH,elH =2& »43 717]% CH, 5% (DRY
CHy)= WH3st 73% *M HFE7T 64.30%Y ©f ]
2471 B 0.249% (0.181~0.367%)% 74 =A LyEk
P
CO°l tﬂa OA-ICOS "4 A1) ¢
*E‘?ﬂ A 7 AA A5 F71F CO, 5
E E_Xé'éj_— 67]‘1": COQ o_‘J:_ %:‘5:_1— 75‘ le]
Tt 64.30%Y W A7 e 0.385% (0.328~
0.448%)= 7174 A VERSATE CHell thgh OA-ICOS
HEAl A o] R o3k vl AY A F£E AA A
9] F71% CHy &AM 2 A 71171% CHy
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Table 6. Results of the observation accuracy (%) of single point calibration by observation method.

(6(0)}
Observation
Method OA-ICOS CRDS OF-CEAS
Calibration Span Gas (1 point) Zero Gas anq Span Gas Zero Gas anq Span Gas
Conditions Point1: 409.9 ppm (1 point) (1 point)
AP PP Point1: 409.9 ppm Point1: 409.9 ppm
Instrument Span Ga§ Response Accuracy Average Response Accuracy Average Response Accuracy Average
No Concentration ~ Value %) Accuracy  Value %) Accuracy  Value %) Accuracy
. () o (]
(ppm) (ppm) (%) (ppm) (%) (ppm) (%0)
369.0 369.3 99.91 369.2 99.94 369.2 99.96
409.9 410.0 99.98 4099 100.00 410.0 99.97
I 435.0 4354 99.91 9995 4354 99.92 9995 4355 99.88 9993
504.7 504.8 99.99 504.9 99.96 505.2 99.91
369.0 369.2 99.95 369.1 99.98 369.0 99.99
4099 4099 99.99 409.8 99.98 409.8 99.98
12 435.0 4353 99.92 9996 4353 99.93 9996 4353 99.93 9996
504.7 504.7 99.99 504.9 99.95 504.9 99.95
CH,
Observation
Method OA-ICOS CRDS OF-CEAS
Calibration Span Gas (1 point) Zero G?Sl Z“Ofnf)pa“ Gas Zero G?SI ﬁnst;’a“ Gas
Conditions Pointl: 2040 ppb Point]: 2040 ppb Pointl: 2040 ppb
Instrument Span Ga§ Response Accuracy Average Response Accuracy Average Response Accuracy Average
No Concentration ~ Value %) Accuracy  Value %) Accuracy  Value %) Accuracy
. () o ()
(ppb) (ppb) (%) (ppb) (%0) (ppb) (%0)
2040 2040 99.98 2040 99.99 2040 99.98
2190 2190 99.97 2190 99.87 2190 99.83
1-1 2410 2420 99.78 99.91 2420 99.56 99.69 2420 99.52 99.66
2630 2630 99.90 2640 99.59 2640 99.55
3050 3050 99.91 3070 99.46 3070 99.42
2040 2040 99.95 2040 99.99 2040 99.92
2190 2190 99.91 2190 99.87 2190 99.78
1-2 2410 2420 99.73 99.88 2420 99.56 99.69 2420 99.47 99.61
2630 2630 99.88 2640 99.59 2640 99.51
3050 3050 99.92 3070 99.46 3070 99.37
FTER HSE A ANEET 6430%Y o) A =2 HBT A9 AUEE7F96.70% ($H AHY w)
2t7F W+t 0.288% (0.276~0.310%)= 7Hg A et A A7F Hit 0.208% (0.178~0.251%)% 7HE A
Wik, UFERs T olwl, OF-CEAS HloA = & BAs]
COl th@ OF-CEAS W4} ulel &3 4% ¥ 22 %71F CO, F% glo] 2 7] gizo] &
A AR AR TR AA AR FU1E wEM & B 8 BAE A7E swe] BAkel i
B B4 NFE CoR MBT A AhEst W BHIY

64.30%%

714518 o))

#1339 53 (2023)

=]
AN QA7F Bt 0.252% (0.237~0.281%)
2 7 3A Jelgth CHl i3 OF-CEAS "2
Anle] R gk v A Aa 7 AA A5
%713 CHy oA Fi& BAS A71E CHy 5

el

7} CO,, CHy

o=

1

9] Azo] wE™ CRDS, OA-ICOS, OF-CEAS
BE 8 By uE Co, CH, 171+
o] A Al 0.5% FIREeZE Yeh) £F 1A
Aerd & 9IS FA4

§2 10 off o
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Table 7. Results of the impact of moisture on observations by observation method.
Co,
. H,O (ppm)  WET CO, (ppm) DRY CO, (ppm)
Observation Catego: Relative
gory Humidity =~ Dehydrated Dehydrated Dehydrated Relative  Average
Method (%) (%) Deviation . crag
0 Before After Before After Before After Error (%) (%)
43.21 11062.3 3683 3979 4045 4049 404.7 0.1 0.038
43.43 4358 117993 326.1 396.7 403.8 404.1 404.0 0.1 0.036 0.036
4351  11825.1 305.0 3962 4225 403.6 4035 0.1 0.034
69.22  22400.1 510.1 4083 4225 4229 4229 0.0 0.118
CRDS 64.30 6327  21848.5 4525 406.5 420.3 420.7 420.6 0.1 0.087 0.109
60.40  22383.0 411.5 408.8 423.1 4234 4234 0.0 0.123
96.70 95.16  27194.8 379.2 4144 434.1 4341 4344 0.2 0.337
(Rair'lfall) 9691  26652.8 376.8 4159 4350 4352 4353 0.1 0.338 0.370
98.03  25918.6 3724  410. 4284 428.6 4287 0.0 0.434
4321  11838.6 457.0 400.5 404.6 4053 404.8 0.5 0.123
43.43 43.58  12605.5 416.6 399.4 4039 404.5 404.0 0.5 0.120 0.120
4351  12637.5 3943 3989 4034 4040 403.5 0.5 0.118
6922  23715.1 6082 4155 4235 4256 4237 1.9 0.448
OA-ICOS 64.30 63.27 231322 5529 4134 4213 4232 4216 1.6 0.379 0.385
60.40 23697.0 500.3 415.6 424.1 4257 4243 1.4 0.328
96.70 95.16 287462 4684 4223 4335 4348 4337 1.2 0.321
(Rair.lfall) 9691  28186.5 464.7 423.6 4344 4359 4346 1.3 0.354 0.352
08.03 274242 4589 4182 428.5 430.0 428.7 1.3 0.382
43.21 11252.7 343.1 404.6 404.9 0.3 0.041
43.43 43.58  12016.1 300.3 403.8 404.1 0.3 0.050 0.053
43.51  12051.5 2789 403.3 403.6 0.3 0.069
69.22  23024.1 498.8 422.8 423.0 0.2 0.059
OF-CEAS 64.30 63.27 224529 439.8 420.6 420.8 0.2 0.048 0.056
60.40  23010.0 391.4 4234 4236 0.1 0.060
96.70 95.16  28055.0 363.7 433.8 4339 0.1 0.237
(Rair'lfall) 9691 275045 361.3 4348 43438 0.0 0.237 0.252
98.03  26749.2 356.7 428.9 4289 0.0 0.281
E Aow naYg Hol frelgt Bast ek 53, WFE €O, B30l
F2 PSR =24 B3 59 A Fo7l Wew
4. 28 gql =9 Ao Z HOItKSim et al., 2020; Park et al., 2023). &

B ApoMe 3719 =4 dE(0A-COS, CRDS,
F-CEAS)2] Tl 7] & CO,, CH, Zvd 7]% A
, LEE A e A, A wA Aol w
A, 7] F Tl e Fdx s 59
tdt. 2 A3, el 4 ] M 2% ~500 ppm
ST HAoAME 2 g APHS 2te A2
2 YERE S 1000 ppm ©]de] AFE CO, AZol
M= Aeert §43] fhdhke Ao® UEkith &,
7] 5 CO, 548 A 9 FF ol As: 54

T
ol dalx e A=w=rt dojd 5

o

M ofr

{1

1{0

v w4 "o wE COo, CH, #=
7 CO,, CHy B v wge] opd 18 wA 43
REO R 99% o)Fe] wE HImet APgo] Fu
e ZAo® Uehth th7] 5 CO, CHy ¥% ¥F
’dol ALl gl wiA di71ek @ CO, CH, & ¥
B0l & At ti71E e R 3 LM E |
A uA FYNo Ry 3] FEe A5 FrIL b
5 Ao g BOltk(Park et al., 2020, 2022b). vFx] 1}
oz, ] F & wE COo, CH, &= JSr s
Brrer A, he] 54 e A BE R AA

FAE FAE ol 54 He 7% $&=7F 500 ppm

Y B 2

=
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Table 7. Continued

CH,
Relati H,O (ppm) ~ WET CHs (ppb) DRY CH, (ppb)
Observation Category © a. “./e
Humidity = Dehydrated Dehydrated Dehydrated Relative Average
MethOd (%) ((y) DeViatiOn o o g
0 Before After Before After Before After Error (%) (%)
43.21 11062.3 368.3 2016 2045 2045 2046 1 0.068
43.43 43.58 117993 326.1 2020 2052 2051 2053 1 0.078 0.077
43.51 11825.1 305.0 2019 2051 2051 2052 2 0.084
69.22 22400.1 510.1 2138 2202 2201 2203 2 0.367
CRDS 64.30 6327 21848.5 4255 2095 2155 2155 2157 1 0.198 0.249
60.40 22383.0 411.5 2110 2175 2173 2176 3 0.181
96.70 95.16 271948 379.2 2081 2157 2156 2158 2 0.161
(Rair.lfall) 9691  26652.8 376.8 2073 2147 2145 2148 3 0.257 0.201
98.03  25918.6 3724 2070 2143 2141 2144 3 0.186
43.21 11838.6 457.0 2031 2055 2055 2056 1 0.039
43.43 43.58 126055 412.6 2036 2062 2062 2063 1 0.060 0.057
43.51 12637.5 3943 2035 2062 2061 2063 1 0.072
69.22  23715.1 6082 2156 2212 2208 2214 6 0.277
OA-ICOS 64.30 6327 231322 5529 2113 2167 2163 2168 5 0.276 0.288
60.40 23697.0 5003 2128 2186 2180 2187 7 0.310
96.70 95.16  28746.2 468.4 2099 2159 2161 2160 1 0.127
(Raiﬁfall) 9691  28186.5 464.7 2090 2149 2151 2150 0 0.204 0.150
98.03 274242 4589 2088 2146 2147 2147 0 0.120
43.21 11272.0 347.2 2078 2057 21 0.107
43.43 43.58  12036.4 303.9 2087 2064 22 0.104 0.105
43.51 12071.3 282.3 2086 2064 22 0.105
69.22  22901.2 501.3 2252 2197 55 0.219
OF-CEAS 64.30 63.27  22329.1 441.6 2204 2151 53 0.215 0.197
60.40  22881.6 391.9 2223 2170 53 0.156
96.70 95.16 281573 364.0 2221 2163 59 0.173
(Rair.lfall) 9691  27599.8 361.7 2209 2152 57 0.251 0.208
98.03  26838.5 357.1 2203 2149 54 0.201

g AHE A & WS AE, F71F €O, 7=
ZA71F CO, F= Atol€] Zke]7 400 ppm 7|ES2
o 20ppm7HA E F U= ASE et 237
w o] ¥R AA A1 FE A o] o] FoiXR] =
ek e B gA AA7E aEE 2e7h A
Ao Z B Ao e AZ v ti7] T 24
7hs 574 R BAS WskeEA dvt ti7] 2

Sh=17)48ks 7] A133E 535 (2023)
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