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ABSTRACT

As urban areas account for more than 70% of global anthropogenic GHG emissions, there is growing need to establish
observation networks for identification of GHG emission characteristics. However, due to the high variability of observed CO,,
urban monitoring networks require structured data management standards to improve the understanding of complex
concentration patterns. This study proposed new data selection criteria suitable for urban monitoring networks. Data variability
was analyzed based on these criteria and compared to those of global background station Mauna Loa (MLO). For MLO data,
44% of observed data were considered as background concentrations, and the differences based on the selection criteria were
less than 1 ppm. In contrast, for urban stations, less than 20% of the total data was considered as background concentrations,
and differences were as large as 13.5 ppm depending on data selection. MLO showed a steady annual growth rate of 2.25
ppm/yr despite the data selection criteria. However, for the urban monitoring network, annual growth rates at single sites
ranged from 2.08 to 2.22 ppm/yr depending on the data selection criteria. Furthermore, data selection can sometimes result
in opposite outcomes. For example, the ACO/ACO, emission ratio in winter was 6.97+0.25 ppb/ppm with urban data but
was 15.59%1.23 ppb/ppm with background data. Additionally, unequal numbers of data points resulting from data selection
can lead to unreliable inter-seasonal comparison results. This study suggests the importance of the data selection method in

urban GHG monitoring to avoid significant variation and potential biases.
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Fig. 1. SNUCO;M urban CO2 monitoring network
and equipped analyzers
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Table 1. Basic monitoring sites Information for SNUCO;M monitoring network
. . Air Inlet Altitude Air Inlet Altitude
Stations Instruments Installation Date Lat Lon
Above Ground Level [m] Above Sea Level [m]
YSB NDIR OCT 2018 37.523 126.96 104 116
NST NDIR, CRDS JUL 2019 37.551 126.99 110 380
SNU NDIR MAR 2021 37.463 126.96 2 174
g = Aoy, ¥ & ¥ Fdo 2 el = Table 2. Mauna Loa Observatory’'s background data
48 5 A4 BU4 9 3§ JY ALhetn A selection criteria
A =0] 9]
2 W HiEo] o Flag Description
37§9] =4 W% NDIR (Non-Dispersive InfraRed, H] _ _
No Flag | No code applied. Data are considered ‘background’
A AWy 7|bkel AH|)l LI-850  (LICOR
Incorporation)—% o]835l9 CO,9F H,0E 12 B9z =4 * Unable to compute a mole fraction or average
Stal Utk Egh 20248 7€l NST #5240 CRDS | No data available due to instrument calibration or
(Cavity Ring Down Spectroscopy, 55 4] 233%) & malfunction.
H]Q] G-2401 (Picarro)°] F7}& AX|E o] CO,, CHy, CO,
- = e . Large variability of CO, mole fraction with in one
H,0& F7 Z75Fal QIth(Fig. 1, Table 1). Vv
08 F71E S35t Mq—( g 1, ) hour (STD < 0.3ppm)
2.2, ?|:|'§7|7| J_nl_I'E-I E‘:I ElIOIE'I %’éﬁﬂ‘ﬂl I:(I)I-té'-l D Hour-to-hour difference in mole fraction > 0.25ppm
TA9 =2 PMyg ¥ PM,s FFOZRE 7718 ES U Hours that are likely affected by local photosynthesis
- - 1= 11 to 19 LST
3171 94, inleto] 1 pm BIAEA WElg Fasio] £ o
Sl Qo g, CRDS H]9] ¢ =22] Jgko| AlA S Single hour bracketed by flagged data
% Dry Mole Fraction2 7517 Y3l 8 AA AA]Q
Naﬁon-Dryer% B9} N No unflagged data within 8 hours.
NDIR, CRDS WS A= EE 7HAE E83 7714 W Wind direction out of the clean air sector. Assume
ol =A7]719] Aol "Q35}H, SNUCOM T=1To]| A non-background
< A 22 4T

E7Z9 CRM (Certified Reference
Material) 7|52 &&ot= ¥5 7IATHE o] 831t} ESH
HE HF 7FAE Air-Balanced = N,-Balanced =2 A|2F
H 7FAE o]-&stal itk NDIR ZH|= 0 ppm, 400 ppm,
1,000 ppm % 3%, CRDS AH]E= 0 ppm, 400 ppm, 600
ppm, 1,000 ppm F 49| 7kAE 0]-&5ho] 250 13] 7]
7] Y& AAISH vk B 23 717 o&E

s, 7171 A4,
AL gt A= 5
£ AAIsto] Hlole 9] &4
data2F¥ AT 5= Qli= 4k AATE Level 0 HoJEH &
AR H, 12 BatZ AARE Level 1, 1A1ZF B9
Level 2 Hlo]HE AJAlsict. 12 = 1A7 B Al b
o¥]19] 50%7} SHEEA| 2 A, Bk AFEOlA A2
Skt

>

7171 A AA 717 1 9
R & 5ol s F2 e
= sk Sl % Raw

e 3=

2.3. HiF 7] BEY0|A2| GO MEf U

WMO2] GAW, NOAAS] GGGRN #&of A= 4]
7EA0) HiE 9 E5E QIR g7Fol AAH Wi 7] £
9] F=RtE A¥ste o] FH HZo|th(Lee et al,
2019; WMO, 2019) a3y A% =] A 7] &

Hre, B Q B4 uslo] G2t 5= WEHl oA
ERL}7 ﬂv‘f—Cﬂ](Xueref-Remy et al,, 2018), W3 A4S &
S5k 94@ 7|20 s ol wWl, GAWS
GGGRNY ti# =492l Mauna Loao A= NOAAO A
AAst= i 24 A WS ol&sta glow
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Table 3. SNUCO,;M network’s urban data selection
criteria

Flag Description

* Unable to compute a mole fraction or average

No data available due to instrument calibration or

malfunction

Hours that inlet heights are located over PBLH.

Assume not affected by local influenced

Large variability of CO, mole fraction with in one hour
(STD < 3ppm)

E A CO; larger than 10% of CO,™

Wind speed lower than 1.5m/s. Assume locally

influenced

g os AeE w4 249 Yole: A7) Holgel o
37.9%0] IG5 (NOAA, 2020), B Hlol&7} vj7 %
%7} ohd grow EREh

2.4. £A| Th7] BETOIM] HIOJE| ey

g o7l #53e TE2A, ZACIAM B5E HlolEe
ot viede] 992 AL s=e] @] ¥Edel 271
ool A+ F2jof s= Hloly AdElo] H& F85kt. &
A7olAE NOAAS] HRIH(NOAA, 2020)2 Fxsto],

SNUCOM 5l 5785 09 Slel) £ Flag 715
2 Hojstol, £4 B0 B ol Ag 7|2 AX3}
e} okl AXE WL Hlole FlagS 5t 34 2

71 7)o s sk 9lom, Table 39 LFERAQITH

a. Raw data® 55 H3HS o]&sitt.

b. A =7} =] gty Wk dlo]Elo] * Flagg
Koot 717] w7 ol 717] olifo] WAyt
7% 1 Flagg -oi5to] djofg] E4o)A A gt}

c. T2 & X #=A9] 7§, Y7t PBLH HE
| 9T W=t Xltﬂ 7}@‘; gt 437 U=s}

2 PBLHZ I3} ZA] 52

k, t'u *17”4101] AdFH dir|=
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Fig. 2. Frequency distribution of hourly standard
deviation at station YSB (black solid bars),
NST (hatched bars), SNU (open bars)

o7l Sl Azt 2 WA AARE A8
v 7] TS0 e W WS E Qlsf 03 ~
0.5 ppm®| ¥= HAF AAIZo] o-EEHATHNOAA,
2022; Ramonet et al., 2020), & AFA= T A9
A9 w2 s Holg 498 FHE s},
Z HlolE 9] 60% ool FHEE= 3 ppm] AA T
< A-&5t3Uth(Fig. 2). o] A% V Flags Foigitt.

SJolA AT 1~3 B AEHLONE B4 B2
o w2 WERE UWshlo] REsIeln, 2l HE
A TokS Y8 CO, Enhancement (A CO,) 7Hg-& o|-&
31-0111]- CO, Enhancement®}, =5 5 (CO,°™)o) A Hf

3 EE(COME Wl v 71 o=, #&d ol
Qe BE 7 YFE WA 2T & ek
AFolA= ZAA CO, 7|4 (Baseline) =5 F74
d o 2 ol8EHe WESSs U (Ammoura et al,
2016; Bares et al, 2018)2 CO2 A CO,Z 7AAks}o]
Flag 7122 %8319tk

E Ao A= 24417t o]F LE-(Moving window)
W 3t 5% & CO= o] st o]gA AikH
A CO7} CO9) 10%S Z2I}sl= e BE519T)
o YHZ 24417t U] &2 HlEE AT FIFS &
o= o ayAoltt. o] A% E Flagg F-ofqlt}
f. oAt o =, 7] oY AEE Q1T wA14 S &
o171 Hsf 55 719 HEg S 285kl ol
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T2 AY 24 FFS Hastet| A8 5
|&o2 glolgE AE3st AP A (Lelandais et al.,
2022; Xueref-Remy et al., 2018)0]] =73}t & A
TFolAe 7130lA Asshe 871 L=
Ao B4 WS olgsigen, AudTE
Faste] 1.5 m/s v|Te] 34 2714 7] QFY AJH
2 7Fskgom, o] A9 W FlagE Felsiairt

N

O|AE ZA| 2A7IA TEYoll= oA E E3et &
6719] Flag7t 2o]=|Q1, RE Flags A=519S W
‘Urban Background’ 2702} A 9oJsltt. ESH TA| &
SHolA= wiE dFe] 2 HolH7E 8% ouE
zk7] W Zof, o] FFTE A5 At Hxe S
Aolgr =F87 Stk A HolEo4  Urban

Background’2 EFE do]HE A st S ‘Urban
Effect’2t1l & 9J5IHtt.

o|F, A A w7 ==&}t Hlusto] A= CO, 5%
F7HE ALl sl A1 Alikel FE ol8EH=
NOAAS] CCG Filtering < W54 dolHoj &85t
of A3t AT A7 FAIE A4l o] 71 Fast
Fourier Transform 7|5tS] Low pass filterS #* d|o]€]
of Wy FHE 4T T, 7] 24 % AY WEHL
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Fig. 3. CO; concentration distribution by 3 different
data selection methods (urban background,
urban effect, raw data) in 2022 at each
monitoring sites

Table 4. Annual growth rate, CO, concentrations and number of nours in 2022 by data selection methods

(errors are representing 10)

. Growth rate
Site Urban Background Urban Effect Raw Data
(ppm/yr)
Mean
451.7 (£13.2) 465.2 (£25.9) 462.8 (£24.7)
YSB 222 (ppm)
Count 1274 (17.6 %) 5965 (82.4%) 7239
Mean
441.3 (£10.2) 447.7 (£17.0) 446.5 (£16.1)
NST 2.09 (ppm)
Count 1447 (18.5%) 6387 (81.5%) 7834
Mean
441.6 (£10.8) 447.8 (£21.4) 446.8 (+20.3)
SNU 2.67 (ppm)
Count 1328 (15.2%) 7381 (84.8%) 8709
Mean
418.5 (£1.9) 418.1 (£2.1) 4183 (2.1)
MLO 225 (ppm)
Count 3462 (44.4%) 4344 (55.6%) 7806
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220229 ¥ S 7 FEHAY CO, 5 EEE YU
1, Table 4= i B 5%, EFE #ah, A do]
g %2 eyl
HH7:] H=49] Mauna Load A= vl 2Ao=w R
go]El7} 44%0]| i3 oH, HlolE Flag Aeio] w2
S Aol 1 ppm HlghoO|ch W, £A] BE20] 7
Q- B A3Lof| A AH2JSt ‘Urban Background’ 702 Al
g dolel= A dloleY] <k 15~ 18%0°] ExfsiH,
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CO, & F7F< A4bst7] HOH A4 dlold 5 =73
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MLO B34t A AT ¥4 HEE 25 o W%
5o} glo] €O, S WEHol g HT YA AE
YEH, Ho]E Flag Ago] mg At S7H&2] F-9l7]
gk Zpol7F YR gttt ¥, YSB, NST, SNU 374
WS40, HolE Flag A=l weh o 6.31%,
1.44%, 1.87%2] A7t S7H& Z}olE YEritt. o] Zjol&=
e WEA0] & BSAYSE UL 7121, Table 494
el 7 BEac] BE WA 3719 QAT oA,
£A) BEu} 2e WEH0] 2 BEAOAL Hold
Flag ’“E“Oﬂ o2t CO, S7H°lA 2 6% ol HAkE
Uephd £ Q710 F&gk A] viF ©lo]g AkEo] ui$-
%ﬁ%}—e— Al ARG
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2023)S F=R3to] 4CO8 4CO BFE 1Tt F 715
Z] A% 3] (Total Weighted Least Squares Regression)S
Bol AAEQI g 2ATE FE3 () 2HNAE
15.59+ 1.23 ppb/ppm2] &2 v&H]7} YeRd HHH, 4]
HiE0] JFThS H7] fIsf &8 (b) 2= 697+
0.25 ppb/ppm ] HiEH|7} e, o]t dit= T
% AZH(OCT 2024 ~ FEB 2025)0] #&4E tf7-E ¥
Al HlRt g UEHGIH 7 R TA] §¥er &
FE 27004 2[4~ 6.77 ppb/ppmOf A Z T 9.24 ppb/ppm
2 e on, A3 HA(Bares et al., 2018; Gamage
et al., 2020; Maier et al., 2024; Sim et al., 2020; Young
et al., 2023)0] A|A|=E vjEH]| 5.76 ~ 11 ppb/ppm HY}
YRSt} o] et A= A9 HHof wEt A Hs]| H
o|H 7} EREHUAZTS UEH, & HAZF UEhdE €2l
Stlth wWEhA, =AY HiE FFe B2 HolEHE T2
AT fi= ALE, oF A7 Holg A"} 22 A
744 29l 9ok, WMEHE 7IWe g g 712l Hlo]
75 AXA g A5 &y AtolA F 7 T
A & UASE AARRI

MLOO| A= #5379 44%7} v 52 EFEAAN,
LA A= 80% o439 HolE 7} /1914 HiE FIFol X
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