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l. Background & Objectives I1l. Results IV. Discussion & Conclusion

To better manage atmospheric greenhouse gases, it is necessary to monitor and quantify

emissions at all spatial scales, from global to national and urban levels. SEOUL EM27/SU N MEASUREMENTS * We find that the two EM27/SUNs, the first to be operated
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Y rmse = 0.27 =1.37 . rmse = 1.54 a seasonal patterns.
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areas. % 0 2 2 oo MAM measurements as well as intercomparisons with the
* The COllaborative Carbon Column Observing Network (COCCON) consists of EM27/SUNs which o o] 1940 satellite validation results.
are portable, low resolution FTIR spectrometers developed by Karlsruhe Institute of Technology 01 7 oF 5 w2 . _
(KIT) and BrukerOptics™. Using the advantage of the portability of EM27/SUNs, many of the w0 . * EM27/SUN comparisons with the OCO-2, OCO-3, GOSAT,
instruments have been used to measure greenhouse gases in cities and hotspot regions. sn142 (ppm) sn142 (ppb) sn142 (ppb) 0 ok GOSAT-2 and TROPOMI generally show good agreement
. . . . 1880- ¢ =) o . . . .
 As part of the COCCON network, Seoul National University has been operating two Fig.1. Comparison scatter plots of XCO,, XCH,, and XCO from side-by-side measurements of the two EM27/SUNs P ; in daily and seasonal patterns, with the satellites mostly
EM27/SUNs, which is the first to be done in South Korea, for regular monitoring of greenhouse (EM27sn142 and EM27sn144). The two spectrometers show good agreement for all three measurements of XCO,, e 2 2 6 8 10 12 having a higher bias compared to the EM27/SUNs, but
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gaées in Seoul. . . . . . XCH,, and XCO (r¢=0.99, r2=1.00, and r?= 0.99, respectively). O well within the bias requirements of the respective
* This study provides the first comprehensive analysis of column-averaged dry air mole : satellites
fractions of CO,, CH,, and CO (hereafter, XCO,, XCH,, XCO) in the atmosphere of Seoul, South @ 140 : '
Korea, using two EM27/SUNs. q P B T * However, GOSAT-2 XCO, and GOSAT XCH, show the lowest
* In addition, we compare our measurements with those of several satellite missions, including £ ] R Q $ g i f %g éﬂ% § . agreement with the Seoul EM27/SUN observations.
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Il. Data and Methods b | ; and (c) XCO measurements taken at the SNU site. emission sources are needed for improved measurements
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Date * Despite different seasonal patterns, all three measurements of XCO,, XCH,, and XCO in Seoul

Fig. 2. Time series of EM27/SUN observations of (a) XCO,, (b) XCH,4, and (c) XCO measured at Seoul National University,

show agreeing patterns of peaks on high concentration days.
Seoul, South Korea.

* To compare the reliability and validity of the satellite measurements of the urban area of

Seoul, we used five different satellites to make comparisons with the two EM27/SUNs located COMPARISONS OF SEOUL EM27/SU N AND SATELLITE OBSERVATIONS

at SNU.
* A sensitivity test was made to determine the threshold of satellite measurement collocations
. . . L s (a) (a) (@)
to use for comparison with the EM27/SUNs. Satellite measurements that were made within a T —— o0 T - S — — 1 " -
. . . : : 1 N=25 B | N=1 _
0.1-degree buffer around the EM27/SUN measurement location were considered for analysis, a0 M I e = EMZ"SU“é ﬂ 19601 rmse = 12.63 e e B ey | X§
. . . . ] 1| s l s 00050878 : i bias = 7.84+5.68%
and same day EM27/SUN spectral observations made during £30 minutes of the satellite w ﬂ ; L e o é% | ﬁ é o % B TS 6] éu ”
. . . . [ a2 bias = 0.41+0.24% s ' o |
overpass were taken for comparison with the satellite data. For GOSAT, we gave a larger buffer E oo : * é ; b# & ?ﬁ% ﬁ (‘:;420- o 3 1920 ] l o ; M i o+ Qé Q = % sl |
. . . . . 2 \ a , O 1920
of 0.5 degrees in order to obtain more satellite samples. The same collocation of £30 minutes $ 9 & | épﬁé 4& § I 1) é < 21500 %M 14 i 9 : 3% : ?% % *g.é 49 - ‘§ i >
. . B . Tk ' ' ] 120 . A
of the EM27/SUN measurements were used to match the observations made during the akiei : §& fad § M ¢ 4} 3 = N E.} 69 é%* ﬂ ¢ iéf % 1900 o s i %ga ‘
- ' - o 1880 B '
GOSAT satellite overpass. : : ; 2 ' : 410 ? ! " 1000 < w0 % o
410 - 4 st % " 96 s $ g é
b § 1860 - -
- 2020_12_17?@ — e e May jul  Sep Nov 2021 Mar May Jul  Sep Nov 2022 Mar May Jul  Sep 405405 410 a1 420 425 430 Ma ul  se Nov 2021 Mar Ma ol Se Nov 2022 Mar Ma ul  Se o 1320 1880 1900 1920 1940 1960 y ; ; ' Y ’ i . : ' . ; ! . ' : ; ' : :
|| \ | P g 4‘;}! - al ‘ @ GOSAT-2 | e SNU EM27/SUN XCO, (ppm) y J P Y JDate P y ) P SNU EM27/SUN XCH, (ppb) May Jul Sep Nov 2021 Mar May Jgate Sep Nov 2022 Mar May Jul Sep 80 S}\(;& EM2172/0SlJN xlé(()) (ppé()so 180
Vs T;OP((;?/IIX1 129@"4‘ ; \7'" g y (b) 430 ) s &
. : ) - » 430 1 ¢ GOSAT-2 " 4 19601 ® GOSAT-2 ¢ GOSAT-2 160
< i —— EM27/SUN - — EMZ7/5UN$ . 180 { —— EM27/SUN 150
425 4 i R ﬂ ¢ R E 425 4 1940 " ﬁ% 6 . R 1940 é -
¢ b 3 é : % -§ 160 e ' =
= é. i K ée % o ] = 1920 2 é ? ? o ~ 1920 _ e # @ “ g 130 -
8 a0 NI ‘ é § S g é %{' é a 1 5 8 140 ¢ ‘ . ] O 120
: | ; ) IR I 2 il i I : 5 . ST b :
o) ' I 1900 - ; é o : (o) o~ o
X s 9 .§ 5# ééé ’ﬁ § é &g § é} E 415 7 < ; s,». hé;éb ﬂ* ﬁg § i i 3 5 1900 S 10 ; ﬂ‘ ?% * % %Eé ogi % ae g 110
5 e ? - . 3 o N =18 1880 ?% 0 ¢ : 3 1880 - e . %gié §$ {’1‘2 é . e ; ?i * g é B _g S 100
410 - ? & gt ¢ i el ¢ °6 rmse = 13.81 . i {e é , 7o ﬂé = N 4D
k b i bias = 1.06+0.75% 1860 1 _ L.:SO-]S — o0 g é sod r=0093
1860 4/ 1as = 0.09x0./5% i bias = 14.60+3.97%
W B s e W Wy W m e om Wy B  ws d aE  & Moy NI s M 201 M My N s My 20 M My N s T G o T i e B e e B B e W B B e e A
_— SNU EM27/SUN XCO, (ppm) ot SNU EM27/SUN XCH, (ppb) S 1 J ’Date 4 e 4 SNU EM27/SUN XCO (ppb)
(C) 430 (C) 1930 . . . .
01 . GosAT ? 1960 1 GOSAT =15 Fig. 6. Satellite comparisons of (a) TROPOMI XCO and (b) GOSAT-2 XCO with EM27/SUN XCO.
—— EM27/SUN — EM27/SUNé ﬂ 1920 1 :rrlsg 7=19.oo o (o)
425 423 1940 ﬁ 6 1010 bias = 0.3620.52% o
é g 4 ;o % R s
: £ P Q &e & 420 g 19201 é é} é? o p:. 1900
415.171 416.014 416.857 417.700 418.543 S - b 0l 8 I ﬁ S s § lg Q : é% } Q T 1890 1
0C0-2 XCO; (ppm) ~ i l} 2 T 1900 - ! ? a8 fall} ﬁ. e
S # ? L — O é ﬁ F 1880
9] 6 % é b T 415 ™~ 59 é L ? § 3 B <
X 415 4 9 ! h‘} & " n ] “‘é 9 8
£ ? : & 3 . 180 & -"? : é O 1870 1
e N=15
- 4 & N : i A o7 P : °6 e
b E bias = 0.51+0.49% 1860 1 iss] o
OCO2 L2 Lite FP 11r XCO, 1.29 km x 2.25 km 16 days s 1
May i Sep Nov 2021 Mar May i Sep Nov 2022 Mar May i Sep 405 410 a15 420 425 430 May ]t;I Sep Nov 2021 Mar M:ay Jul Sep Nov 2022 Mar M;y Jul Sep 1850 1860 1870 1880 1890 1900 1910 1920 1930
OCO3_L2_Lite_FP 10.4r XCO2 16 K x 2.2 ki Varies Date SNU EM27/SUN XCO; (ppm) Date SNU EM27/SUN XCH4 (ppb) AC K N OW LE DG E IVI E NT
i 2 1 1 i - - - i i i i - . o .
SWIR L2 bias corrected XCO, and XCH, 10.5 km 3 days Fig. 4. Satellite comparisons of (a) QCO 2, 0CO-3, (b) GOSAT-2, and (c) §O§AT XCO, with Flg. 5. Satellite comparisons of (a) TROPOMI, (b) GOSAT-2, and (c) GOSAT XCH, This work was supported by Korea Environment Industry &Technology Institute (KEITI)
EM27/SUN XCO,. Satellite soundings of OCO-2, OCO-3, GOSAT-2 within 0.1-degree with EM27/SUN XCH,. - . . o
SWEP version 0200 L2 XCO,, XCHa, and XCO «8~10.5 km? 6 days ) : . through "Climate Change R&D Project for New Climate Regime", funded by Korea
buffer around measurement site were used for comparison. For GOSAT, satellite Minist £ Envi t (MOE) (2022003560006)
$-5P TROPOMI bias corrected XCH4 and the 7 L Daily soundings within a 0.5-degree buffer around the measurement were used. EM27/SUN INIStry or Environmen

total column CO data calculated into XCO . . .
2 el measurements = 30 minutes of satellite overpass were used for comparison.



