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Fig. 1 Photograph of the EM27/SUN and its observation sites. (a) Photograph of EM27/SUN; (b) Location site 1(Google
Satellite Map) ; (¢) Location site 2(Google Satellite Map )

0301001-2



FEWCHC, A« BT 485 AT B AR 4 2 AT 52 R X CO, 5 CHL ARV B 72

2 REEEMEBIELE

21 REEE

R R BRI R T R, R B ST SR A T KIT A& BRI K R (European Space Agency, ESA)
COCCON-PROCESS i H #£ 42 F JF % i) PREPROCESS i 4b P 7 F# 7l PROFFAST Je i &% (WA 2) .
PREPROCESS F % H] T4t # OPUS SC {4 1% 1 3 B (Interferogram, IFG) , PROFFAST W H F W 't i
4 5 1 SO 3 T, — & R i COCCON Hiu i b #i gt

Molecular Temperature and
Interferogram .
prior profiles pressure profiles
L [
Quality Choose —‘ HITRAN
Contral Windows | Instrument Line
shape
l l A 4 &
Direct-current Select CO, and Gas absorption
correction CH, band cross-section
Fourier Update
transform state vector
Phase Simulated No
correction spectra
4
Measured N
spectra > RMS<threshold?
Yes
The prior profile
scaling factor
PREPRO-CESS ¥ FROBESST
Post-processing (Xgas)

H2 RERE
Fig. 2 Retrieval flowchart

PREPROCESS fii 4k ¥ % J¥ 09 4% .0 20 B8 40 45 BT o #8 B 0 A& 0 U0 Bk A 5L o 8 e Ko AH 7 B¢
B 2 I e B D A e 1006 TSR BE IR T R R AE S B 10% M IFGTY s B AL IE 5 A H
AL 3 Xof A B v 21 A0 S 3% A8 SR A T B TR R AT IR G R U, A USUN BT U R B AR R B R 3L
1) % U8 52 Ji % 20 (Source Brightness Fluctuation, SBF)Xf IFG 9 5 W' 5 U] ik 2 3 13 W 45 5 50°F oR 4
X 105 B HEAT A, LA A0 i A L o A 4 5 o 1 0 55 AR o ORI 1 D G B 48 T R A B S SR FH R A
L A o T A P S A T U TRLBCHE B A S S RN o B S O I BR T U IR A L AR e S 5 B SO %
[i) B4 A A7 s 22, 51 A A A A2 1E DR o A A0 2 Btk A7 A o, DT a0E — 25 48 T O % I 2 B A B S5 T SE L T
Ao B AR N T AN AT M (A0 = 55 A & R B A ) X BOHE 1 S e, O JiE SR % BT A B 4R A T v O R 1 5K
P FE Al

PROFFAST J& i & S AH: e B 2 1 5 1k PROFFIT MRS T A o 35 B4 & PS040« — 2 il i) A5 780, )
R RS SHE S X, 45 A AU ER R A SR 32k ORI T WA CCM B R S48 55 ) K 4] U 50 16 138 4 45 T IR 7 A 7
BRI s =25 1) R, R ARG fi /s e ik EA Tk AR AL , (AT 1% 5 5 Bl o 1 s B R ARG I
A AR AR B SR U 4 R 7 (AR B2 v R ) Tikhonov—Phillips 1F WAL 3k 20 o R HUIR A 16 )1 Se 56
3 £ T LA 45 W K T )R AR 40 BEAS 2 H AR AR B9 BAE TR o K B AR AR A R v B I DT S AR MR R R
HEF 35 T2 B R B XL D

0301001-3



X = gas
“ Cdrya!r ( 1)
L, Co AR B, Co T2 TR, 700 R N
Ps
W o )
C = [—ceutlp) (2)
0 ’ndryairg( §0,P )
s m
Cdryzlir - p (‘II o 0 ( 3)
g ° mdrv air mdr) air

K, p R AE o WA T, 0, (p) R Je R LR p UK, g W E I BE , @ Ty MR EE |, m gy 1110

a0 kT2 B AKIR B4 F A, Cy, o MIKIRHE B

N T AR R 2 B BOTHORG BE  SR T AR COL) MR Sy PN BT B T8 AT~ 18 1 2 ARURE 2R 43 i, D
C
X = 0.2095 X —= C (4)

0,

K 1,0.209 548 %K O M T2 ERIEA L, Co, N O, B FE B A
22 XtEfEIE

h 2 T AN B8 B 45 SR T SR, 3 A IE S TCCON 543 93 FTIR WL 2% 58 22 6] i R 58 M 22, e IR T
2021459 H (10 A Ait12 A 312 K I i EE , 5 TCCON & IEBF 24 5 vl 50 i 00 I 8038 047 1 X HE 43 7
TCCON & JIE B 27 & uli 2 B 68 2 69 = 50 9 % FTIR X &% (Bruker, IFS 125HR) #9 & K 70 ¥F 4
0.000 96 cm ', A = A B TR 210 B CO, CH, \NLO \H,O %5 Z Fl L % SR AW o % AR 19 2 s 4% J Ak
5 (CaF,) ¥ K}, ﬂm%ﬁﬁ%ﬁl%mﬂ(In(JaAe);‘ﬁﬁﬁfﬂ{xJ%ﬁ i I G R 4 000~11 000 ecm ', Y6 1% 73 HE R Ny
0.02 cm ', e KNEFEZE N 45 em ™, B 3 E 4 JB/R T EM27/SUN G4 5 TCCON 3 o5 A5 38 W0 0 sz 38 45

F ) CO, M CH, FE -3 T 28 S BE M%é&m‘th L

424
@ TCCON CO, ® TCCON CH,
® EM27/SUN CO, 1.98 e EM27/SUN CH,
422 +
(3
(]
420 196
£ =)
:
5(\- 418 as)
2 =
I 1.94
416 - l
[
414
° 9 1.92F
412 & ’ e e | b p - [
,\?\

A @ A DA % 9 O > » O
N N NN
Q°’ o QO’WQO’ @W 5 \\%Q’ g

iR B B S S s N
o %@, K w@’ %@, ’»@ %@, %@, K @, @, @ N %@' %& ,»Qq’ NSNS

Date/yyyy-mm-dd Date/yyyy-mm-dd

B3 XCO, XCH, MM 2 b 7
Fig. 3 Comparison of observed CO, and CH, values
WM 1R :EM27/SUN AR XCO, 45 5ok 415.49~423.85 ppm(1 ppm=1x10"°) , %J{f K 418.89 ppm;
A B XCH, 25 5 4 1.91~1.99 ppm, #{E 4 1.94 ppm. TCCON I £5 #) XCO, 45 5 4 412.40~423.32 ppm),
B8 M 417.16 ppm; I 75 59 XCH, 45 5~ 1.92~1.98 ppm, ¥ {H K 1.94 ppm. —#F XCO, H F ¥ i 22 4
1.838 5 ppm, Ml K R E R K 0.77; XCH, H ¥ fi 2% K 0.008 2 ppm , A5 ZHC K 0.91, AT WL £ 3 4 1Y WL I
S 1 45 R B e B — B R I SRR DG (AT A — G R 25 . 3 MG — IR AW AR N RS - 1) A o

03010014



FEWCHC, A« BT 485 AT B AR 4 2 AT 52 R X CO, 5 CHL ARV B 72

430.0 2.00 —
® Month9 ® Month9
® Monthll @® Month 1l
® Month 12 ® Month 12
450k B Dailyavg ’ 197k B Dailyavg
g === Trend line === Trend line
& qil)? g
] Z (=8
@) £
& Iq
5 100} S 1ot
L )
S =
= 3
R=0.77 M R=0.91
4150+ 191 F
410.0 L L L 1.88 L ! *
410.0 415.0 420.0 425.0 430.0 1.88 1.91 1.94 1.97 2.00
TCCON CO,/ppm TCCON CH,/ppm

K4 EM27/SUN# 4 5 TCCON #4F th 48 #* % 3%
Fig. 4 Correlation coefficient between EM27/SUN and TCCON data
25 EM27/SUN 143 HE AKX T IFS 125HR ; 2) It 05 8] [) 25 R 2, B 6 A4 B AL T ] — DX s (22 26 i
S5 R — B0 B A A 1 O | Sz 78 R AR s O AE 52 A TR AR R AT 5 3) I A AN R, TCCON 38 2R
GFIT 85 , EM27/SUN fifi (1 )& PROFFAST, H sz 38 Bt T 9 5 56 180 £k L 3r b v 5040 2t A 2200
F1 MEBLEERTLE (KAEFT)

Table 1 Comparison of measurement results before calibration

Gas Mean (EM27/SUN) Mean (TCCON) Daily mean bias R
418.89 ppm 417.16 ppm 1.838 5
Co, kP bp 0.77
(415.49~423.85) (412.40~423.32) ppm
1.94 ppm 1.94 ppm 0.008 2
CH, PP PP 0.91
(1.91~1.99) (1.92~1.98) ppm

B f5 , X%F TCCON I EM27/SUN WL & CO, M1 CH, B 4T T S A , 76 B A 5048 1E R F /Y 2 Al
b A A R R0 M, A5 ) T EM27/SUN RS R A 2. BEHERT S 09 B OF- 24 0w 22 AR e 2
N3 2 fr s, XCO, H V-2 22 R A% 2 1.259 0 ppm ; XCH, H V-2 i 22 F& % % 0.003 7 ppm .
®2 KAEWNEWEEHRE

Table 2 Daily average deviations before and after calibration

Gas Correction formula Daily mean bias (before) Daily mean bias (after)
Co, y=0.918 8z+32.267 6 1.838 5 ppm 1.259 0 ppm
CH, y=0.624 321 0.721 12 0.008 2 ppm 0.003 7 ppm

3 #FRE5TiE

31 XK&E#EX CO,.CHMELER

R4 T M A AT AR 2E 9 B S (38°43'~40°10'N, 120°58'~123°31'E ) , J& 45 A6 W T % A [ B £ 32 KX 41 A1 & T
N A (e S I i B 5 s = R W (7 e VA - e o P e W 7 S =% i | A = i o ]
Ko 2023 44T FH 0 11.9 °C4E MK B 1 007.1 mm"™ o R TT LA A4k T 25 45t 3 A A0 okl 32 A e,
T 5 B AR A S, A N DY S T YK Ry KR R 2 IR A KSR R . K%
S FRE T PIL SR R L, R RIEE S AR Tk X 2 —, B WA T 24550, B L4

0301001-5



P

T AR T RS AT RE VR Bl T B A i A v HE O M SR R T R B R RO . TR Gl X
CO,F CH, HE e B2, %t S 30 HE RO o A A s HE RO A 20 Yo X SR A U B 5 VT A
TR B B 3 D350 e HE T D0, A B A T A S A B R ) DR ISR AR LR 2 AR L I S AR b DX
SR Nk

43 BT EM27/SUN WL 52 8 25 5 (1 s 1) ) 8] =2 A7, 75 22 56 g 8 EM27/SUN WL % 254 R 1 ok B
20234 10 A 23 H ¥ 48 11:00-13: 00 4 W8I0 A5 4 , 31530 R v O 22 7 S0 4S9 WL I A 22 (2 I B R A< B e
= HIEW WS sh) , i 5 PR o fl X B ) g 08I0 &5 4 o 55 XCO, 19 W IR 132 ) 0.12 ppm,
XCH, 89 WL AE B 4 0.9 ppb(1 ppb=1x10"").

423.75 1.946
*CO, o CH,

423501 1 1.944 ¢

423.25¢ : s 1.942 o® e
g ' & o g Pocne S o
=) G 00 O o %,00 o = Ve ° o0
& L %" 2e0%%, % o® Qe &
S 423.00 PP o % % *0sCogss % oo, 19401 o g S Rk ..:..s.‘,.a
= s S e AEUA T % eSS . “

22758 % % . 1.938

® )
L]
422501 1 1.936
42225% N N N \ 1934% \ o o \
QQQ ,@Q QQQ %QQ QG-Q QQ"Q %QQ QQQ ,,)QQ @Q
A > A o > N\ o v "\ >
Time/hh:mm:ss Time/hh:mm:ss

B 5 20234 10 A 23 B 11:00-13:00 1 B9 930 4k 4
Fig. 5 Observation data from 11:00 to 13:00 on October 23, 2023
3 F PROFFAST B, I35 T KERK B HIX 20234E 2 H 3 H 9 H (10 H K& 11 H #5450
DB B KA XCO, B XCH, B P81 . aniEl 6 (&7 s, 58 fH o8/ F QL-1.5IQR I K F QU+ 1.5IQR 1
B, Ho QLA T U447 0, QU Sk b 00 43 450, TQR SRy U 4347 B g B0 0L 9 1] XC O, F- 35 {8 hy (422.41+
0.34) ppm, H ¥ ¥z KAA K (425.7840.03) ppm, H ¥ ¥ i /NME K (417.8140.05) ppm; XCH, F # {5 K
(1.9152-40.001 8) ppm, HFE44 8 K AH K (1.940 2-20.000 3) ppm, F&/IME H(1.890 140.000 1) ppm.

432.5F— rAveJragevalue 1 "ne

Abqormal value§
430.0 o A

wTage

42751

4250

XCO,/ppm

4225+——+A+

420.0

417.5

415.0 —

Date/yymmdd

B 6 M E XCO, 1 & 1L
Fig. 6 Variation of XCO, during the observation period

0301001-6



FEWCHC, A« BT 485 AT B AR 4 2 AT 52 R X CO, 5 CHL ARV B 72

— Averag% value line
Abnormal values
1.94 @ Averag
= 1.92
e
&
jan)
$ 190t
1.88
1.86t s s e e e e e i e e s e s e e
X A NI DI OHODO DIV MZ™H 0N DO O DDA Ak 70 A\ DD D>
R R R R R O A A A R R T S A AN
P o w%%%%?“%%?"ﬁﬂ?’ﬂ?@ﬂ?;ﬂ%?’ﬁ&w PPPPPPPPPR R
Date/yymm

B7 LA e XCH, 8 &
Fig. 7 Variation of XCH, during the observation period

DL e 218,53 B 2 Sk 0K DU 500 3 3 S A R B W (2 A MR R 3 H D) MBKE R E (9O AR E
1LH EAD WA B, 08 T 224 B0 XCO, 5 XCH,F 50 . 45 58 W & K9 i B XCO,
SR (422.99 ppm) 75 T8k 2 5 0 B9 7 B (8 (421.55 ppm) o 3% AT AE S R - 1) & K ) & A6 75 L Bg i ok &%
H RIS Y W A8 KT T Bl i 6 2 00 DX, (R R B TR 2% I A Ak DX Ak e AR Tl SV 1 AR b
HETCTTHR 5 2) 2o V8 J0T A 9 0 R A ZE RKOBE 2R O A R BSCR N S Bk 2 5 3) ik I Ve 2 A S B, KA
WA N, AF T COMTBMY 1

B T CO, 1 CH, (9 I8 5 AN ], W0 25 00 B o B A Ak 38 B i 22 5% - &4 R W0 4 o U s 301 1 XCHL P 39 1
(1.909 9 ppm )& F#k 2 v J5 1 (0 SF- 294H (1.923 2 ppm) o 33X — B2 09 JR IR Al A 2 o o B9 R 4 AIG, H 3 i
A LSS, AR A A KA I 8% R AR D B W gy i D IR AN S 5 [ O IR Ok e R AR
THEZMOH H 3k, A B T 5 8 8 A g R h i W e . T 7E RS R AR K E ZR 45 s |, 5k B R A AR Y
ORI SR IN,  HEA: W I R A R ) A B A SR o e A A R R B 6 R 3 g Ak B AR N R
B IN T i R, I b R 2 B W 0 B e HE SOK T A, L R E T e A R

SRy Wt — 243 B BN B BE XCO, M XCHL 26 &, W 8 Fr s, X FEdb A7 JLARS Bl U5 40 B o &5 21 o - RV —
HORAR T A AEAE 22 5 B AE R A 9 2 R B N XCH, 5 XCO, 5 3 E A G M, & R W& A ¢
REON0.73, Bk G I8 0.69, & HAT L[ AR IR . K 2% 5 M X DA AL A Tl ok 3 R IRE B AR SR
el BB K & CO, 5 CH,, A2 EZM A HERIR . R, B A AR 2, AnFS FEAE B, o mT BE7E — i 2
FE s T Y TR A HE R

1.96 1.96
e Matched data points o Matched data points o g=8
m Average data points B Average data points
194F _ Trend line 1.94F — Trend line I Y
oo: o%g‘a. o"%:o
£ 192 8
\& 9 g 1.92
oc == 5
£ 1.90 < 1.90 ’
1.88 1.88
R=0.7300 " R=0.6916
¢ P=0.0002 P=0.0061
1.86 1.86
415 420 425 430 435 410 415 420 425 430 435
XCO,/ppm XCO,/ppm

M8 Kki#sh ik XCO,5 XCH,w A x
Fig. 8 Correlation between XCO, and XCH, at the Dalian station

0301001-7



¥ %

ML 25 0] LA, CO, CH/A M FAEME/E 3 H 6 H 3 A 14 H .10 A 25 H 2 000 ik BE 3 PR . 2 1
B, LIRS RACRDE s M A5 5 R % B N R HECS R VI G . 226 AR &1 5 8E it %
JE,10 H 25 H A JE (L4624 H ) RIS B A R OO0 B4l 14 2P b 38 A 0Pl a8 B8 0 b o PRI sE iz H
WA G 1 308 A8 HY SPLIT W #E 4T 72 h SRS F 5 i 2 Bl 404, WL 9(a) o 3R B )2 KRR
VA1 7% 3 3 B PR B A 1) AR B 5 Tl RS B, I — SR R VR TR R A R IR XA T, A PE L T ik AR
b AR NS AR X R E O AT S LT, e ARG BRI T 5 ) — AR A IR T R A T R
WL IR 2 ST T T A R R T B S e bl XA AR 26 R T AR RS B e R
U5 8 (5 BH T AR R BRIy 1 B sh M B, I i 42 U pa T RN ZR 85 T, B 2 1 P R Il 1R 3K R Tl

UL T30 ], S0 b, TS 52 3 AR5 0 s T KU 5 U B, R R A5 9 10 7 25 F i A5 ol D o B s s il T
WL 9(b) 7w (4 AU ) BORR I 45 S S /s« L3000 J0 i) XU i v %) O (7 A P R P, X 5 HY SPLIT #5 B AL A Jis
] B30 P 45 2R — B, s AU B 3K 0 X SORE i 26 U500 5 ) b HE TS G — S 306k B ULl 5, B I UL
Ul E A COL M CH, & 5

o
"

Source at 39.60N 121.30E

~—t

.-

~—

Q105 1
: 15 120 125

A

4

Meters AGL

10/25

06 0 181206 0 181206 0 18 12

10/24

10/23

’9

(b)

Wind rose plot

Wind speed (m/s)
I [0.0,1.6)
N (163.1)
H (3.14.7)
I [(4.7,6.2)
3 [6.2,7.8)
1 >78

AlaTFRHBERT S RNEAE(a) T2/ B AR F R mEE R, (b) N A

Fig. 9 Backward transport trajectories of gas molecules and wind rose diagram. (a) 72-h backward transport trajectories;
(b) Wind rose diagram

32 5 GOSATIEHIELLE

R Y R A U6 IE H A L AR G EM 27 /SUN (W00 25 5 B R 3% i IX i 45 5 5 H A GOSAT
TRKBEJE A 5™ 80 BEATRE 15 X5 FE 38T . GOSAT T Al LW I 4 3R 28 A0 M i 1 1) I 235 43 A B HL s
Ak, TR 3K i BRI 249 R AU B ] 13:007 s BEHL GOSAT T8 DA K LI sl i Ry Hots (2245 + 374
FEL PR AR 2 IE 5 8 — ™ B8 5 ) B EMI27/SUN 25 LA 5 BE i 60 min P A4 [7] A5 LI 50 E A7 e 6 Hedse .
B 10 7R , 52 BT 225 [R) R A (] DG e b o , T3 5255 b R 5040 DG C 38 A AR AR S A0 B L H 35 9 XCO, . XCH, 4%
P EAT R — 3, HL S 30y W 58 % T A G OC 3R (RH DG R B R 43035 0.87 F10.76) o L, by AN 25 08 00l 114
CO, VR B2 24l A 421.274 5 ppm, GOSAT T & B4 - 415 Ry 422.027 0 ppm, — 7 fi 22 ( TL A ECHE U 25 1l
BB W8 ) S +0.752 4 ppm; EM27/SUN WL 2 (9 CH, A ¥ B F ¥4 Jy 1.917 6 ppm, T 504 - ¥ (5 M
1.916 6 ppm, fii 255 —0.001 0 ppm. fEH#5 FTIR G AT S TR B0 $ B A 2000 1l 1 152 50 S 45, AR T gk —
5 F T XSl i 8 A e JEE 0 T e e A o

Ry — 20 43 B K 3% L X CO,  CHL A MR FE A 22790 A8 AL AL, BF SR 4 B T 2021 4F 12 H & 2024 4F 11 H
GOSAT D24 ¥ EHE (12~2 A W& F;3~5 A N EE;6~8 A WEZF;9~11 A Wk ZE). mT
GOSAT Tl L AR 56 35 (F TS ) W R Ml 148 455 , 2023 4F- 4 7 19 LI B ah Hh Bk 2k o I 2R L A9 4
(B W2 B0 e 1 JEAT3EAD , RIVAR B 2022 4F 5 2024 4F 3~5 H 22 8] (28 4 M0 A 45 2023 4F 4 A 0 1 7] BER(HE .

0301001-8



FEWCHC, A« BT 485 AT B AR 4 2 AT 52 R X CO, 5 CHL ARV B 72

T T T T T 1.96 T T T T T
050 Correlation: 0.8672 | Correlation: 0.7642
: $  GOSAT ¥ GOSAT
4225 I 3 $  Dalian . 1941 # Dalian
g g, .
& *| Sief 1
04200 1 gl2ry 1 s =
S g . :
=
> °
4175+ B 1.90 i
415.0 - B
S S T
© > e Q N
v Q Q *) \ WV Q Q ) Q
Y > > 9 S Q » & o Q
q;\,DQ q;‘DQ ({))Q qr))Q "1:\’\ '\:”Q n)Q ({))Q r{,‘)Q "1:\’\
Date/yymmdd Date/yymmdd

H10 T E 5 5 508 3 4 A7
Fig. 10  Comparative analysis of satellite and ground-based data

RN 5 B0 B8 43 A 45 SR & 11 s« R IX XCOL 2 I B =i A FEW TR, B
B BIARI N BFBESLABZSRESE R, BRME  XCO,EMBAE LI Him A 8H S
5128 421.200 ppm (2022 4 4 ') (424.008 ppm (2023 4F 4 A ) A1 426.380 ppm (2024 4 3 7 ) , 414 K R 533l 4
0.633% .,0.567% o f A& H ¥I{E 535 K 412.536 ppm (20224F 8 A ) (414.148 ppm (202347 A ) .417.320 ppm
(20244F 7 H) AFEE K 550 14 0.039 %6 ,0.753 % o A, W0 5% 9 245 v i (. (A P38 i KA 5 A P %

JME Z 22) 43 51 4 8.664 ppm ,9.860 ppm 1 9.060 ppm.

\

426 | ——XCO, f"h 1.95+ ;-;XCH4
404} ‘ r :- 1.94
£ 422 t £ 1.93 -
£ A / &
O“ 420 vy ‘ ::ql 9+ I |
S /AT 2" ‘
< a8l % adllle
s ‘ | § 1.91 \'
= 416} s 1
‘ 1.90 "% —p————
M4t e
| | | 1891+ ¥ —
412 == i ! e} JE— S | T Y ¥
VYOO YLD QNI XA VDO AL LoD o AL L X o o
S INANEINER NN AN NN ANV I S ANANEINES N PNV AN SN AN NN RN
D A A A N N SNy Y O A U N N
Date/yyyymm Date/yyyymm
B 11 GOSAT T E CO,.CH, % A F 4 % & % 1.(2021.12~2024.11)

Fig. 11 GOSAT satellite monthly average CO, and CH, column concentrations (2021.12~2024.11)

XCH, i 2= 15 P 722 A Fp A 35 X 51 T XCO,: 47 2= W B2 A X Bk, T 2 Bk = ARk vk i , 52 81
RESHESLFESFRN ML BRI S , XCH, R Z F &% &m H¥EH
22410 H ) 1.918 6 ppm [ F+ % 234F 8 H 19 1.931 0 ppm, #E— 18 & 24 4F 9 H 19 1.951 1 ppm, 4F 14 K K 4y
Bk 0.65% . 1.04% o $5e Ik H 408 43 3 &y 1.888 ppm (2022 4F 4 H ) . 1.892 ppm (2023 4F 4 A ) . 1.907 ppm
(2024 4F4 ) IG5 510 0.21%6 .0.79 % o 275 PEEAE 4351 2 0.030 6 ppm .0.039 0 ppm F10.044 1 ppm.,

235
FHFFEHE X FTIR GIEL(EM27/SUN) , 784 AE R 3% 1 X FF B2 T KA COL M CH A e BE B9 W, 1 FH
TCCON &4 33 FTIR B9 52 3088 f A 1E J§ 9 GOSAT DA — 20 504R 503F 7 W0 285 5% 09 ml 552 , 3 33—

B T RKEM X CO, CH AT MR B 1 2 1y B AL RRAE . L5 WE .
M JE EM27/SUN 5 & 43 BF 3 IFS 125HR M = 18 75 5] (1) XCO, H ¥ ¥ 2 24 1.838 5 ppm, 4 5¢ R 5L

4

0301001-9



¥ %

S} 0.77; XCH, H ¥R 224 0.008 2 ppm, #HE RZE R 0.91. KK IE S5, H 3500 2 43 B 1.259 0 ppm .

0.003 4 ppm. H&T K WL 5 1E 4 B BE(11:00~13:00)10 H 23 H Y 3% 22 W %5 45 , 8 7 XCO, Ml XCH,

9 RS B - XCO, B LIRS B2 Ry 0.12 ppm, XCH, AWK B2 24 0.9 ppb, T 2 b 328 J8OxT ik 28 00 W I 7 G
i3 PROFFAST S5 AR T REK %S H1X 202342 A (3 H .9 H .10 H K& 11 H ¥4y H IR K<

XCO, 1 XCHF B o &KW FH i B A XCO, I E (422.99 ppm) & T #k 2= v i W A4 F Y948 (421.55 ppm) ;

i XCH, ) 52 30 M 2 3, & R 0 75 1 0 i 300 f9 XCHL S 2 1. (1.909 9 ppm) % F #k 2 b 5 1 (4 F #49(8

(1.923 2 ppm) . &4 CO, R CH, M JEACHLENA BT A [\ B A EARH 03 D1, 75 5 10 vk B2 28 AU A7 A — 8 SR IRPE

ZARVIER WA OC R BN 0.73, Bk Z= b 5 AR 0.69, — 35 A7 e [w] (1 >R 5
Hb 3 EM27/SUN (il 5 804t 5 GOSAT TR KR IE 5 19 9% CO, I CH FE v B 804 HA B0 i A 795 1

T — 2 TR A AR OGRS L. T XCO, M XCH, I AH I 25050 510 0.87 F10.76., 1F— 2 $ 1L

T 20214F 12 A % 2024 4E 11 H W A9 GOSAT TR EUE (5 H 4 ME) , 45 R R B XCO, F1 XCH, ¥ 2 B0 i

WAL - XCOAERLETRE  AERM(FRES>LFE>MESEFE)  XCHAERFEREM, MEEK

ERE(KESHESLESHRSE), K RMEBEB BB,

ARG AT 4 K i M X35 5 PR TR 43 7 4 08 T 32 6 8O0 S . (858 FTIR O X EM27/SUN fig

HEBHILI RS CO,  CH, M FE MR B2 AN AS Ak, wT FH T 132 3 SRR 40 7 Ot 2 b DX 1) RS 3 T4

5% ik

[1] ZHOU Feng, LI Xiaobin, ZHANG Li, et al. Recent progress of spectroscopy technology in greenhouse gas monitoring[J].
Chemical Reagents, 2024, 46(11): 105-113.

S, ek, 5Kk 1, S Gk A BORTE IR S AU W Iy T A B Y R (T ). A2l L 2024, 46(11): 105-113.

[2] WANG Yingcai. Global warming and world countermeasures[J]. International Scientific and Technological Cooperation,
1990, (10): 1-5, 37.

FA AR R S IR T] B PREE A, 1990, (10): 1-5, 37.

[3] ZHANG Yuming, HU Chunsheng, ZHANG lJiabao, et al. Research advances on source/sink intensities and greenhouse
effects of CO, ,CH, and N,O in agricultural soils[J]. Chinese Journal of Eco-Agriculture, 2011, 19(4): 966-975.
ik, HEM, KESR, FORHEEEERZESMAECO, CH, N,O) TR /I 58 B M HR = 80w s vk e[ 1], dh A4
BA AR, 2011, 19(4) : 966-975.

[4] UNNIKRISHNAN A, AWASTHY D, FAYAZ A. Solving problems of climate change through energy conservation[J].
International Journal of Environment and Climate Change, 2025, 15(3): 76-86

[5] ZHONG Cuixiang. Main causes of global warming and countermeasures[J]. Industrial &. Science Tribune, 2023, 22(16) :
79-81.

BPAEAR . A ERAR IR Y BRI SR LT]. P SRR R, 2023, 22(16) : 79-81.

[6] LIU Dandan. Observation and inversion of themain greenhouse gas columnconcentration in typical areas [D]. Hefei:
University of Science and Technology of China, 2020.

XUFEPE . LT H X 32 B 5 AR VR B AU S R A ST (D] AR s EBR2E R K2R, 2020.

[7] LIU Dandan, HUANG Yinbo, SUN Yusong, et al. Analysis of earth surface pressure sensitivity on inversion of
greenhouse gases columns and observation of greenhouse gases columns in Dunhuang in China[J]. Optics and Precision
Engineering, 2020, 28(3): 573-583.

XUFHPE, FEENTE, FhTEAN, S M AT IR A AR B ST A SRR 43 BT B SO Hl DX SR AR S [T . 6
A5 % TR, 2020, 283: 573-583.

[8] PAN Wenxue, HUANG Yinbo, LIU Dandan, et al. Observation and inversion of the N,O gas column concentration in
Hefei, ChinalJ]. Acta Photonica Sinica, 2023, 52(3): 0352116
WoCE, W, XA, AL A T HL X NL,O FEVR B 00N 55 R g [T ], O TR, 2023, 52(3): 0352116.

[9] TU Qiansi, QIN Kai, LU Fan. Research progress on COllaborative Carbon Column Observing Network (COCCON) and
prospects of its methane monitoring application in China[ J]. Journal of Remote Sensing, 2024, 28(8): 1955-1967.
WAEE, YL, L. BRI A A M 45 (COCCON) H o We il ik i K L 7E b [ 0 %0 45 0 (7). 38 i 2= 4, 2024,
28(8): 1955-1967.

[10] HASE F, FREY M, BLUMENSTOCK T, et al. Application of portable FTIR spectrometers for detecting greenhouse

gas emissions of the major city Berlin[ J]. Atmospheric Measurement Techniques, 2015, 8(7): 3059-3068.
[11] MERMIGKAS M, TOPALOGLOU C, BALIS D, et al. Local and regional enhancements of GHGs in Thessaloniki,
inferred from ground-based F TIR measurements[J]. Atmospheric Research, 2025, 319: 108035-108035.

0301001-10



FEWCHC, A« BT 485 AT B AR 4 2 AT 52 R X CO, 5 CHL ARV B 72

[12]

[13]

[17]

[19]

[20]

CHE K, LIU Y, CAI Z, et al. Characterization of regional combustion efficiency using AXCO: AXCO, observed by a
portable fourier-transform spectrometer at an urban site in Beijing[ J]. Advances in Atmospheric Sciences, 2022, 39(8) :
1299-1315.

SHA K M, MAZIERE D M, NOTHOLT J, et al. Intercomparison of low— and high-resolution infrared spectrometers
for ground-based solar remote sensing measurements of total column concentrations of CO,, CH,, and CO [J].
Atmospheric Measurement Techniques, 2020, 13(9): 4791-4839.

MARIOS M, CHRYSANTHI T, DIMITRIOS B, et al. FTIR measurements of greenhouse gases over Thessaloniki,
Greece in the framework of COCCON and comparison with S5P/TROPOMI observations[J]. Remote Sensing, 2021,
13(17): 3395-3395.

CHE Ke, LIU Yi, CAI Zhaonan, et al. Review of atmospheric greenhouse gas observation and application based on
portable Fourier transform infrared spectrometer[J]. Remote Sensing Technology and Application, 2021, 36(1): 44-54.
KR, KR, IR GS, AE L A S R AR e 2T A1 S ASCTE R AR RO B i R [T ). 1B IR S R
2021, 36(1): 44-54.

SHAN Changgong, WANG Wei, XIE Yu, et al. Total column concentration observation of CO, and CH, by a portable
ground-based FTIR spectrometer[ J]. Environmental Engineering, 2023, 41(10): 14-19, 140.

FEY), Ef, BT, L T FTIR 9 CO, 5 CH AR BB 5¢ [T, 3R5E T2, 2023, 41(10) : 14-
19, 140.

SHAN Changgong, WANG Wei, XIE Yu, et al. Analysis of sensitivity of the parameters on carbon dioxide retrieval
using high-resolution solar absorption spectral J]. Spectroscopy and Spectral Analysis, 2017, 37(7): 1997-2003.

BE T, X, ER, AR B AR B WO AR A Rk S T S B SO e BT [T ] O A SOk oA, 2017,
37(7): 1997-2003.

Dalian Municipal Bureau of Statistics. Dalian statistical yearbook 2023 [Z]. Beijing: China Statistics Press, 2024.
KIETT G R . KIEG RS 2023[ 2], K3 - E e th it , 2024.

MAKRA L, MATYASOVSZKY I, GUBA Z, et al. Monitoring the long-range transport effects on urban PM 10 levels
using 3D clusters of backward trajectories[ J]. Atmospheric Environment, 2011, 45(16): 2630-2641.

ZHA Lingling, WANG Wei, XIE Yu, et al. Observation of variations of ambient CO, using portable FTIR spectrometer
[J]. Spectroscopy and Spectral Analysis, 2022, 42(4): 1036-1043.

AR, M, BT, 5 R AE X FTIR OGS X 5 3R 358 AP COL MR B AR LT]. J6isk 2% 5otk or #r . 2022,
42(4): 1036-1043.

Study on Column Concentration Variations of CO, and CH, in Dalian
Region Based on Portable Fourier Transform Infrared Spectrometer

SHOU Huanhuan'?, MENG Yuan'?, HUANG Jun', ZHU Juan‘, LU Xingji', RU Haodong'”,
CAO Zhengwei’, HUANG Yinbo'*, CAO Zhensong'
(1 State Key Laboratory of Laser Interaction with Matter, Anhui Institute of Optics and Fine Mechanics, Hefei
Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)
(2 University of Science and Technology of China, Hefei 230026, China)
(3 Nanhu Laser Laboratory, National University and Defense Technology, Changsha 410073, China)
(4 Mianyang Aerospace Laboratory,Mianyang 621000, China)
(5 Unit 32029, Tianjin 310925, China)

Abstract: Accurate monitoring of atmospheric CO, and CH, column concentrations is crucial for
understanding greenhouse gas source—sink processes, assessing the effectiveness of emission reduction
measures, and formulating climate change mitigation strategies. Fourier Transform Infrared (FTIR)
spectroscopy, known for its high spectral resolution and sensitivity, is a key ground—based remote sensing
technique. The portable EM27/SUN FTIR spectrometer, developed by KIT and Bruker, features a
compact and robust design suitable for long—term field observations. Its core is an interferometer: incoming
solar radiation is split, reflected by fixed and moving mirrors, and recombined to generate interference
signals. Subsequently, the PREPROCESS program and the PROFFAST retrieval algorithm are applied
to retrieve the column concentrations of the target gases.

To further improve the retrieval accuracy and reliability of EM27/SUN, this paper evaluates the
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reliability of the EM27/SUN by comparing its retrieval results in the Hefei area with those from the
TCCON high-resolution FTIR spectrometer. Calibration formulas were developed to optimize the EM27/
SUN retrieval performance. After calibration, the daily average deviation of the column-averaged dry-air
mole fraction of carbon dioxide (XCO,) between the EM27/SUN and TCCON was 1.259 0 ppm, while
that of methane (XCH,) was 0.003 7 ppm. Furthermore, the observation precision of XCO, and XCH, was
calculated based on continuous observation data from the Dalian observation site during the midday period
(11:00~13:00) on October 23rd. The observation precision for XCO, was found to be 0.12 ppm, and for
XCH,, it was 0.9 ppb, which meets the precision requirements for ground-based remote sensing of
greenhouse gas monitoring.

Using the PROFFAST retrieval algorithm, time series of atmospheric XCO, and XCH, were
obtained for selected dates in February, March, September, October, and November 2023 in the Dalian
Changxing Island region. The mean XCO, was (422.4140.34) ppm (parts per million by volume) , while
the mean XCH, was (1.915 2+0.001 8) ppm. The observational data were divided into two periods: the
late winter to early spring transition period (late February to March) and the mid—to-late autumn period
(late September to early November). The mean XCO, during the late winter to early spring period
(422.99 ppm) was higher than that during the mid-to-late autumn period (421.55 ppm). In contrast,
XCH, showed an opposite trend, with a lower mean during the late winter to early spring transition period
(1.909 9 ppm) compared to the mid-to-late autumn period (1.923 2 ppm). Although CO, and CH, have
different source—sink mechanisms, their concentration variations exhibited certain correlations in specific
months, implying common influences on their variations. The correlation coefficient was 0.73 in the late
winter to early spring period and 0.69 in the mid—-to-late autumn period. By analyzing the characteristics of
CO, and CH, concentration variations during the observation period and combining this with a backward
trajectory model, possible source—sink processes were investigated.

Furthermore, a comparison was conducted between the EM27/SUN observation data and the
corrected data from the Japanese GOSAT satellite. The results showed high consistency, with correlation
coefficients of 0.87 for XCO, and 0.76 for XCH,, respectively. Additionally, GOSAT satellite data
(monthly averages) from December 2021 to November 2024 were analyzed, revealing distinct seasonal
variations for both gases: XCO, peaked in spring and winter and reached its lowest in summer (spring=>
winter>autumn_>>summer) , whereas XCH, was lower in spring and higher in summer and autumn
(autumn>>summer>>winter>spring). Both gases exhibited a clear increasing trend over the years. This
study provides important data support for greenhouse gas source-sink analysis in the Dalian region. The
portable FTIR spectrometer EM27/SUN can accurately observe atmospheric CO, and CH, column
concentrations and their variations, making it suitable for validating satellite remote sensing data in remote
areas.

Key words: Greenhouse gas monitoring; Column-averaged dry air mole fraction; EM27/SUN; CO,;
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