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TSR H v B RN SRR O AL AR, AR
SRAE 5 ARG A5 AR AT SRAT: s B g A
AR, AR/ B % 3T T B e R Y
Be AW s (00 45, 2021) . T AL IR IR B0
M, REfEAR AL Ak DR YR RO Y R AU e
SR EE R (BREET 5, 2019; X% 4%,
2021) . AHEL TR BN 5, MR8 B R e
WL iz v 235 SRS BE TGy, A] T R o A gk T A
WL Fz 5, 5 ) S A e YR B R SR T 5 v B AT
3 (Wunch 25, 2011a, 2011b; Buschmann Z%,
2016; Sha%§, 2020),

FE e T ) R A o e JRE ) e s T SR )
2% F2 Rk T R o B R A B R R 41 4h FTIR
(Fourier transform infrared) YGiEAY 9 RS 4284k,
WL % — £1 8k T AF 4 NDACC-IRWG  (Infrared
Working Group of the Network for the Detection of
Atmospheric  Composition Change,  https://www2.
acom.ucar.edu/irwg[ 2023-10-13]) FIRRAE &1 M
M TCCON (Total Carbon Column Observing Network ,
http : //www.tccon.caltech.edu/[ 2023-10-13 ], Wunch
S5, 2011a) o PS4 FTIR S35 4%,
WRER . Ak B B . RGeE2¢, ARAMYE K
A, R HAERK AR, P H A S
JIE 1 90] ) TCCON 3 8 (Liu 4%, 2023; Yang
S5, 2020) o T JLAR B % 0 Bk AT 0 I 5 A 9 2%
COCCON X % 4% (COllaborative Carbon Column
Observing Network ) , 3= %2 FI] i 4% X FTIR St 154X
(EM27/SUN) X R v il A e J38 ik il e I
5T (Frey %, 2019). EM27/SUN {8 #5 I i A
14 50 35 O Al 45 AT LU S TCCON 3 5 A R0kb
Fe, Rl R T A ISl 22 5 AR X X
SRHRBCHEAT LA T, AR & Ol BT
DX [ e HER (Hase 55, 20155 Chen %, 2016;
Viatte %, 2017; Vogel 5%, 2019; Luther%:, 2019;
Tu%¥, 2022).

YT [E A X COCCON it S M E 82 , A
SCHEST 43 COCCON I REAFAA A . S BBk A |
T SCUER I, LLEM27/SUN il COCCON Ay 54
), G BRSO I RN HE A A5 AR DG 5 40
W SCHk, AR SS E PR 6 COCCON 78
e e I b O B ST E e, IR 41 T COCCON AR
FE o ths D00 P 849 26 17 ]

2 {E#E X FTIR Y% 1% {X EM27/SUN 5
COCCON M2

2.1 {E#EKXFTIR iYL

EM27/SUN J't 1% A% J2 th 78 [ - /R 0y & J 2 T
2¢ B¢ KIT (Karlsruhe Institute of Technology) 5 7
£ 55627/ 7] (Bruker Optics GmbH,  Ettlingen,
Germany) 5 VEFF & 0 — 8 #5 X FTIR D654,
IFTF 2014 4R F FAE e T 5 0 % ALER i R
35 ecmx40 emx27 em {9 T ¥ AR H SAZ 157 &R 42
(CamTracker) 2| HRFTE RS (Gisi%F, 2011,
2012) AAAL, AR KK 25 kg, EM27/SUN
& F Bruker 28 ] i RockSolid™ 2+ 4X, WA
PR A 00 ST B8 ST AR A SRR T A BB R — A
CaF, 700G a% o % T ACH SR T AN FHLAR
PR BARR R, il HHA S5 LR AR
EPERPLH

EM27/SUN B 5638 53 B4 0.5 em™ (3 B FY
IR 2ZE N 1.8 em), TR THEBAENM “H i
557 1A ERTROPOMI(TROPOspheric Monitoring
Instrument) %A HIGIE 3R . G R AT [H]
297958 s (LA 10 KHz 3l B2 JEAT 10 YA il 1 °F-
Bymfia)) o HAH B InGaAs (indium gallium
arsenide) R M 5% F1 — > 97 J€ 1Y InGaAs 5 =
(Hase %, 2016) 7£ 4000—11000 cm™ i Bt 1 Bl %
Z R Ay T BEAT RN, 41 Co,. CH,. CO.
H,0. 0,. N,0. HDO %A, WGH i A =i
#i I TCCON I TROPOMI 7 J5 i CO Fll CH, 1) i1
B i A A RGBS B . IEW R OLT . EM27/
SUN A 7E—-20—40 °C i FEl #E4 7 15 W

2.2 COCCON M

KIT F 2016 4F JF 4 £ 8 & 7 (8 4% 2L FTIR )t
i A% EM27/SUN ) fic A WL 5 4 I 4% COCCON
(COllaborative Carbon Column Observing Network,
https ://www. imk—asf. kit. edu/english/COCCON. php
[2023-10-13]) (Frey %, 2019). HujC A4 ix
100 £5 EM27/SUN B it 545 i (19 8 5 1A B T4k 25
ARBIESE, A SE il o B | A1 37 S 5 ik
fERAE, WA R 1 CHOCAR B A T8
DL . https://www. imk—asf. kit. edu/english/3884. php
[2023-10-13]). HAT, #F52 X8 3= 24 7E R



TRAE I A AL 54 1 2% (COCCON) o iy i 3k Ji K HEAE i Il g0 26 17 1

1957

AL 56 M X o A LI A HE ok B (A 7E
Karlsruhe, 75 Thessaloniki), XCH, & FLZAET =
s, HExRMWRNFET 2L, kb
JEE b DX FE o v R A i L v B X R, EL
AT (HA Tsukuba) & R

EM27/SUN (DL F#F5 2 COCCON) 7 i

FHHET, YIZ0E KITHEAT 748 . Frife Ak iR A A o
(LR CF A, AR s RO 5286, S5E R
Z% ) —"5 COCCON Z5 R ilF 4728 SO LS5 ), M
M HE LT BT TCCON A5 B2 RN A 3 10 SR A vk
B4 (Alberti %, 2022a).

F 1 #45 COCCON i S BHTELE NN K IMFEIWHERER
Table 1 Measurements on selected COCCON sites with continuous observations or field campaigns
. , EM27/SUN o HEE/ ; T e 2E/ ; .
S i BUN gy T B IR g2
Jrals ) ppm
Gobabeb S
Namibi GNRI SN051 -23.56 15.04  2017-01-09—2021-04-21 1.82+0.02 LWL
amibila
Karlsruhe N N
. KIT SNO037 49.10 8.44 2017-02-07—2021-09-25 1.85+0.02 LI
Germany
Kiruna e 2 T
Swed KIT/IRF SN032 67.85 20.23 2017-03-09—2020-04-21 1.83+0.01 b2V
weden
Sodankyld . N
Finland FMI/KIT SN039 67.42 26.59 2017-03-06—2020-06-02 1.83+0.01 LI
mianc
Thessaloniki S
G AUTH SNO52 40.63 2297 2019-02-14—2022-01-17 1.87+0.02 TR
reece
Tsukuba N N
I NIES SN063 36.05 140.12 2020-01-31—2020-12-25 1.88+0.01 LI
apan
Arrival Heights S TA
. NIWA SNO53 -77.83 166.66  2019-11-05—2020-03-09 1.74+0.01 A
Antarctica
St.Petersburg Russia .
} . . SPBU KIT  SNO80 SN084 59.88 29.91 2019-03-21—2019-04-30 1.84+0.01 AN
(EMME Campaign, Verify)
St.Petersburg
' }:t”f e SPBUKIT ~ SNO84 60.88 2991  2019-01-22—2020-03-17 1.840.01 SIS
ussia
Yekaterinb Sverdlovsk
elaterinburg (Sverdlovsk)oppyp - sn080 5683 60.61  2019-10-05—2020-04-17 1.86:0.01  ANAHK

Russia

2.2.1 NEEEBREFIFHEENEFiE

S % 26 1 R ILS  (Instrumental Line Shape)
SEVPAR AR PERE Y — A 4G Ar . T T &
P25 . S A | R B 5] BB BRI Jo 4 R BUE
SEPER 1 CILS 19 52 PR A fm 25 B AR H (Hase
5, 1999) o FH A 5 A TLS fH 23 19 0 2 i 45
RGBT 0 HA R0 1Y T il 4 Re
UL &5 2 v 3R AT TE B A5 B (Frey 55, 2015) .
1LS Z: 50 3= AL 45 o i 8CR R I MEA - (Modulation
Efficiency Amplitude) FAHA 1% 2% PE (Phase Error) o
PSS BT T4l TS 5 BEAS pR BCTE TR L 4 i
25, Hh MERAE ILS (458 B w22, PE &4k ILS X
PREERE (Hase 5%, 1999). ME 78 [ 45 R A B 2
P o EESE -, MEEN0.5% Al XCO,
/0 0.025%, XCH¥EM0.1% (Tu, 2019; Alberti

4 2022a).

AN[A]F TCCON FINDACC 2R FH R RS % 31645
ILS 777, COCCON R FH—Fp 8 i faj 5. 5 A7 19 T
WA G T A . AR BN EOGIR (KR
£7), P 7000—7400 cm™ 63 I BN A K XL
ek (Frey 5§, 2015), #FH] LINEFIT 34453 #r 1%
FILS B8 (Hase %, 1999) . Alberti % (2022a)
W S5 1 TR AR I B R R T AR, YR BT
ML CO 28 — AL E A8 , R BSEET T K YRE 4k
S, BITH TPt = <R E, It
ST T CHAEM S 7, HTILSKHE. %
SCEE T ET T 83 A5 COCCON {3 #% i TLS 2 51
COCCON ¥ 3 th 25 5 TLS 847 8 (hups://
amt.copernicus.org/articles/15/2433/2022/amt—15-2433~
2022-supplement.pdf[ 2023-10-13]) .
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2.2.2 RiEE%(PRE-PROCESS+PROFFSAST)

R T ARAF KA, T EEXT FTIR Y63 SO0
A5 2] (0 5 R R A A B DA R, kot
W1 AT A i A b, SO AR B B AR AR B
e BE . KIT 76 BR 9 it K )& (ESA) COCCON-
PROCEEDS T HHEZL T, J¥& T Mk B4 PRE-
PROCESS, Xf )\ OPUS 34 A3z B i i -+ 5 6 %
(IFG) #EfTTAbsE, BALIRIMT: (1) HEitH
HRBHA S, X IFG 3T ER DC (Direct Current)
TIE, DA BT R SO Il i 5 B Ot
TRAERE P 8 SBF (Source Brightness Fluctuation) X
IFG BY520  (Keppel-Aleks %, 2007); (2) {HSBF
KIEARESE 20 DC AL, FAlE Y IFG {55 K
55, BUE — R E S AR B2 I R R
T ZEXTIRG AT B 4, RIVE 2o dne (I B AR T
KAE 5 5% F5d B I sh fE 3t 10% B9 IFG; (3) FIH
Norton—-Beer-Medium (NBM) ]k RECE DC 1T IE
JE B IFG HEATHCR, DAl D5 3 B 55 15 4 1 55
BRNAEZ B PR (05 em™); (4) B
58P AV 15 2 A58 1E N SR A AE PN ) DR 37 AR 4ok
W IFG Ak Mg 458

KIT [f] Bt ¥ & T BRI e/ — 3 ) 30k
PROFFAST, J& & it 40 1 K AR 2 A — 3ok
Refifb . AP B A AF I R B R Y . 5 PRE-
PROCESS 3t [d] #) i, COCCON %% #§ 4b BH 4% .
PROFFAST S 8 B /57 A &% A~ 8B4 . — S i [ A
R R DU AG TS R, R R AR AL
i alah A ILS . S ERLR . Wb Je 50 E 4k i i [
TR R m R, A H AR M
/Nl i 2k A AR DG S S PR O
INBNER OIS, AR B bR Y B 2 4 ik 5,
Vo 28 B R T IR LA IS B Lk, TN B R LA 2
LR BV BE o B B AR AR A R v B R DA T
23 SRR Uk B BRI AT 4 Ry RO 1 T S RUBE IR 43 8K
(X,.) o X, W] i Bl [A) O 3% B vt 45 3] i O, HE vk B
B3RS (Wunch %5, 2011a), HEHEAR
ﬁ[ﬂ:

column,,,

X,. = 0.2095 x

column,, D
A, 0.2095 FHAERA W T TERIES L,
IR 2 7E 25 (8] F A [a] 2 fH 2. column,, il
column,, R HARSR O,/ T B AW . 1% ik

A LA [ 7 E AR R O, A B AL A% R 5t
BRZE M AHOCH IR 2, P20 X, JOEREBE,  [R]If
X by 2R s OB PR AT, 39 I 1 A ) el ) 4 7]
et (Wunch 5%, 2011a; Klappenbach %5, 2015;
Frey% , 2019, 2021).

PRE-PROCESS #1 PROFFAST 1t % ) FF i,
H KIT % gt A7 A 2 W8, Hoar 2 SR 2
PROFFASTv2.3 B A (https : //www. imk—asf. kit. edu/
english/3225.php[2023-10-13]) . KIT [RIfAJ A& T3
T python i 5 19 H S AL A BEFR T4 proffastPylot
(https : //gitlab. eudat. eu/coccon—kit/proffastpylot [ 2023~
10-13]), 24 COCCON %5 b F4 A3 5 Sy PRkt ] &y
PO

T T PO S R B ERA B, BT B X
5 COCCON By )z i 45 % (XCO,. XCH,. XCO) it
ke FARMEOLT . ARULERPERE—2, K
WL ) 235 R 2 AR [ AY o SR A AR AS B A7 7R [ A7 1R
22, [AL I TLS 008 A4 A B A 0 HG Al R BE U Y
SN R, A R R RS FAEE 1A e A L
/IMiiZZ . COCCON [ 265 filt H] [ 3 1) — £5 EM27/SUN
(F3)%5: SN37) BN Z BRARuE, i i W] i [ 3
WM (side—by—side measurement ) , X H:Ath BT 45 1%
i Y BT 25 AT R, AR AS X AR Y R
A (KD):

Xom= K3V x X (2)

AR AR 22 B e T R Ak B
h, JCAURAI R B 4 R AT I A

B T XS TR COCCON A3 R 2 A5 1 2R 4K
i 25 R A BRI N RS HE, R COCCON %k
45 R E IS B TCCON RUEZ . TCCON Hdla 45 % 2
2530 2 Rt AL AR 7 R e WL S g, A o E A
R LR E (Wunch 55, 2011a) . H U,
COCCON Hitdfa i Ak Hi b il FH — A~ v R T AR T T 1
F ADCF (Airmass Dependent Correction Factor)
FHER AT IEH T AICF (Airmass Independent
Correction Factor) FJZH A 25N 200 e i 45 R ik 17
e (FEUL: https: //www.imk—asf.kit.edu/downloads/
Coccon/2021-04-30_Instrument—Calibration.pdf[ 2023
10-131) . ZACHEC & T COCCON i FE ¥ YR
Ab PR

A T2 A& X, (column—averaged amount
of dry air) J& 53 A — 7 i A3 &5 B8 P 10 H 4R
bro AT X, X, 58I 208A 1801 &



W AE I A5 BRAE LIS AE M 2% (COCCON) FF o i i s 8 K HA v [ 490 26 1 1 1959

LR ZEFATHON , I X, B9 5 SRR A AT IR A
AR B R O R A R RAT O R, i,
K PHIB ER S T8 M A 158 . AXAR A R RS R . HL 3R
J it UL 00 4685 35 ol UL YN B 1R 4 1R 4F (Wunch 5§
2015; Frey 5, 2021). SNzt , X, ol L
ARG EREFE AR S, AFR#Ab AT ILS I

C0aws (pe
~ column, Xz | g columny o X fhy,o

X, g WA E I IGEE, Ps bR R,
i F g 5390 Ry 1 A ORI IR AR R 4y - B
column,, il column,, ) R AR IR

223 SREMHMSEERITE

ILSYE N FAE COCCONUARPEREEE Z S8, 4
LS 285 i AR (AR N, 5 B B A7 J
R, ks e . OGS OT R .
] Y I 5 TLS 248, 802 24 COCCON XA HI T4t
Wik gent, S Kk, [F7E g6 e b
2w, WL S f A ALS i B TLS {H
AL A s MR 2 A IE . Frey 55 (2019) J@
/8 T 2% EM27/SUN (SN37) 1E44ENEY MEA 254k,
(0.9862 + 0.0015), Fi%idt 1) 30 F5 {45 14 1LS “F- 3
i 070.9851 (il #£=0.0078), /R HRIAY

Hedelius 2% (2016) F| ] TCCON 1E Sy W ) 2
i E RS T COCCON S i 25 JE A8 K 1] P 1)
BN, XCO,M 1o K5 R 0.075%, XCH,IH 1o K
£ 0.057%,  MLAMZAL G 6 A B2 Fs i s 4T
PRFE T R AP A2 % e ffa e 4 . %6F COCCON
IXESEHE | FaEHE S, Hedelius % (2017) fE )
P &5 COCCON AL A%, #E—LHrhse 7 44~
TCCON 3 5 18] S 3 45 5 X, 1A% 253 Bl S L J A
JE4R AR R 1R 25 k0 T 22 . Frey 5 (2019)
1% COCCON 5 TCCON By 4 4E K58 X 4347
BARTFAE /N RS, {H COCCON L2845 HA K
e R PE RN S AR BE L3 . Sha%F (2020) 40 #r
L T 4 FhoAS ) 45 OB 5 A R Z5 R 5
TCCON By 4FE 255, &8 KWL ) COCCON 7=
kR e, LR 2 A N I 22 . I Ak iE
i COCCON 5 TCCON Xt Fb, A Hi TCCON 45
SR AR R ) B, 2R 1 COCCON H 45 1E
5 TCCON iR AT A EARL 35 17 07 o Tu SR &

B (2020), fd FHORG o 0 e B R 4k, T DL $E
COCCON J i 25 S o B, b i@ 7R i COCCON 5
TCCON 55 1) 22 53 2R A T AR 9 615 43
PR, Ohyama%s: (2020) %FEL T COCCON 5 KHL
gk CPREERE) WS s A, XCO, M XCH,#F
S AR A AR S, TRl 33 v i T
SR 5 HOARH 2 v A S

3 COCCON H Jog Wa i afF 5% i i

HT COCCON R s #EPE . mfasE k., K
R E G RGN E RS, CHIFZ%EK
T W98 [R) X303 B P 8 K AT & AU
B BF s AR A R g iR (1) o AR SCHER p G
COCCON 7E H e il v i) 102 FH o

31 DEERFRKRERIE

Klappenbach 4§ (2015) Xf COCCON X FH 18 &
i AN AT R A O I, R R T
E BT T M5 Polarstern |, M 20144 3 A JF UG K VY
TS 6 JR R I S, fe A5 £ A9 XCH,
5 GOSAT T0 & 7= il A CAMS 5 R85 35 14 s 22 K
1 731§ B0 T K T 0.02 ppm. 2015 4F COCCON 7k
Namibia Gobabeb ¥ 45 "7 1 5 4F 14+ 309 08 0l 52 56
SEAEU LK B S FTIR S s, AR . e B
1o SRR AR () V0 V551X B IR = A 9 AL
T AR EE DTS RS A 5 R R 3E % L
FEA ] R S BRI IX (B4 PSR ATV ) GOSAT
AN [R5 38 08 A ST 45 R 5 COCCON 1Y 25 5%
PE, s H COCCON I HIF AN [R] o S BE R Ml X (1) T3
ERHE (Frey %, 2021), FEF b BN 2017 44—
2019 4 KB, A SCAE & ¥ COCCON 5
TROPOMI J {8 7™ fify LA S B AVECHR AT X L, s
i COCCON A FAF 7 IX 8 FF Jg 5 T LA R A2 56 T2
AL Z5 R RE S (Tu s, 2020). M 20194F 1 H
B, TEAIESE — KIT Thessaloniki #57. T COCCON
[ S ORI 32 A, T AR B I 45 5, TROPOMI
77 il 5 COCCON A -0.07% fii 2 (Mermigkas % ,
2021). Alberti%F (2022b) XL THRZ Wi 4 X
WA~ 3% T B COCCON fil £ 4~ T2 (TROPOMI,
0CO-2. GOSAT Kz MUSICA TASI) Wil 45 5 A K
BOARVECHE , B T TR AL B 4 (R R DA R
COCOCN % Hi S it ] 73 4. 20214F 6 7, Wei
A5 (2022) 7 v [ FORE S BE VDB X TF R T R 1)
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3SR S, TLA =i (GOSAT, GOSAT-2

FITROPOMI) 5 COCCON Wi il 45 %] () XCH, #8 A

®Hase” (XCOXM)'JLLP‘)JH)
@ Hedelius (17 2 Al i 21T Tu)x XHL[ LA )

IE8 5 3 WL

TRAFRIRE RN, 255240 -0.38% .

@ AlbertiSF(IX AR E BN B S5 THE 7 24RML)
@ AlbertiZ:(TCCON, CAMS,
MUSICAI IASI, GOSAT, OCO-2,
TROPOMIRT bt (22 1 ¥E % L))
¢ RiBmannZ5(0OCO-2%F L)
® Wei%$(GOSAT(-2). OCO-2(3)~

& Ohyama=5 ("R ALALI |
TCCONX Lb)
OJdLobb LB AL E]
uZ(CAMS. TROPOMI

QChenﬁ(éﬁ?ﬁM{\llfﬂﬁ)ﬁ() ............................. — TROPOMIXT EL[H0E])
l 4 Heinle & Chen | & TSI HESFEPEA SRR, BORIEIEA)
#Gisi(EM27SUNEAL) ] L i .EMZ.Z_/_,S,.!NEQJ TR E) ¢ Che’% (bﬁﬁiﬁtﬁﬁ([qﬂ [k 5¢])

{

20114F  20124F 20134 20144 20154:!5 20164F 2017¢

_A___A_A___A. gremeemennaeend

S Frey 5 (KefkS Hedelius
X HS LR D)
& Hase%5 (77 & Wang%§
HER[#EE #a4k])  (TCCON.
GOSAT.

# Gisi%(CamtrackerJF &)

0CO-2%t )
@ Viatte 5 (& H0lk

HER)

AENUF S

..................

20114F  20124F 20134 20144 20154 20164 2017$

& Klappenbach % ([ A FH 7 | M %k

@ Frey’%
(TCCONX} kb

# Velazco%s

& Vogel ORI o g g 1y 2351

OBut/ﬁ«[JﬁlJ_l]

...............................

2018¢ 20194F  20204F  20214F 2022¢
| ]

4 TuZ(TCCON. MUSICA NDACC-
(COCCONR%8)  1ASI. TROPOMUIX L [HLA4% Pl A1)

OFley#(TLLON GOSATf L
(TCCON, [GK L, mhR R ER])

GOSATX{LL) ¢ MermigkasZ5(TROPOMIXf Eb)
LA E )

TR E 2 2))

& ZhaoZE (R i HE @ JonesSE (X HEA [ RAR S M #E])

TR EAAFK]) & HeerahZ (& HBOWLHER)

Lutherﬂ’g(kﬁlfl—ﬁf‘fﬁl
[{BZ - A ) A — 1 W)

LutherZ5 (S8 [X
P HE 8 ]
| L)
20184F  20194F  20204F 202144E 20224F
& KnappZ(CAMS. TROPOMIX H:
[RFEE A ERD)
® Makarova®5 (3 7 HE il
[R5 7 A5 45 L2 1 B W)

& EM27/SUNEEEMFRIE & WREEWM S HISIE & Hftiit & Ko

BT K2R 2011 4F—2022 4F SCUEHE 4 3K 45 15 COCCON AH G SCHR S 25
Fig. 1 COCCON related literature summary based on SCI databases in 2011—2022

3.2 T (BIRIEIR LS IR ) R e HE A R R

2014 4%, COCCON # 1 ¥ I FH T #F 58 3k i
(FEEFAR) =R, 5H COCCON #E i E
T, RAT —Fh 0P OB AN T3
Wi HECR B (Frey %, 2015; Hase 55, 2015),
Zhao %% (2019) FIHAL & GHG ALY Hh R WRE
PR (WRF-GHG) , [R]Hsh45 & 22 70 h v 55 0 o vk
(U 3.477) FFALFE T AU £, LT km 9
T AT HERAR AR T CH, W . HERC A% i

Makarova %5 (2021) M#E4 H X, KW G
COCCON 43551l i ¥ F b KU A0 RUpeg X8,
ST, WEE T AR i 28 A A5 R I T Xk
F T = SRR, A5 20 B HE R R O R
TR, MR BT, TR
YRR A TR MU, Chen 5§ (2020) )
JH COCCON L 25 5 5 o 307 40 P14 O B AR 25 &
By, MY A CH, S T AT s A

WHERCASN , A BB CH HERL (WA 58 208k
o R AR A ) fRA R BE S 73 A — i fE Y EE 22
CHRVR o 3k 7l 457 3 3 3702 CHLHE A — >
TR, ACMEH (Tuf, 2021) 454 HiHhiE &
(54 COCCONBEA M) 1 T A EE (TROPOMI)
A8 %?ﬁ%?ﬁﬂﬂﬁﬁﬂ W LU 5 52 o0
HIATEIG, BT P EEF 18 B X 3 I 3E
iii%ﬂﬁﬁﬂr*ﬁkﬁ&ui, S5 5 0 5 7 HERCE Bk
iAo -

33 By XPAEHES R E

COCCON {37 1) g 5 1 068 485 1 Ao o i A5
EwEH T EAM GEE) MM, 20154, Butz 5§
(2017) B — 4 COCCON YEIGAUR & T+ 4
b, 5—&EANOHGREA I [R] 25 158 2l 0
G, TEJOL TR AR LS BLAR IR T 3 3 R i
ML, R COCCON W' 15 v Jiz 16 45 380 3P 3t ) 53
LS (HF) FIg ks (HCL) VKFZE. Luther



W fE A AT LINA A 48 (COCCON) H o Wi 14 J R HG A o [l g 2 1 1 1961

4 (2019) FIFHE—7 COCCON B T R%E L, 78
W = m AR BE 7 IX, ALTHEROE R XU 1—3 km
A 1) 3P R AT AR 3 S R T 2D It A D T
o] b XCH, ¥ BEAE AL, 455 238 I KU 5 315
R FEZ b B K7 R i 0 s AR A AR R, R
I A T S D7 VA SR XY F e R . BR
TIEMUIN, FESCHET B, 4 7 COCCON AR
BT SN, R O R 50 km 9 44N T7
Bk, FER R EWINE, . Luther 5 (2022) i —2
WFFEZ X R Be e, 1 SR 3 & 22 1% il X
B 22 UL TN £ 2 XU AR RN B SR AT A R
58 T.H. WRF (Weather Research and Forecasting)
(CEPE S € i A T (AN BuR 1) 0K VAS Bl ol 3 0
[ 1 5 COCCON ) 52 b WL 22 (6 AXCH,, 5 3 T4
FE A H B Y U AY (FLEXPART) BL48LH i) HE
T B ARk T B0 Y 22 S M, ) Phillips—
Tikhonov 1E W £k A4 39 1] fili 71 J7 2 Al 58 3 FY e 1
JC
34 BHARSRHEMRE

Chen %5 (2016) F U4 H 22 73 HE e LI B 74
DCM (Differential Column Methodology ), Jf-4 Hj
FAAE S EIN A AR JE A HETR o 205 1 2R THE S

(a) FERMEAT 7] Hof [7) R A v S35 UL ¥ PR 5 COCCON
(a) Side—by—side measurements for two COCCONs in Xuzhou

DX PN XCH, 7E B U] 2508, A0 H 32 DX 3 i
CH HF, H5 RS HAL A i L EHERAG 25
H—H. Viawe 5§ (2017) #t4 f5 COCCON it & 7F
5 ER A2 ULA M R AT 3, 454G 13/12CH, [Al 2 3R
JEA M (Picarro) , FIJF &1 70 B KL i 7
M WRF-LES (Large-Eddy Simulation) G740
B2 X I B Ol H e HE L . Heerah %5 (2021)
[EAEFIFH 4 5 COCCON X Il 4 J& SN o7 F 2648 4
A 19 & POl B e HE R A7 0, F WRF-
STILTHLAY A7 [ L T BOHEROR B, Al 5B i
X CH, HEB =

4 COCCON 7£ [ B e s I v i) 4]
A

2022487 AJFGG, TIVE KA T E K
5 KITTEE NI T R AR AU 528 . oy 1
i COCCON WL 2% 5 () kG #f  , 75 /5 COCCON
AR VLIR AR 0k R 2= S B AL XA T T
R B[] B[] b A R ORI 7 5 4S8 L 114 X CH, H
AR, FEHE N 0.9996 (El2), 4553
Won, MAEERELdKREH, TIHEARRL
MrERE, AR mARE . W H S XCH, & &5
A (1946.6 £3.0) ppb, (1977.3+9.7) ppb.

2020

2000 | 2‘
o 2
219801 3‘
5* 159

1960 | >
> (]

? '*
1940 |
192 !
9 0(%-24 07-25 07-26
H #3/(MM-DD)
+ SN53 - SN38

(b) 2022-07-24—2022-07-25, F e LI H 254k,
(b) Diurnal XCH4 observations during July 24-25, 2022

2 P COCCON FETR M ALl
Fig.2 Measurements of two COCCONSs in Xuzhou

4.1 T X iE B s il

KA HFGEHE EE ok B T AR, il
HEBOLT 48 T 20% . G ot U8 DU 30k i FR o 5 o
B 1A H 2 A Ak R A A R T PR e HE i Y
FER

20224E10 H, ® 4 COCCON #43 Jli & T

14 M R S B A DX 22 3 DX sk, O]
MWK B (B 3). BrE o AN L
PIES 295 kme Ji & 00 FHETT A0 20 km (9 ZR A6 T
W, ORI X, 5 e MR A . 10 A
14F117 B, P HUFE T 285 A0 H A7 #0000 21 XCH, 1
o A7 T3 22 W0 0 (R B AR B T X, (H AR i



1962 National Remote Sensing Bulletin i & 54k 2024, 28(8)

M, R HAE R B HE Y — A H AR, (A5
2 b %) e ORI A 55 57 T SC B A DX 1) SO {1 42 3
CPFHEMR2E: 4.6 ppb), HEA10H 17 H Prmg e
FICERIX (2.3 ppb) o N FHELEIRIM, T
D 5 A A A 3 B XCH, BT, AR AR T
R AR, KRR 2 BRI T i it 8
gy, BRI KT N, YR EEREARET, Rl LU
X I it TR A H T BB KA (Godwin 45
2013).

1970 -
1960 |- ’!\

o “

B1950F ¢

= \

$ 1940+ ﬂ
1930 F ﬁ
1920

10-14 10-15 10-16 10-17 10-18 10-19
H #1/(MM-DD)

4+ —HCOCCONALTF HEH K2 ERX
o —HCOCCONALFIR T AR AL 7 [ (% 22 18
o — & COCCONAL T 2 7 g 77 ]

B3 AU i X CH, B s a] 25 4k &
Fig.3 Temporal XCH, observations in Xuzhou

4.2 fEIX B 0 m

TR TT AT 2 [ CH HERE i £k, A
Z RN M RAE . RO RIS AR AR 2 &R
SR, R XA CH HERU 25 AR e, R i
R HHERCH R FIME (XHaRk 45, 2022), COCCON
ASCEE EL AT R SF ) AT O e 4 X AR, AR
FE b E ST B G M R S E AR, A, A
SCHER A AT 2022 4F 8—9 J 3 72 1L T KIG 10 X
fd FHWI 5 COCCON (SR T JE T ™ H Jo R0 512 565
JE 5B Y r 22 WM R G =G S .
il 485 T = AR A T (AR A RS I T T X L 43 AT
W12 a3 Hr 2B . 5 RN [RIZOULI AR L, AR S50 r
TE BT IX 8 o v B W 35 O oo EL 55 AS TR ARE ™ 1
TER2ZE BV, P05 45 R IE e
wRET,

5 45 1B

UH, T U OGS Y EM27/SUN
Mo 2 B AR LI S AE R 4% (COCCON) B 7E 45k
70 Pl P9k T PR o v 8 L | HE A B RN TR
JRIGE . A SCEE AT COCCON AL #5267 b

BOILS . T AR I a2y ik v G B I T TR
PROFFAST, 3T COCCON{YHSAE P FEI T S M
1 DX FR e N £ 0 25 2 o

AH %2 T [E 52 # TCCON WL [ 4% , COCCON 7E
FLA T L ADL0 O IORS B2, LT LASE 5 b a5 R
HBEHE I, w] DAAE B AR 0 1 02 2
OGRS (K 4, 2023) R R R &Gt
() B2 P bt s (kB 5%, 2022) AYBRUET A
PEEEAEH . R, AH T Hb v R A0 I AR
(Shi %, 2023), EM27/SUN 18 i< Wil Hb 1 21 K <
JZ 0 R B AR A B, T LA B S b S 7 v AR
BAF R . ATFR . b I S RS K Ab BEAE AT
11 Bt HE T

Y F Y HT COCCON 2% =L FH7E KK SE HB X
BEXT IR 0 2 HEO . SR ETS e, R
K EA AL EM27/SUN H g HE i 35 328 Ja% g 1 7
AR, T R PR AR A RS A
XUEE N (B AN Z2 A~ 1 HE il =2 18] (9 4 B i
M) MR — RN R ZHEAEH TR 22K
KN FZZEAFE M (Huang 55, 2023),

£ OB ARMFRER® ISR (KIT) H
K #EBRAKN (BOD) #4548 K H 4B VAR 3T 5 oy
¥F5E L H,

222 ik (References)

Abernethy S, O’ Connor F M, Jones C D and Jackson R B. 2021. Meth-
ane removal and the proportional reductions in surface tempera-
ture and ozone. Philosophical Transactions of the Royal Society
A: Mathematical, Physical and Engineering Sciences, 379(2210):
20210104 [DOI: 10.1098/rsta.2021.0104]

Alberti C, Hase F, Frey M, Dubravica D, Blumenstock T, Dehn A, Cas-
tracane P, Surawicz G, Harig R, Baier B C, Bés C, Bi J R, Boesch
H, Butz A, Cai Z N, Chen J, Crowell S M, Deutscher N M, Ene
D, Franklin J E, Garcia O, Griffith D, Grouiez B, Grutter M, Ham-
douni A, Houweling S, Humpage N, Jacobs N, Jeong S, Joly L,
Jones N B, Jouglet D, Kivi R, Kleinschek R, Lopez M, Medeiros
D J, Morino I, Mostafavipak N, Miiller A, Ohyama H, Palmer P I,
Pathakoti M, Pollard D F, Raffalski U, Ramonet M, Ramsay R,
Sha M K, Shiomi K, Simpson W, Stremme W, Sun Y W, Tanimo-
to H, T¢ Y, Tsidu G M, Velazco V A, Vogel F, Watanabe M, Wei
C, Wunch D, Yamasoe M, Zhang L and Orphal J. 2022a. Im-
proved calibration procedures for the EM27/SUN spectrometers
of the COllaborative Carbon Column Observing Network (COC-
CON). Atmospheric Measurement Techniques, 15(8): 2433-2463



W AE I A5 BRAE LIS AE M 2% (COCCON) FF o i i s 8 K HA v [ 490 26 1 1 1963

[DOTI: 10.5194/amt-15-2433-2022]

Alberti C, Tu Q S, Hase F, Makarova M V, Gribanov K, Foka S C,
Zakharov V, Blumenstock T, Buchwitz M, Diekmann C, Ertl B,
Frey M M, Imhasin H K, Tonov D V, Khosrawi F, Osipov S I, Re-
uter M, Schneider M and Warneke T. 2022b. Investigation of
spaceborne trace gas products over St Petersburg and Yekaterin-
burg, Russia, by using COllaborative Column Carbon Observing
Network (COCCON) observations. Atmospheric Measurement
Techniques, 15(7): 2199-2229 [DOI: 10.5194/amt-15-2199-2022]

Buschmann M, Deutscher N M, Sherlock V, Palm M, Warneke T and
Notholt J. 2016. Retrieval of xCO, from ground-based mid-infra-
red (NDACC) solar absorption spectra and comparison to TC-
CON. Atmospheric Measurement Techniques, 9(2): 577-585
[DOTI: 10.5194/amt-9-577-2016]

Butz A, Dinger A S, Bobrowski N, Kostinek J, Fieber L, Fischerkeller
C, Giuffrida G B, Hase F, Klappenbach F, Kuhn J, Liibcke P, Tir-
pitz L and Tu Q S. 2017. Remote sensing of volcanic CO,, HF,
HCI, SO,, and BrO in the downwind plume of Mt. Etna. Atmo-
spheric Measurement Techniques, 10(1): 1-14 [DOI: 10.5194/amt-
10-1-2017]

Che K, Cai Z N, Liu Y, Wu L, Yang D X, Chen Y C, Meng X Y, Zhou
M Q, Wang J, Yao L and Wang P C. 2022. Lagrangian inversion
of anthropogenic CO, emissions from Beijing using differential
column measurements. Environmental Research Letters, 17(7):
075001 [DOTI: 10.1088/1748-9326/ac7477]

Che K, Liu Y, Cai Z N, Yang D X, Wang H B and Zhu S H. 2021. Re-
view of atmospheric greenhouse gas observation and application
based on portable Fourier transform infrared spectrometer. Re-
mote Sensing Technology and Application, 36(1): 44-54 (4=, XI|
R, 59RO, EUENE, AT . 2021, A AU L AR
LLANIGEAAE IR 2 AU i Ay o JH 28 e . SR AR 5 7
J, 36(1): 44-54) [DOI: 10.11873/j.issn.1004-0323.2021.1.0044]

Chen J, Dietrich F, Maazallahi H, Forstmaier A, Winkler D, Hofmann
M E G, Denier van der Gon H and Réckmann T. 2020. Methane
emissions from the Munich Oktoberfest. Atmospheric Chemistry
and Physics, 20(6): 3683-3696 [DOI: 10.5194/acp-20-3683-2020]

Chen J, Viatte C, Hedelius J K, Jones T, Franklin J E, Parker H, Gottli-
eb E W, Wennberg P O, Dubey M K and Wofsy S C. 2016. Differ-
ential column measurements using compact solar-tracking spec-
trometers. Atmospheric Chemistry and Physics, 16(13): 8479-
8498 [DOI: 10.5194/acp-16-8479-2016]

Chen Z Q, Liu C, Hu Q H, Hong Q Q, Liu H R, Xing C Z and Su W J.
2019. Remote sensing monitoring methods and applications of at-
mospheric constituents. Advances in Earth Science, 34(3): 255-
264 (WRVETE, XU, W 5, BERE G, X039, JRGE, 9530
2019. KA B9 TE B I 7 12 5 1 . R A2 DR, 34(3):
255-264) [DOL: 10.11867/j.issn.1001-8166.2019.03.0255]

Francoeur C B, McDonald B C, Gilman J B, Zarzana K J, Dix B,
Brown S S, de Gouw J A, Frost G J, Li M, McKeen S A, Peischl
J, Pollack I B, Ryerson T B, Thompson C, Warneke C and Trainer

M. 2021. Quantifying methane and ozone precursor emissions
from oil and gas production regions across the contiguous US. En-
vironmental Science and Technology, 55(13): 9129-9139 [DOI:
10.1021/acs.est.0c07352]

Frey M, Hase F, Blumenstock T, Gro8 J, Kiel M, Mengistu Tsidu G,
Schifer K, Sha M K and Orphal J. 2015. Calibration and instru-
mental line shape characterization of a set of portable FTIR spec-
trometers for detecting greenhouse gas emissions. Atmospheric
Measurement Techniques, 8(7): 3047-3057 [DOI: 10.5194/amt-
83047-2015]

Frey M, Sha M K, Hase F, Kiel M, Blumenstock T, Harig R, Surawicz
G, Deutscher N M, Shiomi K, Franklin J E, Bosch H, Chen J,
Grutter M, Ohyama H, Sun Y W, Butz A, Mengistu Tsidu G, Ene
D, Wunch D, Cao Z S, Garcia O, Ramonet M, Vogel F and Orphal
J. 2019. Building the COllaborative Carbon Column Observing
Network (COCCON): long-term stability and ensemble perfor-
mance of the EM27/SUN Fourier transform spectrometer. Atmo-
spheric Measurement Techniques, 12(3): 1513-1530 [DOI: 10.
5194/amt-12-1513-2019]

Frey M M, Hase F, Blumenstock T, Dubravica D, Gro8 J, Géttsche F,
Handjaba M, Amadhila P, Mushi R, Morino I, Shiomi K, Sha M
K, de Maziére M and Pollard D F. 2021. Long-term column-aver-
aged greenhouse gas observations using a COCCON spectrometer
at the high-surface-albedo site in Gobabeb, Namibia. Atmospheric
Measurement Techniques, 14(9): 5887-5911 [DOI: 10.5194/amt-
14-5887-2021]

Gisi M, Hase F, Dohe S and Blumenstock T. 2011. Camtracker: a new
camera controlled high precision solar tracker system for FTIR-
spectrometers. Atmospheric Measurement Techniques, 4(1): 47-
54 [DOI: 10.5194/amt-4-47-2011]

Gisi M, Hase F, Dohe S, Blumenstock T, Simon A and Keens A. 2012.
XCO,-measurements with a tabletop FTS using solar absorption
spectroscopy. Atmospheric Measurement Techniques, 5(11): 2969-
2980 [DOI: 10.5194/amt-5-2969-2012]

Godwin C M, McNamara P J and Markfort C D. 2013. Evening meth-
ane emission pulses from a boreal wetland correspond to convec-
tive mixing in hollows. Journal of Geophysical Research: Biogeo-
sciences, 118(3): 994-1005 [DOI: 10.1002/jgrg.20082]

Hase F, Blumenstock T and Paton-Walsh C. 1999. Analysis of the in-
strumental line shape of high-resolution Fourier transform IR
spectrometers with gas cell measurements and new retrieval soft-
ware. Applied Optics, 38(15): 3417-3422 [DOI: 10.1364/A0.38.
003417]

Hase F, Frey M, Blumenstock T, GroB3 J, Kiel M, Kohlhepp R, Mengis-
tu Tsidu G, Schifer K, Sha M K and Orphal J. 2015. Application
of portable FTIR spectrometers for detecting greenhouse gas
emissions of the major city Berlin. Atmospheric Measurement
Techniques, 8(7): 3059-3068 [DOI: 10.5194/amt-8-3059-2015]

Hase F, Frey M, Kiel M, Blumenstock T, Harig R, Keens A and Orphal
J. 2016. Addition of a channel for XCO observations to a portable



1964 National Remote Sensing Bulletin i & 54k 2024, 28(8)

FTIR spectrometer for greenhouse gas measurements. Atmospher-
ic Measurement Techniques, 9(5): 2303-2313 [DOI: 10.5194/
amt9-2303-2016]

Hedelius J K, Parker H, Wunch D, Roehl C M, Viatte C, Newman S,
Toon G C, Podolske J R, Hillyard P W, Iraci L T, Dubey M K and
Wennberg P O. 2017. Intercomparability of XCO, and XCH, from
the United States TCCON sites. Atmospheric Measurement Tech-
niques, 10(4): 1481-1493 [DOI: 10.5194/amt-10-1481-2017]

Hedelius J K, Viatte C, Wunch D, Roehl C M, Toon G C, Chen J,
Jones T, Wofsy S C, Franklin J E, Parker H, Dubey M K and Wen-
nberg P O. 2016. Assessment of errors and biases in retrievals of
XCO,, XCH,, XCO, and XN,O from a 0.5 cm ! resolution solar-
viewing spectrometer. Atmospheric Measurement Techniques, 9
(8): 3527-3546 [DOI: 10.5194/amt-9-3527-2016]

Heerah S, Frausto-Vicencio I, Jeong S, Marklein A R, Ding Y F, Meyer
A G, Parker H A, Fischer M L, Franklin J E, Hopkins F M and
Dubey M. 2021. Dairy methane emissions in California’ s San
Joaquin valley inferred with ground-based remote sensing obser-
vations in the summer and winter. Journal of Geophysical Re-
search: Atmospheres, 126(24): ¢2021JD034785 [DOI: 10.1029/
2021JD034785]

Huang X, Ding K, Liu J Y, Wang Z L, Tang R, Xue L, Wang H K,
Zhang Q, Tan Z M, Fu C B, Davis S J, Andreac M O and Ding A
J. 2023. Smoke-weather interaction affects extreme wildfires in di-
verse coastal regions. Science, 379(6631): 457-461 [DOI: 10.
1126/science.add9843]

Jacobs N, Simpson W R, Wunch D, O'Dell C W, Osterman G B, Hase
F, Blumenstock T, Tu Q S, Frey M, Dubey M K, Parker H A, Kivi
R and Heikkinen P. 2020. Quality controls, bias, and seasonality
of CO, columns in the boreal forest with Orbiting Carbon Obser-
vatory-2, Total Carbon Column Observing Network, and EM27/
SUN measurements. Atmospheric Measurement Techniques, 13
(9): 5033-5063 [DOI: 10.5194/amt-13-5033-2020]

Jones T S, Franklin J E, Chen J, Dietrich F, Hajny K D, Paetzold J C,
Wenzel A, Gately C, Gottlieb E, Parker H, Dubey M, Hase F,
Shepson P B, Mielke L H and Wofsy S C. 2021. Assessing urban
methane emissions using column-observing portable Fourier
transform infrared (FTIR) spectrometers and a novel Bayesian in-
version framework. Atmospheric Chemistry and Physics, 21(17):
13131-13147 [DOI: 10.5194/acp-21-13131-2021]

Keppel-Aleks G, Toon G C, Wennberg P O and Deutscher N M. 2007.
Reducing the impact of source brightness fluctuations on spectra
obtained by Fourier-transform spectrometry. Applied Optics, 46
(21): 4774-4779 [DOL: 10.1364/A0.46.004774]

Kille N, Chiu R, Frey M, Hase F, Sha M K, Blumenstock T, Hannigan
J W, Orphal J, Bon D and Volkamer R. 2019. Separation of meth-
ane emissions from agricultural and natural gas sources in the Col-
orado front range. Geophysical Research Letters, 46(7): 3990-
3998 [DOI: 10.1029/2019GL082132]

Klappenbach F, Bertleff M, Kostinek J, Hase F, Blumenstock T, Agusti-

Panareda A, Razinger M and Butz A. 2015. Accurate mobile re-
mote sensing of XCO, and XCH, latitudinal transects from
aboard a research vessel. Atmospheric Measurement Techniques,
8(12): 5023-5038 [DOTI: 10.5194/amt-8-5023-2015]

Knapp M, Kleinschek R, Hase F, Agusti-Panareda A, Inness A, Barré
J, Landgraf J, Borsdorff T, Kinne S and Butz A. 2021. Shipborne
measurements of XCO,, XCH,, and XCO above the Pacific
Ocean and comparison to CAMS atmospheric analyses and S5P/
TROPOMI. Earth System Science Data, 13(1): 199-211 [DOI:
10.5194/essd-13-199-2021]

Kumar P, Broquet G, Yver-Kwok C, Laurent O, Gichuki S, Caldow C,
Cropley F, Lauvaux T, Ramonet M, Berthe G, Martin F, Duclaux
O, Juery C, Bouchet C and Ciais P. 2021. Mobile atmospheric
measurements and local-scale inverse estimation of the location
and rates of brief CH, and CO, releases from point sources. Atmo-
spheric Measurement Techniques, 14(9): 5987-6003 [DOI: 10.
5194/amt-14-5987-2021]

Li F, Sun S W, Zhang Y G, Feng C X, Chen C H, Mao H Q and Liu Y
N. Mapping methane super-emitters in China and United States
with GF5-02 hyperspectral imaging spectrometer. National Re-
mote Sensing Bulletin (7= &, #Mt-Hi, 5k AOG, B R, BT,
BEE, XA . 52> 105 02 B i 6l AR A b SE d 8 H g
2 HE IR 1 RO 5 40 M L i 24 i) [DOL: 10.11834/jrs.
20232453]

Liu C, Sun Y W, Shan C G, Wang W, Notholt J, Palm M, Yin H, Tian
Y, Gao J X and Mao H Q. 2023. Long-term observations of atmo-
spheric constituents at the first ground-based high-resolution Fou-
rier-transform spectrometry observation station in China. Engi-
neering, 22: 201-214 [DOI: 10.1016/j.eng.2021.11.022]

Liu Y, Wang J, Che K, Cai Z N, Yang D X and Wu L. 2021. Satellite
remote sensing of greenhouse gases: progress and trends. Nation-
al Remote Sensing Bulletin, 25(1): 53-64 (X%, T4, 4251, 28K
B AR, R 20210 AR DR SR &
J&2EAR, 25(1): 53-64) [DOL: 10.11834/jrs.20210081]

LiuY Q, Qin K, Cohen B J, Kang H S, Hu W, Lu F, Wu X H and Yang
C L. 2022. Analysis of the characteristics of methane in the coal
mining area of southeastern Shanxi with eddy and mobile observa-
tion. Journal of China Coal Society, 47(12): 4395-4402 (X141 %k,
Z1, Cohen B J, FREIA13, #13H, L, sUIGEIE, A% 5007 . 2022, k
T4 BI B GE UL A B 2 e AT DX e o A AT R =2,
47(12): 4396-4402) [DOL: 10.13225/j.cnki.jecs.PE22.1241]

Luther A, Kleinschek R, Scheidweiler L, Defratyka S, Stanisavljevic
M, Forstmaier A, Dandocsi A, Wolff S, Dubravica D, Wildmann
N, Kostinek J, Jockel P, Nickl A L, Klausner T, Hase F, Frey M,
Chen J, Dietrich F, Necki J, Swolkien J, Fix A, Roiger A and Butz
A. 2019. Quantifying CH, emissions from hard coal mines using
mobile sun-viewing Fourier transform spectrometry. Atmospheric
Measurement Techniques, 12(10): 5217-5230 [DOI: 10.5194/amt-
12-5217-2019]

Luther A., Kostinek J., Kleinschek R., Defratyka S., Stanisavljevi¢ M.,



W AE I A5 BRAE LIS AE M 2% (COCCON) FF o i i s 8 K HA v [ 490 26 1 1 1965

Forstmaier A., Dandocsi A., Scheidweiler L., Dubravica D., Wild-
mann N., Hase F., Frey M. M., Chen J., Dietrich F., Necki J.,
Swolkien J., Knote C., Vardag S. N., Roiger A., and Butz A. 2022.
Observational constraints on methane emissions from Polish coal
mines using a ground-based remote sensing network, Atmospher-
ic Chemistry and Physics, 22, 5859-5876 [https://doi.org/10.5194/
acp-22-5859-2022, 2022]

Makarova M V, Alberti C, Ionov D V, Hase F, Foka S C, Blumenstock

T, Warneke T, Virolainen Y A, Kostsov V S, Frey M, Poberovskii
AV, Timofeyev Y M, Paramonova N N, Volkova K A, Zaitsev N
A, Biryukov E Y, Osipov S I, Makarov B K, Polyakov A V, Ivak-
hov V M, Imhasin H K and Mikhailov E F. 2021. Emission Moni-
toring Mobile Experiment (EMME): an overview and first results
of the St. Petersburg megacity campaign 2019. Atmospheric Mea-
surement Techniques, 14(2): 1047-1073 [DOI: 10.5194/amt-14-
1047-2021]

Mermigkas M, Topaloglou C, Balis D, Koukouli M E, Hase F, Du-

bravica D, Borsdorff T and Lorente A. 2021. FTIR measurements
of greenhouse gases over Thessaloniki, Greece in the framework
of COCCON and comparison with SSP/TROPOMI observations.
Remote Sensing, 13(17): 3395 [DOI: 10.3390/rs13173395]

Ohyama H, Morino I, Velazco V A, Klausner T, Bagtasa G, Kiel M,

Frey M, Hori A, Uchino O, Matsunaga T, Deutscher N M, DiGan-
gi J P, Choi Y, Diskin G S, Pusede S E, Fichn A, Roiger A, Lich-
tenstern M, Schlager H, Wang P K, Chou C C K, Andrés-
Hernandez M D and Burrows J P. 2020. Validation of XCO, and
XCH, retrieved from a portable Fourier transform spectrometer
with those from in situ profiles from aircraft-borne instruments.
Atmospheric Measurement Techniques, 13(10): 5149-5163 [DOI:
10.5194/amt-13-5149-2020]

RiBmann M, Chen J, Osterman G, Dietrich F, Makowski M, Zhao X

X, Hase F and Kiel M. 2022. Comparison of OCO-2 target obser-
vations to MUCCnet - Is it possible to capture urban XCO, gra-
dients from space?. Atmospheric Measurement Techniques, 15

(22): 6605-6623 [DOI: 10.5194/amt-15-6605-2022]

Saunois M, Stavert A R, Poulter B, Bousquet P, Canadell J G, Jackson

R B, Raymond P A, Dlugokencky E J, Houweling S, Patra P K,
Ciais P, Arora V K, Bastviken D, Bergamaschi P, Blake D R,
Brailsford G, Bruhwiler L, Carlson K M, Carrol M, Castaldi S,
Chandra N, Crevoisier C, Crill P M, Covey K, Curry C L, Etiope
G, Frankenberg C, Gedney N, Hegglin M I, Hoglund-Isaksson L,
Hugelius G, Ishizawa M, Ito A, Janssens-Maenhout G, Jensen K
M, Joos F, Kleinen T, Krummel P B, Langenfelds R L, Laruelle G
G, Liu L C, Machida T, Maksyutov S, McDonald K C, McNorton
J, Miller P A, Melton J R, Morino I, Miiller J, Murguia-Flores F,
Naik V, Niwa Y, Noce S, O'Doherty S, Parker R J, Peng C H,
Peng S S, Peters G P, Prigent C, Prinn R, Ramonet M, Regnier P,
Riley W J, Rosentreter J A, Segers A, Simpson I J, Shi H, Smith S
J, Steele L P, Thornton B F, Tian H Q, Tohjima Y, Tubiello F N,
Tsuruta A, Viovy N, Voulgarakis A, Weber T S, van Weele M, van

der Werf G R, Weiss R F, Worthy D, Wunch D, Yin Y, Yoshida Y,
Zhang W X, Zhang Z, Zhao Y H, Zheng B, Zhu Q, Zhu Q A and
Zhuang Q L. 2020. The global methane budget 2000-2017. Earth
System Science Data, 12(3): 1561-1623 [DOI: 10.5194/essd-12-
1561-2020]

Sha M K, De Maziére M, Notholt J, Blumenstock T, Chen H L, Dehn

A, Griffith D W T, Hase F, Heikkinen P, Hermans C, Hoffmann A,
Huebner M, Jones N, Kivi R, Langerock B, Petri C, Scolas F, Tu
Q S and Weidmann D. 2020. Intercomparison of low- and high-
resolution infrared spectrometers for groundbased solar remote
sensing measurements of total column concentrations of CO,,
CH,, and CO. Atmospheric Measurement Techniques, 13(9):
4791-4839 [DOI: 10.5194/amt-13-4791-2020]

Shi T Q, Han G, Ma X, Mao H Q, Chen C H, Han Z Y, Pei Z P, Zhang

H W, Li S W and Gong W. 2023. Quantifying factory-scale CO,/
CH, emission based on mobile measurements and EMISSION-
PARTITION model: cases in China. Environmental Research Let-
ters, 18(3): 034028 [DOI: 10.1088/1748-9326/acbce7]

Tu Q S. 2019. Observation of Atmospheric Greenhouse Gas Abundanc-

es on Regional Scales in Boreal Areas Using Portable FTIR Spec-
trometers. Karlsruhe: Karlsruher Institut fiir Technologie (KIT)

[DOI: 10.5445/IR/1000095901]

Tu Q S, Hase F, Blumenstock T, Kivi R, Heikkinen P, Sha M K, Raffal-

ski U, Landgraf J, Lorente A, Borsdorff T, Chen H L, Dietrich F
and Chen J. 2020. Intercomparison of atmospheric CO, and CH,
abundances on regional scales in boreal areas using Copernicus
Atmosphere Monitoring Service (CAMS) analysis, COllaborative
Carbon Column Observing Network (COCCON) spectrometers,
and Sentinel-5 Precursor satellite observations. Atmospheric Mea-
surement Techniques, 13(9): 4751-4771 [DOI: 10.5194/amt-13-

4751-2020,

Tu Q S, Hase F, Blumenstock T, Schneider M, Schneider A, Kivi R,

Heikkinen P, Ertl B, Dickmann C, Khosrawi F, Sommer M, Bors-
dorff T and Raffalski U. 2021. Intercomparison of arctic XH,O
observations from three ground-based Fourier transform infrared
networks and application for satellite validation. Atmospheric
Measurement Techniques, 14(3): 1993-2011 [DOI: 10.5194/amt-
14-1993-2021]

Tu Q S, Hase F, Schneider M, Garcia O, Blumenstock T, Borsdorff T,

Frey M, Khosrawi F, Lorente A, Alberti C, Bustos J J, Butz A,
Carreno V, Cuevas E, Curcoll R, Diekmann C J, Dubravica D,
Ertl B, Estruch C, Ledon-Luis S F, Marrero C, Morgui J A, Ramos
R, Scharun C, Schneider C, Sepulveda E, Toledano C and Torres
C. 2022. Quantification of CH, emissions from waste disposal
sites near the city of Madrid using ground- and space-based obser-
vations of COCCON, TROPOMI and TASI. Atmospheric Chemis-
try and Physics, 22(1): 295-317 [DOI: 10.5194/acp-22-295-2022]

Viatte C, Lauvaux T, Hedelius J K, Parker H, Chen J, Jones T, Franklin

J E, Deng A J, Gaudet B, Verhulst K, Duren R, Wunch D, Roehl
C, Dubey M K, Wofsy S and Wennberg P O. 2017. Methane emis-



1966 National Remote Sensing Bulletin i & 54k 2024, 28(8)

sions from dairies in the Los Angeles Basin. Atmospheric Chemis-
try and Physics, 17(12): 7509-7528 [DOI: 10.5194/acp-17-7509-
2017]

Vogel F R, Frey M, Staufer J, Hase F, Broquet G, Xueref-Remy I, Che-
vallier F, Ciais P, Sha M K, Chelin P, Jeseck P, Janssen C, T¢ Y,
GroB3 J, Blumenstock T, Tu Q S and Orphal J. 2019. XCO, in an
emission hot-spot region: the COCCON Paris campaign 2015. At-
mospheric Chemistry and Physics, 19(5): 3271-3285 [DOI: 10.
5194/acp-19-3271-2019]

Wang W, Tian Y, Liu C, Sun Y W, Liu W Q, Xie P H, Liu J G, Xu J,
Morino I, Velazco V A, Griffith D W T, Notholt J and Warneke T.
2017. Investigating the performance of a greenhouse gas observa-
tory in Hefei, China. Atmospheric Measurement Techniques, 10
(7): 2627-2643 [DOL: 10.5194/amt-10-2627-2017]

Wei C, Lyu Z, Bu L B and Liu J Q. 2022. Occurrence and discrepancy
of surface and column mole fractions of CO, and CH, at a desert
site in Dunhuang, Western China. Atmosphere, 13(4): 571 [DOI:
10.3390/atmos13040571]

World Meteorological Organization. 2022. State of the Global Climate
2021 (WMO-No. 1290) [EB/OL] https://library. wmo.int/doc_num.
php?explnum_id=11178

Wunch D, Toon G C, Blavier J F L, Washenfelder R A, Notholt J, Con-
nor B J, Griffith D W T, Sherlock V and Wennberg P O. 2011a.
The total carbon column observing network. Philosophical Trans-
actions of the Royal Society A: Mathematical, Physical and Engi-
neering Sciences, 369(1943): 2087-2112 [DOI: 10.1098/rsta.2010.
0240]

Wunch D, Toon G C, Sherlock V, Deutscher N M, Liu C, Feist D G
and Wennberg P O. 2015. The Total Carbon Column Observing
Network’ s GGG 2014 Data Version. CaltechDATA. [https://doi.
org/10.14291/TCCON. GGG2014. DOCUMENTATION. RO/

1221662]

Wunch D, Wennberg P O, Toon G C, Connor B J, Fisher B, Osterman
G B, Frankenberg C, Mandrake L, O’ Dell C, Ahonen P, Biraud S
C, Castano R, Cressie N, Crisp D, Deutscher N M, Eldering A,
Fisher M L, Griffith D W T, Gunson M, Heikkinen P, Keppel-
Aleks G, Kyro E, Lindenmaier R, Macatangay R, Mendonca J,
Messerschmidt J, Miller C E, Morino I, Notholt J, Oyafuso F A,
Rettinger M, Robinson J, Roehl C M, Salawitch R J, Sherlock V,
Strong K, Sussmann R, Tanaka T, Thompson D R, Uchino O,
Warneke T and Wofsy S C. 2011b. A method for evaluating bias
in global measurements of CO,total columns from space. Atmo-
spheric Chemistry and Physics, 11(23): 12317-12337 [DOI: 10.
5194/acp-11-12317-2011]

Yang Y, Zhou M Q, Langerock B, Sha M K, Hermans C, Wang T, Ji D
H, Vigouroux C, Kumps N, Wang G C, De Mazi¢re M and Wang
P C. 2020. New ground-based Fourier-transform near-infrared so-
lar absorption measurements of XCO,, XCH, and XCO at Xiang-
he, China. Earth System Science Data, 12(3): 1679-1696 [DOI:
10.5194/essd-12-1679-2020]

Yao L, Yang D X, Cai Z N, Zhu S H, Liu Y, Deng J B, Tian L F, Yin Z
S and Lu N M. 2022. Status and trend analysis of atmospheric
methane satellite measurement for carbon neutrality and carbon
peaking in China. Chinese Journal of Atmospheric Sciences, 46
(6): 1469-1483 (WkIk, 47 AW, ZEIK 55, AR BT, XUBE, A&, 11
JeK, AL, A . 2022, T [ FE Bk R Bk I 1 A HY
e UL L BUIR 5 R SRR 33 B . KR, 46(6): 1469-1483)
[DOI: 10.3878/j.issn.1006-9895.2207.22096]

Zhao X X, Marshall J, Hachinger S, Gerbig C, Frey M, Hase F and
Chen J. 2019. Analysis of total column CO, and CH, measure-
ments in Berlin with WRF-GHG. Atmospheric Chemistry and
Physics, 19(17): 11279-11302 [DOI: 10.5194/acp-19-11279-2019]

Research progress on COllaborative Carbon Column Observing Network
(COCCON) and prospects of its methane monitoring application in China
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Abstract: Ground-based remote sensing technology is an effective tool for monitoring atmospheric greenhouse gas column concentrations
to calibrate satellites and study carbon sinks. The COllaborative Carbon Column Observing Network (COCCON) is a global network of
portable Fourier transform infrared (FTIR) spectrometers EM27/SUN and is compact and mobile. The COCCON instrument is appropriate

for field campaigns and for long-term deployment at a site which effectively complements the Total Carbon Column Observing Network

(TCCON). In addition, its excellent robust and reliable characteristics have been demonstrated in several successful field campaigns.

Karlsruhe Institute of Technology (KIT) conducts optimization by subjecting each unit to an expert performance assessment and fine-tuning.
KIT also calibrates it in reference to the EM27/SUN spectrometer utilized at KIT and the TCCON site in Karlsruhe. KIT, as part of European
Space Agency initiatives, has developed open-source and freely accessible codes for processing and analyzing COCCON measurement
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spectra.

In this study, we introduce the Instrumental Line Shape (ILS), which is a critical factor for obtaining precise information from
measurements. The ILS parameters can be derived by conducting an open-path observation of a few meters of lab air. In addition, the high-
precision inversion algorithm called PROFFAST is proposed. This algorithm is designed for the retrieval of column-averaged dry-air mole
fractions of gas (X,,). This work also presents various studies on satellite validation and methane emission from urban areas, coal mines, and
livestock using COCCON methane observations. Furthermore, we provide preliminary applications of COCCON instruments in monitoring
methane levels within urban region (Xuzhou) and coal mining region (Shanxi) in China. Initial analyses have revealed that methane
concentrations in the coal mines under study in China surpass those observed in European contexts. These elevated concentrations are
closely related to variations in mining activities in different coal mines. Subsequent findings are currently being prepared for further
publication.

Considering that the COCCON network is mainly applied in western countries, developing region-specific ground-based remote
sensing inversion techniques is necessary for assessing EM27/SUN methane emissions in China. This urgency stems from the complex
nature of emission sources and high-concentration pollution scenarios unique to China. Two different aspects should be considered: dual
influences of diffusion and transport, such as mutual diffusion effects among multiple coal mine emissions; the effects of complex
atmospheric boundary layer changes under aerosol - atmospheric boundary layer interactions.

Key words: greenhouse gases, ground-based remote sensing, fourier transform infrared spectrometer, EM27/SUN, COCCON, methane,
coal mine emissions
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