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W RSO P 2% B R R, AR | BB RO L ST . BEXTLLANE OGS CH R E T

2T U R

BEAR T PR Y CH, TR 18 &k R B0k . [\,

VI H A< GOSAT (Greenhouse gases Observing

SATellite) T2 M6, FitT T2 CH,BIEHILITE TAE P AR, BB T M L2 8T T T2 CH, B ™ i
P EEEME . R, T TCCON & 1) uify () WL 5% 6, X 558 ALY TROPOMI  (TROPOspheric Monitoring
Instrument) TR CH, WG S CACHE ™ fh 4T 1 M BR300, R WI/EAEAE b X TROPOMI CH RV B2 7 i ik 3] 1
DK BE H bRiz e oK s TROPOMIWLINAS 21 (1) CH, A iR BE AR 3 K R 2R 55 T TCCON W45 5, P8 AH 2% 0.263+
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1 5 F

HWER RSP E B (CH,) J2 5B — S bk
(CO,) ZJMEZRESA, R ERT
TRESEANEHREEMZ — (EHA,
1991) . CH7ERSHMEEZ R 1.9 ppmy, HA8K
BRI RS AR RE L2 COo, 1 28 fF, HEHT5RIA
T R SR 16%, X Hb Bk 2 40 1Y i Bl S
HAEEENE (IPCC, 2014). [[EE;, CH, Xj&—
Rk im MR, E RS B AL iU AR
e S LAY, R Y R, R
FEMETEXHRZE R A A (Abernethy 4, 2021),

FEm BHHA: 2022-10-12; FIENZR: 2023-03-12

1922 8O AEAR, AL AL (WMO) 4
T EBRKAMMR] (GAW), iR TEXF KA
CH, W FE (R G . B 5 55 B KSR
(NOAA) ST T 4Bk CH, M BEWLIN ) . 753 250
JUH4EH, KA CH M BERIZL T, (HAL R
TRMAUE S, M 1980 4F £ 1999 4F KA (1% CH, ik
JEFaE FTF; 2000 4F 2 2006 4F CH, e B LA {15
A5 12006 4E 2 J5 G I, FEBIDE 20204E 2
J& CH ARG RORGEEMNAE , 153] T 15—18 ppb/4F:
(https://gml. noaa. gov/ccgg/trends_ch4/; 2022 4F- 8 H
15H). KRSH CH,2160% % B A\ iR, F&
FLEIE . RARS AL P2 as ey . B3 B
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JROKALEE  WEF . RS, HARZY40% W2 A A
BEHE, FEQFERM . W R
(Kirschke %, 2013). fEBRMLE N, JTlH) CH,
HERC A T A IR HE R 70% LA L (Hopkins 45 ,
2016) o ML TR AR ZH 0 CH HERLI, R
CH, i BR AL AR X frg 8.0 XF 3L )2 CH, 5 OH A
Y R Al . T MR L R AR W AR DL R AR R
By A, Horb, CH, 5 OH B Hi A%
fbJ& CH K, 5 77% (KEBEmMBEZ:, 2015;
IPCC, 2014),

T GE b FE LIRS B vy, (HIG B AR . =
[ ACRPEA S, XELAARAS CH, MR 19 42 BR O3 A
it BEECFHOR . HEAEOR | BHEAR 518
HE R B P & JiE 27 18 A I 30 4F 9B ke B
22 1 8 ] T R AR, (X SCE 4%, 20165 X
SCH, 2022) 0 CH, HYHFAE M 2k T 287 S i 41 41
AVARLL AN B, DR b 308 s SO0 I DA I 66 e 4 5 8o
RARERS, BENE S I 345 CH B 2 AT ok il e
B, TR TR R B AL A RO 5 i UL KAl
REJE A — S S R M X Wb X, T s
S5 A% 2 1) b TEDUL I AR XE AR SRR R M ), RE RS 2
s S LI B . T S 2K CH G IS
(Maasakkers &%, 2022; JacobZf, 2022). T 1L
B OG5 e LA, 2Bk AR . =
SIERESHR T, S8 CH, MR B UL 152 22 55
Ko B, TR CH, LI A 75 2 kb EU 47
WZEITIE,

o TIRAEAT SR TR CH MR IGUEoRE, Blo#
FAVE AT Z A AR5 T, ST RN BE A
CH, 2 JBOWLI [ 2% . 4T, EPr EJLPITA AR
CH, ™ kb #B K FH b 5L CH, 38 B8 B A TR 22 1T IR 5
FRFEAT AT o A OB B S 48 CH, R B2 179 b s
3, A AL H AKX GOSAT (Thermal And Near—
infrared Sensor for carbon Observation) A il /41 T
B CH, Y7 S TEATIE TR, Fm a5 b R
B A BT S I A i £ G RO e v (FF
W), A4 IR M L0 A0 & s CH, S B A Y
DA S T BIE T A .

2 ML E LTSNS CH 8 RN 2%

o B bR TR A b A R O
14 8L 7 B A B 2 B AR LD A1 6 A FTIR
(Fourier Transform Infrared spectrometer) . #H kT 1.

L A FH S S B HOROG , HE FTIR UL R
PR SRR A, e po R MRy, R U Ay T
Pegs, (R  HbEE FTIR 09 WL 5 AN 52 #1452
BT M L FTIR A0 £ A, E PR b sr 1 48k
Bk A 5L i W ) % TCCON  (Total Carbon Column
Observing Network ) . K43 A8 A6 XL o) — 21 A
TAEZ NDACC-TIRWG (Network for the Detection of
Atmospheric Composition Change—the Infrared Working
Group) A M FE & 2 P £F UL W 9 45 COCCON
(Collaborative Carbon Column Observing Network) .
34 by e 1 A ) 245 34 R LA 4 CHL7E N 9 2 A
ISR, AR BE . IR .
B LR T A A R . R 1FIH T TCCON,
NDACC-IRWG, COCCON By EZALE . 77t . 5
LR

2.1 TCCON

2004 4F /1 & [F N BE T K %% (Caltech) &
2, —+ 24 EBRABA A FF A7 TCCON X
W, B2 poh T E Br b A LR = R R
JEEUL I I . TCCON 23R 4% il 1 0 250 R FH 18 [
Bruker 24 H] 9 IFS 125HR {f B 204065, I H
RS —Beis SR (GGG), Mifi3ikAs Co,.
CH,. CO. HF, HCl. N,0. 0,, H,0. HDO %%
R, T R OE 2 1BF58 DL SO TR R
A TR LTI 7= i B AL b 3R 6 E R o R A . Rk
20224E9 J1, TCCON 7E4=ERYE Bl P 3 AT 28 b ife
i . TCCON 3 5 76 R AL S8 0 o A 4 4,
UVORRW (EZEPFHA, wiE) FMKREN,
FEEUN R . ARV AT R SE N s AR B Wi . h
BT TCCON, J35lde . HEBLE R %
BOCERS H MU ST (B AEsE) DL R 2
Bt KW B FE T (Kl ) . TCCON i & 3t
ZLANRBHERE (3900—18000 em™) , 61y HE
9 0.02 em™, T CH, 1 5T % 1 98 [ 2 5880—
6145 cm™,

GGG MR L ETFMR (NASA) WE It
Sy e (JPL) A Geoff Toon T+ 5, EFrE £
A~ TCCON J 5t HE R & 58 i . GGG B T
TR )2 T00 3] b, 3R ) A A% o R AL (38
2R LA T R ) RN MR Y % B R AR
(R A (R AG T R TEAL AL ) o GGG 3K A
TCCON # ST HI BN A — L8 5 7 4N RA (4351
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1 GGG2009, GGG2012, GGG2014 F GGG2020) ,
GGG R AT 3T £ B4k KR40 F WOk 3 2 |
RIESH . EREL . KFJEIE . (US55,
E 5 BT 1 GGG2020 B A4F v, CH, e 530 B 4k ok A
NASA 4 BRI {5 B 556 2 A M UL 22 40 2 57 1Y)
FasE GEOS AL (GEOS-FPIT), K44 Wik
1% P L 558 19 HITRAN2020  (Gordon 45, 2022)
A Al AT CH, 43 B B AH O PR R 2R R

& (qSDV+LM) (Mendonca %, 2017), KFHIGHE
N T L A B ORI 27 6 WO
TR R (Toon, 2022) . AT ZHIAIRLA,
GGG2020 & IRAERT MBI A TAUER 250 (i
S0 Y A SR T AL AR AT ), DA S A
ETE 5 SRS E S, W Tl T
=TT AL 152 2%

%1 TCCON.NDACC-IRWG,.COCCON KM R EREEEZEXBSH
Table 1 Key parameters of TCCON, NDACC-IRWG and COCCON instruments, products and retrievals algorithms

TSRO ) 2%

itk
TCCON NDACC-IRWG COCCON
Bruker TFS 120/125HR
FEFTIR Bruker IFS 125HR Bruker IFS 120/125M Bruker EM27/SUN
ABB Bomen DAS
PR 2 TANEE(SD AT AMRERRN (InGaAs)  TABEEH(InSh) Al 1AL (MCT) P HE A (InGaAs)

[ €0,, CH,, H,0, 0,, HDO,

0,. HNO,, HF, HCI, CO,

€0,, CH,, H,0, 0,, CO

HF, CO, N,0 CH,, N,0, CIONO,, HCN, C,H,
S GGG2020 SFIT4/PROFFIT PROFFAST
St Bk GEOS-FPIT WACCM GEOS-FPIT
2611.600—2613.350
s 5872.000—5988.000 2613.700—2615.400
CH, St/
Com™) 5996.450—6007.550 2835.550—2835.800 5897.000—6145.000
’ 6007.000—6145.000 2903.820—2903.925
2941.510—2942.220
i (em™) 0.02 0.0035 0.5
FE 2R ENES e F R A S ENES =y
CH, A st RYiR2<0.1% RYIR#<0.2% RYiR2<0.1%
XL 15 2 FfiBL IR 2£<0.5% FEHLIR22<1.0% P BLIR 25 <0.5%
CH, Iy b3 I A R ; 5 WMO HA—E 5 B2 a2 X} TCCON Fy 4= Bk L ELAT AR 4 1)
#i IR 2 SR LIRS B X 42 X R B2 A e AE M B B . B #h 7T, i RAGRAS 5 TCCON A5 A 24 1y
JZ Y CH, e B 2R A b Uk PR R B 9 CH AR B A CH, FEWRBE , BEHEA T4 0L
22 3CHik Wunch %,2011 De Maziere 55,2018 Frey %,2019

GGG S AT A% 0 & GFIT [ 3k . GFIT
JE— MR /D TR LG L, R T BT
LR RGO BT 7 %, VAR SR A e A At 0 1ot
FErf, BRONERZ AR R ARG Y, e T A5 B
Jite AR, AR N CH AR, kR
AR FEL . CH R TC,, W LUE LR

TC(:mzfjf(:H‘(z)'n(z)dz (1)

it':': ’ f(:m(z)jj CH4E@$§%@%&B@E , n(z)j'ﬂ
TR0 TR LR

GGG J i 5 1k 3 o A AW (7885 em™)
REFAESELRE, MHASTPTESN TS
RAHILEAZE (0.2095) M, A TS0

FERE, AR CH, T2 U R R (X ) :

X, = 0.2005 x —Can, !

o TCo, (1 + B-SBF(6))

W CH, O, R M B FL A A ik, Tl
B b M2 AU L TR AR L [ A R
iR 25, BEMIPRE T X, BREORT L . BRILZ b,
TCCON S 15 2] Y X, 5@ o B EHL . <3k, K
LI CH, = A BE BT b, MR 2ZITIE,
ARG ZETTIE (o) PARH KBRS AL i i
2 B-SBF(6) (Wunch%$, 2011; Zhou%¥, 2019),
GGG2020 14 X oy, S 18 Z8 Ge bk 22 FIBE AL 1R 22 00 531l A
<0.1% F1<0.5%
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2.2 NDACC-IRWG

NDACC-IRWG 7EA KA 21 A ul il , T
TCCON 4% A% £ 23K, NDACC-TRWG NI X 58
¥, HHETNDACC-IRWG WL 15 4% 2 224 Bruker
IFS 120/125HR. Bruker IFS 120/125M. Bruker
Vertex 7/80 11 ABB Bomem DA8 %%, NDACC-IRWG
NI o 21 A1 58 HRLT A1 B R BRSO TE (800—
4500 em™), %S HEE A4 0.0035—0.0070 cm ™',

NDACC-IRWG 2% JH SFIT4 5 # PROFFIT ) i
YL, ORIEAT B AR SR B L R . PR R
IR AL T 3T IR A 1 KR AL A
R DS F R AT R B, R [E T GGG
SRR BE U8, SFTI4 F PROFFIT %52 % F
2R S JEASA . SFIT4 A1 PROFFIT 1Y 52 T AR 15 S A A
KAREESE R, o, BEEERZL) kA
NCEP (National Centers for Environmental Prediction)
1 6 /INEF FE A AT BERE, e B 2 gk A R
iz WACCM (Whole Atmosphere Community Climate
Model) FREHLE5 R . Hase 2 (2004) X} SFIT Al
PROFFIT P RS VE M T R4 RS LB, 45 R ER
P 308 e o A o B9 AR A 1) CHL s i 2 SR AR T
FEUH I 22 0T LA Z AT o

A, BT NDACC-TRW G WL Ay o — R 21 4
W B D AR By (Ji 5%, 2020), Joikid it
AR R R T A s, Wi,
NDACC-IRWG R AT, FI RS EFK
SRR R AT 2] h, dFimiiT5: CH,
B2 AR A T X g o

Xon = — TCon, - (3)
S T

M iy dry M iy iy
L, TC,  RAKEM SR, PRMERSE, ¢/
SERE N, My o F M gy IS KRS
SO EE R T i . A EL T TCCON (1) L {7 2%
NDACC-IRWG 4 X o, AR Z MR R BT K
NDACC-IRWG B FCHB 43 3ty x5 #1022 B AT 1 Hs B 1 Hb
FAEEALEER, MR s 0 WA FE A T 0.3 hPa,
XF X o, 1 IR 26 /5T 0.03% (£490.6 ppb) o
{EASE B S, SFIT4 Al PROFFIT 1532 th Ak
WA MARG 2T IER, B R A AL,
SOERAE R RS E B M AT IE R Gk 2%
NDACC-TRW G % 3K £ 3l s K A 19 7 i % FH S LAk

T HS (Rodgers, 2000), i FiriRzE ., Bz
o 2s | W3R 2255 . B X X, NDACC-IRWG
KA FR e 25 T AL R 25 53 5128 <3.0% F1<1.0% .
BRI R G RE R, i d [E PR 24> 0 A
TCCON Fil NDACC-IRWG 1) - 47 X} b 40 #r 2 0,
NDACC-IRWG 9 X, 55 bR & ¢ 15 22 B am /N | H
WERIRZE, 7£02% 2 (Ostler®, 2014; Zhou
4%, 2018),

2.3 COCCON

COCCON K H AT # 8L FTIR, #F47 KA il
FAARE R B, B YK B TCCON 14 55
WY KBNIERNE M2 . NS S AP 1 R H X
R T3 AL LI 6 A7 M L 05, FH R ft A3 T X
Sl o YR IR AR HE L (Vogel 55, 20195
Frey%, 2019; Dietrich %, 2021). COCCON Hfj
() 35 W5 454 Bruker EM27/SUN, LI 3t 2T &)
KFHEHHERE (4000—9000 em™) , Gk RN
0.5 cm™ . JHIXAFHEIEPRE S, COCCON [ CH,
FEHEE AT LAIKH) 5 TCCON A Y A WIS 2 . I HL,
I AR EE S B, A S CH LI PR
BRI RE, NEAERER N5 EER
(Frey%, 2015, 2019).

COCCON 1y ) 7 5 7% 5= %2k H PROFFAST 55
B, HATHEH R V22 A, B E R R
JE T 2 B¢ (KIT) Y Frank Hase 18 + H BA £&
PROFFIT 3 At b JF A& (0 i i v Bk . Bk %
DAL (1) 7 TWIRIERLITIE, WHksS
KRG E K EZES (Keppel-Aleks 45,
2007) , T e o A B o AR A5 21 4 OO0
(2) 5 H A IR B T o TR O i
EHE; (3) KR —KAJLEZWNDEIEIETT B
B, RS CH, MO, MHWE; (4) RS
GGG —HEM Ik (X (2)) Skit% XCH,, H 4T
REITIE.

PR GGG Z5tl, PROFFAST # o A T 1% 2%
TIIEBE, FH T I bR 28 40 0 2 el K BH 5 B2 A1 5
AR 2% . 7E ESA B X 45T, COCCON [ BA
1£ 24> TCCON 3 ;5 #F#E4T T Bruker IFS 125HR Al
Bruker EM27/SUN HJ-FAT%F L3256 (95 2% Sodankyla
5 [H Karlsruhe . 38 Paris %), COCCON [¥J CH,
e BE R 48 iR 25 FRE AL R 22 43 0 R <0.1% F1<0.5%
(Sha%, 2020).
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3 CH, R #5563

\{TE:‘
31 CH,IEERBAXEIIK

A 1990 4F LIk, T2 18 JE A R o3 i i o
FON Ok Bz o RE L W BHAS RE AR
Rl B2 A3t T 220K CHL R BAL . AR T B0
W7 R L il HERE 3FPERY, Hirp
Ny 340 A4 22 9 UL J5 2SR, U0 Envisat/MIPAS
(Michelson Interferometer for Passive Atmospheric
Sounding) I SCISAT-1/ACE-FTS (Atmospheric
Chemistry Experiment Fourier Transform Spectrometer ) ,
REME R MZZ L CH, R HEAFE, ®H
S HEFE K 3—4 km  (De Maziere %5, 2008; von
Clarmann 5%, 2009) o K Jic WA XA 48 w8 119 23 (1]
OIPER, REARISRE R CH AR B

X HL T2 B 48 RS W I AR = 1Y CHL ) T3 A2
H AT E P2 17 1 CH, I T8 RORE G 48y E A
GOSAT-1/2 | #J TANSO-FTS (% % 21 4 i BL) .
S5P L) TROPOMI (JEU¢LTAMEEBL) . MetOp & %1
I TAST (BAZL b BE) LA S Aqua AR E#E#AY
AIRS  (AZLAMEED) . 250 H T 3X 48 CH, LI T2
BTEAE R o LA LT A B I
KEAMSE, HEAITT, IS Y CH,
W B AR AL RURR, R HEROR (U0, (HR SR AL
AMETE R FORPH, B BB AE RO, i L
MK, 5Z3HEE s MRS+
Yoo ARLLHMEE B aok 1 3 FOR S B B & S i AR
SHERIEIR, JofE RG] LLSE a7 W,
{H R T CH, 7E AL A B W e 25tk , i 38 CH,
U Z LT X = e 2, AR T HEBE ]

*2 FEMXRECHUNIE
Table 2 Main nadir CH, satellites

ZH 1
GOSAT S5P METOP Aqua PRISMA MERLIN
PRI 2 TANSO-FTS TROPOMI IASI AIRS HUGAX IPDA ik
-2 | 20094F 1 J 20174E10 A 20064F 10 A 20024E5 A 201943 A 141 2024 4
M 7 = wish i%=] e i%=] sl F3)
SuR AL 13:00 13:30 9:30/21:30 1:30/13:30 10:30 06:00/18:00
R & /km 790 2600 2200 1650 30 0.1
Hj B/ 3 16 29 16 4 28
CH, R %7 F/wm 1.56—1.72 2.31—2.39 7.75—8.06 ~7.6 2.3 1.64555/1.64585
iR g 0.27—0.5 cm™ 0.25—1 nm 0.3—0.5 cm™ 0.5—2 cm™ 10 nm 0.3 nm
BT PR 10.5 km 5.5%7 km® 12 km 13.5 km 30%30 m” 0.15%0.15 km®

w4 RGBS AT dy = %

G Ae] 7 0 L1 A B S B A KA . MR
B CH AT e B UL 18 Ry 1 b2 AT ik 5 e ke ) )
R, E — 1 [ B G B & B9 MERLIN (Methane
Remote Sensing Lidar Mission) TIT7E 2024 4F % 5,
P 5 B U AR 22 OO # 8 - (IPDA LIDAR)
A4 (Pierangelo %5, 2016). S1&450H# ohiE & T
FR[E, MERLIN $#fii Fj IPDA 340 5 ik 1) Mk 26
T & FHEOE KM, SR BSOS PR M ROGTE 5,
B RS0 CH R BE o & SISO 6k v A 5 A
A B, Hh—AN K R A TE CH, 4
b G WFETC CH M B B, ST A
PR AL E RS4RI, KA RS H AL T S 4
PPN A B B 52 JL-F- 2 AH R Y, 3 AR5 AT LA

dA S nm A em ™ B9AH B AL

FIFH 22 53 W e i) S 358 CHL R 7 T 8O B . 23
WOCHRMEAR B PIAE T —J7 AT K B
o, AT USSR KA AW, 55— T3 T2 5% o~
IR H /N, BRI EAT 2= i X e A7
W X AEARKAREE B yRAh 11248 CH AR T 1Y)
Ao 158 TZHA, MERLIN 0] U# AL S04 5
CH, AR T B2 A2 H R ] FR A B IR, i s . <
X RAER R AT, SRR KA B H
J¥ CH 4R .

B 7T T CH O A £0 A E i TR Hifi
Hb, BEEEZAE BINA T b o3 B 0 LR A#EST CH,
e T B i, AL AR R RI R SR & At 9 PRISMA
(PRecursore IperSpettrale della Missione Applicativa)
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TE. PEESEYS (GF-5) MEHE—% (ZY1)
T A &k & 6 3% 1% A1 AHSI (Advanced
Hyperspectral Imager) . Sentinel-2 DA ) Landsat 25
kPR A X 15 K2 400—2500 nm {1 [
B A BH G % 3 B, SO 5 4 R R 5—10 nm,
2SR R AT IE oK) (— AL AM i B R I
BEVu R Bk 35 o PR iR DA Bk BT, i AE T A
JEP B LA AT ) o R T 2Z B HE 5]
FH T il & A8 B S OGS 8L (40 TROPOMI,
GOSAT %), 43 HF i AXAE 2300 nm CH, 38
sk “ACH” BHAGEREE, B3] LIEE CH, &
X ARHHEE S . P2t RN, Xk
1o 25 () A3 R AR AN RE S A S b U Al . K AR
ORI % T R i #E A CH, TR, O B T
BCH, M HERL 8 B (Guanter 5%, 20215 Varon %,
2021; Irakulis—Loitxate %% , 2021) . Sherwin %
(2023) 7E—2 Wb AU 240 T k4T T — £ 51
PRI SE S, JEIN T Sentinel-2. Landsat LA &
PRISMA 1 DL AL A% 25 1400—4000 kg h™' 3 [ A9 HE
JihE . Jacob%E (2022) XL 4> HER AL
ACHEE P ) B AT A5 TR HE R B BE 7 38 A B AT T
A28, JFEGE T 45 27 A HRI 39

ML, CH, A TG i R R IE 7E 25 T 40
SRR B 2 S Sl N U el TR e N A= OB
T A MR L LA K 2 W AR 25 A A0 T R R . Bt T
SRR I H 253 2, A Ok 0 TAE R
FH 32 JE% U8 I 9% Rk E AT 4 BR/IX B Y CHL, A A
(Bergamaschi &5 2013; Alexe %, 2015; Wang
4, 2019; QuéE, 2021) FiI CH, HERCH B /Y115
(Pandey %%, 2019; Lauvaux%%, 2022; Tu%§, 2022).
BRI, X CH, Y T2 B 3 h T AR R i 2k,
360 U) 5 B JC B0 UE TSR X TR ™ b A7 1 22
Al

[ bR % CH, DAL ZE R L 2T e T K i
BB IE TAF . %} T TANSO-FTS 1 TROPOMI 4 i1
LI AN B AT, — R TCCON A1 COCCON Wt
TORMEATIOUE ,  PA B AT EL A R G 00 3 B
fiE R 15 AH AL Y 1 B U (Yang %, 20205 Sha
25, 2021), %FF AIRS Fl TASI % 22T AM ik Bk
fF, 38 % % JH NDACC-IRWG #4750 3F, [H 3,
NDACC-IRWG B WLl I8 B 5 ik S i 45600, g

AR XU E P = 2 CH, 224k f5 2 (De Wachter
&5, 2017; GarciaZ¥, 2018). 4N, TES5TAE
Z (8] A6 He s —Fh i B9 3R 0E 752X, 4N Lorente
4 (2021) # TROPOMI 5 GOSAT f4) CH, AT i iF
T T XA 8T, 3T IE T b 3% = 5 5] 8 1)
TROPOMI CH, A% B 5 o Ji 15 2% .

3.2 GOSAT CH,ERKESWIF

H T GOSAT T &5 — sl vy & S & T TH
TR E SR GG T LA TR, FEBLT A
K, BRTRKENERRESBIUET/E Wik,
AT LA GOSAT B E ], HAimB 7 iz LEW
CH 38 B DL R I B0 T A%

i T TANSO-FTS/GOSAT F¥) Level 1 6 1% 54
XA ERBl A H BATF I, 24~ B B AT & T A X
A7 CH, AL (R3), B fr 2225 )
7Tt (SRON) A R /R Wi & TR A 5 v
L (KIT) SAEFF R E L (SRFP) KAR
FHAE 7 (SRPR) (Butz %%, 2010; Schepers &5 ,
2012) 5 SEHTFERFIT R MY HE Y (OCFP)
FACHIE Y (OCPR) (ParkerZF, 2011, 2020) LA
Je H AR E GRS - R I NIES 5.9 (Yoshida
&, 2011, 2013) . XS ILART LIS A K
25, Bp “&ypH” Bk m BT Bk, H K
F2 B DO XA I DL B 2 B B R Ot
BB A AN, e Bk sl e
T AR rpom AR IR R, DTS 48 R A B
SRR, BR TR CH VR B DAAME 23 [R]85 S i S %
W/ mAg B (Butz:, 2010, 2011). “fRFE™ 7k
2B KA AR SIS = WS, [R)20
{# CO, M1 CH,, 4% COMENSH MK, FIH i
() CH/CO, A1 B FUAH T IEGef A2, N BR A
IS~ B 52 (Schepers 45, 2012), 24
Xew, 2= 2 56 19 X, T LA CH/CO, 1 EL {E 15 F]
(). Bp
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= X X
TC, Xeo, .

K, TCy, FITC ., RFAETTHEHERBAG I T S Ak
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SIS CO, T2 S BEIR 08, — it e
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Table 3 Main CH, retrieval algorithms of TANSO-FTS/GOSAT
Rk Gk T FRBAR E A AN E=PUN
H 4 TANSO-CAL L2 2 7 & AT 2 0 B5% 5 76 i 1)
SRFP (4##)  SRON/KIT — RS I T 10 5 R =T (O 8% Butz 4§ (2010)
b K REZSE0 , TR S o
‘ TE SRFP fY ZE 6l 1 JH XCH/XCO, By HL (51T 1E %
SRPR (ft#f) SRON/KIT CarbonTracker N N— y Schepers 55 (2012)
ZEPEAR NI B A0 e = B s il
3 i O, A A (14 WAL e 456 5 245 1 0 5 B S A A
A ALHE LIDORT 1 B B0 Ot 4 S A S A 78
OCFP (2431 UoL — - Parker %% (2011)
IS0 PRI PR AR R FEA T 0038 R T 4 i
SR 5 AR 25 S i
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e OE-S Niis 7 ;
OCPR (ft3) UoL CAMS =B E R R T Parker % (2011)
o N H2 T T B ASC TBE/ 2 HSC A A 5
HFZ L (Parker %5 ,2020)
K TANSO-CAT Y 22 77 i AT 25 1 B s S W) Yoshida % (2011,
NIES (£43) NIES —

PRAS T kP AL L AR TS A A I R

2013)

H HT T 193 F GOSAT 1L 19 CH, R i F ik
WTE— @ B LA TCCON WOk T T Hb BE 0 UE
(Morino 2£,2011; Butz%$,2011; ParkerZ®, 2011;
Schepers %5, 2012; Yoshida %, 2013; Dils 55,
2014; Zhou%s, 2016; Buchwitz %, 2017; Parker
S5, 2020) . F4AGIH T AT UE T AR R S
Bk BURE RGN RSO R A T
IR T IE LA 54518,

H M GOSAT i XCH, ™ i AT LI, AN FIE
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B AE SRR o AR P A IS 28 DEAC | P15 22 40 BT 25 5
RIS A AF (F4). ET TR CHIBERIE
AR B OGS AL, BT .
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(4% il s 0 22 AR ARV i 22 ), F vl ol 5 ) - 229 g 22
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(R EE B HEA T INECT- 24, A S R IA R 45 5l f i
WCEAMY, HEERES . X F a8 s, B
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MU X oy 8 SO B 22 S X 2 L5

(2) B—HBekpyrt s PEEC 7. GOSAT 1L
5 HbJE FTIR 2[R — B 20 . X6 [R]— AR 47 0]
F T — 21 FEAR A TCCON-GOSAT %di xF, 4R 1M
PRS2 W8 A EE AR TCCON-GOSAT WL I %4 47 %oF 1t %5
wRA, TR REMS T i a R, KILAE
Yo 0F TAE s i B A PRI 23 D EC ] . A 2s
U Tty ie= W AT 67 S B SO (1 S UM TSR S €
wRAD, SN RARE, 28R, It
At gt T A TR 7 O R AS (R VE R, R 2 ORAR .
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i [] 8 10 R 233 (] 91 PR I A /N, R —Hh Bk
VCFCRE i &, IuE R SR e SRS, HAo
B X GOSAT AR CH ML IR IE, 25 DU L Jy =X
WA G —Wbn e, KRZE 5 T 840 a5
+5° Fl+2 ho 33X AE Y I 25 DG AC J7 58 B 42 4 X 3k Y
CH WK FE , (HICILITAE GOSAT TA& CH, ™ fhFE
/NVEREIY (U1<100 km) (953 (8] 86 2 WL BE
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Table 4 CH, satellite validation of various algorithms for GOSAT
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+5°+1 h —14.8+22.6 ppb

(-0.83+1.27%)
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A 3l R M 17 ppb
OCFP 0.4+18.1 ppb
RA 6.0 ppb
SRA 6.2 ppb
247 OCPR 7.0+14.0 ppb
OCFP OCPR 53;2; fgg&cﬁi RA 2.7 ppb GOSAT XCH, f) 4 B i [l £ 18.1—
Dils (V3.2) 10 (GGG2012) W T SRA 5.4 ppb 14.0 ppb Z [l 5 #£ 2= 75 AH X o B2
(2014)  SRFP SRPR 7 Bstiod Gl SRFP -2.5+14.9 ppb (SRA) Jy I, AT 7= B3k 8] 17 /N T
(VL.1) HEN RS RA 3.0 ppb 10 ppb 1 B
2h 15 BB rr bp
SRA 5.7ppn
SRPR 3.1+14.6 ppb
RA 4.2 ppb
SRA 6.2 ppb
-
o NIES 0.02%+0.71%  \1pq SREP 1 SRPR A9 XCH, 7= 5 fi
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Table 5 Statistical parameters commonly used in ground—based satellite validation
Gtk . 4% /ppb . FHXHE (TC i 49)
diff=X s i~ Xrccon r_diff=(X sosrrXsecon ) Xrecon

A5l 1P 2 i 22 mean (diff) mean (r_diff)x100%

Kol R B std (diff) std (r_diff)x100%
e ) i 22 mean (mean(diff)) mean (mean (r_diff))

i s )R S 1 std(mean(diff) ) std(mean (r_diff))
LAIRRS BE std (diff) Fr Eds std (r_diff) BT Edis

(3) P iRZEITIEM & B ITIE . Rodgers Fl
Connor (2003) SilE T 7EdE 17 3L 5 T 5 8 %=
dn CUAR Y, 5 2 T AN [R] 1% S 56 i 4 D % T
BHUBRYE CEYZRED, BT EIE T /e 50 B A
IR REAITIE . IWRSATLLE Y, X T
GOSAT XCH, B0, A7 46 2 F 2 X0) b 1958 Fith I
M) XCH, 8L, A LIP AL T AR A2, A
— L 2 SR FH S8 — 1 ) e T3 4 T o 4 36 1Y) 52 T
FH T AR AR A AT DGR 22 1T 0E, 1
Parker%% (2011) #5H7E GOSAT Al TCCON XCH, =
an T e, SR 25 B RO G, R
Al 35 17.4 ppbo TEJGHIH) TAE S, KA HRUE T AE
BB T O IR2EITIE . HAEENE, PR
ZEVT IEAL 7 S B 26 1T 1E T 349 2% R 50T 1E A
Wy HETRIE, EFXFF TR X 72 5 1 1R 2
ITIEABR TAe R B AT 1E, X & PR 4% R
BT IE TG ZAR O B IR EF S, mix T
SERYE L TR SR 1, ARk R
SRS ME LRI

F TR AR T UL Ml 1T =5 B AT A b I FTIR
7B R —E, TR ) B AR SRR B R T
BT IE S 5 Ml U R — & B A RR AT A Y
Fe# . #E GOSAT X, HYBAE TAE P, 6478 BT
IEM AR, X ] B2 KZE TCCON i
S E AR O A X, IR T IER
AN o SR AE A sl (A0 1zafia, 3K
2.37 km) #E1F GOSAT CH, iy H1 55 5 3FE BF 58 o,
Zhou % (2016) F5i3 7 W RA ST = BT IE S 5]
A 1% W R GE1R2E .

2, ARYEREL A TR I E T A LA
W (FiF S8, B2 VORI 1T 15 s T
1E), BATEH AN TERIET/EEEH& T
B3 A BA SR R AT, 3K T B0 TR I TR AR X

KOG — WSk ik, 78— R L2 ek
250, RIS 1] A ) B8 3k 22 R A AH L G A
KT eEX— S, 2 DA (4 TROPOMI,
0CO) L THIL—1DEMIERIE/ N, R
FHOC A B UEMF 5 TAE o B A ] 1) 2 8 3 1 2R
G — B RS , AT DL b A B A R
FER AL, T B A B A A A B TR A
(] B R I 20 P AR 3 BT 1 7 A S
Horfr, ESA 32479 i % AR S AR (B W B
(GHG-CCI) (Buchwitz %8, 2015) BfEFIH T2
Bt A R AR A BRI 2R Gt T = AR AR
AR LR W CO, M CH B ™= i o o T SE3X A
H¥r, %5 H 4% % GOSAT XCH, JL /& ok & 1
(SRFP, SRPR. OCFP, OCPR) HEfT T G b4
(Dils %, 2014; Buchwitz%5, 2017), fEIMHFEH
el AR IR] B 95 T SR Mg, i DG B Tl ) 22 S e o
Sk CACHLT FIRAHLEL BT Oy ik RO
HMEHER, S5 RERE (Fh RG] LIfE—
FEFREE 3 CH/CO, LUAE L BR ), AR 7 ¥t
WA T XF e 58 CO, MRS IE o BR T GOSAT LA Ak,
GHG-CCI ¥ H £ % TROPOMI L4 K TASI ) CH, 7= i
WHEAT T900E, I Ho P 5 S 58 iy B, ax st
YSUE T AR S 4kt AT o

4 Fl vk 3L FTIR WL & TROPOMI
T EKE

4.1 i 125HR Wil & %

Fr i v FTIR M & Ge v F il b 45 B35 1,
PE 6 5 A A B 29 50 km, K PE L 25 70 km.,
20184F 6 A, f [ER} 27 B KA W) B 5% BT 78 75 1]
KALEG MRS 5 58 W T — B 5 43 $E 2 Bruker
IFS 125HR Hi SO0 R G E . a7 @5
HER K HLANEIE R E . X ARG A shikE 1T



SRR A5 AR LD AM DGR S I S B 1977

TCCON FINDACC #2140, HL A5 P FoUL i A5 =X i)
S, 20214E9 H, Fiuli LI E T — £ Bruker
EM27/SUN i fE#E OGR4, R COCCON 3R
B 3 R PHAT 2T A

Bl uh IFS 125HR W & 48 & ZEALHE 3
gy KPHERERGS . MRS A RS0
(E1) o K BH R B8 6 50K K BH 5 4651 ALk
o AT REEASCIE MR e, IS U %

(a) RPFHERERAF

(a) Solar tracker

(b) 1 B2 AMEEAY
(b) Bruker IFS 125HR

BT — AR, SR W K BH Y5 P 4500
() P49 A7 5175 YO0 - S i 90T IO B B 194 DR A0 4 R
DA R KU SURIIENE RG-S iRl N 5 A ERTR
(GisiZ, 2011; YangZ, 2020). AESLuHT
N e SO . M SRR L XN EE . XU KU |
KIDFEFEFH MR ER, Hh R TEHOR
BRI KRR T SRR, MRIELERGS
K Vaisala PTB210 LS, il 5K5 B2 £ F 0.3 hPa.

(o) HIRLY

(¢) Auto—weather station

BT ik Bruker IFSI25HR FTIR WA AR G2, 045 A BHERER 2% , i 20 BER AT HLMSEER AL, LUK A 3 TR
Fig.1 The Bruker [FS125HR FTIR observation system at Xianghe, including a sun tracker, a high—resolution Fourier spectrometer,

and an automatic weather station
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WA, R AL (CaF,) 43 o 5 A 1k 8%
(InGaAs) f& &R 5 1 HE 47 21 Zh ' 33 0L B
KHTRALET (KBr) 43 sRBEFEEfb4 (InSh) 1%

%, Hob InGaAs {8 A% v 76 5 LR SE 47 0
M InSh 1% B 2% 75 By &R A 4 B 1k 5 19 R
o AT IFS 125HR R GEAE 2021 AR KGN 1 v oy
R AR S, 38 A AR A L SR A B RO
FE2E M 45 em KM 1.8 em, M IFS 125HR ]
PL 3K 1% 5 EM27/SUN — Ff 1 rf 43 B R 21 4 ) 1%
(0.5 em™), IXFERTLATH BR G 3 LBad # v 5 Ay
PR CYET, FEG 125HR 09I A A B
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F6 XSAEMGEE B AR RS
Table 6 The observation system of FTIR at Xianghe
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R EERES GGG2020 PROFFAST SFIT4 PROFFAST
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20244 60, M THOGARNER, R
125HR 5= 1 TAEPIAS H o B 1% FL K FHOGIE
TRV W PEA T AR AWM, Herp 3 21 4h gk BoR
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(HBr) AR, DAE W0 ATS WUl 2 48 /9 TAEIR
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LINEFIT14.5 Bl L A PRy e e A, 31095
HA AR S (K3),
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o 1000 TCCON (#65496)
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Fig. 2 Spectrum acquisition and process flow of IFS 125HR system and the number of spectra collected every week at Xianghe
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Fig. 3 Instrumental Line Shape (ILS)
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BYEIE TAE . YangZF (2020) B & HF vl —
AF Y W8I0 K54 %F TROPOMI T2 A& XCH, 4 35 43 1H il
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TROPOMI Fy 0 I 7 i K541 4B A7 T A 20 38
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1T1E (Lorente %, 2021),
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(d) The variation of relative deviation with aerosol optical thickness
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Fig.4 XCH, time series of TCCON and TROPOMI observations at Xianghe, relative deviation, and the variation of relative deviation

with surface reflectance and aerosol optical thickness
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Abstract: Methane (CH,) is the second most important greenhouse gas in the Earth’s atmosphere, after carbon dioxide (CO,).
Understanding the change in CH, concentration is a challenging task in atmospheric research given that it has various sources. Remote
sensing has now become an effective technique to monitor CH, concentrations globally. In this study, we presented an overview of CH,
column retrievals based on ground-based Fourier Transform Infrared spectrometer (FTIR) and space-based infrared measurements. Satellite
validations were also discussed.

Currently, three ground-based remote sensing international observation networks provide CH, columns: the Total Carbon Column
Observing Network (TCCON), the NDACC-IRWG (Network for the Detection of Atmospheric Composition Change - the Infrared Working
Group), and the COCCON (COllaborative Carbon Column Observing Network). The main characteristics of the three networks were
presented and discussed in our study, such as the measurement instrument, the observed spectra, the retrieval algorithm, and the post-
correction. TCCON and COCCON provide dry-air column-averaged mole fraction of CH, (XCH,) measurements, with a systematic/random
uncertainty of 0.1/0.5%. NDACC provides a total column of CH,, with a slightly large systematic/random uncertainty of 0.2/1.0%. However,
it also provides a vertical profile of CH,, which allows us to observe the CH, variations in the troposphere and stratosphere separately.

Regarding the satellite CH, retrievals, we compared several popular sensors with a nadir-view geometry and their retrieval algorithms,
such as the TANSO-FTS/GOSAT, TROPOMI/S5P, IASI/MetOp, and AIRS/Aqua. Basically, the short-wave infrared measurements (GOSAT
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and TROPOMI) have more sensitivity to the low troposphere, while the thermal infrared measurements (IASI and AIRS) are mainly
sensitive to the mid- and upper troposphere. The difference in their vertical sensitivity comes from the CH,-specific absorption lines in the
infrared region. All satellite retrievals are affected by the cloud, aerosol, and surface parameters. They also need to be validated and
calibrated against ground-based measurements. Here, key steps during the satellite CH, validation were discussed, including the statistical
parameters, the a priori substitution, the smoothing correction, and the surface altitude correction.

Finally, we showed the CH, retrievals observed by the ground-based FTIR system at Xianghe, North China. We operated TCCON-type
and NDACC-type measurements for the Bruker 125HR instrument and COCCON-type measurements for the Bruker EM27/SUN
instrument. The entire FTIR measurement system at Xianghe was well described. Then, we used the TCCON X, measurements to validate
the co-located TROPOMI satellite observations within 50 km at Xianghe. The mean difference between TCCON and TROPOMI
Xcu, measurements from June 2018 to May 2021 is 0.109% (nearly 2 ppb), which is within the retrieval uncertainty of the TROPOMI
measurement. Moreover, a high correlation (R = 0.92) is found between TCCON and TROPOMI Xy, measurements at Xianghe. However,
the annual growth of Xy, derived from the TROPOMI satellite measurements is 0.263% =+ 0.172%/year larger than that derived from the
TCCON measurements. Besides, seasonal variation is observed in the differences between TCCON and TROPOMI Xy, measurements, and
the differences are obvious when the surface albedo is less than 0.1. Therefore, further investigations are needed to improve the TROPOMI
CH, retrievals in North China.

Key words : remote sensing, CH,, total column, ground-based Fourier-transform infrared (FTIR) spectrometer, satellite validation, TROPOMI
Supported by National Natural Science Foundation of China (No. 42205140, 41975035); National Key Research and Development
Program of China (No. 2021 YFB3901000)



