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W TR AR RN &A T — R 5 Kk fek
HE o AR SORR A5 Btk s 0 T3 R R R e i — A
BE . RIS BE . SR ACR RN IR 251, Bk
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FH L 21 A1 W Wi A D BRI 3 B A AR 2 R
a2l T OC T o BERAAE MR L, SRR AR
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Table 1 Parameter description of first generation carbon monitoring satellites
SCIA- )
TE . GOSAT 0C0-2 TanSat FY-3D GF-5 GOSAT-2 0CO-3  MicroCarb
MACHY
Iz S [ 2002.3 2009.1 2014.7 2016.12 2017.11 2018.5 2018.10 2019.5 2021
4 st 10:00 13:00+0.15  13:30+0.15 1330 1400 13:30 13:00+15 — 10:30
L 5
mj‘kmj* 790 666 705 708 836 705 613 400 649
m
fisf/(e) 98.5 98.0 98.2 98.07 98.75 98.2 97.8 51.6 98
BT Rt 1.29x2.25
EF 7’% 30%60 10.5 km(d) 2%2 km? 10km(d) 103 km(d) 9.7 km(d) 4 km? 4.5%9 km?
(d: 1) km?
I 9 /km 960 790 10.6 18 2250 1850 903 11 13.5
17 JE B /d 35 3 16 16 6 2 3 — 21
TANSO—
s 83HIHY TANSO—FTS,  3jliH) ACGS, FTS2 3 INELS
ey ODEH o AREH A GAS, FTS  GMI , ALECH /D RDEH
SEHEAY TANSO—CALI gAY CAPI TANSO— HiEAL ik
CAI2
0.24—0.44 0.76—0.78 0.75—0.77 0.76—0.77 0.75—0.77 0.76—0.77
b e, 04—1.0 ' 0 0.76—0.77; 0.76—0.77; ’ ’ ' ’ 07640775 B
WA T/ L0117 1.56—1.72; 150162 159162 1.56—1.72 1.57—1.58 1.56—1.69; 159160 1.26—1.28
oo 1.92—2.08; ’ DO T 1.92—2.08 1.64—1.66 1.92—238; T 1.60—1.62;
pm 1.94—2.04 2.04—2.08; 2.04—2.08; 2.04—2.08;
5.56—14.30 220—238 2.04—2.06 5.6—14.30 2.04—2.08;
2.265—2.38
400@0.75—
0.77
20@0.
;68%) 76 300@1.56—
75—0.77 76 1.
300@0.75—0 360@076  300@1.61 300@0.76 69
e 300@1.56—1.72  >300@1.60 300@1.58  300@1.92—
M <100@1.57 250@1.60  160— — —
300@1.92—2.08  >240@2.06 180@2.06  300@2.0 250@1.65 2.33
300@5.5—14.3 ’ 40— ’ 250@2.05 300@5.5—
300@2.3 8.4
’ 300@8.4—
14.3
KIE, KIE, KIE, KIE, KIE, KIEE, KIFE, KIE,
W= I, R WEBE, BT, WEBE WEBE WEBE BT, WEBE, WEBE
Htrs H b Hix H#r fiE st Hbr H#r H iz
0,, 0,,
} 4 - ~ ~ COzv CH4’
JEp— N,0, NO,, Co,, €0,, CH,NO
S CO,, CH,, 0,, 0,,
e CH,, CO, 0. 10 Co, co, CH,, ,, CO,, SO, Ho. Co co, Co,
C0,, H,0, 30 Co, N,0 [ =R i 2V ’
5, H, ,0  REAHFR . PM2.S
S0,, HCHO

W R EY -3 D LA GF-5 (U H I CO,AH DGR HR I 25 A B o

GOSAT F1 GOSAT-2 F= E 447 TANSO (Thermal

And Near—infrared Sensor for carbon Observation) #i

TANSO-2 ¥ I 2%, TANSO f {8 HL i 25 #5138 %

(FTS) AL = 5B ARAL (CAD) #ng, Hrh
TANSO-CAI & 2 H R IT 1IE = FL % A5 B .
GOSAT-2 # 4% i) TANSO-FTS-2 I TANSO-CAI-2
HZAT—fC TANSO Y4 pR (1), IR
eAEITCE, TR BB g A R, BATE
EEME L, 145 2I7E 500%500 km? X 4855 il

A ¥)XCO,BEPLIR2ZE Al 0.125% (0.5 ppm) ,
XCH, A # it 0.25% (5 ppb) ) WL i % 4 .
TANSO-FTS-2 i& # ¥4 T & fig 48 10 ¥ il &2 )%
(Nakajima 55, 2017), LS A 3048 m M7 Hy
oz Kk, 3K TR R AR AT LUK GOSAT-2 A &5
P2 Tt 15 . FTS-2 {51 Lo i $2 T+ RITEBILAE 17
(18 1 e Y 8 SO0 DU A 80 T D 3k 3 i ok
MW, A BT GOSAT 4 ¥ b a5 — S fb i
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Table 2 Parameters description of the second generation carbon monitoring satellites
BA S5p Sentinel-5 GeoCarb MERLIN AEMS HGMS
S G ] /4 2017 2021 2022 2024 2021 2023
B2l wesh Bezh | F5h F5h F3h
L7 RERLIES B e ik e e e
20 by 13:30 09:30 13:00 06:00/18:00 13:30 10:30
B3 5 em 824 817 35768 500 705 705
figiffa/() 98.74 98.7 — 97.4 98.2 98.2
77 km*(SWIR P EL)
BF g PR 7x28 km? (UV 19 Fx¢) 7%7 km? 2.7%5.4 km? 0.15%0.15 km? 0.35 km 0.35 km
7x3.5 km? (HAbYEED)
I 55 /km 2600 2715 2800 0.1 0.07 0.07
HUE FE R/ 16 29 — 28 51 51
TEHIRD & TROPOMI UVNS m{ﬁ;_?t ;’M% IPDA ik IPDA ik ACDL
JEMHETEL
0.27—0.30
27—0.
0.2770.30 0.30—0.37
0.300.32 0.37—0.50 0.65—0.77
0.31—0.41 : i : )
WA 0.41—0.50 0.690.71 1,591,625 1.64555/1.64585  1.572/1.064/0.532 111064/
FeRT 0,650,173 0.75—0.76 2.04—2.08 ‘ ' B 0.532
’ ’ 0.76—0.77 2.20—2.38
0.73—0.78
2.31—2.39 19mLe7
: : 2.31—2.39
W 5 = KIK KIE KIS, Hbr KIK PN KIK
0,, NO,, S0,,

T NO,, 05, SO,, HCHO HCHO, CO e CO,, i
OISR o ey ’ S C0,, CO, CH CH CO,, M -
FURUNER7R CH,, CO CH,, HBOE ) ' s LR = .5

SRR

0CO-2 FAIE R T — & = I Be i fgoe i =X s
6 COLARMAL, 0CO-2 7] LUFI ] A~Train 251 H
fil T3E R 25 4R 1R = FVRE I B 15 B (Crisp,
2015). N T RIRAON R AR 22, 0CO-24K
D25 AN DA% G2 10 3 421 45 v OS50, T 2 SR B
il 28k 2 Ty v i 4 P85 e A DT R 1T (PR R PH
FETE L FIAT R A8 L) 1 I I (Crisp 45,
2017),

MircroCarb #RI #% EL 48455 51 (G150 HER S
WE LY, AT4EE 1.27 wm F10.76 wm FIE B 0,-A 47
PR £ . TFER e MRS KE
(Bertaux %, 2019) . MicroCarb A DL 3K HL+200 km
I S P K% S I 5 40X 40 kem? (741X 455, 342 25 W L2 4R
PRI Y XCO, 7041, B FAERIN ) X CO, P Bl 1%
2546 0.5—1 ppm, XIHNE R 227N T 0.2 ppm, X
WA BT A SR T A8 R T ) s T

TanSat F PERHHS, o ER B ESS

JABEA &, FETF 2016-12-22 % SR AE P I R T
R % S I . TanSat RAR i T 2 SRR A
(ACGS), = FIEIAwARARAL (CAPD) %
#Hmr (Yang %5, 2018). 1 EFRFBE KW A
BAAE & 1 1 FH T TanSat 1) 42 4 35 v kG B2 o 1 5502
IAPCAS, Z5 % GOSAT ) S 180G B2 AL T 1.5 ppm
(Liu%§, 2018), & [ FEfx e I J T P i) o 22
BERZ—,

GF-5 B2 7 KRR E AR AL (GMI-
Geenhouse—gases Monitoring Instrument) ., GMI i) 5t
FRGAE M Bintk . AR E NS
] Ah 2261 AL (SHS), 3xX 2 [ & YO ] SHS 4
R B EB A (REF, 2019) . SHSH AL S
FTS FIOGHIRS AL, RIS &S P AE A8 2 D15 Hl A
PAFEEDOCIE PR L (R 55, 2007) .

0CO-3 YR ZFFN 0CO-2 2L, (HIFHRIRE
B K PR IR D BUTE LS A I . NASA 2019 4F
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¥ 0CO-3 &G B EPr=s[alus (1SS), JEREZE 1SS TE
51°S # S1°N KA FLEZ 1T, HARETHMA
FHEik COBET A EEHLIX . 0CO-3 7] LAid 1
1SS I At 1 [] 00 2 288 iy - J () 25 000, 3R HL 5 St
EBRGEES . 0C0-3 1] RLA7EA [R i A] %5 5]
— Ml 5 AL, R AT AR XCO, F H G EE St
GEEVOE (SIF) HAAL, WF5T AW RG34 1 H
Ak, BRI 0CO-3 4 4 — AR m) 2 AR T A 1y it

WA,

DL bk s TR BARIET T — R0k, (A&
T BRI B 7 BR 1, 4T3 A7 76 78 o Y B R 4y %
R a) . — 2 TR B HICR AR SN
KZ PR B I 55 %8 (W1 GOSAT TANSO-FTS,
FY-3 D GAS. GF-5GMI), % —88T R RHZH
(10—25 km) % 22 & Z WL ( 41 OCO-2, TANSAT
ACGS. MicroCarb) , mEﬁﬁZ@ﬁfﬁﬁm@

2. SRR H IR BR S, REEIT R B
06 P Y A% 2 i 243 DXL Hﬁxzﬁ%%%
WL, AR, X TR RR N —
FRBIEI W T2
22 FIRBBEMIE

— R BRI IAE B = 2] T — KR,
{2 7 555 Y0 [ AN 0 B R AT AP A — L [n) 3, X 7
A DXl 5 /N RO B T W R AN S 1Y . [
e R A8 S T R R T30 AR T SR I ASO fi
P — A TR BRI 25 A7 TE () Bk v, axX BB AR
(BAUZRSHOLFR 2) BYHEI H AR 2 AR R 25 (8] 4
B (2 kmx2 km) . SREE (~0.1%/4EM ) &
HERATE (<0.1%) F9EHE (5200 km) XCO, I XCH,
HELEIL

kT g bR AR — AR R A R O 7 R AR
[() 5, Sentinel 5 Precursor I 425 %% i X 7 J2 0L 0 4%
TROPOMI (TROPospheric Monitoring Instrument )
SR T 56 e R RS A 4 RO, i
%mmhm¥%%$%ﬁwmmoanWﬂ
AT NO,WHEINBE 1, wT AR CO — 2 B By 20 #r
N K COHER M (Reuter 5, 2019), NFIFHTLE
AR AR CO HE WP it T R EAF R . HhE
LTS 5 —ACK BRI (GAS-2),
AL 8y R A AR AL, GAS-2 %ok
WHERE A 535 100 km, K43 HER4E T 3 km,
{5 A 300 (Lu, 2017), HRIEE T FY-3G I

T 2022 4FSE AT

B — AT AR Bl sh 2 R, A5 3T 90% 1Y
Bz 2 20T (Dupuy 55, 2016), f=H 2y
EEE:]P(D] K RERER T, SR B IR T SR I 2 i ok
X — [ A A R 5 o MERLIN (Methane Remote
Sensmg Lidar Mission) J&#&illl CH, i OG5 £3h
HRTLE, MEEMKA (DLR) FE E ALK A
(CNES) HRa®td, HRiI7E 2024 4% . MERLIN
U IR R AR 22 0l (TPDA) O & iR R
I XCH, B9 EShERM &, AT 2 EKEREE (X
W ARG MER 25 <3.7 ppb) BRI (Ehret %, 2017),
T RS B2 SR 27 ppb, X3 R Gk 240 T 3.7 ppbe
TSR T LUA AR 2 i 520 . 38 A ou
UKL, MERLIN A7 B R Ml i o AT T X 2 Bk A IX
BUREE, JUHJERD FE R 4 22 2R Ry 26 B2 3t DR 4
A7 22 5 M X R G R 0 A IR

) R AR T S OL B IR BRI T E R
KRB, R T B KRR, HEEAS
TAREIBIR] AT RASE o kA SRR . R
B TR AEMS (Atmospheric Environment
Monitoring Satellite) % 222768515 IPDA Lidar
YES CO M BT, T4 T 2021 4R & 45 F2AT:
55 Je A R AT TR BLIETT 7] ARk KR COAEHRE
SRR R, COL RN A Skt fh A B 75
Hi 5 ] IR SE A ORI AT 1L 5 S B R 42 R
KA 22 B vl 73 R 3 ) T, R
SIEE . = IEs AR, WFF A W s SR
R A RS AR T RS2 S AR, COL AT M Bl
PR 1 ppm. W ERERMAKLEGSHEN T2
HGMS (High—precision Greenhouse gases Monitoring
Satellite) & ¢ R ]2 [A] B Al 50 v 1< 4 e
M (2015—2025) ) rhRLRl Ak 55 A Hﬂm
BSOS TR A e M R
(Mmm,ﬂﬁiﬁmﬁﬁ%%%ﬁmﬁ%ﬁﬁ
AR e I TR A T tiﬁﬁ 15 Qe R SR
Je A R B R R RE T, 3R T 2024 48
ﬁ%(mﬁgzm&Lm%,mwnNmmi%
T 0CO-2M0CO-3 A4S, T3 2022 4F %4t
O — W L PUE ST R I b Bk L R
IR (Geostationary Carbon Cycle Observatory,
GeoCarb), JFJECO,, CO. MEZRIOL (SIF) i1
AT (O Brien 55, 2016), % 2455 78
75°E—100°E, -50°N—50°N, AJ Lh#FA7 8 K MK
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PAE BRI, A T PLBIEFEA [R) R #2 X €O,
CH, M AR B RE IR, JERE B0 SE U 23 i
AT X RBSAR DXL R T ] 1) e 5 A 2Rk
AT L T LN

3 el B S I 5k

31 ERREFEHE

[E Pr_E M SCTAMACHY %2 B4 Ab B 4 B il
e W) 19 e SRR S T v, CO, ST AL SR AL
Y M= RS L Y/ B L 8 NP T SO /B L - AP
AFE AL M2 OGS RE L (BRRE 5%,
2015) o [ By b 3 3 A ik W D TR e JRR AR
4 : NIES-FP (Yoshida %%, 2013), ACOS (Crisp
A5 2012; O’Dell &, 2012), UoL-FP (Boesch
4. 2011), RemoTeC (WuZ§, 2018), IAPCAS
(Liu 5§, 2013) %, fedkfrmia&dls, HAl,
X BB 1 A 3 XCO, Fll XCH, I 435 22 23 531
1 ppm (Wunch & 2017; Buchwitz &, 2017;
Hedelius 5%, 2017; O’Dell %, 2018) #1 6 ppb
(Yoshida %%, 2013; ParkerZF, 2015). It4h, JF
KA IE IR 22 1 Je ik e, A BT
i — 2P R 22 52 (O Dell 5, 2018)

] PN 27 2 DS — A W 0 T3 L A 30 ) 1 2
WFR T TR W RO 7, 3 AR X — S R
BT RME R, KA IR EIR CO, ) A
i (IAPCAS) J& KT A & 19 3 T B Al Al 11
Y 4y B = AR GE AR (Yang 55, 2015)
20184, Yang%¥ (2018) % Aji TanSat 5 — 5K 423Kk
XCO, 7 A B, IR ik A v 2 X0 ) 4% TCCON
(The Total Carbon Column Observing Network ) i .
XX — G5 R PEAT TRAIE, 45 R R YR R
2.11 ppm, iK% T TanSat W H #5 K5 B ) 2 oK
(Liu5§, 2018). i, 7EXF L1B 5SS & i
TR R R IE 5, X L 42 BR 20 4> TCCON 3 £,
TanSat f¢ 51 [ 18 45 R (1 -F- 4 ) ik 22 (RMSE)
4 1.47 ppm, V- ¥k 2% 5 -0.08 ppm (Yang 55,
2020), X fdi TanSat $ 45 7 68 Ht w7 FHAF 78 o 1) i
BT 4

S I PN A 3 R S R A T X ek
o, BB TRAREE . EEER . MR
XA JE TSR Y v T CO, M CH, WL Ak, 328 %
J52 Y B3 LA % T P 1) QY 2 A A2 i S R AT i 2

—B . PN, RS S s B
AR R A EVE L IR ZET A
FEHUA] AR ARG 2 AR U T, A IR T IE B
AT Z3 1 IR Sl R (SR AR 5 A AT
s A B AT S G0, S AT SR MERR B9 TT IE DG
5 VTR I A T X B I A 20 o RV A 2 Al
TERE AT R LIRS , R JBE B 7 6 L 7 SRR
PR AT RE Ty, e i R TR R Ak
PR R i 28 AR 2 e ) 96 o i o ok 28 TR TE
Bt R, R ZBAE A e B AR R K 8, AT
e et S S 7 A 12 W LAMERA 0 B COL/CHL, A2 JAE 2 K4
WL ) 4 e A L L DATTAE )] R i e 7
AR T

32 DEAMRN

I T B W R s R A L, TR R
WAABRERE W 2 5 M e PR AR AT e A, IF
W L5 AL sk 3 40 DX ok . ko T
LI P R LR R R A3 B R D R T 25 S R A
& BSR4 Bk W R 48 GCOS  (Global
Climate Observing System ) 2011 4F$2 H TR U8
HEMESS RS HER A 5—10 km, B[] 3385
M 4h, CO,HMCH, BRI EEST 5124 1 ppm F1 10 ppb,
T A 33X — X 1 X4y F AR IR 5 N R HE A E
HEL, HIEJE S 5T B X — A SR 7R B X
R B3 B R RS Y, Chevallier % (2014)
fe i, R X CoEER, TREXMARG R
N/NF0.125% (0.5 ppm) . HET, REH LD
BB Ge S 58) 1T A w, (HR ARy ok —
P EFBTCIET B CO,F CH, 2 BRI A 755K o A4
Bl B bnoks 200 1R A — A HE A TR R
T R 22 50 T L 2 IO ORI 2% i PR e 4 ) 4 BR 0l
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Abstract: Reduction of greenhouse gas (GHG) (carbon dioxide (CO,) and methane (CH,)) emissions is a crucial way to mitigate global
warming. Traditional estimation of anthropogenic carbon emissions mainly relies on inventory method and lacks independent validation
data. The 49th IPCC plenary session (2019) proposed the use of “top-down” inversion with atmospheric observations to support and verify
GHG emission inventories. The “top-down” method depends on atmospheric concentration observations, chemical transport models, and
data assimilation algorithms. Global covered atmospheric concentration measurement with high accuracy and precision is a key element in
better using the “top-down” method in global carbon flux investigation. Measurements from space provide global and regional datasets that
improve the spatial coverage of existing in-situ networks. Understanding the development of spaceborned GHG monitoring techniques and
“top-down” method has become an important issue in China’s response to international climate change affairs.

We divided the carbon monitoring remote sensing technology into three phases (1999—2008, 2009—2019, 2019—) based on the
development process of satellite remote sensing technology and monitoring requirements. The corresponding satellites in the first two phases
were called the first generation, and the corresponding satellites in the third phases were called the second generation. The first generation of
GHG satellites was tested in many aspects, such as measurement principle, calibration, and validation. These processes were performed to
improve the observation accuracy and the spatial and temporal resolutions of measurements. These efforts made continuous improvement on
measurement accuracy and obtained approximately 10 years of scientific data and research results. The first generation of GHG monitoring
satellites mainly focused on technical verification and scientific target exploration flying a polar-orbit and onboarded passive remote sensing
instrument with narrow swath, mainly aiming to obtain high-precision remote sensing data. The first generation laid the foundation, and the
second generation entered the decade of rapid development and application from 2019 to 2028. The second generation of GHG monitoring
satellites mainly aimed to improve the spatial and temporal resolutions of observations, such as increasing the swath and observation data in
the cross-orbit direction (=200 km) or using geostationary orbit to increase the observation frequency and data coverage, thereby greatly
improving the observation efficiency. Active laser detectors can be used to obtain profile data with high accuracy (0.5 PPM), which are
unaffected by sunlight.

Optimizing the retrieval algorithm to improve the accuracy and scientifically planning the operational constellations of satellites to
improve the monitoring efficiency are necessary. These processes are required to meet the major demand of global and regional monitoring
of anthropogenic carbon emissions. Furthermore, the verification of the inventory algorithm is introduced by using the “top-down” data
assimilation method with high precision, high spatial and temporal resolution measurements of the satellite constellations. The future
development trend of hyperspectral remote sensing and new generation of carbon monitoring satellites and the potential of estimating
anthropogenic carbon emissions are provided.

Key words: carbon monitoring satellites, greenhouse gases, carbon source and sink, MRV, satellites virtual constellation



