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Table 1 Specification of the satellite-based instruments for CO, measurement
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SKRES/d 500 000 18 700 8 600 2 916 000 1296 000
0.24~0. 44
0.758~0.775
0.757~0.772 0.4~1.0 3.74~4.61 3.62~5.0
, 1.56~1.72
P A 9/ pm 1.59~1.62 925 08 1.0~1.7 6.20~8. 22 5.0~8.26
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CRIE 5% IR %)

>240

(2.04~208 11m>
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500(4.5 pm)

B3 & B/ km 705 666 790 705 820
14 3l Fif ] 13:30 £ 0:15 13:00 + 0:15 10 ¢ 00 13 : 30 21+ 30
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FTS A Fourier Transform Spectrometer ({37 i48 #6144 ; GOSAT 24 Greenhouse gas Observing Satellite (28 AWM T A ) 5
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KiBERT LA E] 1. 5~2 ppm(<20. 5%, H 2 T &
I3 BEF IR F] 90X 90 km”

TASI &R 2006 4F 10 7 & 53 19 55 — ik 3
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FIHI CO, 78 15 g WWSCHT Hf 14 A3 18 1 15 70 P 3
(% % A5 B S B T H: Al B f B R A 5
2008 AR W1 IR I R B LR 2 T B2 CO, &
1Y S IE D7 A DAAE ] SR 5 <50 (& i i) I =8
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3.2 0CO R g
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LR JE W R A CO, B IR AN, Xt 1A
1 CO, BRI T 1ppm (<C0. 3%) Z3k , LUIE
WK H AR A CO, AL AE® 55 055, N
TR E R TR, OCO X #8104 2% 32 T 15 Me L
15 T B R 1 SRR 2 (R WS /N 0 B R R AL R
FasE MEIR BDEIE AL /N T 0. 05% . OCO e &% ]
TR B 7 L BORAE AE BV T 3 km® IR
B CO, A R 1 ppmv, OCO 55— By
ALK B2 >4 4 ppmyv, 55 B BoKE a5 #) 1 ppmyv
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W s GE B B R 8 A ) AT LURI O 35 45 08/
LI X35 P A TR B SRR B R X CO, ]
BRI RGR2E . FEXT CO, g B R oL A s
= MU Y B b A K BOAR 0. 76 ~
0.77 pm P B REAE FE ALK = 245 B (2 X T
S EFVK = B 8k 20 A0 S 15 R A 20 T8 B R0
2.04~2.08 pm P B CO, 58 W Y BE L 45 3 4 70
1R W IR 3% 2 X6 CO, 1 BRI 22 L S0 I K =
AR Z . BT DLz B vl BT 2 B = RS0 I 52
M), [R)HSF o 12 D8 Bt 2% 32 38 KSR R JEE 1 5
3.2.3 HwmBEE oM

KA = T I 1) W82 SRR SRS #4825 % 2 4K
TR IRAF IR CO, BYAE FE P Az — 2 1 52 K 5 1Y HE
SRR SR 4 S e 0 25 2 AT 1 R A DT B
M CO, 1Y S HORE BE . 6 2 W 1% B 28 122 W 31 1) I i
S ) e K TS TR 2 B 1 S I X CO. T
s ) ELAT AR R AN 7 1« UK 1) V8 1 00 TS X
5 e R LR R IR 2 10 & ) RS0 G
S S /N 1) S RUBE SRe /N P I T AL . O T
TR 2 A8 e A B8 4k 1 5% e, OCO A B F
A-train HH Al L5 4 B T8 9 B [ 00 300 %5 4 . 431
I MODIS FI CALIPSO W iy A7 B 1 %0 30
CALIPSO Fil CLOUDSAT = 2%, AIRS 1y &
I 2 B £k 45 BF R, X SR TR 25 5 I 2 OCO
KB LIRS B ) A O AN ) b s L S [ VAR 4R R
Hi T #ORE R R AR CO, A B A R TR ) .
P T 2 0 3 S R 7 35 A BR L BT LUK BB i B il Y
SR 0] 35 BB A P e 2 0 3 0 A A0 B R 5 i)
CO, RN EMEZERNE., A T /N EZE X
S 2, W] LRI O, 19 0. 76 pm 3% B AE 2
2Rl B TS M 2R R T s DT 90N T 1R 2
3.3 GOSAT iFil 2§

GOSAT J& — A~ 8 K/ T A , B i1 650 kg,
2009 i HA JAXA R H-2A KE &3 EisfT

FE 666 ke 55 1 K BH [R5 303E s 13 ¢ 00, 4l
1 98°. GOSAT Ji = SR WL T & 1Y F 24T 55 2
M) 4 Bk Py 2 R B SR = SR CO, A
CH, ™ e RE 24 B A5 S 8 23 000 3% B Sy HE ik
CO, JEFIL M 2 ERA X B4 . I T M CO, A5
PG B 28 AR AR 75 56T B0 H O T B0 7 AR 5 R
CL2ER CO, RA R R A LT 1~
4 ppm, 3R B bR XA A 8 8 K S R S
PR R L BT L GOSAT SR H T 8 szt
TN T % . GOSAT TE FHT CO,
ML ) AdF 57 A8 48 5 3 AL TANSO (Thermal And
Near-infrared Sensor for carbon Observation) 4T
AR 21 A% IR 2 B A e Gl R e 6% o B R L R
125 T 0 B AR MK AR S A AR
SR, TANSO W55 1 P BE Rk 0. 76 pm) ]
BEH TR O, He B 3K CO, B & LR &
e, A 2 338 (1. 56~ 1. 72) Ho OCO # i i 1% 11
DA T L SE L, b s T CH, ey 1
fny o CH, By#RMEE 77 .55 3 @15 OCO By AH Lz
WAL AE R CO, 1 & & 5l B E . 5 4k,
TANSO FEA (1 K P 20 A0 E I8 (5. 5~14. 3 pm) {5
BT L F R E CO, i,

5 OCO FIFH A-Train Z BA T35 19 B ) 08I0 4 17
1E 2= AV IS 52 i A BT AS [, GOSAT 138 F F [F)
— R N s 5B AUEIL CAT(Cloud Aero-
sol Imager) KITIE = M AR, R 2 /T
CAT (W BB AR SH HAp 8 1 @A A T i<
Ve TR LI 3B 2 T 3 R e FH A AT D A T U
WA L IE A4 AN S s I AR S . A T RS
Mr GOSAT i 2= A4 135 L (4 718 Rl RORS 152 H A [
SEIREEF ST T (NIES) & J& T — A~ IE ] Ci 56 4% i) F
S 1) Gl 28 SR R 8O U A A5 T Rl
(LK A ) B RS B

OCO F1 GOSAT £k CO, By & HIUI T &
FH T KNS BARAUREBE 3 Fhowl i 20 K
5SROI AR R X3 i A 4R 0 e v

®2 ZESBEREGUCADHEERARSH
Table 2  Specifications of the Cloud and Aerosol Imager (CAD) sensor

HAZH 3E 1 33 2 3 iE 3 i 4
3 38 e A/ pem 0. 370~0. 390(0. 380) 0. 664~0.684(0.674) 0. 860~0. 880(0. 870) 1.56~1.65(1.60)
pURIURER Y = IR
71 1 9 B /km 1000 1000 1000 750
SN A A5 18] PR/ km 0.5 0.5 0.5 1.5
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(4 25 [] 43 FE 2 [A) B 70 0 R B 1 R e 78 W A i A
B AR T I B 2= FV 0 IS 22 U BT I R ) L {E A
1T A AN RE AR AL 2 0 0 15 R BL s B bR X AT
XPHREE H Am 2E AT BR 0L I, 350 A W1 LA 34 A 25008 )
IE FLARAR T 25 8] 43 B 3K 04 Bl B F 1 %k TR 9%
I 5 E S B TG B 1 5 BEAR R I v
SN PN ERER B O R WY N Y5 =
MoE L, 398 R S8 o G 0 R (Y RE T AR TR b
CO, WL GEAF 1 25 e

4 3 CO, FOt M it R

BRAT () B B 28 AN s A7 AR — 2 1Y Jy PR < 2R
FHIET A1 B AT BRI 04 77 %8 B F AR X 0 )2
HZ LB CO, BRI DA TG 1 B2 L I 3 b 1 1)
CO, &8 5 100 FH J i 21 0 il B A7 300 19 7 8
= TR IS Y 22 RS 1 52 i B i) C O, sz T A B2
() — 25 B8 5 L I EL R 2 D B T vk R AT 7R TR] Y
W, T T OE TR AR Y T 8h i RO KRR R R Ar
Hi g pe LI ) 80, 9 5L AT PSR EC CO, 9 TE B BE 2R .
B NASA R B ESA & H A JAXA 2 4],
FERIEAT T8 — 10 2 28 CO. 1R A Kot Ml ot
% 32 Bl W R W 5 3 ) 4 B AE 2013 ~ 2016
42015 4E A1 2014 4E & 5T CO, T30 1% BHRm T A .
PLTR 430 filf B 43 2 4]

4.1 =[E NASA {5 ASCENDS it+%i
H TR AT B KRR CO, 5 FIL A 42 5Kk 0

I, 56 ) NASA IE H 2192 — A~ B 48 3 OB IR
1141 (Active Sensing of CO, Emissions over Nights,
Days, and Seasons, ASCENDS)™2 | 3 %] T 2013 ~
2016 45 S 555 B2 O R A AR S o 5t UL i g A
MEFERY CO, PR, HFEHAREH CO, (10K
JESRTEZE 0. 502974 2 ppr, [ili i A1 9 1 2 1] 73 9%
40 100 km M 200 km, 38 3 000 A7 22 3R AT 5 £
o DXRIEG 2 BRUG E 2s CO, P ECHE - 34D 00 %
AR B 23 B 5 B0 43 % LI 235 SR FH T B 5 A ) W
I ARX R WS e L B A T R AR B )R TR
2 CO IRA L. TAEREZN 450 km, fix K
REFEN 500 W34 58 B 29 0 200 m, FRI e Bt [) A
i CO, iy 1. 57pm F1 2. 06pm W% B LA K O,
0. 76 B¢ 1. 27pm AR SCIR B
TEGRI A5 W B ) J7 T . NASA A & 1 3 DL
TR sE by B2k CO, OB % 8 W B il 4% 55 . JPL
(Jet Propulsion Laboratory) £ X} CO, #) 2. 06 um
W 1Y T 2 i 1K 6 £F Ot 4% - LaRC/ITT (Lang-
ley Research Center) £ Xf CO, (9 1. 57 pm Wi
(1) 0] JH 1S B R A M 2R OE 8 (Tunable Modulated
Ytterbium-Erbium Doped Fiber Laser) #l GSFC
(Goddard Space Flight Center) £ %§ CO, [1.57 ym
WSy (8 mT A 38 bk w42 O £F O &% (Tunable
Pulsed Erbium Doped Fiber Laser); 4} % O, # %6
PRI HIAT 55 2 HE LaRC/ITT B O.-B 5 1Y 3% 2L )%
KEOEES .GSFC W O,-A 77 B ik i 06 2% .

R3 NASAFARBIBARNEESH
Table 3 Specification of underdeveloped NASA satellite-based Lidar

JPL 2.06 pm Ot

GSFCL1. 57 pm Wi 8

LaRC1. 57 pm 0%

W AY IR T A WS 1% AY
CO; W WK/ pm 2.06 1.57 1.57
ot ALK O A VK oh A AT O R A T AR AT O A
AT ] R R 2 CO;:8;0,:4 CO;:3;0,:3
COy 1 Oy « B0 51 2 ] B B3 3 PO 755 i v
P4 BH T A 23 il PG TH 37 A% S LK
PR BAPA G 5 A 25 TR I 2 AR EBE G T SR R AT MO T
il Bl ) B A
. PO Tk R 17 fY Bhy Bt AL A T A 5% B2 L
(=2 3 : An:mﬂ
FisE R B ] 43 By 1) 53 1
. O2-A iy 15 W i 2% 1.27 pm O, WUk
</: o : “rﬂ E=N
WRUE R 2 A G 765 nm) b 42 LT BB LAS
F Bt ML ) 2 [ 5 5
S 3k B2 0 S U TR ik EUBBLIR I e £ 5

AH B I ) 4347

4.2 ExiN ESA By A-SCOPE %1
B — A0 A 3 e AR A W T2 (Advanced

Space Carbon and Climate Observation of Planet

Earth, A-SCOPE) J& K | =5 8] /55 ( European Space
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Agency . ESA) i i) 5t o400 -3 22—, H b i ik
ERBOLHE B WM 4Bk CO, 1546 LKAk . I F
FHUOE TR 3K By 3 SELRb 15 265 1 DX 4 48 U0 70 42 35k
L P AR TRDUL TN 1) 22 ke o T3 3 BT R 198 O I [] 25
BUE PR R 325~400 km, AXAFEH L AT
RN CO., 42 A 22 73 UK v 0O 7 18 (Inte-
grated Path Differential Absorption Lidar,IPDA),
PRI P Be e I 1. 57 pm A1 2. 05 pm 7Y CO, WL
Br. TPDA [R] i % 565 P o AR AL i 4 1% % 850G ik e
— WAL T AR T AT W A AR O A — TR T IR
WO S ERAL . X b I TR O 1Y B SHE dl ad H5
WA A5 A A I R R SRR O TR AR A |
WA TR S 1 2 0 A SR E A T EL i T R
A5 W LAy I A AT LA 2t 9/ 1l T AR g T
AR E T B K SO Ik v B8 B A W) T 1R 1Y

W2,
5 FE CO, %M 2 1y B 7T 2 )

[e it 5 A A S i A 5G4 I A B L R
AR ARA BN S B A R O R AL 2R 25 1R
R AR R R U b s 7 B2 R N e
R DL 58 BT 4 301 A = 37 Ol 338 A% T 46 A
153900t Xk K s 22 81 T8RRI A R AR A T
TR R A R AN B BIL L EE 35 23 B AL
N lem "EALHE 10T ~10 7 em ORI B
RAT A 5 22 B AR ) X JEE o A< T i g ] A AT AR
o feUE JE Lk sh Bz sh LM MR 3 R G 5 R 4
Bk 7 T A3 5 HEAT G HE B R IOG . HAiTAE 863 10T H
SRR BEAT 1O HEARGE ] 0. 02 em I
T HE R LN SR B REHLAY B . P A
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Advances in Technologies and Methods for Satellite
Remote Sensing of Atmospheric CO,

LIU Yi',LV Da-ren' ,CHEN Hong-bin', YANG Dong-xu'*, MIN Min'"*
(1. Key Laboratory of middle Atmosphere and Global Environment Observation , Institute o f
Atmospheric Physics, Chinese Academy of Sciences,Beijing 100029, China;

2. Graduate University of Chinese Academy of Science ,Beijing 100049, China)

Abstract;: This paper summarize recent progresses in the technologies and methods of satellite-based instru-
ments for atmospheric CO, remote sensing, discuss the basic theory and retrieval method, and analyze the
factors debasing the precision of CO, measurement. Three kinds of instruments are discussed in detail:
(D Currently operating satellite instruments, which observe atmospheric CO, and other components, such
as Atmospheric Infrared Sounder (AIRS), Scanning Imaging Absorption Spectrometer (SCIAMACHY)
and Infrared Atmospheric Sounding Interferometer (IASI) ;@ Specific instruments for detecting CO, con-
tent in the lower troposphere, such as Orbiting Carbon Observatory (OCO) and Greenhouse gas Observing
Satellite (GOSAT); @ Satellite projects focus on active instrument-laser lidar, such as Active Sensing of
CO, Emissions over Nights,Days,and Seasons (ASCENDS) and Advanced Space Carbon and Climate Ob-
servation of Planet Earth (A-SCOPE). In addition, we introduce technical basic in hyper spectral instru-
ment in China. Validation, data assimilation and potential development of CO, satellite remote sensing are
discussed at the end of paper.

Key words: Satellite remote sensing; CO, ; GOSAT; OCO; ASCENDS



