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Abstract; Driven by application requirements and the development of hyper spectral technology, atmospheric
total column CO, monitoring using passive space borne high resolution spectrometry has become a very active
research field. In this paper, we introduce the requirements for satellite observation of CO, in scientific and
social development, and analyze the advantages and disadvantages of space-based CO, measurement, and pro-
vide an overview of the research mission and progress of the latest international Orbiting Carbon Observatory-2
(0CO-2, launched by NASA in July 2014) and Greenhouse Gases Observing Satellite ( GOSAT, launched in
January 2009 ) , including instrument specifications, observing modes, calibration modes, and especially focus

on the requirement accuracy of calibration and several kinds of in-orbit calibration modes. From the perspec-
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tive of application and data processing, CO, detection technology between grating and Fourier transform method

for interference are briefly compared. In addition, the quantitative inversion principle and future development

of this field are also presented at the end of this paper.
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Table 1 Principal specifications of OCO-2 and grating spectrometer
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Table 2 Description of on-orbit calibration measurements of OCO-2
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Fig. 1  Series of OCO-2 science observation and calibra-

tion modes each orbit in Jan. 1, 2015. The hori-

zontal axis shows the series numbers for every

modes. The vertical axis represents the observa-

tion and calibration modes. GL:; SB:standby;

DS:dark current scaling; LS:light scaling; SS.

solar scaling; BS:border scaling

0C0-2 T E BT 4%, 2 i il X

FEREK FERUG B0 T ORI G 3E HER% |, IR AR IR 45
JCAFIAVE AR OB AR B ARHAR AR T 2 4 feiiy
T CO AR . HF 20 i 0CO-3 #:4%, UU
ST BEFE R CO, WL )
2.3 HZ GOSAT it%l

2009 41 H 23 H, HARFENR M &G T
GOSAT X5 T Wil e sRkiE = A LA,
JEEIPR L R E AR CO, A CH, 441t
T T SRR (1) 4 R UL T

GOSAT 2 A A P 5B 43 2H i — 1 L 72
el 3% {3 ( TANSO-FTS ) il = Fl <% i A A% 41X
( TANSO-CAL) , T2 K AL ZAH X S5 L 3% 3 AN
F 4, TANSO-FTS B TAF B BeAE i £1 AR ZT 4b
TEBE, REAARIN b 2 S S A 0 I 21 AR 5T, A B b 3
ARSI I RLL SN RS, JLF-REXT 43K 11 CO, |
CH, \H,0 F1 O, #4748, TANSO-CAI 7£ 541 %]
IELLAR XA OS2 B3 (0. 38 .0. 674 ,0. 87
1.6 wm) , T HiE TANSO-FTS #1137 h it B
T B DGR R T A R | 2 Y
25 [0 43 B 5 T TANSO-FTS,

%3 GOSAT I E R #7 TANSO-FTS EZH ARIEHR
Table 3 GOSAT and TANSO-FTS specifications

B 1 TR 2 WEEL3 HEEL 4
HARS AR 0, €O, ,CH, €0, ,H,0 €O, ,CH,
B L/ um 0.758 ~0.775 1.56 ~1.72 1.92~2.08 5.56 ~14.3
FED PR/ em ™! 0.2
LR ESE TN IV 4.0,2.081.1
IFOV/mrad 15.8(10.5 km)
SR RIE HEBE H 5
UTE P.S P.S E[ZInE
LI 666 km
%4 GOSAT #75 TANSO-CAI EERK ARIEHR
Table 4 GOSAT TANSO-CAI specifications
B B 1 TEEL 2 TEEL 3 5B 4
T B L wm 0.370 ~0.390 0.664 ~0.684 0.86 ~0.88 1.555 ~1.645
HIf 55/ km 1 000 1 000 1 000 750
25 [ 5%/ km 0.5 0.5 1.5
PRI EH b5 = MR

5 0C0-2 TR AR AR, GOSAT LA
SR T TULIN A I I BN 3 e

M, Hr R LN Ty 3, R R T A XK, BEAR
e B 25 18] 7 B A A T S s =



730 DG

%8 &

s i) I ER Ty VN =W ED SO ES S =L T iy
R UL, AT B8 A S5O K B | Tl st 1 A —
FERRPE LR Ah A 8] 4 B0 U R g B AR IX B
R A 2 TR T R 1 6 U A B S BEE
R DRSS X P XU AR PV A %o A B 6 e o 5 1
BT S, ORI Ty =T AR R R v A e
LL, 3885 (S RS FE (AR RE 7, SEAD T g s
CO, Mt 1 23 Bl AF 2 32 000 AR 1) ] PR
il , 7E SRR st | LI R 43 st ]k L, 17 e e
SBEEAL, 540, Z W LA i Bl , GOSAT
SIS A /INER 43 1B R B ASE = g L 3
AR B b B T v b AL 4% B

HZ [ GOSAT-2 T2 J& GOSAT T A 15 22
I R 2017 4E & 5T 5 GOSAT LM
[F], GOSAT-2 T3 & 4545 W~ WL {X #§ ——TANSO-
FTS-2 1 TANSO-CAIL-2, {H GOSAT-2 P~ Wimi{%
TR B TE R S B HARZ T GOSAT,

FTS-2 B 4 s RE—RE s, ZE E Ui RN,
s BRI 100 000 Y, A TSN RS
a6 GOSAT T3 52 WL I A 4% 5 4 /b 11 [m] At
FTS2 SRH T “FBeH8 " s AR | FIH Sk A AH
PLAG S S A 3R FTS2 Mg h i =, IF B
HARIAE [0 B2, B = 19T 40, GOSAT-2 X CO,
(G 2% FWRINKE B 3 600 Y, J& GOSAT 19 2 %,
T30 EEXT GOSAT TE g B ASE = A LI A5 2>
(R TR BT, GOSAT-2 8 ik 412 1= £ M Lb A3 KV 0L
e 1) A 7 ke

TANSO-CAIL-2 A&t 7w ekt . &
Se A GOSAT CAIL, 7E 45 /M X 4k CAI-2 A A48
AP B, AT LA A 80 i K i A B B 4 3 T X
WSS BRRAE . D5 —J7 I, CAL-2 HL&& 1Y T
(Forward viewing )/J5 & ( Backward viewing) 2
A8, T LA G Vg T bW B S R 3 e A T
LI 50 Fh 1 I 1) L0 54 , A2 B 6% W0 T g
I EE XA S5 YRS
2.4 {EE CarbonSat i+%l

7l L 5 T A R BBk W AT 45 Carbon Mo-
nitoring Satellite ( CarbonSat) , £ & ESA HiBRFAER
T H MR AT 55 22—, B AR W Bk co, Al
CH, AYUR 4347, 3 AMTEARK ) Car-
bonSat 4% 0> X #8% /& — 5 5 6 ik AL 2% ( Imaging

Spectrometer) , & FH G 4306 K 3k 2] 5 O 1% 43 9¢
FREOR 5 0C0-2 AN, & i 4 SR R 0 A 5
()78 T2 (500 km ) TR )28 (8] 43 3R (2 km x
2 km) . FIH XS THE AR, A58 N LT T A
SRR ZEAI M TAE, 45 F W By B0
4 XCO, <1.2 ppm,XCH, <7 ppb, T EFI7E
2019 LA KGT
2.5 ARIDEER CO,HI M AL

Bl B AT R AR ) LA T AR SO
Bl o AR 303D FH RN 5 0 T4 B ) £ B, o0 BT
ANTE) 32 AR ) AT 5 AR JE . 0CO-2 |, CarbonSat
R FHA A B 58 0 AR S R IUAE 2 AT 1 A5
I LU TS 25 T GOSAT TANSO-FTS, JiH 2 525 500
W7 55 5 UL B Dfe 10, R — 0 %) XL 0
GOSAT 119 48-96 15 ; %5 [H] 43 B3 1, 0CO-2 15
(14728 8] 73 3 I 350/ T 2 IR 52 ) 5 DR B0 0 Ak
B (RPN LRI i DN B % 460 B S fA BEVE,
GOSAT T (5 5 m 5 5, 75 B 2t §
AR A BEAT B A5 5 3 B R B M 2
TRZEMOE BT IE A REAS 2 T 5 A9 Bcdl , FlAh F
REZ . FXTMIE,0C0-2 AT 1 B2 2, %F
Bt R A R

3 BAEZRTERME

H AT, FE AT 2488 1 EAE i il 9 sh =z £
HMEDCIEAGE TS BT AR A TR b R 4
BR X CO, MR, X BEAE 55 70 ) 2 P R X =
=HRLTPA 024 D B (FY3D) ik =ES
AR WSS ( Greenhouse gases Absorption Spectrome-
ter, GAS) , B} B 8% 192 ( TanSat) &G CO, ¥4
MY ( TanSat CO, Spectrometer, TSCS) 78 2% i)
A 22 6 3% 4L ( Spatial Heterodyne Spectroscopy,
SHS) ') A AT 55 H AR AR, H 2 b AT A
TSR T I EA AR, 23 A 4 E
3.1 FY-3D GAS

PRI 2016 4R RS0 FY-3D ALK HE
TG IR E AR IASOTT & CO MM, HARD B Ar
Je il 4k U % UK (€O, . CH, L CO 3F) 1Y
Y A1, DRI HE R LA A T = UM X 4
B b 25 [ | I i) 722 A (0 300 5302 e B 7 A .



55 3

EepF e | 4 RGN E DG CO, i Bt 731

AR BB ) o A RORG BE E R RE, OG
TR AR WA AT AS B LR g KR
BEE(=1000 km) [IFEE O, T KIRE
XCO, , KA M AR CH, T2 <R A b XCH,,
WXL E G B 11— 2 R A BV BUE A 41 R X
R 1 3 == AR Y AR S 4B A
Woim 4= BRAR IR L. 5 GOSAT #i{L, GAS RH T
-3 RIREL 0. 76 wm 5 0, A 7 .55 CO,
WIS FTsE CO, WSS T OG5, 53 40, 38 m T
2.3 um ZLSEREHT , LIARE CO  CH, SR = A E
We R . BRI A 2 I OB BEXL I, BT
FY-3 TR LA EHEN TG, # A g 4L
I, IF K% GOSAT ARAEIAT CAT B4,
GAS A L 1TRY 2 el e bn ot s, L
T GAS TLS A4k 5 53 A, 3538 10 18 I S A %ot A BH
AW, I BH G 1% v R A 0% W ST 2 T R G
GAS WK . AL 1 58 5 5 i o A BH L | ¥
23 NI SE

3.2 TanSat TSCS

AR o ERRE BN TR TR
R B K AR G 2R B LA S ) BT T |
K BESZHOAFRHE R AL R G g T
B DETH, 5 0002 T £ AR AH 4
o1, 3 — & 1T KR COo, W 1AL, TRl
2016 4F AT, 75 80 15 2o, 23 AR DS Co,
PRIASL ('TSCS) | 2= A% B B8 M A ( CAPL)
TSCS 55 0C0-2 AT EHM™  &ita =A%
T3S B  EJE B T 32 BRI S BRI, P4~ CO, 15 Bt
TETPERIE AL T 0C0-2 , 3R ] LU IIE 4513l
EE R ST SRR R T 2,

TanSat TR AR B nT AR 4fg b 1fi 4 4 946 4 78 32
SF-THT ( BP A BH 0 A T S A T 1 ) A
FFTH N, TSCS #faf i 1A 3 FOULmI A5 =,
Ay SJE R LI FEEEOI | H AR, A BH L
AT 43R < Bl H OGS bR R 2 Bl B 4R S e
b, FEPUAR ST E AR D7 XA WL AR KT RN A BH
o,

3.3 SHS

SHS J& —Fh =5 [ P i B A FTS, e i 355
SHIMMER ( Spatial Heterodyne Imager for Meso-
spheric Radicals) ™" 3T 2002 4E7EMi K &

BLESEIRUE IR S PR B 2 O
SEHUBRIIFIE A4 3 — R B 0T F €0, B A%, H
FTCL BRIy CO, I 00 S5 RE BL, FE52 1L T 526
SRR, EAT G M B R BFS0d A
HHAA .

4 BRIRF ik

TR RE R XCO, FZRN T CO, il s irsT,
HERR 138 SR XCO, SR BE P2 11 TR M iy
BRI R, IXIBURUEE | 1 ppm (491 25 7] 520
b 2 R B 1 2 W R EBTE TR S A
JE SRS gl SCTAMACHY JF
K H) WFM-DOAS 3%, 3¢ [/ 0CO [ BAJT % #y
ACOS &%  HZ NIES( National institute for Envi-
ronmental Studies) & GOSAT JF & 195575 | SRON-
Netherlands =% [H] #ff 5¢ JIF FF & ) RemoTec , %
Leicester K2 & 1Y UoL-FP 57445 N R
B RIS S B FE I 5 T & AR I Y 5303
I Hax SRR A A Wkt 2 v, i i s
SR IR (1 ) B AL, WFM-DOAS Fl ACOS 57
EHA —E RN,

4.1 Mi#A DOAS RiEE X

M4 R 0] LLE ), WFM-DOAS ( Weighting
Function Modified Differential Optical Absorption
Spectroscopy ) /&X DOAS J7 ¥ i) 2t #F | 7E 31 21 4
T B, PRI AT: B X6 22 43 D' 33 AN oI 5K
IO 5 WS K T 0 AT R N R LAY, WEM-
DOAS 75 i HHR A B AT A, R &
# DOAS J7iEHh  BURHE S i ) 3 A S R KR
B RIT IR R, BRILZAE, £ XS SCTAMA-
CHY WL H , i A7 JLFFLL DOAS J5 3 B it
9% . 2008 4F, Oshchepkov 25 A=) #2111 R
[F] 52 T 12 s A8 K B2 1 B 23 28 88 e B v
M IE 22 B4R K B . 2005 4F | Frankenberg 55
OB B e Y R 4 T — ]S RE CO,
A CH, FEVR B B 7 ik ARBEBEA R IS, CH A1
CO, UHERY LA, R BRIHR A BRI Y52 0
B2, X LR A R B 1 R e S AR
F IR S PRAE AL 1 D62 A KR 5 (BB Y i
AR 225 B A R s th AR R iR 22



732 DG

%8 &

TERG 23 200, I SCIAMACHY 0 i %% 47 2 7
1) COMRBE R AN 1% ~2% , Hh, =
AV IS ) TS 2 2 B A R 250k R, 2005 45,
Houweling %5 N7V 45 i, CO, #¢ B 1 S 1R 25
10% K AW P R s2 e, BT SCIAMACHY
FEARSRLTTH TN CO, XA, [F 32 2 & /)
23 [A] 3 BRI  BER 0 BRI, XCO, 1 B DR
JEE R A R X LA A M R R TR Y K
4.2 EYBEREEE
FEF DUk 307 B8 14 e U0 4G T 7 32 ( Optimal
Estimation Method-OEM ) J& H {1 3£ it 1% [z 78 5032
GOSAT 1 0CO-2 Wy S i # R T3k Fh ks, 42
P ISZ J6 7 ph L A AR R S Tk T 40 2

B, IE TR S 2o 1 A K BRI | AU A
W M2 R R S A i DA AR RN, A
ERSURITUD e NN Y @ e L S e
FAS R S50 R AT 6 4 1 A ASE 01 T3 SO0 4 55
FE R 7 i 8 e B IRAS 1) S, Fe M
PGS R G 2 R A5k 25, — BLAS 2B 5 1
APV L XN SR E 200 CO, MR A3 1%
%,

AR R A AR R
Py a1 BBvivt € Saaly wa M N IR =5 =N e 3 QN 1 o
Wrie AT BRI A AL | K3 XCO, . 25 = ek
WIS 0, SR AR T 2 A TS Y 4 3R
AR AR WA 2 FR

o5 73 WA

AT AR
AR

3 ﬁﬁf&lﬁi

L HERRRN e
)

| 1 3R B |

AT Bl IEERE R
L ERmE | | EeRA| l
! T . Ly !
o [ REGREAN_ ] :
1 'L ilil‘; I
A Al | RHOI% |

2 R

Fig.2 Flow diagram for retrieval algorithm
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