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Abstract The spectra measured by the Atmospheric Carbon dioxide Grating Spectrometer
(Atmospheric Carbon dioxide Grating Spectrometer - ACGS) carried by the Chinese global carbon
dioxide monitoring scientific experimental satellite (TanSat) in the band of 0.76um, 1.61um and
2.06um can be used for the retrieval of carbon dioxide (CO) concentrations by fitting the
observations and simulations using the optimal estimation algorithm. Accurately detecting the
change of the center wavelength is highly important because of its very high spectral resolution and
accuracy requirement for product retrieval. The variations of center wavelength for all three bands
of ACGS have been calculated on the locations of the Fraunhofer lines by comparing the solar-
viewing measurements and the high-resolution solar reference spectrum. The variations with
magnitudes less than 10% of the spectral resolution for each band have been detected. The changes
are probably caused by vibration and the instrument status difference between the ground and space,
especially temperature variation on orbit. The scheme described here can be used not only for
monitoring spectral stability but also to gain spectral knowledge prior to the level-2 product
processing. These minor temporal changes of wavelength on orbit should be corrected in the product
retrieval.

Keywords High-resolution, Carbon dioxide, Spectral calibration, Solar spectra
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PRI AR K COL U BE B 43 A0 1 B, et A A8 Ak R TR A 3 EE 2L (Miller
et al., 2007; Chatterjee et al., 2017; Schwandner et al., 2017). A [E 4 BR S AL BRI AL 27 5056
T2 (TanSat) 7£ 2016 4F 11 J3 21 H TR SE, Z2474E 700km FKRHFEH0E b, 1855
(B 254 13:30, B A BRI 3 22 H Ax A& X R R Fl RBE RS COL MR BEAT A, TRINKS FE 2
1% (1-4ppm). ik BEEHH R O G (Atmospheric Carbon dioxide Grating
Spectrometer - ACGS) &/ = BOGMETEAC, PRI B LB KAE 0.76um 1] O Wi
i (02A) , 1.61um 155 CO, USHT (WCO2) il 2.06pum 158 CO, Wi (SCO,). ACGS
AXES B — JOUI AT EASREL 9 N3 (A1 ot A, B RAEZ0N 3.3Hz, WINHL 025 18] 73 7%
FON2km (EHL X 3km (EELD, 2 NERINETE 2 20km (Yang et al., 2020).

ACGS A PLREURS, CO L IR IR = BIME B o = S BHAS R PHFE S 2L HhThT, 884
= FRA CO HEEERERM, Bt COx I i B e Zb AT =R . O2A 7 UG £ 25
ZEMHESEE R . XCOs 2 CO KRBT SMWRE 2, FOASH T2 A0 E
TRE L, 18I WCO, 1 SCO2 B B BN i AL 1% (#1404 545 21 (O’ Dell et al., 2012;
Crisp et al., 2012). FEIEMGEREH, 5 AR R8N RN 22 387 1) 2805 3 B0 L AL 16 15 i 22 ¢
K, AR FE XCO, SR M. BRI, PPARAER BN 51 DG AT XCO, [ 28 G H 2
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TEPICIE EFRI I B 25287 (Instrument Line Shape - ILS ) 5E AR FI K SE bR AN J5 T
ILS AR BAS G T #3066 [ N . Sunetal. (2017) %1% OCO-2 43R A F 14
HTeRBIUA ILS, 8T TAXSSAERUAY ILS 484k . Xt TanSat, HT ACGS F ILS Ft T Al 3 [X
FEAE— SR F I S5 MRRE, IR b R A BB 52 A2 R AE ACGS 1 ILS ##4E Canfd 1 fy
D)o B, AR ILS FEHURSIRIFAA, (U FAESAE IS AT BATRIAE O T A5 /T (1) 9%
KA. AFETF OCO-2 TR HWLIRFH g @ S, Bk PAE ACGS 1t B WK T
18R, iR TR ACGS, DL ERAAZ PR Z SN 7ok, Ik EEEA TR
RIXINve aEE IS YeE: (Crispetal., 2017), Bk, AR ILS A48, & SLETH
KIERR.

TERN G 2 At 5 2 ) FH LI 149 A 8 6 555 6 0 R 22 K BH Y B UL & 11 55 S 3L 1) (Chance,
1998; Liu et al., 2005; Liu et al., 2010; Munro et al., 2016; Sun et al., 2017). AHXFTLAEIIE 4
Ttk B BHIRSCZR (1) 77325, AT 000 B AT IR K BH R R R SR USCZR A S 228 B ME . X Rl 571
FemifE T, FIAH ACGS fEJLAR i i 8 s ST (%) K BH SR IROR 2 Wit 4k 1 S s B B
Bt H Kt a, B0 T AN AVCECERE . (EE 15k 52 i T WU ZR I A B hT g 52 21
RSN B R AN T PR B RENR, 43 AT 45 SR AR SRR T Pk ) S E I R

AL TR I 2 ACGS ST hiAR I L1 258 5 504 - Yang et al. (2020) 45 H! T TanSat
FHAERIRSE SR, T AR IR b, FRATHM B HE 1Y 5 e b el @b w2z HET 7T 1E,
TR T B A [ — 4RGSR . Hdt— PR BRADEE ebr 8%, 4l TN ERE RSN
ME—FReE Erai R X4 R RAER T ACGS AR EHUIRAS B, I 9AE
N BA 2 WIS SR B AR JE R G e b= AR 2, B S A RS TR Ja . O A B AR
2 M/ NS, AN COL R FFFRE .

2 BT IR KBARUER RIS CIE EAR T 7

Tk L ACGS il i i SR AR AT FOR, SR B RH , A 2R . 18 SR
BIVE RIS FR AT R, AR ILS ZRBURHE.  1E 2017 4F 2 H-7 A M7ERIHARY B,
ACGS TEIUAR T 22 04T 45 P L — U ek EDRI, 85 % A) DASREL 6~7 B H AR E i o 76
HUNARSE . ACGS S H MM R AT R BRI RE R 1 IR X HOIR 7E 52 BB =W 34N
X BT, 3 10 3BT Ta], FE 3 /2 Bh R HES, 5 BRI H WA 2 43k
(K FEAE S A o AR 5 43 (oo EDOWLI AT LAAS 21— 2 WK BR G 1 2 o K BRG IS 2
ZERPAZIESE, IR R G, H T 3T 6 E VR B 1A o

ACGS K = HEPRIN 30 5541 B 14RO R i, BRI 1) — 42 ¥ a4k, —4E20
WEAE. OA WA 1242 MBS0, WA COL IR IIIEHE G ou iyl 5000 RLRIUE L KA
RKT 2, [FIIERFEE 2 A5 e LK SF, WCO, Al SCO, 15 BRI 1 43 9 2R 43 1L B A 0.14nm
A1 0.18nm, IX—JEiErHERBMCT R E 0C0-2 FIEESERE, 0.A HWREFS 0CO-2
22 ()7KF (Frankenberg et al., 2014; Crisp et al., 2017). £ 1 45 H Tk P& ACGS HIVE4GIE
28

# 1 TanSat ACGS T E¢ it
Table 1. Spectral parameters of the TanSat ACGS instrument

SH 0A WCO; SCO;
HEIEE (nm) 758-778 1594-1624 2042-2082
FeHESFRZE (nm)  0.033-0.047 0.12-0.14 0.16-0.18
JeE S on 1242 500 500

e KRR >2 >2 >2
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ACGS AT ILS FHY K AR & A& 5 BT 1 P O6 23 U 2 ¥ (Yang et al., 2018). &
1 2B FRICEMIEBR =A% ILS 265, SN ZRICHIEK A, B 5 IRZ TER:

Ay =XioCi Xp' (D

p ARG ICITS, RN ARG — N Sot. BMRUNZR SIS E R 1
FizRoc R ERUREL, &S0 5 el @ Anill 15 09, BN 25 11 GOn R K 35076 2% BRI 1) R 3
B2 45 7 =/MEBR, FANTMEIT, BRKEEERITMREKRR. 5 RETXME MK
FE RS2 ACGS 181 1/10 Y 20 HE R 8 60 8 ks 5 75 5K
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for three bands
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AT TR & 2 HER I Kuruez KBHYGTEE S %61 (Fontenla et al., 1999; Chance and
Kuruez, 2010), 74 HA GOSAT PEWK, & n LA /2 TanSat mtil CO» RSO HE &
PR SR o Kuruez K A O B 9 SR FE 2> #F 2 09 0.001nm, % 4 W] LU A Yk 3R HX
(http://Kurucz.harvard.edu/sun [2020-02-101).  ACGS [ A BHLIN ¥ 3 ] LI W6 43 3 H ASBH Ak
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B3 45 T 6 RET ACGS =AM BE# Kuruez ABHGIE AT ACGS itk E bR S %1,
WCZRAT B o FE TR KBGO RE e i ik, 120 R B B A E R IR RO BAEA S
HARUE. AT BEREIE RN AT Ay R, SRR ISR T BT AT A, R LR — S B
WCHRSE o AN PSLEPISAT G IR RS 2 R A A A2 B AT IR PR ASCR8 20S  22 345 880 355 O3 e o
22 e 0N AT DA I T R A B (AR SR P AR R, 2 kR 3T IR A2 LR A R

fa=f(1+72) )
Horb, ¢ BVGHE, fHREFUE R BRI AR o Ve 5 TR AR IARXT S, 2 Ve NIERT,
FoRPIEMESEIT. B 4-6 7 0:A . WCO, i fll SCO, 7 75X H WL A 22 1 ks & (1K
I A AL R A o R BHEARIR Vit KZIN Thkm/s, XF O2A T E, 2 W BN 512 R K
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Fig. 12 The statistics of wavelength change on the locations of selected Fraunhofer lines in Oz A-
band
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