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Abstract Satellite remote sensing is the most efficient way to monitor global CO, flux. ‘Full physics’ retrieval
algorithms applied to Greenhouse Gases Observing Satellite (GOSAT) observations are introduced in this paper, and the
differences among the algorithms are briefly summarized. The quantity of retrieval data from each algorithm is analyzed,
and the spatial coverage indicates that use of only one dataset is insufficient for the study of XCO, (column-averaged CO,

dry-air mixing ratio). Therefore, an ensemble average method that fuses four datasets is applied, which aims to increase
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the data spatial coverage indirectly. Using the ensemble average results, the spatial and temporal distribution of XCO,

over China is studied. The results indicate strong variation of XCO,, both spatially and temporally. A seasonal trend is

identified, with the maximum and minimum appearing in spring and summer, respectively, over the whole of China, and

most of the area shows large XCO, values [>380 ppm (X 107%)]. However, there is a significant difference between east

and west. In the east of China, strong CO, sources due to high levels of human activity, and sinks due to large areas of

vegetation cover, lead to large variation in XCO, (8 ppm). Whereas, in the west of China, the relatively sparse human

population and vegetation cover lead to small variation in XCO, (5 ppm).
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Fig. 3 Valid data quantity of retrieval products (a) NIES-FP V02.xx, (b) ACOS B2.9, (c¢) UoL-FP: 3G, and (d) RemoTeC V2.0 over China, 2010
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Fig. 4 Comparison among Waliguan in-situ measurements, TANSO/GOSAT observations, and CarbonTracker simulation results. The black dotted line

indicates the 7-d smoothing of GLOBALVIEW-CO2 Waliguan in-situ measurements; the blue, green, yellow and cyan circles (error bars) indicate the 7-d
average (standard deviation) of the NISE-FP V02.xx, ACOS B2.9, UoL-FP: 3G, and RemoTeC V2.0 products, respectively; red circles and curved line indicate

the ensemble-averaged and Fourier fitting results, respectively; magenta circles indicate the 7-d average of CarbonTracker simulation results
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Fig. 5 Spatial distribution of ensemble-averaged XCO, in (a) spring (March, April and May), (b) summer (June, July and August), (c) autumn (September,

October and November), and (d) winter (January, February and December) over China
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Fig. 6 (a) Key regions, (b) land cover, and (c) population density classification results and (d—f) temporal variation of the XCO, seasonal variation for the

different classes (circles and curves indicate the ensemble-average and Fourier fitting results, respectively)



3 4] MR NBAE: T GOSAT i i v [ 1l X — S AL BRI FE I 3 A A 5T
No.3 YANG Dongxu et al. The Spatial and Temporal Distribution of Carbon Dioxide over China Based on GOSAT Observations 549

CEARARING B )y, e A B ARABLAH 221X 5 ppme

NIV R R LKW, HENOEKE>25
km > [ U BL+S ppm R, A 13 <25
km (X, HAT 43 ppm (K E L HEAD
B[ >100 km > HX AT Z1-2 ppm PR L, A
B <100 km ° [RIHEIX Z147—4 ppm A L. A
B 25~100 km > [RIHEIX A AEAR LI BEROR, 4
9 ppm; A FIBFREE<1 km > [RIH X A AEAR £ B 4
/N, ¥ 5 ppme

SRRy T, PR . ARAERZR X £
PRl kak, NITE4E (>25 km D), 2L
HIHB AR 55 PR P AL H XN 1A 2D
LR R TG S5O DRI RS R, 2E%
X Z= AR A A R, FARIE B, EoREE
FBARAE; S X E 2 AT TAEMNGRSE, 4%
A EBER TEFERAE R ik, NAZEEKR
FIZREE . ARAERIARHHX, e KZESRmT 4 ppm;
S 2 e, A 1~2 ppm.

5 @it5itit

AR H T PR bR RS B s ) NIES-FP
V02.xx. ACOS B2.9. RemoTeC 2.0 fil UoL-FP: 3G
2 4 Fh S B T TANSO/GOSAT Ml 11 4 13 g 35 445
AT T A, I HARYE S B RE M 2 e AT 75
YRR . DI T RIS BRI 2 e R IR
DSR2 5
HE TR T BA 2 T 1E 7 05 4 06 % 15
A SRS YN A

Xf EE 5 B it A R i, AU IR
B2 WATE BRI ZE 5, FF HLA& SO i 1 B
AR K . I — OB~ N BE, 3L
ANBERGFLAE AT SE [ P E M X XCO, I 23504« R,
AR —F AP T, B &
P BRI I TR0 [ P (s s s, Tl
BT AR R 2010 4R E X XCO, B4
OIAT RN BRI AR GRRAE , A3 5 X ZE Y
BAGERAFARL, WERFIAR R ASE, BFEER
M, ZHOhX2&FmT 380 ppmo AR HEAIPH T
HUIX 25 SRR A, AR AR PR S A . N D4R
Sl Z B ORISR AR T 55, R XCO, ZE AR MK
MEIEER, AEZ 8 ppms Wy FHHBHLX 22 AN K9g
Fg L, XCO, A ARAIRE AN L 5 ppm.

KA XCOy B 25 73 AR Ak, 853 Y5 T 4 i

COx ¥, VEHIPEIT . KA XCOy S5 At [ I 32 1)K
BN RS AT e . Ferp KB iR
TR R AR AL, i K S KT g A
Ho —MEBLT, RAEEMLEHEERE, JFH
A K IRBERIACHRIE VR, TP ] 23R B,
KRB KRR 5548 PR KR UK inis
TEAAETRARZ, WK RS,
p 2PN SR 5 NN i = L R e ST AR E 11 G R
MIZA R, BANE B AL B 1R & Rdan ik 1
H, HZZ) 10 ppm MIFTPEHIX 25, L LR
MR TERE R

Bigt A CfEH B GOSAT. OCO. UoL-FP Fil RemoTeC % f}2%
[Z1 A $2 i NISE-FP V02.xx. ACOS B2.9. UoL-FP: 3G £l RemoTeC
V2.0 4045 77 i, NOAA ESRL 24 CarbonTracker CT2011 #dix,
Goddard &f7 04t MODIS Hufh 4» 28%#%, SEDAC #2{it GPW
V3.0 £ .

SZ K (References)

Bai W G, Zhang X Y, Zhang P. 2010. Temporal and spatial distribution of
tropospheric CO, over China based on satellite observations [J]. Chinese
Sci. Bull., 55 (31): 3612-3618, doi:10.1007/s11434-010-4182-4.

Boesch H, Baker D, Connor B, et al. 2011. Global characterization of CO,
column retrievals from shortwave-infrared satellite observations of the
orbiting carbon observatory-2 mission [J]. Remote Sens., 3 (2): 270-304,
doi:10.3390/rs3020270.

Butz A, Guerlet S, Hasekamp O, et al. 2011. Toward accurate CO, and CHy
observations from GOSAT [J]. Geophys. Res. Lett., 38 (14), doi:10.
1029/2011GL047888.

Cai Zhaonan, Liu Yi, Yang Dongxu. 2014. Sensitivity studies for the
retrieval of XCO, from simulated Chinese Carbon Satellite (TanSat)
measurements: A linear error analysis [J]. Chin. Sci. Bull., 8: 1-10.

Gloor G, Fan S-M, Pacala J S S, et al. 2012. GLOBALVIEW-CO2:
Cooperative Atmospheric Data Integration Project—Carbon Dioxide [OL].
Boulder, Colorado: NOAA ESRL.

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change
2007: Synthesis Report [R]. Geneva, Switzerland: International Panel
Climate Change, 104pp.

Kuze A, Suto H, Nakajima M, et al. 2009. Thermal and near infrared sensor
for carbon observation Fourier-transform spectrometer on the Greenhouse
Gases Observing Satellite for greenhouse gases monitoring [J]. Appl. Opt.,
48 (35): 67166733, doi:10.1364/A0.48.006716.

gk, Bk, PRk, 55 20110 TEEEKS CO A5 kil R
ik (7). BB SN, 26 (2): 247-254. Liu Yi, Lii Daren, Chen
Hongbin, et al. 2011. Advances in technologies and methods for satellite
remote sensing of atmospheric CO, [J]. Remote Sensing Technology and
Application (in Chinese), 26 (2): 247-254, doi:10.11873/j.issn.1004-0323.
2011.2.247.

Liu Yi, Yang Dongxu, Cai Zhaonan. 2013. A retrieval algorithm for TanSat



N W 40 3%

550 Chinese Journal of Atmospheric Sciences

Vol. 40

XCO, observation: Retrieval experiments using GOSAT data [J]. Chin.
Sci. Bull., 58 (13): 1520-1523, doi:10.1007/s11434-013-5680-y.

O’Dell C W, Connor B, Bosch H, et al. 2011. The ACOS CO, retrieval
algorithm—Part  1:
observations [J]. Atmos. Meas. Tech., 5: 99-121, doi:10.5194/amt-5-
99-2012.

Oshchepkov S, Bril A, Yokota T, et al. 2013. Effects of atmospheric light

Description and validation against synthetic

scattering on spectroscopic observations of greenhouse gases from space.
Part 2: Algorithm intercomparison in the GOSAT data processing for CO,
retrievals over TCCON sites [J]. J. Geophys. Res. Atmos., 118 (3): 1493—
1512, doi:10.1002/jgrd.50146.

Peters W, Jacobson A R, Sweeney C, et al. 2007. An atmospheric
perspective on North American carbon dioxide exchange: Carbon Tracker
[J]. PNAS, 104 (48): 18925-18930, doi:10.1073/pnas.0708986104.

Reuter M, Bosch H, Bovensmann H, et al. 2013. A joint effort to deliver
satellite retrieved atmospheric CO, concentrations for surface flux
inversions: The ensemble median algorithm EMMA [J]. Atmos. Chem.
Phys., 13: 1771-1780, doi:10.5194/acp-13-1771-2013.

Rodgers C D. 2000. Inverse Methods for Atmospheric Sounding: Theory
and Practice [M]. Singapore: World Scientific Publishing Co Pte Ltd,

253pp.

Wang T X, ShiJ C, Jing Y'Y, et al. 2014. Combining XCO, measurements
derived from SCIAMACHY and GOSAT for potentially generating global
CO, maps with high spatiotemporal resolution [J]. PLoS One, 9 (8):
€105050, doi:10.1371/journal.pone.0105050.

Yang Dongxu, Liu Yi, Cai Zhaonan. 2013. Simulations of aerosol optical
properties to top of atmospheric reflected sunlight in the near infrared CO,
weak absorption band [J]. Atmos. Oceanic. Sci. Lett., 6 (1): 60-64.

B0, 2013, FEUELLAMR/ T XCO, T BRI SO HVERT ST [D]. h [E &}
e K2 220783, 111pp. Yang Dongxu. 2013. A near infrared
atmospheric XCO, retrieval algorithm for satellite observation [D]. Ph. D.
dissertation (in Chinese), University of Chinese Academy of Sciences,
111pp.

Yoshida Y, Ota Y, Eguchi N, et al. 2011. Retrieval algorithm for CO, and
CH; column abundances from short-wavelength infrared spectral
observations by the Greenhouse Gases Observing Satellite [J]. Atmos.
Meas. Tech., 4: 717-734, doi:10.5194/amt-4-717-2011.

Zeng Z C, Lei LP, Guo LJ, et al. 2013. Incorporating temporal variability to
improve geostatistical analysis of satellite-observed CO, in China [J].

Chin. Sci. Bull., 58: 1948-1954, doi:10.1007/s11434-012-5652-7.



