


The Atmospheric Carbon Dioxide measurement over 
China from space  

Dongxu Yang, Yi Liu, Zhaonan Cai, Jing Wang, Xi Chen, Xiangjun Tian 
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China 
  
Hartmut Boesch, Robert Parker, Jasdeep Anand, Peter Somkuti 
Earth Observations Science Group, University of Leicester, Leicester, UK 
  
Liang Feng, Paul Palmer 
School of GeoSciences, University of Edinburgh, Edinburgh, UK   
 
Johanna Tamminen, Erkki Kyrölä, Kivi Rigel, Hannakaisa Lindqvist,  
Iolanda Ialongo, Janne Hakkarainen  
Finnish Meteorological Institute, Helsinki, Finland 



Nadir mode 

Sun-glint mode 

Target mode 

Nadir mode- Observation over land 
- Push broom  
- Principle plane track 
Sun-glint mode- Observation over ocean 
- Sun glint track 
- Principle plane track 
Target mode- Validation 
- Surface target track 
- Multi angles for one target 

Name Characters 

Orbit type sun-synchronous  

Altitude 705 km 

Inclination 98° 
Local time 13:30 ±30min 

Weight 500Kg 

Principal plane 

TanSat: satellite  



Cloud and Aerosol Polarization Imager - CAPI  
• A wide field of view moderate resolution imaging 
spectrometer with polarization channel 
• Ultraviolet: 0.38μm 
• Visible: 0.67μm 
• Near infrared: 0.87, 1.375 and 1.64μm 
• Polarization: 0.67 & 1.64 μm 

Carbon Dioxide Sensor 
•0.76 μm, O2 A-band 
• 1.61 and 2.06 μm, CO2 bands 

Instrument onboard TanSat 



O2A CO2 W CO2 S 

Spectral coverage (nm) 758-778  1594-1624  2042-2082 

Resolution mean (nm) 0.04 0.13 0.17 

SNR 360 250 180 

Aerosols and clouds CO2 H2O, T … 

TanSat measurement 



XCO2 

Flux 

Data assimilation 

Carbon monitoring from space: concept 



IAP Carbon dioxide retrieval Algorithm for Satellite observation 

Observation design  

Retrieval algorithm 

Observation simulation 

Computation test 

TanSat algorithm 

ATANGO ATG-OCO 

Carbon flux inversion 

The Retrieval algorithm 



GOSAT V1.61 L1B data 

Before bias correction 

Inter comparison: GOSAT retrieval 


		TCCON site

		Retrieval error (accuracy + precision)



		

		NIES-FP

		ACOS 

		RemoTeC

		UOL-FP

		ATANGO



		Bialystok

		0.04±1.38

		1.09±1.75

		-2.14±2.53

		0.63±1.55

		-0.22±2.06



		Darwin

		-0.96±1.55

		-0.17±1.33

		-1.38±1.79

		1.05±1.74

		1.57±2.78



		Garmisch

		0.62±1.69

		2.16±2.54

		-1.08±1.54

		1.86±2.26

		1.40±2.23



		Karlsruhe

		0.02±1.42

		2.41±2.76

		-1.31±1.88

		1.95±2.30

		0.42±1.71



		Lamont

		-1.46±1.91

		-0.76±1.59

		-2.81±3.01

		0.12±1.05

		-0.04±1.60



		Lauder

		-0.84±1.52

		0.43±1.27

		-1.89±2.01

		1.10±1.60

		1.17±1.26



		Orleans

		-0.28±1.88

		1.43±2.07

		-1.89±2.62

		0.94±1.86

		0.37±1.74



		ParkFalls

		0.58±1.88

		1.34±2.12

		-1.74±2.18

		1.32±1.77

		0.61±1.64



		Saga

		0.41±1.82

		-1.34±2.88

		-0.63±0.63

		2.18±2.68

		0.81±2.42



		Sodankyla

		0.19±1.59

		2.80±3.35

		-1.05±1.95

		1.88±2.18

		0.39±2.23



		Tuskuba

		1.75±2.50

		3.52±3.72

		0.49±1.40

		1.71±2.33

		3.71±4.01



		Wollongong

		-0.90±1.86

		0.45±1.30

		-1.77±2.28

		0.85±1.61

		1.18±1.52









seasonal variation  

Scatter plot inter comparison 

Inter comparison: GOSAT retrieval 



Inter comparison with UoL V60 

MODIS IGBP  

Inter comparison: GOSAT retrieval – land cover  



Inter comparison: GOSAT retrieval – population   

Inter comparison with UoL V60 

NASA SEDAC GPW V3.0 



Post-screening 

Bias correction 

Application ATANGO retrieval in Carbon flux inversion  


		　

		CO2 flux

		　

		Flux uncertainties



		Simulation

		Prior flux

		Post. flux

		flux difference

		

		Prior error

		Post-error

		Error reduction*



		　

		(Pg C yr-1)

		(Pg C yr-1)

		(Pg C yr-1)

		

		(Pg C yr-1)

		(Pg C yr-1)

		Relative (%)



		In-situ-only

		-0.05

		-0.51

		0.46

		

		0.49

		0.38

		22%



		IAPCAS-GOSAT

		-0.05

		-0.34

		0.29

		　

		0.49

		0.08

		84%









TanSat 

OCO-2 

Red line: measurement 
Blue line: retrieval 

Fitting residual of TanSat 



Rural 

Urban 

Rural 

April 23, 2017 

April 23, 2017 

Preliminary result on TanSat retrieval 



• The algorithm that developed from IAPCAS 
platform has start to retrieve OCO-2 and TanSat 
measurement; 

• The inter-comparison studied between ATANGO 
and UoL, NIES-FP, ACOS and RemoTeC indicate 
the consistent results on all algorithm; 

• TanSat preliminary retrieval has been studied 
and more retrieval work will be started in future. 
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