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Missions-1 GHGs emission measurement over China
Carbon emission measurement system in energy, cement and other industries, and 

land use

Missions-2 GHGs absorption measurement  
Carbon sequestration rate and potential increment of carbon sink of ecosystems

Missions-3 Satellite observation of GHGs flux  

Support TanSatproject in retrieval algorithm,  validation, and flux inverse model

Missions -4 Climate Model
New generation climate system model, long term aerosol observation

Strategic Priority Research Program  of the Chinese 

Academy of Sciences (CAS)

Climate Change:Carbon Budget and Relevant Issue



Five major themes of the program (15 projects)



Emissions of Carbon

ü This 14% correction of emissions 
translates into adjusting the global 
land sink (residual) by 0.4 GtCyr-1

(~30%)

Liu et al., Nature, 2015

ÅGlobal CO2 emissions are still increasing

ÅShift towards emerging economies

ÅEmission inventories are becoming more uncertain 



CO2 surface network of the World Data 

Centre for Greenhouse Gases (WDCGG)

East-Asia Carbon Budget from 

Atmospheric Inversions (Piao et al., 

2012)

Carbon Cycle of China 
not W ell Constraint 

Estimates of natural fluxes are not 

consistent between studies

Å Emissions are embedded in natural carbon cycle which takes up >50% of 
emissions globally

Å Most of our knowledge about natural sinks are based on observations 
from global surface in-situ networks 



CarbonTrackerChinaBayesian Inversion

Blue: GLOBALVIEW-CO2 and/or WDCGG
Orange: +3 additional stations from China Meteorological Administration 
Green: +CONTRAIL aircraft CO2 measurements.

Jiang et al, Nature Sc. Rep., 2016

Adding new CO2 measurements within or around China, the inverted CO2 sink 

in China gets larger and its uncertainty is reduced.

Carbon budgets of Chinaôs terrestrial 
ecosystems from 2006 to 2009.

Carbon Budget from Top - down 
and Bottom - up Approaches 
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The TanSat Mission

(1) National High Technology Research &                      

Development Programs by Ministry of Science and 

Technology of China (MOST)

Term-1 (2011-2017)

Term-2 (2013-2015) 

(2) Strategic Priority Research Program -Climate 

Change: Carbon Budget and Relevant Issue by 

Chinese Academy of Sciences(CAS) ς(2011-2015) 

Term-1(2011-2017)
Measurement Goals

XCO2
1~4 ppmv
Monthly 

500 x 500 km2

Term-2(2013-2015)
Measurement Goals

CO2 Flux
Relative flux error 

20%
Monthly 

500 x 500 km2

(3) Strategic Priority Research Program ς

SpaceScience: ScientificResearchSatellite(CAS)

(2015-2016) 

--- Organizationof TanSatMission

--- FundingLaunch



Team of The TanSat Project

Team Leader Mission

Zengshan Yin

Shanghai Engineering Center for Microsatellites Team leader and Satellite platform

Yuquan Zheng

Changchun Institute of Optics, Fine Mechanics 

and Physics

Carbon Dioxide Spectrometer

Changxiang Yan

Changchun Institute of Optics, Fine Mechanics 

and Physics

Cloud and Aerosol Polarization Imager (CAPI)

Zhongdong Yang 

National Satellite Meteorological Center, CMA

Data receiver, Calibration and Operational 

Process

Yi Liu

Institute of Atmospheric Physics, CAS Science requirement̆ CO2 Retrieval 

Algorithm, Validation and Application

Xiangjun Tian

Institute of Atmospheric Physics, CAS CO2 Flux inversion

Chengcai Li

Bekjing University Aerosol and cloud  Retrieval Algorithm for 

CAPI



Satellite Platform - Observation Mode

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 700 km

Inclination 98°

Local time 13:30 

Weight 500Kg



¦ƭǘǊŀǾƛƻƭŜǘΥ лΦоу˃Ƴ
Å±ƛǎƛōƭŜΥ лΦст˃Ƴ
ÅNear infrared: 0.87, 1.375, 
мΦсп˃Ƴ
ÅtƻƭŀǊƛȊŀǘƛƻƴΥ лΦст ϧ мΦсп ˃Ƴ

Carbon Dioxide Sensor (CDS)

TanSatInstrument

0.765mm O2 A-Band CO2 1.61mm Band CO2 2.06 mm Band

Cloud and Aerosol 
Polarization Imager ( CAPI )

O2-A CO2

Weak

CO2

Strong

Spectral 

Range(nm)

758-

778

1594-

1624

2042-

2082

Spectral 

Resolution(nm)

0.038

-0.047

0.120-

0.142

0.160-

0.182

SNR 360 250 180
Spatial 

Resolution
2kmx2km

Swath 20km



CDS and CAPI

Pointer Mirror

CAPI Vis Ch

CAPI Calibr
CAPI NIR Ch

Telescope

Bean splitter

Focal Plane

Focal Plane

Focal 
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Preflightcalibrationin laboratory

Preflightcalibration

2015-2016

Å RadiometricCal.

Å SpectralCal.

Å PolarizationCal.

Å GeometricCal.

Å SNR



ILScalibrationresults
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WavelengthgridandSNR

O2 A band CO2 weakband CO2 strongband
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SNR 507.5
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SNR 231.6
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CAPI preflight test

ComponentIntegrationof instrument

Environmenttest Electronicssystem Electronicssystem



Preflight instrument integration

Electronicsintegration
Mechanicaltest

Thermaltest



Theoretical investigation on 
Pre-flight calibration



1ppm

XCO2errors.VS.Calibrationaccuracy
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Schedule after receive CDS \ CAPI

Date Item

Feb 29, 2016 CDS\CAPI transport to Shanghai

March 1 to March 3 Integration texting

March 28 to 29 CAPI Optical texting

April 6 to 8 CDS Optical texting

April 30 Satellite flight simulation testing

May 20 Satellite thermal  testing
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June ~ Aug                   Repeat test after payload delivery  

1610 nm
2060 nm
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TanSat Retrievalalgorithm
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GOSAT

TanSat

OCO-2

GOSAT

retrieval

Tan-SAT

retrieval
Tan-SAT-

XCO2

OCO-2

retrieval
OCO-2-

XCO2

GOSAT-

XCO2

Tan-Tracker

Simultaneously Estimate Surface CO2 fluxes and 3-D Atmospheric CO2 Concentrations

CO2 Fluxτinversion model---Ą

ByXiangjunTian. ACP2014



GOSAT L1B

XCO2

XCO2 Flux

CO2 flux from TanSatsystem


