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16 satellites

3 satellites

9 satellites

Amount √ Quality ？30 years’ Chinese historical Satellite data (2018-2022)

1. Opportunity:   project background
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 In 1998, Pathfinder project was proposed by NOAA and NASA for reprocessing 
AVHRR,TOVS,GEOS,SSM/I.

 In 2010, GCOS proposed satellite observed ECV concept, ESA started CCI(Climate Change 
Initiative), including 14 ECV products.

 CEOS WGCV proposed QA4ECV plan, aiming at an internationally recognized QA 
framework, providing understandable and traceable quality.

 C3S was proposed coordinating with Copernicus space program, FIDUCEO and GAIA-
CLIM were funded.

 Satellite based climate dataset construction was supported by Chines 11th and 12th Five-
Year plans, mainly using overseas satellites.

Calibration is the core of data reprocessing

http://www.gaia-clim.eu/
http://www.qa4ecv.eu/
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RetrospectIve Calibration of Historical Chinese Eerth
Observation Satellite Data (RICH-CEOS)

RICH-FY ： Chinese Meteorological 
Satellites
RICH-ZY :    Chinese Land Resources 
Satellites
RICH-HY :  Chinese Marine 
Satellites

18 Institutions 
Involved

National Key R&D Program of China 
Founded since 2018

National Satellite Ocean Application 
Center (NSOAC)

National Satellite Meteorological 
Centre (NSMC)

China Center for Resources Satellite 
Date and Application (CRESDA)

https://www.baidu.com/link?url=ZtWE9hBkLnCa3MrnesZHqUpbPc1d4xtE9zIHaXKjBbt-3oZH2g6SGvkdCloVx-6y1vi0hEKsuodE3FvcqMhvUFXhLX_ltEk0LAjTKwCpIKn4aUg1nPA6OgbLIpp798LCkd5CKukG8njVh-HIRtJEsrEVnzxoIOptoJqP4Upen6Lq1-gcdqTJCVii-zEopSId48yy1jZcHoQ_aLwwnZncc-YHS-oZebCtgDJTAPa093QVSk2y9LkV-1pgPlFtzN_8v518fGbBMnY9163ilRsGTsMH2Wy9X8buL5ueWzEvE7KW-JVRAU-CDVEiyyPh-IOMsiy6Cnt_XETtXZOic_rxJk451u_rUYVsfs-XjeAk1MU4YtnSRJwdAaGO6jO-eAwL_yBj3fU5LFxneIG7_pRE61V-tzl8ETui4cvbZB1uDNbkLgPlN2tYOHb4E-Uk1NzSTE3WR7liJiRsCrf7sbPwy3biFykD7Oc88g3-j7EQezbMC1AhCzDdOgHgXuu3gPgrM2H5evtOSxjAShDjBVMfCkDi39dxjBZRyIpnkHLiTx2feinaK_Ck2sXH7pSZrT4AFm3VQSJJT0R4yAgAvM2RCCt1p6lKxFZ_lprGi7wsP_u2ZE3BbJ-3_1hR7oEWKAWMDdSo8DSkFgFnjeps4ZqmjjEtTrJehub8877kZ5ZrX4W&timg=https://ss0.bdstatic.com/94oJfD_bAAcT8t7mm9GUKT-xh_/timg?image%26quality%3D100%26size%3Db4000_4000%26sec%3D1540104647%26di%3D5f934a712c8ec83d1833e24ec3276f28%26src%3Dhttp://dingyue.nosdn.127.net/6fThzUBhJqlwhybzJTJKdtysJ34c9eI29eVMPD2fGWNC71513783943882.png&click_t=1540104799719&s_info=1350_651&wd=&eqid=94766f91000719cb000000035bcc21c7


ITSC-22, Saint-Sauveur, Canada12/13/2019 6

FY：13 satellites and 7 instruments
Satellite Instrument Wavelength Total Channel 

No. Spatial Resolution Lifetime

FY-1A VIRR 0.48 – 12.5 μm 5 1.1 km 1988.9.8（1988.9.7） – 1988.10.17（1988.10.17）
FY-1B VIRR 0.48 – 12.5 μm 5 1.1 km 1990.9.3 （1990.9.3）– 1991.2.15（1991.2.15）
FY-1C VIRR 0.43 – 12.5 μm 10 1.1 km 1999.5.10（1999.5.10）– 2004.4.26（2004.4.26）
FY-1D VIRR 0.43 – 12.5 μm 10 1.1 km 2002.5.15（2002.5.15）– 2012.4.1（2012.4.1）
FY-2A VISSR 0.5 – 12.5 μm 3 1.25 km, 5 km 1997.6.10（1997.6.10） – 1998.2.12（1998.2.12）
FY-2B VISSR 0.5 – 12.5 μm 3 1.25 km, 5 km 2000.7.19（2000.6.25） – 2005.6.2（2005.6.2）
FY-2C VISSR 0.5 – 12.5 μm 5 1.25 km, 5 km 2004.10.27（2004.10.19） – 2010.8.2（2010.8.2）
FY-2D VISSR 0.5 – 12.5 μm 5 1.25 km, 5 km 2006.12.19（2006.12.8）– 2015.6.30（2015.6.30）
FY-2E VISSR 0.5 – 12.5 μm 5 1.25 km, 5 km 2009.2.17（2008.12.23） – 今
FY-2G VISSR 0.5 – 12.5 μm 5 1.25 km, 5 km 2015.6.3（2014.12.31） – 今
FY-3A VIRR 2 0.43 – 12.5 μm 10 1.1 km 2008.5.29（2008.5.27） – 2018.3.6（2018.3.6）

MERSI 1 0.41 – 11.25 μm 20 250 m, 1 km 2008.6.2（2008.5.27） – 2018.2.11（2018.3.6）
IRAS 0.69 – 1.64 μm &  3.76 – 14.95 μm 26 17 km 2008.6.26（2008.5.27） – 2016.8.13（2018.3.6）

MWTS 1 50 – 57 GHz 4 50 – 60 km 2008.6.8（2008.5.27） – 2013.5.6（2018.3.6）
MWHS 1 150 GHz, 183 GHz 5 15 km 2008.5.31（2008.5.27） – 2016.8.13（2018.3.6）

MWRI 10 – 89 GHz 10 12 – 75 km 2008.6.6（2008.5.27） – 2010.5.18（2018.3.6）
FY-3B VIRR 2 0.43 – 12.5 μm 10 1.1 km 2010.11.18（2010.11.5） – 今

MERSI 1 0.41 – 11.25 μm 20 250 m, 1 km 2010.11.18（2010.11.5） – 今
IRAS 0.69 – 1.64, 3.76 – 14.95 μm 26 17 km 2010.11.18（2010.11.5） – 今

MWTS 1 50 – 57 GHz 4 50 – 60 km 2010.11.18（2010.11.5） –2014.2.21
MWHS 1 150 GHz, 183 GHz 5 15 km 2010.11.18（2010.11.5） – 今

MWRI 10 – 89 GHz 10 12 – 75 km 2010.11.18（2010.11.5） – 今
FY-3C VIRR 2 0.43 – 12.5 μm 10 1.1 km 2013.9.25（2013.9.23） – 今

MERSI 1 0.41 – 11.25 μm 20 250 m, 1 km 2013.9.30（2013.9.23） –2015.5.30
IRAS 0.69 – 1.64, 3.76 – 14.95 μm 26 17 km 2013.9.29（2013.9.23） – 今

MWTS 2 50 – 57 GHz 4 50 – 60 km 2013.9.30（2013.9.23） – 今
MWHS 2 150 GHz, 183 GHz 5 15 km 2013.9.30（2013.9.23） – 今

MWRI 10 – 89 GHz 10 12 – 75 km 2013.9.29（2013.9.23） – 今
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Instruments:

• VIRR:  FY-1A/B/C/D FY-3A/B/C
• MERSI/IRAS/MWTS/MWHS/MWRI:  FY-3A/B/C
• VISSR:  FY-2A/B/C/D/E/G

Accuracy: 

• RSB: 8%(R&D), 5%(O)
• TIR: 1K(R&D), 0.5K(O)
• MW: 1K(Absorption),1.5K(Window)

Goal for FY series: FCDR
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Observed DN

RT Calibration
On-orbit  operational calibration

SDR

Prelaunch Calibration
laboratory test with linear & 
nonlinear characteristics of 
onboard calibration system

Offline Calibration/ Re-
Calibration

Validation and Correction with 
traceable Reference

FCDR

On-orbit
Performance

Monitoring system

Calibration Procedure

Onboard Calibration 
System

Peng Zhang, et al. A.A.S., 2019

2. Challenges:   problem and solution
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Radiometric Traceability of satellite sensors

• Uncertainty of calibration 
source

• Detector Response（SNO, 
nonlinearity）

• Variation of satellite 
operation environment 
status

• Degradation of 
instrument performance

• Contamination of 
Instrument

Difficulties Faced：
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Onboard Calibration System
 State of art: International: visible 2%, infrared 0.2K, stability <1%
 Fengyun: visible 7-10%, infrared 1-1.5K, stability?
 Fengyun: Large change before and after launch, poor in-orbit stability

Spectral band On-board calibration Instrument uncertainties

UV bands
Sun + diffuse reflector
Mercury lamp + solar continuous spectrum

TOU/FY-3
SBUS/FY-3

1) State change before and after launch
2) Attenuation of diffuse reflector

Visible and NIR bands

VOC: small integrating sphere with diameter of 6 cm, light
beam expanding system, trap detector MERSI/FY-3

1) State change before and after launch
2) Degradation

Moon observation MERSI/FY-3C Moon model accuracy

Tungsten halogen lamp ERM/FY-3
1) State change before and after launch
2) Degradation

Absolute radiometer SIM/FY-3
1) State change before and after launch
2) Degradation

Infrared bands

Onboard blackbody + space view

VISSR/FY-2
VIRR/FY-3
MERSI/FY-3
IRAS/FY-3

1) State change before and after launch
2) Blackbody temperature control accuracy
3) Accuracy and changes in blackbody emissivity
4) Extent of the cold space contaminated by radiation

Onboard blackbody (two temperature points) ERM/FY-3

1) State change before and after launch
2) Blackbody temperature control accuracy
3) Accuracy and changes in blackbody emissivity

Microwave bands Onboard blackbody + space view

MWTS/FY-3
MWHS/FY-3
MWRI/FY-3

1) State change before and after launch
2) Blackbody temperature control accuracy
3) Accuracy and changes in blackbody emissivity
4) Extent of the cold space contaminated by radiation

Onboard Calibration System on FY-2 and FY-3 satellites
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主 镜

次镜

折镜

定标镜 

中继透镜  

探测器 

内黑体 

主
光轴


自旋轴 

正常对地  
观测通路  

内黑体定  
标通路 

月球

FY-2 VISSR onboard calibration system

Calibration Uncertainty 
about 2~8K on TIR bands

Semi-optical path calibration system
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FY-3 MWRI onboard Calibration System

Calibration Uncertainty about 
0.2~0.4K on MW bands

Hot mirror dorsal lobe effect
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CH 1 2 3 4 5 6 7 8 9 10 11 12

Fre.
(GHz) 23.8 31.4 50.3 51.76 52.8

53.596±
0.115 54.4 54.94 55.5 f0±57.29

f0±0.322
2±0.217

f0±0.3222
±0.048

SNPPATMS
(K) 0.3 0.4 0.1 -0.08 -0.05 -0.08 0.07 0.1 0.1 0.4 0.4 0.4

FY-3D
MWTS

MWHS (K) -0.48 -0.99 -0.73 -0.59 -0.65 -0.64 -0.58 -0.80 -0.82 -0.80

Nonlinearity comparison among Microwave sounding 
instruments （vacuum calibration test）

CH 13 14 15 16 17 18 19 20 21 22

Fre.
(GHz)

f0±0.3222
±0.022

f0±0.3222
±0.010

f0±0.3222±0.
0045 88.2 165.5

183.31
±7

183.31
±4.5

183.31
±3

183.31
±1.8

183.31
±1

SNPP  ATMS
(K) 0.5 0.4 0.5 0.2 0.4 0.2 0.2 0.2 0.3 0.3

FY-3D
MWTS

MWHS  (K) -0.96 -0.75 -0.58 2.7 0.9 3.4 1.9 0.9 0.2 0.5
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VISSR/FY-2 radiometric uncertainty affected by 
relay mirror temperature

FY-2E VISSR Relay Miror Temp

Satellite Environment Status：
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deck temperature variation of FY-3B satellite 

temperature variation of FY-3B IRAS optical system

Temperature Status of IRAS/FY-3b

Satellite Environment Status：all-life-time model
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FY Polar orbit drift (Local time at descending node）
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SI Traceability

C
R

C
S

B
O

C

PIC
S

Lunar

How to make the historic data traceable to the 
reference?

VO
C
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Solution

Re-building Re-procedure

 Historic Status 
Document Re-
building

 Onboard 
Calibration Model 
Re-building

 Reference/Bench
mark Collection 
(model reanalysis 
dataset, PICs, 
Lunar, DCC, 
reference 
instrument, 
Gruan, etc.)
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Sensor 
Temperat

ure

APC 
matrix

Band 
Width 

Correction

NeDT

Central 
Frequency

Nonlineari
ty

Gain

Calibratio
n period

Smoothing 
Weight 

Function
Weighting 

Factor

Quality 
Control 

Standard

Quality 
Control 

Threshold

Filter 
Model

Multiswitc
h Model

Amplifier 
Correction 

Factor

Reflector 
Emission 

Model

• Theoretical modeling
• Experiment testing
• Application testing and iteration 

improvement

Onboard Calibration Model Re-building

Passive Microwave Sensor
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Calibration Reference Accuracy Source
CRCS
(China Remote Sensing 
Satellite Radiometric 
Calibration Site)

Reflectance: 15-30%
Stability: 1-2%
Directional effect: Yes
Spectral: Smooth but not flat
Accuracy: 3-5%

Hu et al, 2010
Chen et al, 2017

PICS (Pseudo Invariant 
Calibration Site )

Reflectance: 15~50%
Stability:
Directional effect: Yes
Spectral:
Accuracy: 3%±2%

H. Cosnefroy,1996
Y. M. Govaerts, 2004
G. Chander,2007；
P. M. Teillet,2007
Sun et al., 2012
Mishra et al., 2014
Wang et al., 2018

DCC
(Deep convective cloud )

Reflectance: 80-90%
Stability: 1-2%
Directional effect : Yes
Spectral: flat
Accuracy: 3-5%

B. Fougnie ,2009
B. J. Sohn, 2009

Liquid Water Cloud (LWC) Reflectance: 20-70%
Stability: 3%
Directional effect: obvious
Spectral: flat
Accuracy: 5%

Ham & Sohn ，2010
B.J. Soh， 2013

Passive optical instruments: radiometric reference （1/3）
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Calibration Reference Accuracy Source

Rayleigh Scattering Reflectance: 5~10%
Stability: 1~2%
Directional effect: Yes
Accuracy: 3~5%

E. Vermote, 1992
E. Dilligeard，1997
O. Hagolle,1999

Sun glint Reflectance: 5~50%
Stability: 1%
Directional effect : Yes
Accuracy: 1~2%
High degree of polarization; Fat 
spectrum; 
Reflectance depends on observation 
geometry and sea surface roughness

C. Cox and W. Munk，1954；
B. Toubbé, 1999；
O. Hagolle, 2004；

Snow Reflectance: >90%(300-700 nm)
Stability: 1.5%
Directional effect: Yes
Spectral: flat (<700 )
Accuracy: 2%

Masonis et al., 2001
Wu et al., 2009
Wang et al., 2019

Moon Reflectance: ~7%
Stability: 10-8/year
Directional effect: Yes
Spectral: flat
Uncertainty: 5-10% (ROLO)

Kieffer and Stone, 2005
Miller and Turner, 2009
Zhang, et al., 2017

Passive optical instruments: radiometric reference （2/3）
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Reference Instrument Accuracy Source

HIRS Stability: 0.2K
Number of channels：20
Accuracy: 0.5K；

L. Shi, 2013

IASI Stability: 0.2K
Spectral resolution: 0.25cm-1
Accuracy: 0.2K；

T. J. Hewison，2013

AIRS Stability: 0.2K
Spectral resolution: 0.625cm-1
Accuracy: 0.2K；

L. Wang，2011

CrIS Stability: 0.2K
Spectral resolution: 0.625cm-1
Accuracy: 0.2K；

Hui Xu, 2018
Likun Wang, 2017

MODIS Stability: 0.1K/1%
Number of channels：36
Accuracy: 0.2K (IR)；2% (RSB)

A. K. Heidinger，2002
X. J. Xiong，2010；
C. Cao,2008

VIIRS Stability: 0.1K/1%
Number of channels：36
Accuracy: 0.2K (IR)；2% (RSB)

Passive optical instruments: radiometric reference (3/3)
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Accuracy Source

ERA5 <2.5K http://www.ecmwf.int/publications

GRUAN 0.6K,6% http://www.gruan.org

GNSS/OR 0.02%/5 yrs, 0.06 K/5 yrs Ho, S., et al. 2012: J. Geophys. Res., 117

GMI Accuracy<0.4K，Stability < 0.2K Wentz,F.J.and D.Draper, J.Atmos.Oceanic Technol.,33

ATMS Channel 3-15<0.75K
Other Channel <1.0K

Weng, F., et. al. 2013: J. Geophys. Res. Atmos., 118

AMSU 0.5-1K Cheng-Zhi, et al. 2016: CDR-ATBD

MHS 1K EUMETSAT，MHS Lecel 1 PGS

SSM/I FCDR 0.5K Wentz, F. J., 2013. SSM/I Version-7 Calibration Report

Cool Ocean Surface 0.27K/yr（18GHz） Christopher S. Ruf，2000. IEEE TGRS 38

Cold Space 2.72548±0.00057K，Peak wavelength 
1.063mm，radiation intensity change <0.2%-
0.3%

Baike of Baidu

Microwave 
Calibration Field 
(Simao)

Bt Change in 30d(Dry season)<0.4K；
Horizontal heterogeneity<0.15K 。

“Research on Key Technologies of Microwave Calibration Field”
Project closing report，2009

Passive Microwave Sensor: Radiation Reference
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Pseudo-invariant sites（PICs）
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Desert
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50-80%

DCC
＞90%

DN

Blend Calibration
Blend Calibration was implemented for historic data 
re-procedure to get wide radiometric dynamic range 
and multiple samples



ITSC-22, Saint-Sauveur, Canada2019/12/13 26

Inter-calibration with reference sensors

Geo-Leo

Leo-Leo

Direct Inter-calibration with 
global data matching

 Space 
 Time 
 Geometry
 Spectral Indirect Inter-calibration with PICS 
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RSB Channels Degradation monitoring by polar glacier

FY3-A/MERSI polar RGB images
(a) Greenland; (b) DomeC

FY3-A/MERSI RSB total degradation ratesFY3-A/MERSI response degradation
（Polar glacier ）

Spectral reflectance of glacier at south pole
(Grenfell et al., 1994)
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VIRR Harmonization Check with Libya 4

RSB channels Degradation monitoring by PICS
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Sounding Channels Monitoring by O-B method

IRAS Data Quality Monitoring
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3. Preliminary Progress
FY-3/MWHS Sounding Ch. Re-calibration by SNO
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FY-3/MWTS Sounding Ch. by SNO

Before After Re-calibration V1MWTS .VS. AMSUA ATMS 

50.3GHz 50.3GHz

53.59GHz 53.59GHz

54.29GHz 54.29GHz

54.94GHz 54.94GHz
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10H

10V

Before After Re-calibration V1

18V

18H

FY-3/MWRI Window Ch. By SNO



ITSC-22, Saint-Sauveur, Canada2019/12/13 33

Ascending Descending

10H

10V

Obviously improved
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After re-calibration

Before re-calibration

Lin Chen, et al.2016

Re-calibration of FY2 VISSR RSB

• Maximum Difference: 50% to 10% FY2C~G Re-processed V1 Normalized DCC Ref
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Project Plan
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 There are 7 instruments of 13 Fengyun satellites archived 
data is under re-calibration.

 First version of FCDR of these 7 instruments is planning to be 
released in the middle of 2020.

 Refined onboard calibration model, multiple calibration 
reference or benchmark (PICS, Lunar, DCC, Reference 
instrument, GRUAN, NWP re-analysis, etc.) are the kernel of 
re-calibration procedure.

 The users are encouraged to contact us and feedback are 
appreciated.

 Inter-comparisons are expected with the similar in-
dependent space-based FCDR.

4. Summarization
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Make the data better and easier to 
use !
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