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Applications of FengYun 
satellite data in climate 

monitoring 



Implementation of Climate Monitoring from space  

Overall coordination by CEOS, CGMS & WMO 



No. Satellite_ID Launched time End of service 

1 FY-1A 1988.09 1988.10 

2 FY-1B 1990.09 1991.08 

3 FY-1C 1999.05 2004.04 

4 FY-1D 2002.05 2012.04 

5 FY-3A 2008.05 2015.01 

6 FY-3B 2010.11 

7 FY-3C 2013.9 

8 FY-3D 2017.11 

30 years:  From EXPERIMENT to OPERATION 

The First FengYun Polar Satellites: FY-1(1988) 
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No Satellite-ID  Coverage  Launch 
time 

End of 
service 

1 FY-2A Full Disk / 1-h 1997.06 1998.04 
2 FY-2B Full Disk /1-h 2000.06 2004.09 
3 FY-2C Full Disk /1-h 2004.10 2009.11 
4 FY-2D Full Disk /1-h 2006.11 2015.06 

5 FY-2E Full Disk /1-h 2008.12 

6 FY-2F Full Disk / 1-h +  
Regional Rapid Scan / <6 min 2012.01 

7 FY-2G Full Disk /1-h 2014.12 

8 FY-2H Full Disk /1-h 2018.06 

9 FY-4A Full Disk /15-min 2016.12 

The first visible image of FY-2A 





Products of FY-3A/3B/3C 
New products of FY-
3D 

Atmospheric Cloud mask, fog detection, Cloud Amount,cloud type, cloud phase, cloud top 
temperature/height, cloud optical depth, Profile,cloud water content，Cloud 
Liquid Water,  
outgoing longwave radiation，Flux at  TOA , 
atmospheric Total Precipitable Water  , 
Dust Storm Index, aerosol optical depth, rain detection, Atmospheric 
Humidity/temperature, precipitation, Total Ozone, Ozone Profile,Ice Water Paths, 
Microwave Rain Rate and Aerosol index,  
GNOS atmospheric density profile,  GNOS atmospheric temperature profile, 
GNOS refractivity profile, GNOS atmospheric humidity  profile，atmospheric 
motion vector 

CO2 、 CO 、 CH4 、
O2 

Land  Global Fire detection, Land Cover, Land Surface reflectance, Land Surface 
Temperature, soil moisture, albedo,   
NDVI, LAI, FPAR, NPP, 
Snow Cover, snow depth/Snow Water Equivalent 

Ocean SST，Sea-Ice coverage, Ocean Color/Chlorophyll, Sea surface wind speed 

 FY-3 products 



FY-2 C/D/E operational products FY-2 F/G/H operational products FY-4A baseline products 

Upper Tropospheric Humidity Upper Tropospheric Humidity 
Precipitation Estimation Precipitation Estimation Rainfall Rate/QPE 

Atmospheric Motion Vector Atmospheric Motion Vector 
Lightning Detection 

Surface Solar Irradiance Surface Solar Irradiance Surface Solar Irradiance 
Blackbody brightness temperature Blackbody brightness temperature Blackbody brightness temperature 
Outgoing Long wave Radiation Outgoing Long wave Radiation Outgoing Long wave Radiation 

Downward  Long wave Radiation: Surface 

Upward  Long wave Radiation: Surface 

Reflected Shortwave Radiation: TOA 
Land Surface Temperature Land Surface (Skin) Temperature 

Sea Surface Temperature Sea Surface Temperature Sea Surface Temperature (skin) 
Land Surface Temperature 
Land Surface Albedo 
Land Surface Emissivity 

Snow Cover Snow Cover Snow Cover 
Fire/Hot Spot Characterization 

FY-2 and FY-4 Products  



FY-2 C/D/E operational products FY-2 F/G/H  operational products FY-4A  baseline products 

Cloud Detection Cloud Detection Clear Sky Masks  
 

Cloud Classification Cloud Classification Cloud Type 
Total Cloud Amount Total Cloud Amount 

Cloud Optical Depth 
Cloud Liquid Water 
Cloud Particle Size Distribution 
Cloud Phase 

Cloud Top Temperature Cloud Top Temperature 
Cloud Top Height/Pressure 
Fog Detection 

Dust Detection Dust Detection Aerosol Detection  
Aerosol Optical Depth 

Humidity product Humidity product 
Atmospheric temperature profile  
moisture profile 

ozone profile and total ozone amount 

atmosphere stability index 
Lightning Group and Event 

FY-2 and FY-4 Products  



Sensor: 
• FY-1A/B/C/D FY-3A/B/C VIRR 
• FY-3A/B/C 

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

Accuracy:  
• RSB: 8%(Exp.), 5%(Ope.) 
• TIR: 1K(Exp.), 0.5K(Ope.) 
• MW: 1K(Absorb),1.5K(Window) 

FCDR for FengYun satellites 
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Central Freq.(GHz)  MWHTS MHS 主要用途 

183.31±1 CH11 CH3 450hPa Humidity 

183.31±1.8 CH12 / 500hPa humidity 

183.31±3 CH13 CH4 600hPa humidity 

183.31±4.5 CH14 / 700hPa humidity 

183.31±7 CH15 CH5/190.311 800hPa humidity 

201401-201406 

FY-3C MWHTS（ERA-Interim as background） 



NDVI 



OLR (FY-3C & CERES) 
FY3C  OLR  March 15, 2018 

CERES  OLR March 15, 2018 



OLR (FY-2G & CERES) 

FY2G OLR  March 15,2018 CERES  OLR  March 15,2018 



 FY4 OLR vs. HIRS (bias=2.7w/m2, correlation=0.97) . 
 FY3B (bias=13w/m2, correlation=0.93). 

OLR 



FY-3C/VIRR SST 

15 

day：0.02±0.84°C 
night：0.05±0.84°C 

FY3C vs  iQUAM 

High quality samples  -0.01±0.64K (D)  

  0.16±0.58K (N) 

all samples - 0.12±0.79K (D)  

  0.03±0.76K (N) 

West Pacific area 



FY-4A/AGRI SST 



FY-2C/E AMV (IR, u) 
FY-2 AMV IR Pre-Assessment（ERA-Interim as background） 

MTSAT-1R/2 AMV (IR, u) 

u风在南半球低层、热带的问题；v风没有这个问题 

4.3 4.2 

-3.4~1.0 -1.0~1.0 

3.7 

-1.7~1.6 

200607-201412 200506-201312 



FY-2C/E AMV (WV, u) 
FY-2 AMV WV Pre-Assessment (ERA-Interim as background) 

MTSAT-1R/2 AMV (WV , u) 

200607-201412 200506-201312 

-3.2~2.0 -1.3~1.8 -2.0~2.0 

4.9 4.5 
4.7左右 



Reprocessed long-term datasets 

ECV variables such as Cloud, OLR, NDVI, LST, SST, Snow cover et al. are 
reprocessing  



Asia is the main active region of the monsoon. The onset 

time  and intensity of summer monsoon significantly affect 

the distribution and intensity of rain belts and typhoon 

activities in the Asian monsoon. 

BOB summer monsoon index in 2019 

SCS summer monsoon index in 2019 

SCS: (110-120E; 10-20N) 

BOB: (80-100E; 10-20N) 

FY-2 products ( AMV、 TBB)  and FY3B products (OLR) is used in 

South China Sea(SCS) summer monsoon monitoring.AMV summer 

monsoon index：the wind field transition in SCS summer monsoon 

region.TBB summer monsoon convection index：the convection activity in 

SCS summer monsoon region. 

Time series of TBB in BOB summer monsoon region in 2019 

Time series of TBB in  SCS summer monsoon region in 2019 



MJO monitoring using FY-3C OLR 



tropical convective activity monitoring 

5-day  OLR & Anomaly 

Monthly  OLR &  Anomaly 



SST anomaly of Jan.2016 

OLR of Jan.2016 OLR of Oct.2016 

During La Nina, convections occur 
around South China Sea and Philippine. 

Mid-east Pacific Ocean shows 
significantly high SST in the first half 
of 2016，indicating the 
phenomenon of El Nino. Started 
from May, SST gradually appears 
negative, transferring to La Nina. 

SST anomaly of Oct.2016 

During El Nino, convections occur at 
mid-east Pacific Ocean. 

NINO3.4 

                 Daily SST anomaly for NINO3.4 2016 
                         （5S-5N；170W-120W)  



Snow Cover Days in Asia/China 
FY4A / Multi-Combined Satellite Data /IMS 

2018/01/27 

2018 Jan 

MAM 2018 

DJF 2018 

2018/01/25 

2018 Jan 

MAM 2018 

DJF 2018 

2018/01/25 

2018 Jan 

MAM 2018 

DJF 2018 



3 FY data in Climate model 
1) FY-3 Land surface temperature assimilation test 

Global mean monthly bias and RMSE of FY3 (before and after QC) and MODIS vs GLDAS 

Monthly bias Monthly RMSE 

Global mean monthly bias distribution of  before (left) and after (right) assimilation  

model–GLDAS: 5.82K  assi–GLDAS: 2.35K  

 Based on FY3, the LST data assimilation test system was established in BCC. 
 After QC and BC, the quality of FY3/LST data is comparable to MODIS, and can meet the needs of quantitative application in BCC 

model.  
 After assimilation, the global mean bias of LST is reduced by about 3K. 



2) FY-3 Soil moisture assimilation test 

 The soil moisture data assimilation test system was also established in BCC. 

 Assimilating FY3 soil moisture products can effectively improve the simulation of BCC_AVIM model, 

and significantly reduced the overall soil moisture bias and errors. 

model-GLDAS 
0.08cm3/cm3 

assi-GLDAS 
0.05cm3/cm3 

Global mean monthly bias distribution of  model (left) and assimilation (right) soil moisture 



CRA-40:CMA Global Reanalysis  
 Started in early 2014, lead by the NMIC of CMA 
o 3 other CMA national centers and 3 outside institutes involved: 

- NMC, NSMC, NCC, CAS/IAP, BNU, NUIST  

 Include Atmosphere and Land component 

 Produce 40-year datasets (1979-2018)： 
 Ingested observations  

 Grid products: ~30km, 6 hourly 

 Obs. feedback datasets：departure from analysis & background 

 Atmospheric Reanalysis uncertainty：from EnKF ensembles 

 Will then be continuously running in NRT for climate monitoring 
 



Implementation of Climate Monitoring from space  

Overall coordination by CEOS, CGMS & WMO 



  Thanks for your 
Attention 
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