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Satellite microwave observation has great contribution to NWP

ECMWF： Within 24 hours, 70% of the impact on the accuracy of numerical prediction 

comes from satellite data and nearly 50% from satellite microwave data.
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Chinese FY-3E early morning Meteorological Satellite

Payload Full name

MERSI-LL Medium Resolution Spectral Imager-LL

HIRAS-2 Hyperspectral Infrared Atmospheric Sounder-2

MWTS-3 Micro-Wave Temperature Sounder-3

MWHS-2 Micro-Wave Humidity Sounder-2

GNOS-2 GNSS Radio Occultation Sounder-2

WindRad Wind Radar

SSIM Solar Spectral Irradiance Monitor

SIM-2 Solar Irradiance Monitor-2

X-EUVI Solar X-ray and Extreme Ultraviolet Imager

Tri-IPM Triple-angle Ionospheric PhotoMeter

SEM Space Environment Monitor
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Focus on preparing for assimilation of FY-3E microwave observation

1 Temperature and humidity observation are

two separate units.

✓ Combined microwave sounding data (CMWS).

2 Satellite observation operator in GRAPES-
4Dvar.

✓ Transfer from RTTOV to ARMS with support

of FY-3E CMWS.

3 FY-3E data characteristics.

✓ Data characteristics is preliminary analyzed

and bias correction gets ready.

4 FY-3E has 23.8 and 31.4 GHz channels.

✓ Physical retrieval scheme is designed and will

be used in cloud detection.
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FY-3E Combined microwave sounding data (CMWS) 
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MWTS MWHS

Footprint Matching

MWTS: 17 Channels
MWHS: 15 Channels

CMWS: 32 Channels
Resolution: 33KM

Backus-Gilbert re-sampling:



Satellite observation operator ARMS@Forward

ARMS: Advanced Radiative Transfer Modeling System. It is a new fast RTM developed by the CMA.

ARMS is merged into GRAPES to be the observation operator for satellite data assimilation. RTTOV was used before.

Fast tranmittance model for FY-3E CMWS data is built to make ARMS support its application. 
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ARMS system composition and function diagram
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ARMS forward model gets the simulated FY-3E CMWS 32 

channels satellite observation form GRAPES background 

atmospheric and surface condition.



Satellite observation operator ARMS@Tangent Linear
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ARMS Tangent Linear gets the increment of FY-3E CMWS satellite brightness temperature 

for the increment of GRAPES analysis variables.
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Satellite observation operator ARMS@Adjoint

ARMS Adjoint gets the gradient of FY-3E CMWS 

satellite brightness temperature to the GRAPES 

analysis variables.

911/12/2021



FY-3E CMWS data used in GRAPES-4Dvar 30min time window slot
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FY-3E CMWS O-B 
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• The standard deviation of O-B is relatively stable.

• The largest standard deviation in the window region is about 1-2 K.

Statistic
Date: 2021-07-12 to 2021-08-09
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Bias characteristics for FY-3E CMWS@MWTS

11/12/2021 The angular dependence of channels 1-10 is obvious, especially for channel 1-4.
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Bias characteristics for FY-3E CMWS@MWHS

11/12/2021 The angular dependence of channels 1 and 6–10 is obvious, especially for channel 1 and 7-9.



Bias Correction for FY-3E CMWS@MWTS
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Bias Correction for FY-3E CMWS@MWHS
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Statistical Approach 

Physical Approach

Sea Surface 
Temperature

Cloud 
Temperature

(Grody et al.,2001)

(Weng et al.,2003)

Statistical and physical approach for retrieval of CLW and TPW



The global inversion results show that the
numerical value and range of the cloud liquid
water path in the middle and high latitudes of
the statistical algorithm are generally higher
than that of the physical algorithm and
reanalysis data.

Comparison of the approach@global retrieval



The comparison between the two algorithms and the 

VIIRS visible cloud image shows that the physical 

algorithm corresponds well to the visible light cloud 

image, and the statistical algorithm misjudges the non-

cloud area as having clouds.

Comparison of the approach@regional retrieval
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The homework is doing well to assimilate the microwave observation onboard the early

morning satellite FY-3E into GRAPES-4Dvar. The key points are:
• MWTS and MWHS are joined into a combined microwave sounding data (CMWS), making the temperature and

humidity observation are assimilated in one data stream.

• The satellite observation operator in GRAPES is transferred to ARMS. The accuracies of the ARMS forward

tangent linear and adjoint models implemented for FY-3E CMWS are verified.

• The data bias, especially scan-angle dependent bias is highly concerned and bias correction is prepared.

• The retrieval of CLW and TPW with physical constraints

are more reliable. It will be used in QC procedure.

Conclusion and discussion 

Assimilation of a proxy data FY-3D CMWS

has produced a positive forecast impact

on typhoon numerical prediction. It is

highly anticipated that FY-3E CMWS will

contribute a lot to NWP.



Thanks for your attention


