
Slide 1

Assimilation of Surface Sensitive 

Radiances in GRAPES

HAN Wei (韩 威)

Email: hanwei@cma.gov.cn

Numerical Weather Prediction Center, CMA

2019 International Workshop on Radiative 

Transfer Models for Satellite Data Assimilation 



Slide 2

Outline

⚫ Background

- Progress of GRAPES

- Analysis Uncertainty Over Asia 

- Key Issues in Satellite Radiance Assimilation：Emissivity

⚫ Progress

- Emissivity physical model, datasets , retrieval

- Impact on O-B

- Impact on analyses and forecasts using satellite radiances over land

⚫ Future Plan

- Use of more FY3、FY4 and other Satellite observations effectively

- Focus on Tibetan Plateau and Sahara Desert



1999

2001

2003

2005

2006

2008

2009 2013

2014

✓ Initiation of GPAPES 
Programme

✓ Sponsored by 
the MOST and 
CMA

✓ Unified dynamic frame
✓ Regional physics package

✓ Regional 
3DVar (P-lev)

✓Oper.  of
GRAPES-Meso
V1.0 
✓Prototype of 
GRAPES-GFS

✓ Regional 
3DVar (Model-
lev）

✓ Pre-operation of
GRAPES-GFS V1.0 
✓Upgrade of GRAPES-
Meso V3.0

✓ Operation of 
GRAPES-RAFS
✓ Prototype of 
Regional 4DVar

✓Operation of GRAPES-TYM
✓GRAPES-Meso V4.0
✓GRAPES-RRAFS V2.0 
✓Upgrade of GRAPES-GFS V1.4

2012

2015
2016

✓GRAPES-GFS V2.2 oper. (2018)
✓GRAPES-GFS V2.0 oper. (2016)
✓GRAPES-REPS V1.0 oper. (2015)
✓ GRAPES-Meso 3km (2015)

Milestones of GRAPES
GRAPES =Global/Regional Assimilation PrEdiction System

4D-Var



Observations in 
GRAPES-GFS
Data Assimilation
(-3h~+3h) Time Window

Radiosondes Pilots and profilers Aircraft

Synops and ships Buoys

ATOVS

Polar(AMSU,ATMS)
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Analysis Uncertainty Over East Asia(500hPa)

Mean RMS(H_GRAPES-H_ECMWF) at 500hPa for  July 2016.
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Surface Station

Sonde stationWeather Radar
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Large O-B over Land (2013/6/1~ 2013/6/10)

GRAPES
Ch5: 700hPa(WF peak)

2*2 degree box mean
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Atmospheric 

Transmittance
⚫ Sounding channels

(Temperature and 

moisture)

⚫ Tibetan Plateau

Ch7,54.4GHz,400hPa

Ch19,183.31±4.5GHz,700hPa

Temperature Sounding

Moisture Sounding

Contribution from land surface need 

to be modeled accurate enough

For extracting atmospheric information



Slide 9

Brightness Temperature Sensitivity to 

Surface Emissivity

 −= )( dsB TTT  = 0.04

Courtesy of Dr. Banghua Yan
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⚫ Physical model (Weng)

⚫ Datasets (Catherine)

⚫Window channel retrieval
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Three main techniques for land emissivity in NWP
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Surface Emissivity Spectrum vs. Surface Type 

• Open water – two-

scale  roughness  

theory

• Sea ice – Coherent  

reflection 

• Canopy – Layer 

clustering scattering  

• Bare soil – Coherent 

reflection and surface 

roughness 

• Snow/desert –

Random media 

Surface Emissivity Spectra (=53
0
) 
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Surface Emissivity Spectra (=53
0
)
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Weng et al (2001, JGR)
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Atmospheric Transmission at 

Microwave Wavelengths

Using the window channel to retrive the emissivity, interpolated to nearby 

frequency channels

ATMS channels
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Land use and soil category

Land use

Soil type

(0-30CM)

Soil type

(30-60CM)
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Case study: 06Z 3 June,2014 
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Emissivty Retrieval (ATMS Ch4)
( ( ) )

u d

s d

R R R

R T R









− −
=

−



Slide 16

Es impact on O-B (ch7,54.4GHz)

CRTM_BASE

TESEM Window channel retrievalCH4
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Emissivity scan angle dependence 
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Mean Emissivity (20120801~20120807)

ATMS CH3 50.3GHz ATMS CH17 165.5GHz
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Impact of emissivity scheme on O-B (ATMS)

3
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Type 13 over Tibetan Plateau
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O-B and active obs. number
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How to improve the physical model?
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Impact of assimilation microwave radiances over land 

⚫ Typhoon Tembin in 2012 

- Importance of Mid-latitude weather system for Typhoon Track 

Forecasts

- Better use of data in Central Asia, Better Typhoon Track 

Frorecasts 

⚫ Heavy rainfall in 2007 (Jina“718”)

- Importance of Moisture information from satellite over land

- Clear Sky Radiances Assimilation
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Use of microwave radiances over land
T=0 T=72H

200hPa

500hPa
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2012081918
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Impact of ATMS over land  on TEMBIN Track 

forecasts

CONV CONV+AMSUA(land)
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Track Error

SOLID: CONV

DOTTED:CONV+SSMIS_img
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Future Plan

⚫ Improved Emissivity Physical model with local correction

- Update of land use and soil type datasets, sub-pixel 

⚫ Cloud detection over land

- Scattering or Emission Based method ? Using Imager ?

⚫ Hyper-spectral IR sounder

- Surface sensitive channels 

⚫ Focus on severe weather over Asia

- Vortex and Local heavy rainfall

⚫ Use of Satellite data in GRAPES-MESO

- More frequent observations (GIIRS) 

⚫ Coupled Data Assimilation

- Emissivity (control variable?)
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Land Use

Modified IGBP MODIS 20-category vegetation (land-use) data

MICLCover (Multi-source Integrated Chinese Land Cover) data (1km by 1km)

http://westdc.westgis.ac.cn/data/a4262c8a-1543-49c3-9d12-47722f3395f4

http://westdc.westgis.ac.cn/data/a4262c8a-1543-49c3-9d12-47722f3395f4
http://westdc.westgis.ac.cn/
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Soil type

*Hybrid STATSGO/FAO (30-second for CONUS /5-minute elsewhere) Soil Texture

*Soil texture classified from the datasets of particle-size distribution over China developed by 

Beijing Normal University (BNU) (1km by 1km)：

http://globalchange.bnu.edu.cn/research/soil

http://globalchange.bnu.edu.cn/research/soil
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FOV of FY3C MWTS as an example

⚫ Inputs for physical emissivity model

- sub pixel information

- Antenna pattern 

2014年4月8日

roughness,

clay and sandy fraction,

soil and solids density,

leaf area index,

leaf thickness、leaf orientation,
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Validation of satellite data using in-situ observations

⚫ Bias correction, Ts Error, Emissivity, …

Courtesy of Dr. Minzhong Wang



Surface-300hPa water 
vapor flux

2007070712-2007071012(UTC)
(267,90,76)*10^9 Ton

Improve the analysis of water vapor transportation by 

assimilation of satellite data

Winds    : AMVs(FY2G, Meteosat)

Moisture: MHS,ATMS,MWHS II(FY3),MWRI(FY3),IASI,AIRS,CrIS, GPS PW 

Temperature: AMSU-A,ATMS

267

90

76

Courtesy of Dr. Lianmei Yang
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Conclusions and Discussions

⚫ There is large uncertainty over East Asia analysis

⚫ The effective use of surface sensitive radiancs is important

⚫ Better description of the surface characteristics is  fundamental 

⚫ Looking forward to further cooperation on surface emissivity
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