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Introduction

GCOM-W/AMSR2  37GHz V-pol.
Brightness Temperature (Tb)
(August 18, 2015)

Microwave Imager observations contain various information on geophysical 
parameters, e.g., atmospheric water vapor, cloud water, precipitation, surface 
wind and surface temperature over ocean. 

However, present microwave imager Tb data 
assimilation (DA) focuses on atmospheric water 
vapor information.Because, 
cloud and rain affected Tb data are not assimilated 
in operational JMA global DA system. 
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Research Objective
Obtain temperature and water vapor information 
in cloudy areas.

Cloudy areas are sensitive to accuracy of severe 
weather event forecasting (e.g., heavy 
precipitation, tropical cyclone, mid-latitude 
cyclone associated with convective storms)

Improvements of analysis in the cloudy areas must 
bring better precipitation and tropical cyclone 
predictions 1



Methodology
Components of all-sky MW radiance assimilation 
1. Cloud and precipitation radiative transfer

RTTOV_SCATT developed by NWP-SAF in EUMETSAT

2. Cloud and precipitation-capable forecast model

JMA global model, GSM (TL959L100), as of March 2016

3. Radiance observations 

MW-Imagers, i.e., AMSR2, SSMIS, GMI.

4. Data assimilation methods 

4D-Var data assimilation

Hydrometeors profiles (cloud liquid 
water, cloud ice water, cloud cover, 
rain, snow) are obtained from full-
resolution GSM for all-sky MW RT 
calculation.  

Non linear full reso. forecast
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4D-Var data assimilation
- 6-hr assimilation window
- low reso. tangent-linear 

and adjoint
- Basic field update once

during minimization 



If the observation and forecast model are 
unbiased each other as assumed in 
variational DA, the statistics should be 
symmetric. Blue line (bias measured by the 
symmetric predictor) should be flat.

Methodology
all-sky observation error setting (Geer and Bauer 2011)

All-sky observation error is defined based on a symmetric predictor 
sensitive to CLW in 37GHz observed and simulated radiance.

2

o

37

b

37
37

CC
C

+
¹

37C

2

CLDh

CLR

v

CLR

hv

37

3737 ,1

tº
-

-
¹

-=

TT

TT
P

PC

AMSR-2 19GHz V
BIAS and STD of FG departure as function of 37C

Obs. Error Setting

Averaged Cloud amount

3



Data assimilation experiment
DA system: JMA global 4D-Var DA system
Resolution:

Outer model: TL959L100, horizontal reso. 20km, top 0.01 hPa
Inner model: TL319L100, horizontal reso. 55 km, top 0.01 hPa

6-hr assimilation window, and cycling
Period: From 10 June to 11 October, 2015
Forecast from 00, 06, 12, 18UTC initial every day 

Data assimilation experiment

Clear sky MW radiance assimilation
Å RTM

ï RTTOV-10 (rttov_direct)
ï Input profile

ÅTemperature, Water vapor

Å Data thinning
ï 200 km grid-box thinning

Å Used MW imager
ï AMSR2, SSMIS (F16, F17, F18), GMI
19GHzV, 23GHzV, 37GHzV, 89 GHzV

Å Constant observation error

All-sky MW radiance assimilation
Å RTM
ïRTTOV-10 (rttov_scatt)
ï Input profile
ÅTemperature, Water vapor, 

cloud liquid water, cloud ice 
water, cloud fraction, rain, 
snow 

Å Data thinning
ïAveraging with inner model grid 

and 200 km distance thinning
Å Used MW imager
ïAMSR2, SSMIS (F16,17,18), GMI

19GHzV, 23GHzV, 37GHzV
Å Symmetric observation error 

depending on symmetric cloud 
amount

CNTL run TEST run
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Comparison of assimilated MW imager Tb data
All-sky assimilation Clear-sky assimilation

Observation

FG departure

Observation

FG departure

Increase of assimilated data
Large FG departure in cloudy and rainy areas
(paired (positive, negative) FG departure distribution.  i.e., information on mislocation)

Small FG departure in clear-sky areas
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AMV Vector WindMW Sounder IR Imager (Geo) IR Sounder (IASI)

Negative value indicates 
improvements

Generally, large positive impacts on temperature, water 
vapor in the Tropics.
Negative: Water vapor in mid-latitudes, wind in the Tropics.
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FG fit to observations
Changes of standard deviation of FG departure from clear-sky exp.
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Changes of standard deviation of AMSUA FG departure
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Blue color indicates improvementImprovement of lower tropospheric 
temperature over ocean
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