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Japan Meteorological Agency (JMA) has been operating meso-scale model (MSM), and a 
four-dimensional variational (4DVAR) data assimilation system based on JMA non-hydrostatic model (JNoVA; 
Honda et al. 2005) to provide the initial condition of MSM. We have been developing a new approach of 
‘1D+4DVAR’ technique of data assimilation system using a radar reflectivity to improve analysis of water vapor 
and precipitation forecast. In the new approach, a one-dimensional (1D) pseudo observation data of relative 
humidity (RH) are retrieved by radar reflectivity, and retrieved RH data are assimilated as conventional data in 
JNoVA. Caumont et al. (2010) reported that the precipitation forecast is improved by using the combination of 
such 1D retrieval and a three-dimensional variational (3DVAR) data assimilation method (1D+3DVAR) in 
AROME.  

The 1D retrieval method of the pseudo observation of RH employs a best estimate based on Bayes' 
theorem (Caumont et al. 2010). In the best estimate, the radar simulator (Ikuta and Honda 2010) plays an important 
role as an observation operator. The conditional expectation of RH is defined by: 
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where ix  is model state of RH, oy  is reflectivity observation, sy  is simulated reflectivity and iW  is weight. 
In particular, we have added penalty term pJ  which is function of height innovation to the weight in this study. 
The ix  and iW  are given by supported database which is made from the radar simulator outputs (Fig. 1). The 
1D+4DVAR data assimilation has an advantage of avoiding the difficulties such as estimating individual type of 
the hydrometeors from the radar reflectivity because of strongly nonlinear relation between reflectivity and these 
hydrometeors. 

The analysis-forecast cycle experiment demonstrated an improvement of hydrometeors representation 
as an initial condition. Figure 2 shows that the representation of the simulated and observed reflectivity of 
Fukuoka radar site. The distribution of radar reflectivity simulated by the first guess is different from that of 
observed reflectivity, indicating that the first guess has displacement error of simulated hydrometeors 
distribution. This displacement error is successfully corrected after 1D+4DVAR data assimilation. A forecast 
experiment is conducted to compare the 33 hours MSM forecast with different analysis methods for the period 
from 20 July to 26 July 2009. As a result, the equitable threat score (Fig. 3a) and bias score (Fig. 3b) of 
1D+4DVAR experiment (referred to as “Test”) show an improvement of precipitation forecast than 4DVAR 
experiment without radar reflectivity assimilation (referred to as “Control”) in the early hours of the forecast. 
Especially, the sudden drop of bias score around FT=3 in the Control experiment is improved in the Test 
experiment, suggesting that the 1D+4DVAR data assimilation improves analysis of water vapor field (Fig. 4). 
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Fig. 1 CFADs (contour frequency by altitude diagram, 
Yuter and Houze 1995) of simulated RH, reflectivity and 
observed reflectivity. Supported database is composed by 
simulated RH and reflectivity. 
 
 

 
 

 
 
Fig. 2 PPI (plan position indicator) of elevation 0.7°. 
Simulated reflectivity by guess (left), simulated reflectivity 
by initial condition of MSM (middle), and observed 
reflectivity (right). The gray color region represent beam 
blockage by topography.

 
 

Fig. 3 Comparison of Test experiment and Control experiment of precipitation verification against RA. Time series of (a) 
equitable threat score (ETS) and (b) Bias Score. Solid line is the scores of Test, and dashed line is that of Control. Moreover, 
verification region is Japan, verification grid size is 20km and threshold is 10mmh-1. 
 

 
 

Fig. 4 Comparison of Test experiment and Control experiment of RH profile verification against sonde observation. (a) Mean 
error (ME) and (b) Root mean square error (RMSE). Solid line is the scores of Test, and dashed line is that of Control. 
Moreover, verification region is Japan and forecast time is 3 hours. 
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