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Synopsis
The short lead time rainfall prediction by Numerical Weather Prediction model has 

some difficulties in the spin-up problem. Therefore, data assimilation (DA) is expected 
to improve the initial condition in the model. In this study, our developed ensemble DA 
system, CReSS-LETKF, and the method of estimation of ice-water mixing ratios are 
employed. DA of rain, graupel, ice crystal, snowflake and Doppler velocity estimated 
by polarimetric Doppler radar are carried out after the first convective cloud in 
mesoscale convective systems is generated. As a result, the first convective clouds 
formed in initial condition have effective influence on the short lead time rainfall 
prediction. As the next challenging step, DA is carried out before the first convective 
cloud. As a result, convective clouds are not generated although the atmosphere 
conditions, such as potential temperature change.  

Keywords: Data assimilation, Polatimetric radar, Short lead time rainfall prediction, Hydrometer 
classification, NWP 
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Fig.2 3D images of observed radar reflectivity at Kyoto 
 on July 15, 2012. 
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Fig.4  Equivalent potential temperature at 950hPa level

a 00:00 b 03:00 

2012 7 15

2 4

5

 

00:00 01:00

3

 

14 23:00 23:45

XRAIN

 

 

 

15 00:00

01:00 Fig.5

4

Vr qr qg qi

qs

 

 

Fig.5 3D images of observed radar reflectivity at Kyoto 
on July 15, 2012. 
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Fig.6 (a) Calculating are (b) Altitude near Mt. Rokko. 
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Fig.7 The configuration of DA experiment 
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Fig.8 Spread of First guess and analysis in DA window.

a qr (b)Vr (c)qg (d)qi (e)qs. 
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Fig.9 RMSe of First guess and analysis in DA window. a

qr (b)Vr (c)qg (d)qi (e)qs. 
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at EXP_ALL (b) Estimation Value by XRAIN. 
 

qg Fig.9 c qs Fig.9 e

qi Fig.9

d EXP_ALL EXP_Vr-qr EXP_qr

RMSe

00:00 EXP_ALL

XRAIN

Fig.10 CReSS 13km

1

( )2
1

1 ( )
N

o
i

i
RMSe y H x

N =

= −∑

― 305 ―



 

RMSe

RMSe

XRAIN

RMSe

 

RMSe EXP_ALL

RMSe

  

(c)  

XRAIN EXP_noDA EXP_qr

EXP_vr-qr EXP_ALL 15 01:00

Fig.11

EXP_qr Fig.11 c EXP_noDA Fig11. b

A

EXP_qr Fig.11 c B

EXP_Vr-qr Fig.11 d EXP_ALL

Fig.11 e EXP_Vr-qr Fig.11 d

 

 

15 01:00 04:00

 

a  

XRAIN EXP_noDA EXP_qr

EXP_vr-qr EXP_ALL 01:00-04:00

Fig.12  

A

01:10 XRAIN

A1 EXP_qr EXP_Vr-qr EXP_ALL A3

A4 A5 01:30

 A1 A3

A4 A5 01:30

01:40 A1

A4 20mm/h

A5

20mm/h

02:00 A5

XRAIN

 

01:30-02:40 XRAIN B1

B1

01:30

02:40

50mm/h EXP_Vr-qr

EXP_ALL B1 B4

B5 B5 B4

B4 B5 B1

5 10

B4 B5

 

02:10-02:40 XRAIN

C1 C3 C4

C4 C5

1mm/h

1

 

 
Fig.11 Surface precipitation at 01:00  
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Fig.12(1)  Surface precipitation between 01:00 and 02:00. 
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Fig.12(2)  Surface precipitation between 02:00 and 02:40. (a obs by XRAIN forecasted by (b)EXP_noDA

(c)EXP_qr (d)EXP_Vr-qr (e)EXP_ALL 

 
Fig.13 Accumulated precipitation from 01:00. (a obs by XRAIN forecasted by (b)EXP_noDA (c)EXP_qr

(d)EXP_Vr-qr (e)EXP_ALL
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Fig14  Domain-averaged accumulated precipitation 

from 01:00. Red line is observation value by XRAIN, 

blue dot line is ensemble member and blue line means 

ensemble mean.   

 

Fig.15 Surface precipitation and vertical cross section of cloud mixing ration + rain water mixing ratio on X-X’ between 

01:10 and 01:25. (a)(b)EXP_noDA (c)(d)EXP_ALL 
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Fig.16 Figures of EXP_ALL No.11 between 01:00 and 01:20 a Surface precipitation, b Vertical cross section of 

rain water mixing ratio + cloud water mixing ratio and wind on X – X’ (c) Vertical cross section of temperature and 

wind, (d) Temperature at 500m level. 
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Fig.18  Surface precipitation (a)  XRAIN b EXP_ALL GOOD members mean c EXP_ALL BAD members 

mean d EXP_noDA GOOD members mean. 

 

 
Fig.19 The difference between the average of GOOD and the average of member BAD (a)Water vapor mixing ratio at 

900m level (b)Potential temperature at 1600m level. (c)Temperature at 3200m level (d) Emagram at Mt. Rokko. dot 

line is saturated potential temperature solid line is potential temperature arrow is Level of Free Convection (LFC) and 

Lifted condensation level (LCL).  
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Fig.20 3D images of observed radar reflectivity at Kyoto 
on July 15, 2012. 
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Table2 DA Experiments which are carried out.
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Fig.21 The configuration of DA experiment 
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Fig.26 Surface precipitation at 23:45 a obs by XRAIN

(b)forecasted by EXP_noDA (c)EXP_qr (d)EXP_Vr-qr

(e)EXP_ALL 
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Fig.27 Surface precipitation between 23:45 and 00:10. (a obs by XRAIN forecasted by (b)EXP_noDA (c)EXP_qr

(d)EXP_Vr-qr (e)EXP_ALL 
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Fig.28 The emagram at Mt.Rokko at 23:45 and at 00:00. 

 

 

Fig.29 The difference of potential temperature between EXP_noDA and (a)EXP_qr,(b)EXP_Vr-qr,(c)EXP_ALL 
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Fig.30 The difference of waster vapor mixing ratio between EXP_noDA and (a)EXP_qr,(b)EXP_Vr-qr,(c)EXP_ALL 

EXP_noDA. 
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Fig.31  Surface precipitation (a)  XRAIN b EXP_ALL BAD members mean c EXP_ALL GOOD members 

mean d EXP_noDA BAD members mean. 
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Fig.32  The difference between the average of GOOD and the average of member BAD (a)(d)Water vapor mixing ratio 

at 500m level (b)(e)Potential temperature at 1500m level. (c)(f) Emagram at Mt.ROkko.   

 

 

Fig.33 (a)The emagrams of EXP_noDA GOOD and EXP_ALL GOOD at 00:00 

(b)The emagrams EXP_noDA BAD and EXP_ALL BAD at 00:00 
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