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Introduction

BackgroundBackground
••In Japan, the weather radar for operational network is the In Japan, the weather radar for operational network is the CC--band radarband radar..
••The new type polarimetric radar, which has the observable functiThe new type polarimetric radar, which has the observable function of  on of  
KKDPDP , , has not been put into operational use in Japan.has not been put into operational use in Japan.

PurposePurpose
�� Development of a new operational algorithm for polarimetric QPE Development of a new operational algorithm for polarimetric QPE with with 
CC--band radar band radar by anby animprovement of existing algorithm.improvement of existing algorithm.
�� Promotion of introducing Promotion of introducing the new Cthe new C--band polarimetric radars to band polarimetric radars to 
Japanese operational radar network.Japanese operational radar network.

To achieve this, we propose introducing To achieve this, we propose introducing a massa mass--weighted weighted 
diameter diameter DDmm into existing algorithm.into existing algorithm.

� Mass –weighted diameter Dm will be introduced into  estimators 
R(ZHH) and R(KDP), as R(ZHH, Dm) and R(KDP, Dm).

� Dm will be used  also in the selection of R(ZHH, Dm) or R(KDP, Dm). 
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Data set (Radar)

COBRA = CRL Okinawa Bistatic
polarimetric RAdar

Peak power > 250 kW (Dual Klystron)
> 10 kW (Dual TWTA)

Pulse width 0.5 ms, 1.0 ms, 2.0 ms (Klystron)
0.5 – 100 ms (TWTA)

PRF 250 Hz - 3000 Hz,  PRT 1�é�/ step 
(staggered PRF) 

Antenna size 4.5m �óparabolic 
Beam width 0.91deg
Radome size 8m �ó
Cross pol. ratio > 36 dB (Integrated value in a beam)
Antenna gain              45 dBi (including radome)
Sidelobe < -27 dB (one way) 
Ant. scan speed 0.5-10 rpm(PPI), 0.1-3.6 rpm(RHI),

0.1 rpm step
Polarization H, V, +45, -45, LC, RC (pulse by

pulse)

• C-band polarimetric weather radar
• COBRA’s purpose is the development of  the 

meso hydrometeorological observation for 
the next generation.

• Target : Typhoon, Bai-u, meso scale rainfall 
system

• Polarization parameters: ZHH, ZVV, ZDR, f DP, 
KDP, r HV, LDR

COBRA is operated by the National Institute of information and 
Communications Technology (NICT).
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Data set (Ground)

�ÀNiCT Site
�ÀAMeDAS

�ÀNiCT Site
�ÀAMeDAS

AMeDAS=Automated Meteorological Data  
Acquisition System

Ogimi
2DVD & impact type disdrometer

Onna
impact type disdrometer

� We used the DSD data observed 
by 2DVD and disdrometers of 
impact type at Ogimi and Onna.
� Ogimi is located 15km and Onna 
is located 23km from COBRA.
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Data set

No. Start Time (UTC) End Time (UTC)

1 2006. 5.30  23:00 2006. 5.31  11:00

2 2006. 6. 1   15:00 2006. 6. 2     4:00

3 2006. 6. 4     8:00 2006. 6. 5     8:00

4 2006. 6.10    0:00 2006. 6.10  13:00

5 2006. 6.11    6:00 2006. 6.11  12:00

6 2006. 7. 8   15:00 2006. 7. 9   10:00

7 2006. 8. 5   10:00 2006. 8. 6   12:00

8 2006. 8. 9     0:00 2006. 8. 9     5:00

9 2006.12. 7    2:00 2006.12. 7    9:00

10 2007. 5.25  18:00 2007. 5.25  24:00

11 2007. 6. 5     4:00 2007. 6. 5   15:00

12 2007. 6. 7     0:00 2007. 6. 7   13:00

13 2007. 6.11  12:00 2007. 6.12  22:00

14 2007. 6.16    8:00 2007. 6.16  23:00

15 2007. 6.18  20:00 2007. 6.19    5:00

Radar
•COBRA
ZHH, ZVV, ZDR, f DP, r hv, LDR, 
•Time step every 6 minutes 
•14PPI(0.5�è 1.1�è 1.8�è 2.5�è 3.3�è 4.2�è 5.3�è
6.5�è 8.1�è 10.0�è 12.3�è 14.8�è 17.4�è
20.5�relevation angle )

•Pulse width          2�és (300m)
•Beam width           0.9�×

Ground data
•Impact type disdrometer  (2006-2007)
•2DVD                              (4-11 June. 2006)
•AMeDAS                         (2006-2007)

AMeDAS=Automated Meteorological Data  
Acquisition System
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Preliminary procedure (1)

• The elimination of the radar echoes by nonmeteorological 
factor (such as ground clutter) using r hv  (r hv<0.9)

• The calibration of the system offset of ZDR using 2DVD 
and impact type disdrometers measurements.

• The attenuation correction using the self-consistent 
method by Bringi et al (2001)

• Finally, the radar data was converted into 100m mesh data�è
and the mesh data was spatially averaged over 1km �™1km 
mesh�ê
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Preliminary procedure (2)

ZHH ZDR KDP
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Optimization of basic estimators using observed DSD
2 0.650

HH HH( ) 3.94 10R Z Z-= ´ 0.813
DP DP( ) 30.56R K K=

Assumption
•Data: impact type disdrometer at Okinawa 

in Japan (2006-2007)
•DSD is Gamma distribution
•Axis ratio model of raindrop 
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Estimation of mass-weighted diameter (Dm)

10 June, 2006 

•This fig. shows the comparison between 
the observations Dm and the estimations Dm

by radar observations.

•Time series of radar-estimated Dm (blue 
line) well explain that of observed Dm (bar).
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R(ZHH) R(KDP)

2 0.634
HH HH( ) 3.59 10R Z Z-= ´ 0.814

DP DP( ) 30.56R K K=

Optimization of estimators depending on class of Dm (1)

R(ZHH) .VS. Rg and R(KDP) .VS. Rg  depend on the size of Dm.

These relations can be further sophisticated using Dm.  
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Development of algorithm 

• Basic algorithm
DP HH , DP ,

alg
HH
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Dm is used also for judging 
which should be used,    
R(ZHH, Dm)  or R(KDP, Dm)
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R(KDP)

Ralg(ZHH, KDP) Ralg(ZHH,KDP,Dm)

Dm

Ralg(ZHH, KDP, Dm)

Validation(1) comparison between algorithms

Mean Bias [mm] RMSE[mm] CC Ratio of rain total [%]

R(ZHH) -1.245 4.42 0.873 75.60

R(KDP) -1.101 2.91 0.922 94.04

Ralg(ZHH, KDP) -0.543 3.25 0.901 89.39

Ralg(ZHH,KDP,Dm) -0.092 2.99 0.915 98.20

R(ZHH)

•These figures show comparison 
between the raingauge observations 
and radar observations.
•Basic algorithm Ralg(ZHH, KDP) have 
been composed of R(ZHH) and R(KDP).
•Here, Dm was used  also in the 
selection of R(ZHH, Dm) or R(KDP, Dm).

Introducing Dm improved both bias and correlation coefficient !!
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Validation(1) comparison between algorithms
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Validation(1)  Statistic of Accuracy for all rain guage stations (15 stations)

Mean bias correlation coefficient

Ratio of rain totalRMSE•In this figure, horizontal axis shows distance from COBRA, vertical axis 
shows Mean bias.
•the new algorithm improved accuracy at most of range
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Validation(2) comparison with current operational QPE (Radar-AMeDAS)

� Comparisons of 1-h rainfall between COBRA's 
estimates using proposed the new algorithm and 
the Radar-AMeDAS precipitation data
� Radar-AMeDAS precipitation data is the data 
which is calibrated with ground rain-gauges and 
synthesized using the conventional radars in 
Japan.

Radar-AMeDAS

COBRA with new alg.
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Conclusion

• The purpose of this research has been the development of 
a new rainfall estimation algorithm for C-band 
polarimetric radar, based on basic analyses with observed 
DSD.

• The developed algorithm has two points:
– Mass-weighted diameter Dm was introduced into estimation 

equations R(ZHH) and R(KDP), as R(ZHH, Dm) and R(KDP, Dm).
– Dm was used  also in the selection of R(ZHH, Dm) or R(KDP, Dm). 

• Validation of accuracy was performed using a lot of data 
collected through many rainfall cases. As a result, it was 
found that the estimate accuracy was improved well. 
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Thank you for your attention !


