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Three major metropolitan 
areas in Japan

Nagoya
Osaka

Tokyo
About 30 million people lives in an area within 50km radius. 
Recently, it is recognized that localized heavy rainfalls disrupt 
economic activity and the daily lives of residents in urban areas. 
Improvement of its prediction accuracy is required. 
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� Tokyo metropolitan area is 
the world’s most populous 
metropolitan area

� It contains most of Tokyo, 
Kanagawa, Saitama Prefs.,
and a part of Chiba Pref.
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Research radars 
employed by X-NET
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X-NET: X-band Research Radar Network 
in the Tokyo Metropolitan Area

XX--NETNET: X: X--band Research Radar Network band Research Radar Network 
in the Tokyo Metropolitan Areain the Tokyo Metropolitan Area



Motivation and AimMotivation and Aim

To estimate 3-D precipitation data, do we need to 
consider the change in 

1) temperature,
2) elevation angle of radar antenna,

(incident angle of transmitted pulses)
3) drop shape

during  a volume scanning  ?

One of main targets of X-NET: 3-D precipitation data
which are useful to improve QPF with data assimilation.

Error due to calibration of radar system, rain attenuation, non-uniform beam 
filling, etc. are not considered here.



MethodologyMethodology
Scattering Simulations:

T-matrix method (Waterman 1971)

DSD model: 
1) Monodisperse DSD  � Basic behavior of radar variables
2) Observed DSD � Error analysis of rain rate estimators

Simulation Conditions:
1) Temperature: 0�`�`�`�` , 15 �`�`�`�` , 30�`�`�`�`
2) Elevation angle: 0°°°°, 10°°°°, 20°°°°, 30°°°° 40°°°°
3) Drop shape: Three types (Andsager, Keenan, Minimum)

Rain Rate Estimators:
R(ZH), R(KDP), R(ZH,ZDR), R(KDP,ZDR)
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Coefficients and exponents of rain estimators

Conditions: X-band, TEMP=0- 30 �`�`� �̀` , EL=0- 40 °°°°, D-SHAPE= 3 types 



(a)   R(ZHH) (b)   R(KDP)

(c)   R(ZHH,ZDR) (d)   R(KDP,ZDR)

Rain rate estimatorsRain rate estimators -- TTEMP dependence EMP dependence --

Error due to DSD variations



(a)   R(ZHH) (b)   R(KDP)

(c)   R(ZHH,ZDR) (d)   R(KDP,ZDR)

Rain rate estimatorsRain rate estimators –– DD--SHAPE dependence SHAPE dependence --

Error due to DSD variations



(a)   R(ZHH) (b)   R(KDP)

(c)   R(ZHH,ZDR) (d)   R(KDP,ZDR)

Rain rate estimatorsRain rate estimators -- ELEL dependence dependence --

Error due to DSD variations



An oAn o bserved examplebserved example

A convective echo is located within 
10 km from the radar site. Its echo 
top is about 8 km. Another echo is 
located about 20 km SSW from the 
radar site.
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Without EL Adjustment With EL Adjustment

R(KR(KDPDP) estimator) estimator –– EEL dependence L dependence ––

A B A B



R(KR(KDPDP) estimator) estimator –– EEL dependence L dependence ––
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SUMMARYSUMMARY

3-D rainfall estimations at X-band wavelength

1.Change in TEMP does not cause a significant effect on  
four types of rainfall estimators. 

2.R(ZH,ZDR) is largely affected by variations in EL and 
D-SHAPE.

3.R(KDP) and R(KDP,ZDR) produce estimation error 
smaller than 10% for R >  40 mm h-1, when information 
on EL and D-SHAPE are exactly known a priori.

Otherwise, the R(KDP) and R(KDP,ZDR) can produce 
larger estimation error than that by R(ZH). 
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