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I. INTRODUCTION

With a rush of disasters in recent years caused by unusual 
weather, especially localized heavy rains and gusts, weather 
radar plays a significant role in weather observation. 

To deal with these meteorological phenomena, we have 
developed Solid-State Weather Radar (hereinafter SSWR), 
the new model of weather radar first installed in 2007. The 
SSWR installed in MRI1 is the first SSWR system used in 
Japan and the SSWR installed under management of MLIT2

is the first operational SSWR used in Japan, which use dual-
polarization with solid-state transmitters to achieve highly- 
accurate observation of precipitation. Also, we have 
drastically reduced its size and life-cycle cost compared with 
conventional radar.  

In this paper, we will describe the characteristic and 
performance of SSWR to show that it delivers superior 
performance compared with those of conventional radars 
such as Klystron and magnetron, by evaluating actual 
observed data provided from MLIT and MRI. 

1 Meteorological Research Institute of Japan Meteorological Agency
2 Ministry of Land, Infrastructure, Transport and tourism

As of April 2012, 15 units of Solid-State Weather Radars 
have manufactured and installed by TOSHIBA Corporation. 

The new weather radar will provide useful weather 
observation data to greatly contribute to maintain safety and 
security of our society. 

II. SOLID-STATE TRANSMITTER

Figure 1 shows the evolution process of weather radar in 
Japan. The weather radar in the initial stage started its 
operation as analog radar which displayed the intensity of 
back scattering of radio wave from rain as the intensity of 
brightness on a display. Later, the observation values were 
digitalized to enable the quantitatively-detected observation 
of rainfall. In the 1990's, weather radar in Japan was divided 
into two radar types: Doppler radar and dual polarization 
radar. Around the same time, the transmitter type changed 
from magnetron to klystron.  

 Figure1.  Evolution of Weather Radar in Japan 
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Today, dual polarization Doppler radars are wildly 
deployed in Japan. Solid-State transmitters are commonly 
used for most of these radars. 

III. C-BAND SOLID-STATE WEATHER RADAR

A C-band Solid-state weather radar 
C-band SSWR is the first Solid-State transmitter based 

weather radar system installed in Japan.   It has small and 
high-performance digital signal processor to enable wide-
area and high-precision observation with low transmits 
power. 

Figure 2 shows the appearance of C-band SSWR in MRI 
facility and Figure 3 shows its major components.  

The size of transmitter was reduced by approximately 
half (based on Toshiba products) compared with the 
conventional weather radars. Table I. shows the major 
specification of C-band SSWR installed in MRI. 

Figure 2. C-band SSWR installed in MRI facility 

Figure 3. C-band Solid-State Weather Radar 

TABLE I. SPECIFICATION OF C-BAND SOLID-STATE WEATHER RADAR 
INSTALLED IN MRI 

Item Description 
Observation range 230 km or more in radius 

Frequency 5370 MHz 
Pulse width 1 μs to 129 μs
Peak Power 3.5 kW per polarization 

Receiver dynamic range 110 dB 
Radome diameter 7 m or less
Antenna diameter 4 m or less

Antenna gain 42 dBi or more 
Beam width 1 deg or less 

Range resolution 150 m or less
Output data Received signal power (Ph, Pv)

Doppler velocity V (m/s) 
Spectrum width W (m/s) 

Differential phase ΦDP (deg) 
Correlation coefficient (ρHV) 

IV. X-BAND SOLID-STATE WEATHER RADAR

B X-band Solid-state weather radar 
Figure 4 shows the first operational X-band Solid-State 

transmitter based weather radar installed in site and Fig.5 
shows its major components.  The major components were 
accommodated in the radome at the top of a steel tower by 
making them compact and light weight. Thus, by 
minimizing the length of waveguide, the attenuation of 
radio wave was greatly reduced so that it allows sufficient 
observation performance with small power. The size was 
reduced by approximately 1/4 (based on Toshiba products) 
compared with the conventional weather radars and the 
consumption power was reduced by approximately 1/10 
(based on Toshiba products).  

TABLE II. shows the major specification of X-band 
SSWR deployed in Japan. 

Figure 4. X-band SSWR (outward appearance) 
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Figure 5. X-band Solid-State Weather Radar 

TABLE II. SPECIFICATION OF X-BAND SOLID-STATE WEATHER RADAR 
INSTALLED IN MLIT 

Item Description
Observation range 80 km or more in radius 

Frequency 9700 to 9800 MHz 
Pulse width 1 μs to 32 μs 
Peak Power 200 W per polarization 

Receiver dynamic range 110 dB 
Radome diameter 4.5 m or less 
Antenna diameter 2.2 m or less 

Antenna gain 41 dBi or more
Beam width 1.2 deg or less

Range resolution 150 m or less 
Output data Received signal power (Ph, Pv) 

Doppler velocity V (m/s)
Spectrum width W (m/s)

Differential phase ΦDP (deg) 
Correlation coefficient (ρHV)

V. C-BAND OBSERVATION DATA

A C-band dual-pol Radar in Tsukuba(MRI) 
Here, we report validation result of rainfall estimates with 

the C-band SSWR of Meteorological Research Institute 
(hereinafter, MRI radar) using disdrometer observations for a 
record heavy rainfall event. 

In the afternoon of 26th August, 2011, Tokyo metropolitan 
area experienced a record heavy rainfall. The Nerima weather 
station of Japan Meteorological Agency observed hourly 
accumulation rainfall of 90.2 mm. This heavy rainfall event 
was observed by the MRI radar located 50 km northeast in 
Tokyo and an optical disdrometer located in Itabashi, Tokyo. 

Adoption of solid-state transmitters brings several 
advantages such as narrow bandwidth, no need of high 
voltage components, high redundancy and low operational 
cost. One of the most important advantages is high precision 
of dual-pol parameters.  

Figure 6 shows the distribution of ρhv for samples collected 
in stratiform rain with SNR larger than 20dB by the MRI 
radar. Peak values of ρhv are 0.998 and 0.992 for long and 
short pulse observations, respectively.  The distribution seems 
almost independent of sample number N. Figure. 7 shows the 
distribution of standard deviation of ΦDP calculated using 
nine gate windows along radial. Peak values of ΦDP are 1.0 
deg and 2.0 deg for long and short pulse observations, 
respectively. As is the case with ρhv, the distribution seems 
independent of sample number N. 

By virtue of the high precision with small sample number, 
the radar can observe dual-pol parameters with practical 
antenna scan speeds of 4 rpm for low elevation angle (EL < 
8) and 6 rpm with high PRF for high elevation angle (EL >= 
8 deg). This enables us to conduct volume scan with 13 
elevations of PPI and 2 azimuths of RHI every 4 minutes. 
The lowest elevation PPI scan (EL=0.5deg) is conducted 
every 2 minutes. 

Figure 6. Distribution of ρhv for samples collected in stratiform rain with 
SNR larger than 20dB by the MRI radar. 

Figure 7. Distribution of the standard deviation of ΦDP for samples 
collected in stratiform rain with SNR larger than 20dB by the MRI radar. 

Differential scattering phase δ is removed from differential 
phase ΦDP using FIR filtering method proposed by Hubbert 
and Bringi (1995). Then specific differential phase KDP is 
derived from the Φdp using the method proposed by Savitzky 
and Golay (1964). Attenuation corrected reflectivity Zcorr is 
derived from reflectivity Z and ΦDP according to the 
following equation: 
Zcorr = Zobs + 0.073 ΦDP (Bringi and Chandrasekar 2001) 

Rain rate R(Kdp, Z_corr) is estimated as follows: 
（KDP < 1ºkm-1 or Zcorr < 30dBZ） R(KDP, Zcorr) = R(Zcorr) = 
0.0365 Zcorr

0.625

(Marshall and Palmer, 1948) 
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（KDP >= 1ºkm-1 and Zcorr >= 30dBZ）
R(KDP, Zcorr) = R(KDP) = 129(KDP/f)0.85 

(Bringi and Chandrasekar 2001) 

Owing to adoption of solid-state transmitters, the MRI radar 
can observe dual-pol parameters with high precision with 
small sample number. The peak values of ρHV and the 
standard deviation of ΦDP for stratiform rain are 0.998 and 1.0 
deg, respectively. This result shows that C-band solid-state 
dual-pol radar has sufficient capability, in order to observe 
heavy rainfall with a practical scanning rate. 

B Observed data and meteorology in Tsukuba(MRI) 
We had installed an optical disdrometer (Löffler-Mang and 
Joss, 2000) at our observation site in Itabashi, Tokyo 
(hereinafter Itabashi site). The distance between the Itabashi 
site and the radar site is 52 km. The height of the beam center 
of the lowest elevation PPI is 600 m at this site. 
The disdrometer outputs raindrop size – velocity distribution 
for specified time period. The distribution was recorded every 
minute. The data with less velocity than the half or twice of 
the terminal velocity (Gunn and Kinzer, 1949) are removed. 
After the quality check, reflectivity Z(Disdro) and rain rate 
R(Disdro) are calculated from the distribution. 

Figure 8. Reflectivity fields without attenuation correction (left) and with 
attenuation correction (right) observed by the MRI radar at elevation angle of 
0.5° at 15:21 LST, 26th August 2011. 

Figure 9. Sample of rain-rate fields estimated from Z-R relation (left) and 
estimated using specific differential phase (right) observed by the MRI radar 
at elevation angle of 0.5° at 15:21 LST, 26th August 2011. 

Figure 8 shows the reflectivity fields observed by the MRI 
radar at 15:21LST on 26th August 2011. At this time Tokyo 
metropolitan area located southwest of the radar experienced 

heavy rainfall. The reflectivity in the heavy rainfall area is 
significantly changed by the attenuation correction. Fig.9 is 
rain rate distributions at the same time with Figure 8. The left 
figure shows rain rate distribution estimated using corrected 
Z and Z-R relation (R(Zcorr)) and the right figure shows rain 
rate distribution of R(KDP, Zcorr). R(KDP, Zcorr) indicates much 
higher value than R(Zcorr) in Tokyo metropolitan area. 
Reflectivity and rain rate obtained by the radar were 
compared with those measured by the disdrometer over radar 
pixel centered on the disdrometer location. Since sampling 
volume of radar observation locates hundreds of meters aloft, 
the comparison have to consider fall times of raindrops. We 
assumed fall time was 3 minutes and shifted 3 minutes to 
radar observation time. 
Figure 10 shows the time series of reflectivity at the Itabashi 
site measured by disdrometer, Z(Disdro), observed by the 
MRI radar with attenuation correction, Zcorr, and without 
correction, Z. While Z is significantly less than Z(Disdro), 
Zcorr is similar to Z(Disdro) except the period of 15:10 to 
15:30 when Z(Disdro) is more than 50 dBZ. 
Figure 11 shows the time series of rain rate measured by the 
disdrometer, R(Disdro), estimated from reflectivity without 
correction, R(Z), estimated from reflectivity with correction, 
R(Zcorr), and estimated from KDP and Zcorr, R(KDP, Zcorr). The 
disdrometer measured strong rain rates of more than 
100mmh-1 over 12 minutes, reaching as much as 160 mmh-1. 
The hourly accumulation of R(Disdro) from 15:00 to 16:00 is 
63mm.  
R(Kdp, Zcorr) agrees well with R(Disdro), while R(Z) and 
R(Zcorr) are quite different from R(Disdro). The hourly 
accumulation of R(KDP, Zcorr) agrees well with that of 
R(Disdro) (9% overestimated). On the other hand, the hourly 
accumulation of R(Z) and R(Zcorr) are 84% and 44% 
underestimated, respectively. 
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Figure 10. Time series of reflectivity at the Itabashi site measured by 
disdrometer (red), observed by the MRI radar with attenuation correction 
(green) and without correction (brown). 
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Figure 11. Time series of rain rate at the Itabashi site measured by 
disdrometer (red), esteimated using Z_corr (green), esteimated using Z 
(brown) and estimated using polarimetric parameters R(Kdp, Z_corr). 
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Rainfall estimates of the MRI radar over radar pixel centered 
on the disdrometer location were validated using this 
disdrometer observation. Time series of reflectivity with 
attenuation correction agrees well with that of the 
disdrometer, if reflectivity is less than 50 dBZ. Time series of 
rain rate estimated using Z-R relation is far from that of the 
disdrimeter. On the other hand, time series of rain rate 
estimated from KDP agrees well with that of the disdrometer. 
The hourly accumulation of rain rate estimated from Z-R 
relation is 84% underestimated, while the estimation from 
KDP is only 9 % overestimated. 

D Stratiform and convective Observation by C-band SSWR 

Figure 12 and 13 show the stratiform precipitation 
observed by MRI radar and Fig.14 and Fig.15 show the 
observation result of convective precipitation. In the 
observation result of stratiform precipitation, the melting 
layer is clearly represented can be inferred in the convective 
precipitation. From these results, we can conclude that solid-
state weather radars allow us to obtain favorable result in the 
dual polarization observation. 

Figure 12. RHI display of stratiform precipitation(C-band) 

Figure 13. PPI display of stratiform precipitation(C-band) 
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Figure 14. RHI display of convective precipitation(C-band) 

Figure 15. PPI display of convective precipitation(C-band) 
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VI. X-BAND OBSERVATION DATA

A X-band dual-pol Radar of Kinki area network(by MLIT) 
As shown in Figure 16, MLIT has installed 4 units of X-band 
dual-pol radars in Kinki Area. One of the radar installed in 
Jyubusan is solid-state weather radar while the other three are 
Klystron weather radars. 

Figure 16.  X-band dual-pol radar of Kinki area network  (MLIT）

B Observed results by X-band dualpPol Radar
Figure 17 shows the result of two observational examples 

obtained by these 4 radars. As shown, the results of radar 
observation were very similar and no conspicuous difference 
is found among the radars.  

(a) 2010/07/07 15:00 

(b) 2010/07/13 06:56
Figure 17. Radar echo observed by the Solid-State dual-pol radar and 

Klystron dual-pol radars 

C Comparison of observation data among the radars.
Figure 18 shows the scatter diagram of precipitation 

intensity observed by each radar and TABLE III.  shows the 
correlation coefficient of precipitation intensity among the 
radars. 

Figure 18. Scatter diagram of precipitation intensity of solid-state and 
Klystron radars 

Jyuubusan
(El=0.4°) 

Rokko(El=0.1°) Tanokuchi(El=1.6°) 

Katsuragi(El=0.1°)
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TABLE III. CORRELATION COEFFICIENT OF PRECIPITATION INTENSITY

Klystron 

Katsuragi  Rokko  Tanokuchi

Klystron 

Katsuragi - - - 

Rokko 0.808  - - 

Tanokuchi 0.756  0.798 - 

Solid-State Jyuubusan 0.680  0.725 0.823  

As shown in TABLE III. , the correlation coefficients of 
the SSWR in Jyuubusan and the Klystron radar in Tanokuchi 
are the highest score (0.823) while the correlation coefficients 
of the Klystron radars in Tanokuchi and Katsuragi are the 
lowest score (0.756). 
Generally speaking, the correlation coefficient of radars is 
higher as the distance between sites is closer. Relationship 
between the distance among the radar sites and the correlation 
coefficient are shown in Figure 19. 

The correlation coefficients of the radar sites are 
apparently dependent on the distance among the radar sites. It 
became evident that, the distance among the sites is shorter, 
the correlation coefficient is higher. In comparison with this, 
the difference of transmission system, whether it is solid-state 
or Klystron, seems to have no impact on the results. This fact 
endorses the conclusion that the observation by solid-state 
radars is equivalent to that of the conventional Klystron 
radars.  
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Figure 19. Relationship between the distance among the radar sites and the 
correlation coefficient 

C Distribution of Observation Data through the web  
The high-precision observation data obtained by X-band 

Solid-State Weather Radar is distributed to public for 
disaster prevention activities such as people to evacuate 
when torrential rainfall occurs after going through a variety 
of processing together with observation data of other X-
band dual-pol radars provided by MLIT (Figure 20). 

Figure 20. Example of Rainfall Observation detected by X-band dual-
pol Radar (provided by MLIT) 
*The title of this page is written in Japanese. It says "X-band dual-pol 
radar precipitation information.  Under trial operation”  

VII. CONCLUSION

Total of 15 Solid-State Weather Radars have installed by 
TOSHIBA Corporation for actual operational use in Japan. 
Weather service is already provided to general public via 
MLIT website. Observation data obtained by SSWR were 
more satisfactory results compared with those of electron 
tube radars.  

We expect new Solid-State Weather Radar, which has the 
features of compact size and light-weight design with its low 
running cost and low spurious level, will be used in countries 
all around the world. 
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