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Self-introduction

1990-1995  Graduate student and JSPS fellowship
in Inst. of Low Temp. Sci, Hokkaido Univ.

1995-1998  Communications Research Lab.(CRL)
- Dev of airborne multiparameter radar (CAMPR)
- TRMM PR data analysis system

1998-2000  Visiting res. scientist, Univ. Oklahoma
- Bistatic Doppler radar network

2000-2002  CRL
- Dev of CRL Okinawa Bistatic Radar (COBRA)
- TRMM PR latent heating algorithm (PI)

2002-2004  NASDA/EORC & JAXA/GPMDPR team
- Dev of GPM/DPR

2004-(current)  NICT
> 2005-2007 Director of NICT Okinawa Center
> 2011-2012 AER planning office
> 2016- Research Manager

- COBRA, WPR/RASS (2004-2008)
- Dev of Phased Array Weather Radar (2008-2012)
- Introduction of PANDA in Kobe & Okinawa (2014)

Who am I?

COBRA

GPM core satellite
400 MHz WPR/RASS



3

Contents

1. Introduction
- What is the Phased Array Weather Radar (PAWR)?
- Comparison of conventional radar and PAWR

2. Three-dimentional structure of precip
- 3D visualization of localized heavy rainfalls

from a cumulonimbus cloud and a rain band

3. Growth of precip and vertical motion
- 3D TREC and dual-Doppler analysis

4.  Real-time application of PAWR data  
- Expectation for Big Data Assimilation (BDA)

- 3D nowcasting and smartphone application

5. Real-time data quality control (QC)
- QC flags in some cases



4

Flash flood at Toga River 
in Kobe city (28 July 2008）

Tsukuba Tornado 

(6 May 2012)

・ In recent years, severe weather disasters caused by 
localized heavy rainfalls or tornadoes have occurred 
frequently in various parts of Japan.

・ We developed a X-band Phased Array Weather Radar 
(PAWR) to watch and predict the severe weather. The 
PAWR measures 3-dimentional fine structure of rainfall 
with 100 m range resolution and 100 elevation angles 
every 30 seconds.

・ The first PAWR was installed at Osaka University, Suita 
in 2012. The second and third PAWRs were install at 
NICT Kobe and NICT Okinawa in 2014, respectively. 

Suita 
in 2012

Kobe 
in 2014

Okinawa 
in 2014

MRI@
Tsukuba 

in 2015

MP-PAWR
Saitama 

in 2017

Introduction

The observation 
area of MLIT C-band 
radar and X-band 
MP radar (small 
blue circles).
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3-dim. dense
observation

every 30 sec.

Phased Array Weather Radar (PAWR)

3-dim measurement using 

a parabolic antenna  (150 m, 

15 EL angles in 5 min)

3-dim measurement using 128 slot-array antennas

with fan-beam transmitting and DBF receiving.

(100 m, 100 EL angles in 30 sec)
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XRAIN (39 radars in Japan) PAWR (4 radars in Japan)

Parabolic dish antenna (2 m diameter)
with mechanical EL and AZ scanning

Antenna
Flat antenna (128 elements slot array)
with electronic EL scanning  
and mechanical AZ scanning

5 minutes for 3D scan (15 EL angles)
1 minutes for a rain map (3 EL angles)

Observation
cycle

30 seconds for 3D scan (100 EL angles)

80 km in radius Observation range 60 km in radius

Reflectivity (Ze), Doppler velocity (Vr), 
velocity width (W), and 
polarization parameters (Zdr, fdp, rHV)

Observation
parameters

Reflectivity (Zh), Doppler velocity (Vr), and 
velocity width (W)

MP-X radar 
(with parabolic antenna)

Phased Array Weather Radar

Detection area

Comparison of MP-X and PAWR

Detection area

* XRAIN (X-band MP-X radar network) is operated by Ministry of Land, Infrastructure, Transport and Tourism (MLIT)
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Time and Space Scales of Atmospheric Motion

100 m

1 min

Fronts,
Hurricanes

Meso-cyclones,
Supercells,
Squall lines

Thunderstorms,
Heat island

Tornadoes, Microbursts

1000 m

10 min

Turbulence

Smaller scale 
phenomena

100 km
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From 17:20:16 to 18:10:46,
26 July 2012

- 3D View of localized heavy  
rainfall from the North-East dir.

- The grid size is 100 x 100 x 100m

- Red color shows heavy rainfall

every 30 sec.
(PAWR)

every 5 min.
(Conventional radar)
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17:38:16 17:40:16 17:42:16 17:44:16

17:30:16 17:32:16 17:34:16 17:36:16

First echo and its evolution

10 km

first 
echo first 

echo
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Dev of precipitation in a cumulonimbus cloud

cloud droplet

> 0.01 mm

drizzle

> 0.1 mm

raindrops

> 1 mm

(1) growth of cloud droplets in cumulus updrafts 
(2) increase of droplet size in upper levels
(3) large droplets detected by radar (first echo)
(4) raindrops falls to the ground at a rate of

4-5 km in 10 min.
(5) The life time of a cumulus cloud is 30-60 min.

Radar echo

http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=OedsQGHlt9GCkM&tbnid=15GYX99uhIoVKM:&ved=0CAUQjRw&url=http://www.eonet.ne.jp/~aijiro/kumo.html&ei=15clUsDKEYLHkwXfpoCAAQ&bvm=bv.51495398,d.dGI&psig=AFQjCNHecfNiiCqtoU7pD8N-3eFkIU4nww&ust=1378281764736344
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3D precipitation distribution of the linear rain band from 
the sky over Osaka-bay (14:00-16:20JST, 13 July 2013)

Osaka bay
Mt. Rokko

Mt.Ikoma  Nara

 Kobe

 Osaka

 Kyoto

3D structure of linear rain band

10fps → 300x speed
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3D structure of linear rain band

3D precipitation distribution of the linear rain band viewed from 
the southern part of the Osaka plain (15:20-16:20JST, 13 July 2013)

Mt.Ikoma

10fps → 300x speed

Mt.Rokko
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3D visualization of  localized rainfalls

3D structure and evolution of localized heavy rainfalls observed by Suita 
PAWR in 07 Aug. 2015.  3D animation every 30 second showed for 
about 1 hour (16:55 to 17:59 JST) in the 60 km in radius, 250 m grid size.
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16:50:01 16:52:01 16:54:01 16:56:01 16:58:01

17:00:01 17:02:01 17:04:01 17:06:01 17:08:01

Precipitation growth from a first echo

N               S
(view from the west)

first echo
at 6 km alt.

(07Aug2015)

12 km
alt.
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17:21:01 17:23:01 17:25:01 17:27:01 17:29:01

17:31:01 17:33:01 17:35:01 17:37:01 17:39:01

Precipitation growth again

10 km
alt.

14 km
alt.

(07Aug2015)
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3D TREC analysis

t1

t2

search
globe

Box of 
max. corr.TREC     (by Rinehart and Garvey, 1978)

- Tracking Radar Echoes by Correlation
- to get horizontal (2D) motion vectors

COTREC     (by Li et al., 1995)

- Continuity of TREC 
- Practical nowcasting

Resolution of motion vector (grid size vs temporal diff.)

<default param.>
search radius = 10 grids 
comparison box = 5x5x5 grids

grid size 30sec 60sec 120sec (2 min) 240sec (4 min)

62.5 m 2.1 m/s 1.05 m/s 0.52 m/s 0.26 m/s

125 m 4.2 m/s 2.1 m/s 1.05 m/s 0.52 m/s

250 m 8.3 m/s 4.2 m/s 2.1 m/s 1.05 m/s

general 2D-TREC for
conventional radar

--- not use
in this study

applied in this studyuseful for accurate 
calculation of TREC
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Results of 3D TREC (D z=125m, D t=120sec)

Corr.Coef.w

South-North distance (km)

H
e

ig
h

t 
(k

m
)

m/s w m/s

16:50:01
Ze, (v;w)

x=18.375km

dBZm/s

16:58:01
Ze, (v;w)

x=15.875km

dBZm/s

16:54:01
Ze, (v;w)

x=15.875km

dBZm/s

(07Aug2015)
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Results of 3D TREC  (growth again)

w

South-North distance (km)

H
e

ig
h

t 
(k

m
)

w w

17:23:01
Ze, (v;w)

x=18.0 km

dBZm/s dBZm/s
dBZm/s

m/s m/s m/s

(D z=125m, D t=120sec)

17:27:01 x=18.0 km 17:31:01 x=18.0 km
(07Aug2015)
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Osaka Univ
（Suita PAWR）

NICT KARC
（Kobe PAWR）

Observation range of Kobe & Suita PAWR

60 km

60 km

● Dual-Doppler analysis to estimate 3-dim. wind vectors
● Rain-attenuation correction using two radar data
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09:45:30 JST09:45:00 JST

H
E

IG
H

T
 (

k
m

)

E-W distance (km)

Y = -20 km

09:45:00 JST 09:45:30 JST 09:46:00 JST

CAPPI  HT = 4 km

Dual-Doppler analysis every 30 seconds

09:46:00 JST

● Distribution of the horizontal wind vectors (u;v) changes little in appearance 
in a few minutes,  but, the precipitation core is growing around x=-30, Y=-24km. 

● There is also little change in the vertical circulation (u+v). 

E-W distance (km)

S
-N

 d
is

ta
n

c
e

 (
k

m
)

Sep 11, 2014
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09:47:00 JST

09:50:00 JST

09:53:00 JST

In strong updrafts (> 6 m/s), 
the precipitation moves upward 
with growth

vertical motion:

w + Vt > 0 

where, 
w: vertical winds (derived from dual-Doppler), 
Vt: terminal fall velocity of precipitation (from Ze), 
and the vertical motion of the precipitation should 
be determined using 3D TREC (Tracking Radar 
Echoes by Correlation) algorithm.

In downdrafts (or weak updrafts), 
the precipitation falls to the ground 

vertical motion:

w + Vt < 0 

Vertical motion and growth of precip.
dual-Doppler
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Big Data Assimilation

“Big Data Assimilation” Revolutionizing Severe 
Weather Prediction (PI: T. Miyoshi@RIKEN)

NHM

Himawari-8

PAWR
Data Assimilation

（Local Ensemble Transform Kalman Filter ）

Pinpoint (< 100-m resol.) forecast of 
severe local weather by

updating 30 min forecast every 30 sec!

LETKF
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(Miyoshi et al. BAMS, 2016)

No Data Assimi. 1KM Reso. 100M Reso. OBS.

Results of the data assimilation
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(Miyoshi et al. BAMS, 2016)

30 min

forecast

Results of the forecast

20 min

forecast

10 min

forecast
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RIKEN real-time weather forecast

30-second update 
nowcasting for 10 
minutes started on 
July 3, 2017.

http://weather.riken.jp

Otsuka et al. Wea. Forecast, 2016 

Real-time demonstration of

3D nowcasting 
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PAWR  smartphone application

- Real-time 3D rainfall display every 30 sec. 
- Heavy rainfall forecast by push notification

Free app. for Android and iPhone

http://pawr.life-ranger.jp

3D rainfall display (2nd year ver.) 

(3rd year ver.) 
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Suita PAWR data processing system

Data 
conversion 
section
(GPGPU)

Data 
accumu
lation 
section

ＮＡＳ
（14.5TB)

Offline 

collection 

section

Offline 

proc. 

section

Monitoring 

control 

section

IQ data after DBF 
processing
(1 Gbps）

IQ data before 

DBF Processing

（~ 6 Gbps）

Data after radar 
processing
（220 Mbps）

DAS
(12 TB) RAID

Antenna 

Equipment

Handai 

AP

Server

RAID
（63TB)

Data 
Translat
e Server

RAID
（42TB)

Osaka Univ. 

JGN-X

Access Point

(L2 Switch)

L3

Switch

ssh

ssh

Petabyte storage 
(Keihanna)

HUB      
（GbE)

（220 Mbps）

JGN-X （NICT NW)Private NWOsaka Univ. NW

Osaka 

Univ.

LAN

NICT

Science 

Cloud

Data 
publish 
server
（Koganei）

Data 
analysis 
server
（Koganei）

Detailed

（10 sec.）
300 range×320 sector（AZ）×110 angle（EL）×2 byte＝ 20.3 MB / file

Total size (13 files)： 275 MB / 10sec （～2.4TB/day）⇒ 220 Mbps

Normal

（30sec.）
600 range×300 sector（AZ）×110 angle（EL）×2 byte＝ 37.8 MB / file

Total size (13 files)： 493 MB / 30sec （～1.4TB/day）⇒ 131 Mbps

Observation mode and data rate
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PAWR web page （http://pawr.nict.go.jp/）

Retrieve 
archived 
past data

Google maps
display

Rainfall Summary

Real time display（within 1 min of obs）
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Request for faster QC algorithm
blocked by 
topography

clutter

2nd EL 7th EL

clutter map
contour

20 dBZ

Ruiz et al. SOLA, 2015 

Perform QC calculation and data transfer  
within 10 seconds for 3D nowcast

Data quality control (QC) 
such as clutter removal 
is essential in order to 
use PAWR observation 
data for data assimilation 
and nowcast.

The Ruiz 's QC algorithm (SOLA, 2015) 
used for the BDA experiment requires 
calculation time of 40 seconds.  However, 
it is necessary to develop a faster and 
general-purpose QC algorithm to 
perform real-time processing on the 
various observation data.
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Surface clutter and interference echoes

Clutter echoes by ships

Add another data at 
2016/12/01, 10:03:30

Airplane echo
＋RangeSL

Ground clutter echoes

Interference
echoes

Ground clutter

Suita PAWR (fine weather)Kobe PAWR (fine weather)
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Contents and overview of QC flag file

QC flag < 8 bit >
[0]Valid data,  [1]Shadow,     [2]Clutter possible, [3]Clutter certain,
[4]Noise,          [5]RainAttn., [6]RangeSL,               [7](Reserve)

 A new file of 1-byte QC flag data is provided in the same format of the same 
polar-coordinates as Ze and Vr data.
(e.g. 20150808-160021.all_pawr_qcf.dat, kobe_20150808160000_A08_pawr_qcf.dat )

 The QC flag file will be created in NICT Koganei in real-time (within 10 sec.)

< CONTENTS >
[0] Valid data： if ( Ze > -327.68 & Vr > -327.68 ) then (1)
[1] Shadow： if ( ASL(Dem) > beamHT using 4/3 equiv. earth radius) then (1)
[2] Clutter possible (clutter map)： if (statistical Ze_PD > 20%) then (1)
[3] Clutter certain： if (Ze_PD>20% & -1.5<Vr<1.5ms-1 & ZeText > 3.0) then (1)
[4] Noise (Interference)： if (rng_num > 500 & Ze_std/Ze_avg < 0.5 ) then (1) 
[5] Rain attenuation： if (Ze_inetg > 50 dBZ & delta_Ze < -2 dB/km ) then (1)
[6] Range Side Lobe：if (Ze > 40 dBZ & ZeText < 1.5 & ZrTextAz < 0.8) then (1) 
[7] (Reserve): future use (e.g. abnormal Vr., uncorrected aliased velocity)
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QC flag of stratiform rain echo 
Vr

Ze Texture

Ze

QC flag

Valid >1

Shadow >2

Clutter map >4

Clutter certain >8

ms-1
dBZ

dB

2015/07/17 
08:30:19JST

PPI 
(EL=1.0 deg)

1
2

0
 k

m

120 km

1/n Σ [Ze(i,j)-Ze(i-1,j)]
in 11 range x 5 az



33

QC flag of convective rain echo 
Vr

Ze Texture

Ze

QC flag

ms-1
dBZ

dB

PPI 
(EL=1.0 deg)

2015/08/08 
16:00:21JST

Valid >1

Shadow >2

Clutter map >4

Clutter certain >8

1
2

0
 k

m

120 km
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Ze and QC flag in PPIs   (EL=2.0 deg)

Ze

QC flag

Ze

QC flag

Valid >1

Shadow >2

Clutter map >4

Clutter certain >8

Interference noise >16

2015/12/18,10:40:34 JST2015/08/08,16:00:21JST

Convective Rain Interference Noise
(fine weather)

Ze

QC flag

2015/07/17,08:30:19 JST

Stratiform Rain

determined by ZeStd/ZeAvg < 0.5

1
2

0
 k

m

120 km
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Range side-lobe contamination 
EL=3.9Ze

AZ=33.6Ze 2016/08/14, 14:50:16

H
E

IG
H

T
 (

k
m

)
RANGE (km)

2016/08/14, 14:50:16

False echoes at the forth and back of a strong echo 

EL=3.9QCF

AZ=33.6QCF

H
E

IG
H

T
 (

k
m

)

RANGE (km)

RangeSL flags are determined by 
ZeMax, ZeText, and ZeTextAZ

6
0

 k
m
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<< original without Interference Noise and Rng SL >>
## Input file: 20150717-083019.all.

10000000.dat, and .20000000.dat
# Total make qc flag     real time =  7.000 proc time =  7.890
#   Input data read:     real time =  0.000  proc time =  0.550
#   Calc Ze_ave, rinteg: real time =  1.000  proc time =  0.500
#   Calc Ze_texture:     real time =  5.000  proc time =  5.250
#   Make QC flag:        real time =  1.000  proc time =  1.570
#   Output QC flag:      real time =  0.000  proc time =  0.020

<< Single core CPU >>
## Input file: 2015-0717/20150717-083019.all.

10000000.dat, and .20000000.dat
# Total create qc flag   real time = 34.000 proc time = 34.410
#   Input data read:     real time =  0.000  proc time =  0.470
#   Calc Ze_ave, rinteg: real time = 15.000  proc time = 14.820
#   Calc Ze_texture:     real time = 17.000  proc time = 17.160
#   Judgement of QCF:    real time =  2.000  proc time =  1.930
#   Output QC flag:      real time =  0.000  proc time =  0.030

<< -O3 & -fopenmp & OMP_NUM_THREADS=8 >>
MOP_NUM_THREADS= 8
## Input file: 2015-0717/20150717-083019.all. 

10000000.dat, and .20000000.dat
# Total create qc flag   real time =  9.000 proc time = 15.490
#   Input data read:     real time =  1.000  proc time =  0.470
#   Calc Ze_ave, rinteg: real time =  1.000  proc time =  7.270
#   Calc Ze_texture:     real time =  5.000  proc time =  6.390
#   Judgement of QCF:    real time =  2.000  proc time =  1.330
#   Output QC flag:      real time =  0.000  proc time =  0.030

７ sec. 
(single CORE)

Only clutter detection (v0.8) after 19 June

Current operational ver (v1.1) after 15 Sep

openMP (8 threads) 

Computation time for creating QC flag

34 sec. 
(single CORE)

9 sec. 
(4 CORE)
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 The PAWR was developed to detect and predict 
localized heavy rainfall using the 3D observed 
big data (100 m, 100 EL angles) every 30 seconds. 

 The PAWR data shows 3D structure of precipitation.  
3D TREC and dual-Doppler analysis are useful to 
investigate the growth of precip and vertical motion.

 Big Data Assimilation (BDA) is expected for future 
weather forecast, but some problems remain.
Real-time 3D nowcasting and smartphone application 
are expected for current PAWR data usage. 

 The real-time data QC to remove clutter and noise 
echoes is essential for BDA and nowcasting.

Summary


