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Data Processing of X-band MP Radar Network
Operated by MLIT, Japan

B X-band Weather Radar
BmMulti-Parameter (MP) Radar

= Dual Polarimetric Radar

BPolarimetric Parameters
B/-R versus Ky--R Relationships
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Why X-band Weather Radar in Japan ? = 2NIED
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B For meteorological research, X-band
radar was the only radar we could use in
Japan, because of radio wave frequency
allocation problem.

B X-band radar has a big disadvantage: _\ s
rainfall attenuation. " Kingdom of Xband

that we didn’'t necessary desire...

Heavy Rain
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X-band 3 cm  significant

- Rainfall attenuation becomes significant
Everyone thought that X-band radar was not suitable |5 o\ - elength shortening.

for rainfall estimation. So S- or C-bands radar have
been used for operational rainfall estimation.
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Multi-Parameter (MP) Radar = 2NIED

B Conventional Radar

uses horizontal polarization, and estimates rainfall rate from
received power (Reflectivity).

B Multi-Parameter (MP) Radar(= Dual-Polarimetric Radar)
uses two polarization (horizontal and vertical).

¥
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Polarimetric Parameters = 2NIED
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® Z : reflectivity factor at H-pol. [dBZ] Transmit
® /. differential reflectivity [dB] |

® @ .: differential propagation phase [°] P,

Backscatter

- Kpp: specific differential phase [°/km]

® p,,,: co-polar correlation coefficient
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Z-R versus Ky--R Relationships = 2NIED

Estimated R vs. Measured R [mm/h] from Disdrometer observation 4 y E{ \
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| X-Band Radar | S-orC-Band Radar

Quantitative Rainfall Estimation by

Differential Phase Shift (P, or Kyp) Better Worse
Observation Range Shorter Longer
Influence of Rainfall Attenuation Significant Negligible or Slightly
Number of Radars to Cover Same

Larger Smaller
Area.
Typical Antenna Diameter 2m 8.5mor4 m
O [Relr OIS [RECETF Inllielln Less Expensive More Expensive

Incidental Facilities

Total Cost to Cover Same Area Almost Same ?7?7?
It depends on the number of radars,
because the unit price becomes cheaper with the
number of the production.

One possible solution is the COMBINATION...
S- or C- bands Radar to cover the all country (where stable observation is needed), and
X-band Radar to cover the important big cities (where high-accurate QPE is needed).



So X-band dual-pol. Becomes Popular! = 2NIED
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e Dual-Pol. radar can measure “differential phase shift (®yp)”.

* Kyp, Which Is the differential phase shift per unit distance, Is
calculated by the derivative of ®,, with respect to range.

* Kop IS @ better rainfall estimator than Z,..
» Kpp Of X-band is more sensitive than those of S- and C-band.

e SO0 an evaluation to the X-band radar is now completely
changed!!! “X-band is now suitable for Quantitative Rainfall
Estimation (QPE).”

* Recently, many X-band dual-pol. radars are deployed in the
world.
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1980s — 1990s

eUniversities and national institutes had mobile X-band
Doppler radars to investigate inner structures of rain/snow
storms by dual-Doppler wind synthesis. (Some radars were
alternative dual-pol. radars.)

eIt was very difficult to have C- or S-band radars, because of
frequency allocation problem.

*C-/S- band radars were only for operational use.

2000

*NIED developed “Multi-Parameter (MP) Radar system”,
which consists of X-band simultaneous dual-pol., Ka-band
Doppler, and W-band alternative dual-pol. radars.

*|n 2003, the X-band radar was unmounted from the truck,
and fixed on the building for QPE research.

2008 MP Radar System
*NIED succeeded in an accurate real-time monitoring of 5
heavy rainfall in Tokyo.

e Ministry of Land, Infrastructure, Transportation and
Tourism (MLIT) decided to deploy X-band radar network.

Kingdom of X-band
But we didn’t necessary desire...
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BSix workers were swept away in sewage
pipe at Zoshigaya, Tokyo at noon on Aug.

5, 2008.

B They were in process of sewage pipe
renewal construction, and 5 workers died.

B Then severe thunderstorm developed
suddenly, and brought a heavy rainfall
over 100 mm around Zoshigaya.
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(Figure: asahi.com)
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1-hour Accumulated Rainfall Amount " U WE’ |

C-band Conventional Radar
with Rain Gauge Calibration NIED X-band Dual-Pol. Radar Only

12:30 e | [12:30

5 Aug. 2008 / | 5 Aug. 2008
100

150

100

40

4828 8 3§ #

Accumulated Rainfall (mm)

Rainfall Intensity (mm hour)
-]

o 3 3 ¥ 83883

s B & &§ 8 8

Hour (JST)

Ministry of Land, Infrastructure, Transportation and Tourism (MLIT) decided

to deploy X-band radar network.
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* In FYs 2009 and 2010, MLIT deployed & SZ \ 4

26 radars in four great urban areas
(Tokyo, Nagoya, Kinki and Fukuoka),
local major cities, volcanoes and
earthquake landslide area.

Russia

China

Korea

Taiwan .
S -

&
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"% Josumi  Densely Inhabited District  * Each radar belongs to one of 11 areas,

‘o TS and final QPE products are created
©r 1,000 5,000 13,000 23,782
Populalion Densily (km™) area'by'a rea.

fram National Land Numerical Information, MLIT
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Features Specifications

Microwave amplifier Klystron or solid state device
Frequency 9700 MHz — 9800 MHz
Transmit power 100 kW *!

Pulse width 1.0 ¢ sec. *?

Occu. bandwidth < 4 MHz

Pulse Repetition Frequency
Antenna

Antenna gain

Beam width

Polarization

Min. Sensitivity
Observation range

Data resolution

Sampling number

Output parameters

1200 Hz — 1800 Hz **

Parabola, » <22 m

> 42 dBi

<1.2°

H & V, Simultaneous transmit/receive
< -110 dBm

80 km

150 m (range), 1.2 “(azimuth)

100 (approximately, at PRF=1800 Hz)

. Do I I ;" =/
”?H.nory ] ?V.nor: ITH.mti: ITV.mti: V: W: <I)DF’: pHV

1. This transmit power is equally divided to H/V. If the solid state device is used, this power includes the pulse compression
gain. In Shizuoka area. the transmit power is 50 KW.

*2. It the solid state device is used, this value is pulse-compressed.

*3. Dual-PRF observation is available.

*4, Subscriptions H and V for Pr {received power) indicate the polarizations. Subscriptions mti and nor also indicate that
clutter removal by coherent motion target inhibition is applied or not.
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Anjo / 2039 UTC 3 September 2011

T e

Pr: Received Power (range corrected)
H: Horizontal Polarization, V: Vertical Polarization
mti: Doppler filter is applied, nor: No Doppler filter is applied
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Data Flow for Rainfall Estimation
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B The observed radar data (tilt-by-tilt)
are immediately transferred to two
data processing centers in Tokyo and
Osaka.

B The same processing is performed for
redundancy in these two centers.

B In the data center, K., attenuation-
corrected Z,, and Z, and Rainfall
Intensity are calculated after a quality
control.

mFinally, polar-coordinate data are
interpolated and composited to
geographical coordinate.

«Composited area by area

*Geographical (Lon./Lat.) coordinate

*Horizontal resolutions of 45/4” and
30/4” (about 250 m)

*Updated every 1 minute
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BmMasking BGround clutter removal
The range bin data in blanking zone, If the difference between Pry . and Pry
shadow zone by building, and known clutter is larger than a threshold (5 dB), the range
area are eliminated by a masking map bin data are eliminated.
(geographical polygons). lUnfoIding of CDDP
Bl ow SNR In case ®pp exceeds 360 degrees (folding
Low SNR data are eliminated. or aliasing), ®pp is unfolded with a
BmCalibration of received power consideration of the continuity.
Pre-determined biases of H/V received B Texture parameter of d,
powers are subtracted from the powers. If texture parameter of ®pp , which is a
e From e Ko Eetimation difference from the running average, is
I [P | 2 R P larger than the threshold (10 degrees), the
e Thn e mThreshold by p,,, range bin data are eliminated.
l * ,,,,, | If pyy is less than threshold (0.6), the range bin data are eliminated.
s - e t BBeam blocking
\ . oy A beam blocking rate data with the coordinates of elevation,

azimuth and range have been created for each radar site by using a
digital elevation map (DEM) with the horizontal resolution of 50 m.
The Pr data are corrected by multiplication of the interpolated
blocking rate. If the interpolated blocking rate is larger than 50 %,
the range bin data are eliminated.
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BK,; is the most important polarimetric parameter for rainfall estimation using X-
band dual-pol. radar.

BK; is calculated by a differentiation of ®,,; however the observed @, is
usually contaminated by noises and differential scattering phase.

0607 UTC 5 Oct. 2011 (el=2.4 deg., az=35 .4 deg., at Kanta)

Calculated by a simple
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BFiltering of @y, e

FIR filters with long and short cutoff lengths £ 8 : incow width are 75 and 10, respectvely. The |

are applied before the differentiation of ®pp. = \\ il festedalrimdltasiontibd]
o and (2.0, 10). |

LONG (Cut-off length= 4 km): iterative filter 2 4 \\

proposed by Hubbert and Bringi (1995), for é

removing differential scattering phase in s ¥ o —

strong reflectivity area. . ]

0.5 0.0 0.5 1.0 1.5 2.0 2.5

Short (Cut-off=2 km): For smoothing of ®pp. Tentative Kyp (deg. km)
DF :

Data Flow far Rainfall Estimation

HMLinear Regression (Tentative)
o] (7o [P ]

Sl 7 L Tentative Kpp is calculated by the linear regression with the
| window width of 30 range bins.

Quality G==zrel {Ir =l

RN
- e
"

P
¥
3

el BLinear Regression (Adaptive)
oo e ® The needless negative Kpp can be suppressed by making the
S window wider, but this also makes the peak value of Kpp
it PR smaller.
£ z: | ® Because such ®pp fluctuations usually occur in weak rain
S —" ' region, the window widths are tuned by the tentative Kpp.
L |¢ | ® That is to say, narrow (wide) window width is used in
v + heavy rainfall (weak rainfall) region, respectively.
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Blue: Observed ®pp

and Kpp calculated by 158 0607 UTC 5 0ct. 2011 (el=2 4 deqg., az=35.4 deg., at Kanto)
linear regression with 156
the window of 2 km —~ 154 —(I) DP
: o 152 -
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B Specific attenuation (A,) and differential attenuation (Apg) are
estimated by K, with following equation.

BT hese relationships are based on the scattering simulation in Park et
al. (2005a), and it is approximated with a consideration of the

elevation dependency.
Ah — alKg:',,

a; = 0.2925+7 x 107 %el
+1 x 10~ %el? + 8 x 107 %13,

EmlLaEn e by = 1.1009 — 3 x 105l
T TR * | —4 X 10—5312,
= A = aKpQ,
T ag = 0.0298+ 5 x 10 %l
e +2 x 10782 + 3 x 1072,
mEE B by, = 1.293,

RR
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M [n weak rainfall region, it is difficult to estimate the rainfall
intensity from the K, because the estimation accuracy of
the Kgp Is not enough.

B So when the Z,, is less than 30 dBZ, the K; is not used.

ta Flow far Rainfall Estimation

D
= H H H \I*\I v ]
T

uuuuuuuuuuuuuuuuuuuuu
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B X-band weather radar sometimes misses precipitation echoes behind
heavy rainfall by the rain attenuation.

B \We cannot know if there is a rainfall or not in this radio wave
extinction area.

B \When the distribution of rainfall intensity is graphically drawn, this
area should be shown not as “no rain” area but as unknown area
where it may be rain.

B The radio wave extinction area is where a distance from the radar (r)
satisfies the following equation,

‘ DillliTF|DWHf¢I‘ Ra‘i‘nfall‘Elstima‘tIion ‘
#H Pr# -'rvu. Pr;..-:l m{ :&N
gme Sains e | PIA(r) = fur Ay(r)dr. 7
e e Dol . “ v
i i | 2 X PIA(T) 2 dBZyey — dBZp(r), |1
'. n u..._-'uum »-.au...4—| Ky- ) ) b
- dBZ,(r): Minimum detectable
T e reflectivity at the range.
v oow . . .
e i | dBZ,, ...: threshold reflectivity
(corresponding to 3 mm/hour rainfall)
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B |f K, is available below melting layer, the rainfall intensity is calculated as
following equation.

R = cxa3KZ:,
a3 = 19.64+2.71 x 10~ 2el

+1.68 x 10~%el® + 1.11 x 107 4el®,
by = 0.815,

Data Flow far Rainfall Estimation

7 e 2 | P B Then, Z-R relationship is used to estimate the rainfall intensity,

T e if the Z,, is available.
a 0T B B . . . . .

... B The calibration factor c, which has been determined by the
| comparison with the rain gauge observation, is 1.3 at present.
| 7 wwwdeo 1 B One of the reasons of this underestimation may be that the
""""" (3 regression window width of K, is too wide.

1 y
Gun by Canivs 672, ] . . . :
ii , B But if the window width is made narrower, the needless

fluctuations of K, (Rainfall) become visible. (It is in a dilemma!)
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B The estimated rainfall intensities of each radar site are interpolated and
composited into the geographical grid mesh (dx = about 250 m).

B The modified Cressman interpolation is used in this process.

M Horizontal sampling radius is
proportional to the range from radar

Horizontal view of range bins, grids,
for considering the beam width.

and sampling radius

=

“alerere 8

M \Vertical weighting is introduced “ ST
because lower altitude observation

Is more correlative with the ground .
level rainfall.
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B The radio wave extinction areas, as shown
by gray shades, were compensated by
other radars in the overlapped observation
area, but remained in single observation
area.

B This remained area should be indicated
not as "no rain" area but as unknown area
where it may be rain.
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O MLIT deployed 26 radars in Japan, and they are
experimentally operated. NIED developed the data
processing system for rainfall estimation.

O Now rainfall information with 250 m resolution are
updated every 1 minute in 11 areas.

O A validation of the estimated rainfall is in progress by

=
using rain gauge data (to be presented by Dr. *]

Tsuchiya).

O The processing system continues to be improved
during the experimental period (lasts to 2013) to
solve the dilemmas.
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Supplemental Slides
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B Designating an intensive observation area
(IOA), such as densely inhabited districts,
landslide areas, and volcanoes.

B Covering the I0OA by several radars to
compensate the rain attenuation by each
other radar.

B The distance between each radar should be
about 40 km.

B Each radar should cover the I0A within the
range of about 30 km (high space-resolving
area with narrow beam width).

B A few beam blocking by terrains or artificial
objects.

~ie—

(\l‘a\’\on range (/’Q{S;O
&2 A,
o° ’7))

Exceptional Seminar at Ecole des Ponts ParisTech on July 2st 2012



= 2NIED

~Wie—

B Specific attenuation (A,) is estimated by K, with following equation.

B This relationship is based on the scattering simulation in Park et al.
(2005a), and it is approximated with a consideration of the elevation
dependency.

BmHorizontal reflectivity (Z,,), which is calculated from Pry, . according to
the radar equation, is corrected by adding the range-integrated A,..

BWThis tentative Z,, is used for next quality control of K.

Data Flow far Rainfall Estimation

= H H H \I*H v ]

A, = aKg,
il a; = 0.2925+7 x 10~ %el
| +1 x 107 %1% 4+ 3 x 107 %13,
1.1009 — 3 x 10 ¢l
| —4 x 10~ ®el?,

S
o
|
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B Using the quality-controlled K, the attenuation correction
Is performed again in the same manner.

B The attenuation correction of Z is also performed with
the following specific differential attenuation (AgR).

_ ba
ADH - KDP:
Data Flow for Rainfall Estimation az — 0'0298 —I_ 5 X 10_66l
K H H H \I* \I v |
—6 _
o T | +2 x 107%I% + 3 x 107 %,
Miefier T .
e ] by, = 1.293,
...:;:.4—| Ky
e e e M The corrected Z,, should be used for next quality control; but it
2 2 is not performed because we have no way to determine the 7,
_i_ — : ! bias in on-line. (Vertical pointing observation is not scheduled
e v|¢ | in current operation.)
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DOPPLER RADAR -

8. Precipitation Measuremen{ ¥\ »X\/3:1y;!3:]

8.1  Drop Size Distributions OBSERVATIONS

8.1.1 Cloud Drop Size Dist| Second Edition
8.1.2  Raindrop Size Distril] gichard . oviex
8.1.3  Hailstone Size Distrilf %S me
8.2 Terminal Velocities 216 e —
8.3 Rainfall Rate, Reflectivity, af - .
8.3.1 Liquid Water Conten "~
8.3.2  Reflectivity Factor Z
8.3.3  Rainfall Rate 23

.NIED planned to have dua.l . 8.4  Single-Parameter Measuret
wavelength and dual polarimetric 8.4.1  Reflectivity Factor My
. 8.4.2  Antenuation Method ST
radar in 1990s, and we named them SAT e Aetae o
"Multi-Parameter (MP) Radar System". 8.5  Multiple-Parameter Measurements of Precipitation 235
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So, dual-polarimetric (especially, simultaneous transimit/receive) radar
which can observe @, is commonly called "MP Radar” in Japan.
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1. INTRODUCTION

It is impertant to observe cloud and precipitation
systems during their whole life cycles from the initiation
of cloud through formation and development of
precipitation to dissipation of cloud and precipitation in
order to study mechanisms and develop forecast
methods of heavy rainfall and snowfall that causes
disasters.

National Research Institute for Earth Science and
Disaster Prevention (NIED) has investigated rainfall and
snowfall clouds, especially that caused disasters, using
X-band Doppler and polarimetric radars. But we could
not observe non-precipitating clouds and measure
simuftanecusly Doppler velocity and polarimetric
parameters. So we have developed a multiparameter
radar system with three frequencies of 9, 35 and 95 GHz
on mobile platforms under contract with Mitsubishi
Electric Corporation in order to observe cloud and
precipitation systems through their whole life cycles. It
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auto-driving license in Japan, for field experiments. The
antenna is mounted on the rear portion of flatbed and the
radar control and data acquisition systems are contained
in the container on the front portion of flatbed of each
truck. The system can be easily transported to
observation sites according to the metecrological
situation.

FIG 1. Photograph of developed multiparameter radar system.
X-band (nght) and KaMband (leff) radar subsystems are
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