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1. INTRODUCTION

A small-baseline weather radar network is a
novel strategy to detect small-scale weather
phenomena such as localized scattered
thunderstorms, tornadoes, and downbursts,
which often cause damage to our lives
seriously. Collaborative Adaptive Sensing of
the Atmosphere (CASA) [1] and X-band radar
network (X-net) [2] have proposed a new radar
network system using short-range X-band
radars to observe lower troposphere.
Compared with these, we have been proposing
and developing a weather radar network
consisting of Ku-band Broadband radars (BBR)
[3], [4] with remarkably high range and
temporal resolution.

Conventional S-, C- and X-band weather
radars cover a wide area (100 through 450 km
in radius) with range resolution of more than
100 m and temporal resolution of 5 min roughly,
which are appropriate for precipitation systems
of macro- or meso-scale. Conventional
weather radars constantly observe above 1 or
2 km altitude in the most covered planer area
since earth's curvature more affects in longer
ranges. However, small-scale phenomena as
mentioned above have a duration of 10-20 min
mostly and a spatial scale of 100 m roughly,
and occur in altitudes below a few kilometers
[5]. Therefore, it is significantly difficult for
conventional weather radars to detect these
small-scale phenomena.

A weather radar network consisting of two
or more BBRs can observe these small-scale
phenomena with high accuracy and detection
efficiency. The BBR is a short-range
pulse-Doppler radar with remarkably high
resolution (range and temporal resolution of
several meters and 1 min per one volume scan,
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respectively) to detect and analyze them. The
small coverage (15 km in radius) is almost
never affected by earth's curvature, and the
distributed radars cover a wide area.
Additionally, in the radar network installation, a
weather phenomenon in the overlapped areas
is multi-directionally observed by several BBRs,
and precipitation parameters with higher
accuracy could be retrieved with a use of
advanced techniques [6], [7]. These
characteristics of the Ku-BBR network, the
smaller coverage and higher resolution, are
appropriate for urban areas densely with
skyscrapers or ragged mountainous areas as
in Japan.

This presentation focuses the initial
observation results of the Ku-BBR network.
The properties of the Ku-BBR network, spatial
resolution and spatial distribution of number of
observable radar nodes, minimum cross-range
resolution, sensitivity, and minimum
observational altitude, are elaborated in
another presentation in this conference.

2. THE KU-BBR NETWORK

2.1 THE KU-BBR

The BBR transmits and receives wide-band
(80 MHz (max)) signals at Ku-band (a center
frequency of 15.75 GHz) to use pulse
compression, which gives us high resolution
and signal-to-noise ratio (SNR) for distributed
scatterers (e.g., precipitation particles). High
SNR achieved by pulse compression reduces
to integrate coherent or incoherent pulses, and
allows us to scan over the whole sky (a volume
scan with 30 elevations) within a short time of 1
minute roughly. A use of a bistatic antenna
system to reduce a direct coupling level (-70
dB) and not to turn a receiver off during its
transmission enables the BBR to observe from
a very close range of 50 m. In order to
compensate strong precipitation attenuation at
Ku-band, the BBR is designed as a
close-range radar to a maximum range of 15
km for precipitation with a reflectivity factor
above 20 dBZ with a low transmission power of
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Table I: Locational Characteristics of Radar Sites

Radar Toyonaka SEI Nagisa
Latitude 34.804939°N 34.676993°N 34.840145°N
Longitude 135.455748°E 135.435054°E 135.659029°E
View Fine Poor Fine

(Many obstacles
around notably south
and north-east)

Remarks -

Temporally installed

From Sep. 2011

10 W. These basic concepts miniaturized the
BBR to be installed easily. More details of the
BBR have been presented in [4]. Thus, these
capabilities of the BBR are appropriate to
observe small-scale phenomena.

2.2 THE KU-BBR NETWORK

Two BBRs have already been deployed in
Osaka, Japan. The locational characteristics of
the BBRs are shown in Table I. One is installed
on the top of a building in Toyonaka campus,
Osaka University, Osaka, Japan (This radar is
called "Toyonaka radar", hereafter). Another is
installed on a building in Osaka works of
Sumitomo Electric Industries, Ltd., Osaka,
Japan (This is called "SEI radar", hereafter).
The baseline interval of these radars is about
14.32 km, and the area covered by both BBRs
is about 294.18 km? in a surface of the ground,
which is calculated in a maximum range of the
BBR of 15 km. When observing up to 20 km
with a modified observation mode (instead of
the maximum range, sensitivity gets worse.;,
the overlapped area increases to 696.32 km®.
Now the SEI radar has many obstacles closely
around, and the view of the SEI radar is limited
as shown in the initial observation results. In
addition, one more BBR is being installed in
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Figure 1. Deployment of the BBR Network; Three
red points are on the three BBR sites, and blue and
yellow circles are on 15 and 20 km ranges from
each BBR site.

Nagisa sewage plant. We consider the three
BBR network, which cover north Osaka area
as Figure 1, is a test bed of the BBR network
for both the evaluation and operation.

To output the initial results of the BBR
network, precipitation attenuation is corrected
by traditional Hitschfeld-Bordan (HB) solution
[8] with a k-Z relation in Ku-band (15.75 GHz)
of

k =3.450x107Z,%%*, 1)

where k and Z. are specific attenuation in
dB/km and equivalent reflectivity in mm®m=,
respectively [4]. It is well known that HB
solution often output unacceptably large
(positive) errors [9]. Therefore, retrieved
reflectivities beyond 55 dBZ are neglected. In
addition, retrieved reflectivities of two radars in
five range bins on four adjacent beams around
a desired grid point are compared, and larger
values decided by a threshold are also
discarded as described in Figure 2. This
process also cut out saturated data by
obstacles as in data of the SEI radar (see
observed data in Section 3.2). Then, the
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Figure 2. Description of data qualification in the BBR
network; 40 samples (4 beams x 5 range bins x 2
radar nodes) around a desired Cartesian grid points
are reorganized in ascending order of reflectivity. At
first, samples greater than 55 dBZ (indicated by red
diamond symbols) are eliminated. Then, samples
indicated by blue symbols which are in the right side
of the maximum difference between neighboring
samples, if it is greater than 6 dBZ, are discarded.

remaining reflectivites of two radars are



Table II: Observation characteristics

Toyonaka radar SEl radar
Day and time 13:00 — 18:00, Sep. 14, 2010 13:00 — 18:00, Sep. 14, 2010
Operation mode Spiral Spiral
Azimuth rotation speed 30.0 RPM 30.0 RPM
Elevation 0—-90deg 0—90 deg
Power 10W 10W
Pulse length 160 us 160 us
Inter pulse priod 260 ps 260 ps
Pulses / segment 64 64
Waveform Linear up-chirp Linear up-chirp
Frequency 15.73 - 15.75 GHz 15.75 - 15.77 GHz
Weighting window Raised-cosine window (a=0.1) Raised-cosine window (a=0.1)

converted from each polar grid to Cartesian
grid with a grid size of 20 m, and integrated by
using geometric weighting functions. The
weighting function for conversion from polar to
Cartesian grid in each radar is expressed as

4
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6 and ¢ are azimuth and elevation angle of

the desired point from each radar. 6, and ¢,

are -3-dB beam width. k = 1, 2 indicates each
radar node in this case. The weighting function
for data integration is expressed as
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3. INITIAL OBSERVATION

3.1 OBSERVATION CHARACTERISTICS

The two BBRs (the Toyonaka and SEI
radar) were simultaneously operated in a rain
event. The observational characteristics are
shown in Table Il. The interferences between
the two BBRs are avoided by transmitting
waves of different frequency bands (15.73
through 15.75 GHz for Toyonaka radar and
15.75 through 15.77 GHz for SEI radar). In this
observation, both the Toyonaka and SEI radar
observe whole sky (120 directions for azimuth,
and 30 directions for elevation with a 3-dB
beam width of 3 deg) with an update rate of 64
s not in time synchronization. The BBRs will be
synchronized by a GPS in the near future.

3.2 OBSERVATION RESULTS

The initial observation results of reflectivity
factor in an altitude of 1000 m in any one
minute during five minute observation (from
13:54 to 13:59 on Sep. 14, 2010) are shown in
Figure 3. The Toyonaka radar (Panels (a-1)
through (a-5)) could not detect some
north-east directions due to a closely equipped
lightning rod. Since the SEI radar (Panels (b-1)
through (b-5)) was interfered by many
obstacles around, the received data indicate
that the inputs of the ADC are saturated in
many directions in the lowest elevation angle.
Additionally, the SEI radar received more
coupling noises also due to the obstacles.



(a-1) Reflectivity in 1 km AGL

(c-1) Integrated Reflectivity in 1 km AGL
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Figure 3. The initial observation results at 13:54, 55, 56, 57, and 58 on Sep. 14, 2010. Left (Panels (a-1) through
(a-5)) and center (Panels (b-1) through (b-5)) panels are results of the Toyonaka and SEI radar, respectively.
Right panels (Panels (c-1) through (c-5)) are integrated results from both radars. In each panel, upper and lower
triangles indicate the Toyonaka and SEI radar, respectively. The two dash circles and a solid circle are on ranges
of 5, 10, and 15 km from each BBR, respectively. In Panels (a-1) through (a-5) and Panels (b-1) through (b-5),
circles indicate ranges from Toyonaka and SEI radar, respectively. In Panels (c-1) through (c-5), circles from both

BBRs are described.

In spite of these blockages, the two BBRs
detected significantly similar patterns of
precipitation in the overlapped area with the
high resolution, and the data integration of the
BBR network provided impressive results.
Panels (c-1) through (c-5) show the integrated

reflectivity Z{"™" of both the radars plotted

on every 20 m planar grid in the overlapped
area. While being not improved around the
baseline of Toyonaka and SEI radars, the
precipitation patterns around 5 km in zonal
range and from -10 to -2 km in meridional
range, in which two composite average
functions are crossed, were realistically



clarified. The blind area of the SEI radar due to
overestimation of HB solution or saturations by
obstacles (red colored areas in far ranges
around directions for north-west and
north-east) were retrieved by the Toyonaka
radar. Noisy areas of the SEI radar were also
restored by the Toyonaka radar with high SNR.
Thus, in a BBR network, one BBR supports in
an area not observed well by another BBR.
Furthermore, the data integration is easily and
accurately performed in the BBR network since
the observational delay between the BBRs is
within 1 min. For example, in the case of 4 min
delay, we must integrate Panels (a-1) and (b-5)
in which their shapes, positions, and
magnitudes of precipitation do not agree
clearly. When they are merged without any
assumption and with a simple method
mentioned above, the shapes are stretched
wider and heavy and small rain cells are never
detected. Therefore, the BBR network provides
high-quality images by complimenting each
other BBR, and these initial results indicate the
availabilities of the BBR network to detect and
analyze small-scale phenomena.

4. CONCLUSIONS

We deployed a weather radar network
consisting of two BBRs, which have
remarkably high range and temporal resolution
of several meters and 1 min per volume scan,
in the north Osaka area, Japan, and the initial
observation was carried out. To output the
initial results (reflectivity) of the two-BBR
network, precipitation attenuation is corrected
by HB solution, and multi-directional
observation of both the radars compensates
unacceptably large errors of HB solution and
saturated data owing to obstacles around the
SEIl radar by comparing each other data of
reflectivity. And then reflectivities of both the
radar are converted from polar grid to
Cartesian grid with a mesh size of 20 m, and
integrated with a use of geometric weighting
functions. Though the results in this paper are
preliminary and validations are needed, data
integration results of the two BBRs, compared
with observation results of the single BBR,
clearly showed fine structures of precipitation
without large errors of HB solutions and
saturations.

In the future, a correction for precipitation
attenuation on the BBR network and an
advanced integration algorithm of BBRs will be
developed. Also, using the dual-polarimetric

BBR (Toyonaka radar can  operate
dual-polarimetric observation), the
dual-polarimetric measurements for
precipitation at Ku-band will be assessed.
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