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Synopsis

In summer season in Japan, cumulonimbus clouds frequently develop when solar

insolation heats land surface. Some of cumulonimbus clouds are considerably intensified

and short-term intense rainfalls occur. This short-term intense rainfalls cause abrupt rise

of rivers and inflow of large amount of water into underground, which occasionally

result in disasters. To detect clouds largely developing from the present time as much as

earlier, we conducted an observation for initial development stage of summer

cumulonimbus clouds using a cloud radar in the 2017 summer season in Kobe. The

cloud radar is sensitive smaller particles than precipitation particles. Fine structures of

the cumulonimbus clouds were shown using high-resolution cloud radar data. It was

pointed out that horizontal scales of cumulonimbus clouds at initial development stage

are important for development of convection with less entrainment and less buoyancy

loss.
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Photo 1 Nagoya University Ka-band polarimetric

radar installed at Kobe International University in
Rokko Island, Kobe.
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Fig. 1 Location and observation (red circle) range
of the Nagoya University Ka-band polarimetric
radar and topography (shadings).
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Fig. 2 Comparison of radar products at 2310
JST, 10 August 2017. (a) Precipitation intensity
(mm h7!) of Japan Meteorological Agency radar
products, (b) precipitation intensity (mm h™') of
XRAIN, and (c) radar reflectivity (dBZ) of the

Nagoya University cloud radar.
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Fig. 3 Environmental field at 21 JST, 16
August 2017 obtained by JRA-55. (a) Pressure
(hPa, 1

horizontal wind (m s,
vectors), and

contours),
specific humidity (g kg,
shadings) at surface. (b) Height (m, contours)

and temperature (°C, shadings) at 500 hPa.
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Fig. 4 Time series of maximum precipitation intensity (mm h~') in (a) undeveloped and (c)

developed clouds derived from XRAIN data. (b), (d) Horizontal patterns of precipitation intensity

(mm h7!) at the time at which each cloud had maximum precipitation intensity in their lifetime.
(b) 1912 JST, 16 August 2017. (d) 2345 JST, 16 August 2017.
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Fig. 5 PPI images of radar reflectivity (dBZ) at an elevation angle of 7.5° obtained by the Nagoya University cloud
radar every 10 minutes from 1755 JST to 1925 JST on 16 August 2017.
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Fig. 6 Same as Fig. 5, except for at an elevation angle of 3.0° from 2215 JST to 2345 JST on 16 August 2017.
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Table 1 Specifications of the Nagoya University Ka-band cloud radar.

Transmitting frequency

Short pulse: 34.866 GHz, Long pulse: 34.871 GHz

Transmitting wavelength

8.6 mm

Bandwidth

8 MHz for both short and long pulses

Power amplifier

Extended interaction Klystron (EIK)

Peak transmitting power

3 kW before distributor

Pulse compression

Chirp (linear frequency modulation), swept frequency 4 MHz

Pulse repetition frequency

Up to 2500 Hz

Staggered PRF function

available

Maximum range of data processing

30 km

Pulse width

Short pulse: 0.5, 1.0 us; Long pulse: 30, 55, 80, 100 pus

Range gate width

75, 150 m

Date intervals in a radial direction

75,150 m

Antenna type

parabola, Cassegrain type

Antenna diameter

2.1m

Beam width

0.31°

Data intervals in an azimuth direction

360/512° (0.7°), 360/1024° (0.35°)

Survival wind speed

Operating: 30 m s Non-operating (e1=90°): 60 m s™!

Temperature range

Operating: —20°C to 40°C, Non-operating: —20°C to 50°C

Size 3.8 mx 3.0 m, height : 5.3 m
Weight <4 ton
Scan PPI, sector PPI, pointing, RHI

Scanning limit

Elevation direction: —10° to 182°

Maximum rotation speed

Azimuth direction: 6 rpm; Elevation direction: 2 rpm

Polarizations

Distributor; horizontal, vertical, slant 45/135°

Available parameters

Zn, V, W, Zpr, @op, Kop, phv, LDR, etc.
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Photo 2 Appearance of the Nagoya University

Ka-band cloud radar.
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Mininum detectable reflectivity White: (signal)=(noise level), Red: +3 dBm

L
=104

_15.

1/ 1=

7 (dBZ)

/
/

0 5 10 15 20 25 30

Distance from Radar (km)

Fig. 7 Minimum detectable reflectivity (black line) calculated for the Nagoya University Ka-band cloud radar

using a short pulse of 0.5 us and a long pulse of 55 ps. A red line indicates the same value, but for having a margin

with 3 dB because of variation of noise level. The attenuation of atmospheric gas containing water vapor is

corrected at 0.15 dB km™! (one way).
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Table 2 Observation mode of the Nagoya University Ka-band cloud radar.

old mode

new mode

Obs. time interval (min.)

10

5

Width of long pulse (us)

Width of short pulse (us)

Number of rays

Sampling interval (°)

Transmitting wavelength (m)

8.6X1073

PRF ratio

2:3

3:4

PRF (Hz)

1120 1680

1350 1800

Antenna rotating speed (rpm)

1.5

3.0

Number of integrated pulse

43 65

26 35

Duty cycle (%)

6.2 9.3

7.5 10.0

Maximum observation range (km)

134 89

111 83

Nyquist velocity (m s7")

2.4 3.6

2.9 3.9

Nyquist velocity extended using

dual-PRF dealiasing technique (m s')

7.2

11.6

Scan

11-PPI
1-90°PPI

1-RHI (0° to 180°)

11-PPI
1-90°PPI

1-RHI (0° to 90°)
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