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Deployment of Small-size X-band Multi-parameter Radars near Volcanoes in Southern Kyushu, Japan
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and Observation of Eruption Plumes
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Synopsis

Compact X-band multi-parameter doppler weather radars (Model: WR-2100 Furuno
Electric Co.) were installed in August 2017 at six sites near Sakurajima, Kirishima,
Satsuma-Iwojima, Kuchinoerabujima and Suwanosejima volcanoes, in Souther Kyushu,
Japan. The X-band radars detected eruption plumes of Shinmoedake eruptions of
Kirishima volcano from October 2017 to April 2018 and Minamidake eruptions of
Sakurajima volcano. We estimated the eruption plume height of the eruption on November
13,2017 at Sakurajima as 4 km by using the radar reflectivity, although the visual plume
height was unknown due to bad weather. By comparing the radar reflectivity of the 2017
and 2018 eruptions of Shinmoedake with the plume heights by visual observation, we
accumulated the basic data for establishing a method for estimating eruption plume
heights using weather radars. For example, the plume height of the continuous eruption
on April 5, 2018 is estimated to be 9 km by the weather radar, which is roughly equal to
the height by the geostationary meteorological satellite Himawari-S8.
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Table 1 Locations and install date of radars

K

- 32°N
- 31°N
- 30°N
el
50 km

Fig. 1 Locations of small-size X-band multi-

parameter weather radars in southern Kyushu.

Photo 1 Small-size X-band multi-parameter wether

radar at Kinkowan High School

HWE (V) OF =23 E6h5. L—F—FRkEDN
2200/ 8= MZaHNTEY, Z2hi (77

Installed date

Radar site name Longitude (°)  Latitude (°)  Height (m)

Makizono Jr. High School 130.75140 31.85785 263 August 4, 2017
Sakurajima Volcano Research Center  130.60120 31.58960 76 August 5, 2017
Kinkowan High School 130.50717 31.44564 135 August 2, 2017
Takeshima 130.40939 30.81319 95 August 23,2017
Kuchinoerabujima 130.17619 30.47028 309 August 10,2017
Suwansoejima 129.70546 29.61122 148 August 27,2017
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Table 2 Main specifications of X-band multi-parameter weather radar Model WR-2100

Unit Parameter

Descriptions

Antenna unit (ATU) Carrier frequency

Maximum range

Size and weight (Radome)
Occupied band width

Peak power
Pulse width

Pulse repetition frequency

Type and size
Gain
Polarization

Beam width

Azimuth rotate speed

Vertical scan angle

9432.5 MHz

Fixed observation level: 30 km

¢ 1085 mm X HI1025 mm, 68 kg
60 MHz or less

100 W, horizontal and vertical each
0.5 to 50 ps

600 to 2500 Hz

Cassegrain, ¢ 750 mm

33.0 dBi

Dual polarimetric (vertical and horizontal)
2.7 degrees

0.5 to 16 rpm, adjustable

-2 to 182 degrees

Signal processing unit (SPU) Data output

Scan modes

Minimum receiving power

Dynamic range
NF

A/D convert resolution

Sampling frequency
Power consumption
Rated ampere

Size

Rain, Zhh, V, Zdr, Kdp, ¢dp, phv, W

PPI, Spiral, Sector RHI, HSQ, Sector PPI
Under -110 dBm

Above 75 dB

Under 5.0 dB

14 bits

125 MHz

Max. 650W include ATU

0.8 to 3.0A

W680 mm X D680 mm X H1080 mm
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Table 3 Methods and speeds of data transmission of radars

Data transmission method

Radar site name

Communication speed (MB/s)

Upload Download
Makizono Jr. High School Wireless mobile (3G) 1.36 0.02
Sakurajima Volcano Research Center  Intranet (KUINS-III) 8.70 10.73
Kinkowan High School Internet optical cable (NTT) 2.56 1.00
Takeshima Wireless mobile (3G) 0.44 0.03
Kuchinoerabujima Wireless mobile (3G) 0.18 0.01
Suwansoejima Internet optical cable (Tokara Yui-net) 0.47 0.59

Photo 2 Small-size X-band multi-parameter wether

radar at Suwanosejima volcano
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radar site to the server at Sakurajima Volcano

Research Center.
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Table 4 Scan modes and settings of radars as of June 11, 2018

HSQ scan mode

Sector RHI scan mode

Radar site name

Elevation angle (°)

Azimuth (°) Elevation angle (°)

Makizono Jr. High School 10, 15, 20, 25, 30, 35, 40 50-80 6-30
Sakurajima Volcano Research Center 15, 25, 30, 35, 40, 50, 60 95-115 11-45
Kinkowan High School 2,5, 10, 15, 20, 25, 30 NA

Takeshima 5,10, 15, 20, 30, 45, 60 NA

Kuchinoerabujima 5,10, 15,20, 25, 35,45 NA

Suwansoejima 10, 15, 20, 30, 40, 50, 60 NA
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Fig. 4 (a) Temporal change of sector RHI image of
radar reflectivity (dBz) of volcanic ash plume after an
explosive eruption on 22:07 JST, November 13, 2017
at Sakurajima. (b) a photo of the volcano monitoring
camera at Ushine, which is 10 km east from

Minamidake.
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Fig. 5 (a) Sector RHI image of radar reflectivity (dBz)
of volcanic ash plume of a continuous eruption at
Shinmoedake on 12:08 JST, October 13, 2017. (b) a
photo of the volcano monitoring camera at a site

which is 8 km south from Shinmoedake.
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Fig. 6 Sector RHI image of radar reflectivity (dBz) of
volcanic ash plume after an explosive eruption on
15:58 JST, March 9, 2018 at Shinmoedake.
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Fig. 7 (a) Sector RHI image of radar reflectivity (dBz)
of volcanic ash plume after an explosive eruption on
3:31 JST, April 5, 2018 at Shinmoedake. White
dashed lines show the estimated plume heights by
monitoring cameras. (b) a photo of the volcano
monitoring camera at a site which is 8 km south from

Shinmoedake.
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Fig. 8 (a) Sector RHI image of radar reflectivity (dBz)
of volcanic ash plume of a continuous eruption at
Shinmoedake on 3:53 JST, April 5, 2018. White
dashed lines show the estimated plume heights by
monitoring cameras. (b) a photo of the volcano
monitoring camera at a site which is 15 km NNE from
Shinmoedake.
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