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Analytical Tools for Three-Dimensional
Weather Radar Data of Eruption Clouds (ANT3D)
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Analytical Tools for Three-Dimensional Weather Radar Data of Eruption Clouds: ANT3D
are MATLAB based function tools designed to analyze volcanic eruption columns and ash
clouds. Under development by Kagoshima University since 2013, ANT3D is based on

modified Fortran programs that were created to analyze convective precipitation.

Passive sensors such as meteorological satellites, high-sensitivity cameras, and the human eye
have been used to detect and monitor volcanic eruptions and ash clouds. Although these
instruments are useful in fine weather conditions, they are of little use under precipitation
conditions, when a volcanic crater is covered with clouds, or at night time. In such situations, it
is difficult to estimate eruption column heights, which are one of essential initial conditions in
numerical model forecasts of volcanic ash amounts.

With its ability to provide quantitative ash amounts and the kinematic structures in ash clouds
using micro-waves, weather radar is one of dominant methods for solving the above-mentioned
problems. Further, polarimetric weather radar is able to provide additional information on ash
particles, such as their shape and particle size distributions.
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AVAILABLE INFORMATION FROM WEATHER RADAR
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Weather radars transmit electromagnetic waves in a variety of wavelengths and polarizations,
parts of which are reflected and scattered by volcanic ash columns and volcanic ash clouds. The
returned signals are received by the weather radar antenna and are use to retrieve the locations
and inner structures of volcanic eruption clouds. Longer wavelength radar can measure
atmospheric turbulence in addition to volcanic ash particles, while shorter wavelength radar
can measure smaller ash particles and cloud droplets which longer wavelength radar can not
detect. In addition, polarimetric radar is able to obtain information on particle size
distribution and particle shape. It is expected that the quantitative ash fall estimations
developed, and the forecasts made with the information gained, will mitigate volcanic hazards.
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ANT3D COMPOSITION

ANT3D is divided into the following five components, according to their functions:

[DATA INPUT] ANT3D has a data format conversion program that can read a variety of
weather radar data and convert them into NetCDF. Tlge (%ata quality control measures
adopted by ANT3D include rain attenuation, range correction, ground clutter masking,
mecﬁan filter, and range-side lobe filter.

[AUTO DETECTION] Eruptions are automatically detected using range-side lobe,
Doppler velocity, and Doppler spectrum width information. The classification of ash
particles and hydrometeors is under development.

[3-D RADAR DATA] This component is a core part of ANT3D. The accuracy of
advection vector estimation is essential for the construction of three-dimensional CAPPI
(Constant Altitude Plan Position Indicator) data. ANT3D adopts the pattern matching
and centroid position-tracking methods to estimate the advection vectors of ash cloud
echoes at polar-coordinates.

[3-D ANALYSIS] This component consists of a variety of application programs: Basic
statistical analysis, eruption column parameter retrievai ash cloud parameter retrieval,
threedimensional distributions of ash fall and precipitation. This information can be shown
effectively by three-dimensional visualization methods.

[VOLCANIC HAZARD] Radar simulator, ash fall nowcasting, and dynamic hazard map

of volcanic eruption, are planned for development.
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X-BAND POLARIMETRIC RADAR
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Left:Antenna elevation angles of the MLIT
Tarumizu X-band polarimetric radar. Sakurajima

is shown schematically by the blue triangle.
Below: Time schedule of antenna scans.
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OUTPUT EXAMPLES
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PPI images of radar reflectivity
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PPI images of differential
reflectivity

TE ZOR

ZDR, 1641 J5T 18 AliG. 2013
I

:,.// — (o ‘

{I.
4

7

-30-25-20-15-1.0-05 00 05 1.0 1.5 20 25 3.0

2013$8ﬁ185®&%ﬂﬁk®b B (E RERF, B REEFE)

Radar images of Sakurajima eruption on August 18, 2013.
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HORIZONTAL and VERTICAL CROSS SECTIONS
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RADAR OBSERVATIONS
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MLIT X-band MP radar Kagoshima University Ku-band rapid scan radar
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Ka-band radar observation Preparation of Parsivel measurements of volcanic ash
(Sakurajima) particles (kagoshima Univ.)
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Sakurajima from Korimoto, Kagoshima University Kagoshima University main campus
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