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ABSTRACT

Calculations have been made of the radar backscattering, differential refectivity, and circular depolarization
ratio of large oblate spheroids composed of spongy ice. Results are compatible with laboratory measurements
by earlier investigators. As expected, scattering of 10-cm radiation depends to an important extent on the size,
water content, and axial ratios of the spheroids. Observations of differential reflectivities close to zero in hailstorms
can be explained, as was done by V. N. Bringi and his associates, as resulting from the irregular shapes and
tumbling of hailstones. But such observations could also be explained by size-distributed oblate spheroids with
equivalent diameters greater than about 3.5 cm, falling with vertical symmetry axes.

1. Introduction

The identification of hail and rain in thunderstorms
has practical applications in severe storm forecasting,
weather modification, and agricultural meteorology.
To infer the type of hydrometeor present, radar ob-
servations are often compared with the calculated
backscattering properties of particles having known
characteristics.

Although Mie theory has been used to calculate the
radar backscattering by dry and water-coated ice
spheres (e.g., Battan et al., 1970), hailstones are often
treated as oblate spheroids (a shape generated by ro-
tating an ellipse about its minor axis). Barge and Isaac
(1973) sampled hailstones from thunderstorms in Al-
berta, Canada, and classified 41% of the hailstones as
being oblate spheroids. Matson and Higgins (1980) re-
ported that 81% of the hailstones they observed in the
vicinity of northeastern Colorado were ellipsoidal and
indicated that the stones were generally oblate.

Hailstones composed of spongy ice (i.e., a mixture
of water and ice) can result when large quantities of
supercooled water are collected in a relatively short
time (Pflaum, 1984). From measurements of the prop-
erties of artificial hailstones grown in a wind tunnel,
List (1959) concluded that the volume fraction of water
in spongy ice hailstones may be as high as 50%. To
help interpret radar reflectivity measurements of thun-
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derstorms containing hail, more needs to be known
about backscattering by spongy ice hailstones.
Although there have been many calculations of radar
backscattering by pure ice and water particles, there
have been few calculations of scattering by particles
composed of spongy ice. This may be attributed, in
part, to uncertainties about the appropriate dielectric
function of spongy ice. Bohren and Battan (1980) pro-
posed it be calculated by means of an expression orig-
inally derived by Maxwell Garnett (1904), which when
used in Mie calculations for ice spheres coated with
spongy ice produced backscattering cross sections in
close agreement with measurements by Joss and List
(1963). The complex dielectric function of spongy ice

is given by
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where ¢; and ¢,, are the complex dielectric functions of
ice and water, respectively, and f is the volume fraction
of water in the mixture. Aydin et al. (1984) have used
this expression to calculate backscattering by conical
spongy ice particles.

This paper presents calculations of the 10-cm back-
scattering cross sections of oblate, spongy ice hailstones.
The calculations have been made by means of the T-
matrix method developed by Waterman (1965, 1969)
and later modified by Barber and Yeh (1975). In ad-
dition to the backscattering cross section, we calculated
the differential reflectivity and circular depolarization
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