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ABSTRACT

A technique for the remote sensing of hail with an S-band dual linear polarization radar is described. The
method employs a new hail signal Hpr, which is derived from disdrometer measurements of raindrop size
distributions. Experimental measurements, made in Colorado with the National Center for Atmospheric Re-
search’s (NCAR) CP-2 radar system, are used to demonstrate the technique in two major hailstorms.

1. Introduction

Remote sensing of hail within a convective storm
remains a challenging goal for radar meteorologists,
and various radar hail detection techniques have been
proposed to do this since the late 1950s. These include
1) techniques based on reflectivity factor measurements
at a single polarization utilizing the intensity of the
echo, its structure and time evolution within a storm
(Cook, 1958; Douglas and Hitschfeld, 1958; Donald-
son, 1961; Geotis, 1963; Donaldson and Burgess,
1982); 2) dual wavelength techniques utilizing the ratio
of the reflectivities at 10 and 3 cm wavelengths (Atlas
and Ludlam, 1961; Burtsev, 1973; Eccles and Atlas,
1973); and 3) circular polarization techniques based
on the measurements of the coherent scattering
matrix with a circular polarization radar (Barge, 1972;
McCormick and Hendry, 1975). All of these techniques
have inherent disadvantages which have limited their
utility as an effective means of hail detection (Rinehart
and Tuttle, 1982; Bringi et al., 1984b). .

In this paper we present a new hail signal based on
the differential reflectivity Zpg technique introduced
by Seliga and Bringi (1976). Measurements at 10 cm
reported by Seliga et al. (1982), Aydin et al. (1984),
Leitao and Watson (1984) and Bringi et al. (1984b)
with dual linear polarization radars have demonstrated
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the technique’s effectiveness in hail detection. The ap-
proach exploits the inherent differences in the radar
reflectivities of rain and hail at horizontal and vertical
linear polarizations. Observations show that raindrops
can be modeled as oblate spheroids with symmetry axes
oriented vertically (McCormick et al., 1972; Hendry
et al., 1976) and axial ratios dependent on raindrop
size (Pruppacher and Beard, 1970; Pruppacher and
Pitter, 1971; Bringi et al., 1984a). Therefore, the rain
medium appears anisotropic with the principal polar-
ization vectors being closely aligned along the hori-
zontal (H) and vertical (V) directions. In contrast to
rain, the hail medium is considered to be significantly
more isotropic because hail particles are usually non-
spherical and irregularly shaped. Furthermore, exper-
iments and theoretical calculations on the free fall be-
havior, shape, and internal structure of haiistones
(Bailey and Macklin, 1968; Knight and Knight,
1970a,b,c; List et al., 1973; List and Agnew, 1973; Kry
and List, 1974a,b; Stewart and List, 1983) indicate that
they generally tumble and gyrate, resulting in no pref-
erential orientation. This behavior is consistent with
the results of Hendry et al. (1976) and Hendry and
Antar (1984), which show that the degree of common
alignment of hail is generally much smaller than that
of rainfall. There is also a tendency for the reflectivity
factor to be greater than 25 dBZ for hail, with the prob-
ability of rainfall decreasing as reflectivity increases
(Richardson et al., 1983). These properties of hail (is-
otropy and high reflectivity factor) and rain (anisot-
ropy) are used here as a priori information in defining
a new hail signal Hpg. Hail detection using this signal
was confirmed by ground observations in two major
hailstorms in Colorado.






