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ABSTRACT

The characteristics of shapes and sizes of a sample of 679 hailstones, collected on 22 June 1976 during a
hailstorm at Grover, Colorado, were analyzed using a three-parameter formula developed by us previously.
These parameters are a, the horizontal dimension, ¢, the vertical dimension, and ), the shape parameter. Once
these three parameters are specified, both the shape and size of a hailstone are fixed. It is believed that this
analysis produces the most complete and quantitative information about the hailstone shape and size distributions
reported so far. The dataset of the three parameters also allows the relatively good reconstruction of the sizes
and shapes of the original hailstones if desired. The resuits for this collection of hail show that the distributions
of both horizontal and vertical dimensions can be described by gamma distributions, while the shape parameter
can be described by an exponential distribution. Since the shape parameter basically describes the vertical
asymmetry, it may provide additional information about the physics of particles in clouds and precipitation.
The distributions of axial cross-sectional areas, surface areas, and volumes are also presented. They too can be
described by gamma distributions. Finally, it was found that the geometrical quantities of the hailstones ate
best represented by a characteristic dimension r,, defined as the average of the horizontal and vertical dimensions.

1. Introduction

The shapes and sizes of particles play a fundamental
role in the physics of clouds and precipitation. They
are known to be closely related to the physical and
dynamical states of cloud fields (Pruppacher and Klett,
1978). It is therefore important to study the shape and
size distributions of these particles. However, at present,
only the size distributions are studied in a quantitative
manner. The shape distributions, on the other hand,
are usually described qualitatively. Words like spheres,
spheroids, columns, plates, dendrites, and cones are
used to describe the shapes of clouddrops, raindrops,
snow crystals, and hailstones. While these words do
represent some sort of classification scheme, they are
not quantitative, which is necessary for systematic cal-
culations. Some simple mathematical expressions are
needed, each containing a small number of free pa-
rameters, that can generate the particle sizes and shapes
in a systematic manner. These expressions can then be
used to fit the shapes and sizes of actual samples so
that the resulting shape and size distributions are de-
scribed quantitatively by these free parameters. This
motivated Wang (1982), Wang and Denzer (1983), and
Wang (1987) to develop several mathematical expres-
sions that are capable of generating curves that simulate
the shapes of conical hydrometeors (hailstones, graupel,
and raindrops), plane hexagonal snow crystals, and
general polygonally symmetric particles. The free pa-
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rameters involved in these expressions can be used to
characterize the shape and size distributions.

This paper is concerned with the shape and size dis-
tributions of hailstones. Many investigators have stud-
ied this subject before (e.g., Auer, 1972; Barge and Issac,
1973; Federer and Waldvogel, 1975; Smith et al., 1976;
among others). They either treated the hailstones as
spheres and therefore spoke of the “diameters’ of them
or treated them as spheroids and spoke of the axis ra-
tios. While these pioneering studies contributed sig-
nificantly to the study of hail physics, it is also clear
that the shapes of hailstones were oversimplified. In
view of the possibility that the true shape distributions
may be of importance, it is desirable to describe the
shape and size distributions of hail in a more quanti-
tative way. For this purpose we used the formula de-
veloped by Wang (1982) to analyze the sizes and shapes
of a sample of 679 hailstones. These hailstones were
collected by Nancy Knight of the National Center for
Atmospheric Research (NCAR) during the 22 June
1976 hailstorm at Grover, Colorado. Their shape and
size distributions are represented by the three param-
eters of Wang’s formula. It will be seen that these dis-
tributions reveal simple relations between the number
concentrations of hailstones and each parameter. This
fact is encouraging since, in our point of view, an an-
alytical technique is useful only when it can reduce the
raw data into simple relations that can be subject to
physical interpretations and calculations. The raw data






