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ABSTRACT

Simple mathematical expressions are presented for describing the shapes of some plane hexagonal snow
crystals. These expressions provide convenient means for cloud physical calculations and can also serve as
a method for quantitative classification of snow crystal shapes. A few examples are worked out to illustrate
the use of these expressions. They can be further developed for describing more complicated shapes.

1. Introduction

One of the most important physical properties of
a hydrometeor is its shape. For example, the back-
scattering of radar waves by hydrometeors depend
strongly on their shapes (Atlas et al., 1953; Battan,
1973). The shape of ice crystals is of primary impor-
tance in the calculation of diffusional growth rates in
the electrostatic analog theory through the capaci-
tance factor. The shape also significantly influences
the hydrodynamics of hydrometeors. Different shapes
result in different flow fields and therefore different
collision efficiency between hydrometeors them-
selves, and between hydrometeors and -aerosol par-
ticles. The difference in flow fields will also result in
different ventilation effects and hence influence the
temperature and vapor density distributions around
hydrometeors. These latter distributions are very im-
portant to the growth of ice crystals.

The shapes of hydrometeors are complicated: rang-
ing from the spheroidal shape of a small raindrop, to
the conical shape of graupel and hailstones and large
raindrops; to various hexagonal plates, columns, and
dendrites of ice crystals, and to highly complicated,
irregular shapes of aggregates or fragments of snow-
flakes (Mason, 1971; Hobbs, 1974; Pruppacher and
Klett, 1978). It is important for meteorologists to cat-
egorize the shapes of these particles. We address the
shapes of ice crystals in this paper.

A method of classification of the shapes of natural
snow crystals was given by Magono and Lee (1966).
The Magono-Lee classification is a qualitative one
and is useful in the descriptive categorization of snow
crystals. On the other hand, in cloud physical cal-
culations such a qualitative description is inadequate;
a quantitative classification is necessary. Such a task
is easy for simple shapes such as hexagonal plates and
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columns; one has only to specify the length (or thick-
ness) and the radius, as has been done in literature
(e.g., Auer and Veal, 1970; Locatelli and Hobbs,
1974). But for other shapes it is more difficult. Re-
cently Wang (1982) presented a simple mathematical
function that can describe the shape of conical hy-
drometeors (conical graupel, hailstones and large
raindrops). In this paper we present a mathematical
method of describing the shape of hexagonal snow
crystals. The same technique can also be applied to
describe other (e.g., triangular) snow crystals.

2. Mathematical description

Certainly there is more than one way in describing
these hexagonal shapes. However, it is believed that
the method described here is one of the simplest and
will also allow easy classification. Since the hexago-
nality represents a regular periodicity, it immediately
leads us to think of the periodic sine and cosine func-
tions. We arbitrarily choose to use sine function here.
The function sin?(38) produces six peaks in the range
0 < 0 < 2. It is therefore possible to describe the
hexagonal shape of snow crystals based on the func-
tion f[sin?(36)]. By suitably modulating the ampli-
tude and the width of the peak, we can generate var-
ious hexagonal snow crystal shapes. To modulate the
amplitude, one has only to multiply a constant to
f sin(36). On the other hand, the width of the peak
can be modulated by raising sin’(30) to a certain
power b, where b can be any positive number. This
is illustrated in Fig. 1. It is seen here that the peaks
are broad when b is small and are narrow when b is
large, because |sin%(36)] < 1.

Based on this idea, we have arrived at two example.
equations in plane polar coordinates. They are de-
scribed in the following:






