
179

A NEW CLASSIFICATION SYSTEM FOR THE SEASONAL SNOW COVER 1

S.C. Colbeck 2

SUMMARY

It is necessary to assign terms to snow
crystals so that we can refer to them at any
time. TCSI (1954) suggested five classes of snow
crystals but many important types of crystals
were not included. Sommerfeld (1969) and then
Sommerfeld and LaChapelle (1970) suggested a
classification based on processes because, if the
processes could be correctly identified, informa
tion would be provided about both crystal shapes
and metamorphic processes. Unfortunately, many
of the names used - equitemperature, temperature
gradient, and melt-freeze - can misrepresent the
processes responsible for generating those
shapes. Other terms are suggested here in hopes
of correctly describing snow crystals. Only the
major categories are dealt with here; a more
detailed classification will be published later.

Table 1 shows the major classes into which
these crystals fall. Class I for snow precipita
tion has been described elsewhere. Class II con
sists basically of two types of crystals; well
rounded crystals which grow at low temperature
gradients and highly faceted crystals which grow
at high temperature gradients. For given condi
tions the growth rate increases with the tempera
ture gradient and, since for most conditions in
snow the growth rate is controlled by the tem
perature gradient, it makes no sense to call the
rounded form (associated with a low temperature
gradient) "equitemperature metamorphism" and the
faceted form (associated with a high temperature
gradient) "temperature gradient metamorphism."
Thus these terms should be replaced by shape
descriptions like rounded and faceted or the
usual terms from crystallography - equilibrium
and kinetic growth forms. Note that equilibrium
in this context indicates that shape is deter
mined by equilibrium even while the crystal is
still growing.

There are several conditions which can
produce crystals with both faceted and rounded
portions. First, at intermediate growth rates
ice crystals will develop which are mostly but
not completely faceted. Second, at high growth
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Table 1.--Snow crystal classification.

I. Snow Precipitation

II. Dry Snow

IIa. Equilibrium form (or rounded form) 
these develop at slow growth rates and
low temperature gradients. This form
may (?) be faceted at low
temperatures.

lIb. Kinetic growth form (or faceted form)
- these develop at fast growth rates
and high temperature gradients. This
form is hollow at the highest growth
rates.

III. Wet Snow

IlIa. Low liquid content
IIIal. Grain clusters - these arise

spontaneously to minimize sur
face free energy.

IIIa2. Melt-freeze particles - these
result when grain clusters go
through melt-freeze cycles.

IIIb. High liquid content - these are well
rounded and weakly bonded.

IV. Mixed Processes

rates the crystals are usually faceted on their
lower portions where they grow while simultane
ously rounded on their upper portions where they
evaporate. Third, once rapid growth ceases due
ice crystals will develop which are mostly but
not completely faceted. Second, at high growth
rates the crystals are usually faceted on their
lower portions where they grow while simultane
ously rounded on their upper portions where they
evaporate. Third, once rapid growth ceases due
to the onset of warmer weather or more snowfall,
fully faceted crystals will round off. The first
case falls neither completely into IIa or lIb;
the second case is part of lIb although the
rounded top of the crystal is part of the evapo
ration form; the third case is, like the degener
ating snow flake, moving towards the equilibrium
form.

With wet snow we are not so concerned about
transient states because metamorphism occurs so
quickly. There has been some confusion about wet
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Figure l.--A grain cluster at a low liquid con
tent. The liquid exists along grain boundar
ies and at three- and four-grain junctions.
The spherical figures on the crystal sur
faces are not water droplets.

Figure 2.--A melt-freeze particle.
from subjecting grain clusters
freeze cycles. The individual
visible within the particle in
graph.

These arise
to melt
crystals are
the photo-

snow at low liquid contents for many years
because of misuse of the term "melt-freeze meta
morphism." Melt-freeze cycles are important at
low liquid contents but clusters of grains form
without these cycles. At low liquid contents ice
crystals join together in clusters of a few to a
few hundred crystals in order to minimize surface
free energy and they do so without melt-freeze
cycles. These clusters of clearly distinguish
able single crystals (Fig. 1) contain liquid
water at grain boundaries and at the junctions of
three and four crystals. These liquid inclusions
are lost when the cluster freezes and, following
repeated melt-freeze cycles, the entire nature of
the cluster changes. As shown in Figure 2, the
single crystals are no longer identifiable on the
surface and the internal liquid inclusions are
lost. If the melt-freeze particle shown in
Figure 2 remains at the melting temperature for a
while, it will revert to the grain cluster shown
in Figure 1. Solar radiation will greatly ac
celerate that process. Thus most wet snow covers
are a mixture of grain clusters and melt-freeze
particles; the relative abundance of these two
multi-crystalline ice particles depends on the
relative influences of melt-freeze cycles and
solar radiation.

At high liquid contents snow tends to be
weak with well-rounded particles. These par
ticles grow rapidly up to a size of about 1 rom.
The weak nature of wet snow at a high liquid
content is thought to account for wet snow
avalanches.

Only the major categories of snow crystals
are given in Table 1. The transient states and
crystals arising from other processes or a mix
ture of the processes are not included here. See
these papers and their references for further
reading about the physics of snow crystals which
led to the development of this classification:

Colbeck, S.C. 1979. Grain clusters in wet
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371-84.

Colbeck, S.C. 1980. Snow metamorphism due to
radius of curvature effects. J. Glaciology
27(94): 291-301.

Colbeck, S.C. 1982. Overview of snow metamor
phism. Rev. Geophysics and Space Physics
20(1):45-61.

Colbeck, S.C. 1983. Snow particle morphology in
the seasonal snow cover. Bull. Amer.
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1983. Theory of metamorphism of
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colbeck, S.C. 1983. Ice crystal morphology and
growth rates at low supersaturations and
high temperatures. J. App1. Phys. 54(5):
2676-82.
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