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A gentle fall of ice crystals from what are often cloud-
free skies is a nearly continuous process over the ant-
arctic plateau, and one that may substantially contribute
to the annual accumulation. As suggested earlier (Miller
and Schwerdtfeger, 1972), these crystals likely form in
the warmer, nearly isothermal layer above the inversion,
as air advected from surrounding maritime regions raW-
atively cools.

Examination of the heat budget of individual crystals
suggests that ice crystal precipitation also may play a
significant role in the heat balance of the lower layers of
the antarctic atmosphere. Specifically, small concentra-
tions of ice crystals in the air can result in cooling rates
of the same magnitude as those produced by radiative
effects of carbon dioxide and water vapor. The physical
reasoning from which this result is obtained is outlined
below.

For equilibrium conditions, the temperature of a crystal
is determined by the balance between heat conduction,
radiative exchange, and latent heating. For antarctic con-
ditions with T < —35° C., the latent heat release for
a growing crystal will be slight, in comparison to the
other terms. In this case, the difference between the
crystal temperature and that of the ambient air is de-
termined by the radiation balance. Thus, if the radiation
emitted by the crystal (oc, 6 T 4 ( .rvc tl ) is greater than that
absorbed, the crystal will be cooler than the air sur-
rounding it and sensible heat will flow inward, by con-
duction. The magnitude of this heat flow is equal to
the surface area of the crystal times the difference between
absorbed and emitted radiative flux. For a crystal con-
centration of N/volume, the rate of temperature change
of the air will be proportional to N times the conductive
heat flow per crystal.

During the polar night, when short wave radiation is
absent, the radiation balance for crystals within and
above the inversion is negative (emitted radition >
absorbed radiation). This is especially pronounced in the
isothermal layer where air and crystal temperatures are
the warmest. For typical winter conditions within the
isothermal layer, and for a columnar crystal of dimen-
sions 500)< 100 /1, ( Tai ,. - T,. r vc t , , i ) was calculated to
be + 0.6°C. The crystal dimensions used in this calcula-
tion are typical of those most frequently observed (Kuhn,
1968).

The table shows the cooling rates for two values of
crystal concentrations, implied by temperature differences

Cooling rates of air due to the presence of ice crystals.

Number of crystals per liter	Cooling rate
T air - Tcrystal	 Degrees per day
(centigrade)	 (centigrade)

	

0.5	 1	 .52

10	 5.20

	

1.0	 1	 •1.00

10	 10.00

of this magnitude. While no accurate measurements of
crystal concentrations are available, the values given are
within the range of rough estimates (Kuhn, personal
communication, 197 1) and hopefully are representative.

By comparison, radiative cooling in the isothermal
layer, due to the presence of water vapor and carbon
dioxide, has been calculated numerically (Miller, 1973)
and found to be of the order of 3 0C/day. Below the
isothermal layer, where the air is colder and the vertical
temperature gradient becomes large, the cooling effect of
a given concentration of ice crystals diminishes. This
suggests that the influence of ice crystal precipitation on
the local heat balance will be of less importance within
the inversion, itself.

Since winter temperature changes are slight, above the
inversion, the two cooling processes must, on the average,
be balanced by heating from horizontal advection and
from subsidence. Note that increased thermal advection
(and therefore moisture advection) would result in
greater crystal production. This, in turn, would result in
increased local cooling and thereby might serve to stabi-
lize temperatures above the inversion. This work was
supported by National Science Foundation grants GV-
28810 and GA-16239.
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