inversion layer and eventually sinking to the surface
amounts to 3 g/cm2/year.
This kind of ice crystal precipitation can account
for a substantial part of the total annual accumulation on the high Plateau, and might well be the most
productive of the three possible precipitation processes
over wide areas. The process is not an adiabatic one.
Radiometer soundings at the South Pole have indicated that, above the inversion, the radiative cooling
rate amounts to 4°/day, on cloudy as well as on clear
days (Schwerdtfeger, 1968).
Deposition, or hoarfrost formation on the ground, is
the third process contributing to the observed accumulation. Estimates of its efficiency in the South Pole
area were given by Dalrymple et al. (1966) by three
different methods. Two of them lead to deposition
rates on the order of 10-3g/cm2 /day, or 0.3 g/cm2
for the 200 days per year with none or insignificant
incoming solar radiation. The third method, based on
surface heat budget considerations, does not appear
appropriate to determine the deposition as long as all
other terms in the budget equation are not known
with much higher precision.
It must be concluded, then, that a considerable part
of the total annual amount of accumulation on the
antarctic plateau is produced by ice-crystal precipitation. In contrast to the normal precipitation process
in clouds, it is a change from the gaseous to the solid
phase of H 2O in sinking, not in rising air. A small
fraction, less than 1/10, of the total accumulation
may be hoarfrost on the snow surface itself, and only
the rest would be the product of precipitation proper
due to synoptic processes in the conventional sense.
The observations show that ice crystal formation in
the cold surface layer occurs at temperatures above
and below —40°C., a critical limit for ice nucleation. It
would, therefore, be of great interest to make exact
measurements of the gaseous and solid H2O content of
the inversion layer by means of absorption or filter
methods, in order to determine the degree of supersaturation with regard to ice and to examine the growth
of the ice crystals under natural conditions. Considering the available temperature range, which coincides with that of cirrus clouds at other latitudes, the
South Pole would be the ideal location for such an
investigation.
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Large, Stationary Polynyas
Television and infrared observations from Nimbus
I and II have been used to study large antarctic polynyas (ice-free areas in the midst of ice-covered
waters) during the winter months of September 1964
and August 1966. The satellite data show that large,
stationary polynyas are both more numerous and
more widely distributed during the winter season than
had previously been recognized.
The origin of the polynyas, which may cover an
area of 5,000 km2 or more, is primarily due to surface
wind stress which removes the annual sea-ice cover
from the vicinity of fast-ice, ice-shelf, or continental
boundaries. Substantial, often dramatic, short-term
changes are commonly observed in the size and configuration of the open-water areas. There is considerable evidence that these changes are closely
linked to synoptic developments which affect the antarctic coastal region.
An example of the striking changes that can occur
in little more than 25 hrs. is illustrated in Fig. 1. This
previously unreported polynya north of Mac.Robertson Land is adjacent to northward-extending fastice projections which are stabilized by large icebergs
grounded on the Fram Bank. Precise photogrammetric analysis of the Nimbus television images indicates
that the fast-ice configuration mapped in Figs. lb and
id is a quasi-permanent feature of the winter ice
regime along this portion of the antarctic coast. An
analysis of meteorological conditions prevailing at the
time of the observations shown in Figs. la and ic
indicates that westerly surface winds on the 15th were
replaced by a strong easterly wind regime associated
with a c yclone traveling eastward with its center a
few degrees of latitude north of the coast. Theoretical
considerations and available evidence suggest that the
size and position of the open water areas with respect
to the fast ice or other fixed boundaries at any given
time depends primarily on the intensity of the surface
pressure gradient, the speed and direction of translation, and the location of the center track of the prevailing synoptic system relative to the polynya.
Movement of the Amery Ice Island, 1964-1966
As a by-product of the analysis of Nimbus I observations of the MacRobertson Land coastal region,
new information has been obtained concerning the
movements of the huge section of the Amery Ice Shelf
that was calved in 1964. The satellite observations
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Figure 1. Nimbus II observations of short-term changes in the sea-ice regime along the coast of MacRobertson Land. (a) Nimbus II
AVCS, Camera 1, Orbit 1225, 07:17:47 UT, August 15, 1966. Polynya located adjacent to fast-ice projections in upper center of
image. (b) Map of principal ice features and open water areas seen in (a). Heavy, solid line represents continental coast line, dashed
line offshore is winter-season fast-ice boundary, and shading denotes relatively ice-free areas. (c) Nimbus II AVCS, Camera 2, Orbit
1239, 08:52:58 UT, August 16, 1966. Polynya has increased markedly in size during the preceding 25 hrs. and is now located west
of the north-south-oriented fast-ice projections. (d) Map similar to (b) except shading corresponds to open water areas seen in (c).

show clearly that in mid-September 1964, the missing
portion of the ice shelf was located almost due
north of the Australian coastal station Mawson. At
the time, this gigantic island of ice was oriented with
its longest dimension approximately north-south and
its southern end about 90 km from the coast. These
observations refute a previously expressed opinion
(Ledenev and Evdokimov, 1966) regarding the date
when the broken section of the ice shelf began its drift.
They also provide a unique opportunity to estimate the
integrated current between the surface and about
200-11 depth in the waters north of MacRobertson
Land.
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