
face temperature inversion over South Pole Station to break on
10 January 1983. Aerosol concentrations increased by more than
a tenfold factor, while ozone concentrations halved, accom-
panying this inversion break. The inversion reformed on 11
January, and surface aerosol and ozone concentrations returned
to pre-event levels. Analysis of collected aerosol specimens, by
microscopy and electron microscopy continues.

The meteorological conditions experienced on the polar
plateau were "unusual" during January 1983. Most frequently,
the short austral summer at South Pole Station is characterized
by nearly clear skies and suspended ice crystals which produce
spectacular optical effects. January 1983 was a month of cloudy
skies, with these clouds most frequently being alto stratus and
even alto cumulus, made of supercooled water drops, rather
than the more usual cirro stratus made up of small ice crystals.
Supercooled water fog at a temperature of - 33°C occurred on 1
day as well.

Additionally, the sky in general had a markedly different
appearance, with a bright aureole about the sun and much hazy
scatter of light through the arc of 90 degrees about the sun.
Although some of this light scattering and sky brightening may
have been due to volcanic material in the upper layers, much of
the effect seems to have been caused by asymetric plate-type ice
crystals in the lower atmosphere which were frequently found
in replicas collected by Kebschull and Townsend.

Situation reports and teletype messages from B. Murphey
indicate that aerosol collections and measurements are proceed-
ing at McMurdo Station and that frequent storms have provided
interesting and challenging conditions during fall and early
winter.

In addition to this year's field work, a doctoral thesis, based
on field work at McMurdo and South Pole Stations in 1980-1982
austral summers has been completed by R. Henry. A master's
thesis based on aerosol observations at South Pole Station in
1981 was completed by J. Samson. (The figure is reproduced
from this thesis.)

This work was supported by National Science Foundation
grants DPP 79-05987 and DPP 81-15231. We offer special thanks to
W. Merrifield and R. Mulkern for their assistance at the cosmic
ray laboratory; to the McMurdo meteorological detachment, the
meteorological office at South Pole Station; and to National
Oceanic and Atmospheric Administration-Geophysical
Monitoring for Climate Change for many years of enjoyable
cooperation.
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Studies of atmospheric energy
transfer processes at the South Pole

JOHN J. CARROLL

Department of Land, Air and Water Resources
University of California
Davis, California 95616

Using data we collected during the period of 1975 through
1977 and that collected by the Weather Service and other experi-
menters, we are continuing our studies of the conditions and
mechanisms that affect the transfer of radiant and thermal ener-
gy near the surface at the South Pole. The overall energy budget
has been described previously (Carroll 1982a) as have surface
reflection effects (Caroll 1982b; Carroll and Fitch 1981). The
major focus of the current work is to describe the statistical
distribution of variations in the local meteorological conditions
and to examine these in terms of the fluid dynamical response
of the atmospheric boundary layer to large-scale as well as local
forcing.

An example of the type of behavior we are examining is
shown in figure 1, a plot of the departure of air temperature
from its seasonal average versus the departure of the wind
speed from its average for the austral winter of 1975. It is quite
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Figure 1. Scatter plot of the deviation of air temperature from its
winter 1975 mean value (temperature = -60.8°C) versus the devia-
tion in wind speed from its winter 1975 mean (3.4 meters per
second).
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factors at work as well. For example, figure 2 shows the winter
wind rose (a) and two temperature event roses (b, c) that graph-
ically give the observed frequency of wind speeds and of tem-
perature deviations from their winter averages. What these
clearly show is that the warmer conditions nearly always are
associated with wind from the northern quadrant, while the
cooler periods are nearly always winter winds from the eastern
quadrant. While it is also true that wind speeds are strongest
when the wind is from the north and the mixing hypothesis
could still be valid, the evidence supports an advection hypoth-
esis equally well. That is, that the air to the east of the station is
always colder than the air to the north.

Because we have no data in either of those two directions
within distances useful for resolving the problem, we must
examine the mechanisms that would operate under the first
hypothesis to evaluate its viability and leave the validity of the
advection hypothesis to be judged by default. We are pursuing
this latter effort through careful analysis of turbulence data
obtained in 1977 and through the use of an evolving numerical
model of the atmospheric boundary layer, the prototype of
which was described in Carroll and Fitzjarrald (1979). Prelim-
inary results indicate that the response of the boundary layer to
changes in large-scale forcing can produce sufficient downmix-
ing to explain the temperature data, suggesting that the first
hypothesis is the correct one.

This work is supported in part by National Science Founda-
tion grant DPP 81-16747 and by the California Agricultural Ex-
periment Station.
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Figure 2. (a) Wind rose for the South Pole for the winters of 1975,
1976, and 1977. (b) Event rose for the air temperature in excess of
winter seasonal means for same 3 years. (c) Same as (b) for air
temperatures below the seasonal means. ("OBS" denotes observa-
tions; "TAVG" denotes average temperature; "MI'S" denotes meters
per second.)

clear from this figure that in winter the air temperature near the
surface is strongly dependent on the wind speed, that is, the
coldest conditions are almost always associated with light
winds while the majority of warm conditions are associated
with above-average wind speeds. While one might be tempted
to draw the conclusion that high wind speeds imply enhanced
vertical mixing of warmer air from above, there may be other
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