The most recent soundings reported here were conducted by Messrs. Olson, Martell, and Kiernan, who
were in the field from January 2 to February 8, 1974.
This research was supported by National Science
Foundation grant Gv-28077.
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Atmospheric aerosol investigations
AUSTIN W. HOGAN
Atmospheric Sciences Research Center
State University of New York at Albany
Scotia, New York 12302
Antarctica provides many unique situations in which
to determine physical properties of the atmospheric
aerosol. During the 1973-1974 summer, several determinations of the concentration and size of particles
in the antarctic atmosphere were done at McMurdo,
Siple, and South Pole stations. Data analysis continues with the cooperation of Mr. D. Nelson, National
Oceanic and Atmospheric Administration (NOAA),
and the voluntary efforts of Mr. M. Fussell, satellite
tracker at McMurdo.
The background aerosol concentration appears to
be about 50 to 75 particles per cubic centimeter on
the polar plateau, and about 125 particles per cubic
centimeter in Ellsworth Land. Maritime air, from
the Ross Sea, contains about 300 particles per cubic
centimeter; this amount is similar to more temperate
maritime regions.
Two interesting aerosol events occurred during the
field program. Aerosol concentration rose to about
500 to 1,200 particles per cubic centimeter, while the
apparent size decreased to less than 5x10 7 centimeters in radius during both of these occasions, and
returned to the original background levels within 48
hours. Each of these events accompanied a lowering
of the antarctic tropopause, and each ceased when the
tropopause level rose again. Similar events have been
reported in strong katabatic winds at Mirnyy Station
(Soviet Union).
Formvar replicas of precipitating ice crystals, obtained at the South Pole, show the predominant crystal types as columnar, as hollow columnar, or as prismatic columnar. Sometimes very small crystals of triangular and of hexagonal form (often called "diamond dust") were observed. NOAA soundings at the
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South Pole show that a layer, saturated with ice, almost always is present at the 650- to 600-millibar level
over the polar plateau. Since ice crystal precipi ation
was observed only from this saturated layer hen
glaciated bands were present aloft, it is hypoth sized
that smaller crystals, descending from these higher
levels, nucleate these crystals, and that heterogeneous,
freezing nuclei were absent from the polar r ion.
A period of drifting snow acompanying winds of 48
kilometers per hour occurred at Siple Station. Visual
observations showed that the drifting snow was eing
intercepted by the roughened surface snow in the
camp area. Several formvar replicas were made of the
drifting snow grains at points upwind of the camF and
at the camp. Measurement of the volumes of now
replicated showed the camp was collecting 75 percent
of the snow passing over the area.
Vehicle tracks in the camp area apparently rou hen
the snow surface sufficiently to cause a slowing o the
near surface wind. This diminished wind speed al ows
the suspended snow grains to settle to the sur ace.
When sufficient snow is collected to smooth the surface, the accumulation zone advances downwind.
Calculation shows that vehicle tracks can cause accumulation of 7 centimeters of snow per windy day;
this can be a relatively great source of snow accunulation in the camp area as the surface is reroughned
between windy periods.
This research was supported by National Science
Foundation grant GA-032502.

Atmospheric processes and energ
transfers at the South Pole
JOHN J . CARROLL,
KINSELL L. COULSON, and
BRUCE W. FITCH
University of California
Davis, California 95616
The objectives of this project are to: (1) as
the extent to which Antarctica constitutes a heat s
for atmospheric circulation; (2) obtain informat
on the aerosol content of the atmosphere, and its
possible secular increase, by measurements of he
polarization of light from the sunlit sky. During 19 !3..
1974 ) the project's first year, a preliminary inst Umentation system was developed and tested in he
antarctic environment. A relatively large number of
preliminary data was obtained. The three participl its
spent January 10 to February 13, 1974, in Antarci ca
to make measurements.
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Si ce the data are being processed, it is too early to
discus the results. We have indications, however, that
the iistrumentation operated satisfactorily and that
i
even these preliminary tests will yield valid information. For instance, the experiment for energy balance
assessment was installed on the snow surface at a
location about a kilometer upwind of the old South
Pole Station and was operated continuously for 10
days during the last half of January. From these
measurements it will be possible to determine the
vertical flux of sensible and latent heat, and to
determine the momentum exchange between the snow
surface and atmosphere, the incident and reflected
solar radiation, the net flux of both short and long
wave radiant energy, and the transport of heat into
and out of the snow. Thus all vertical components of
the energy balance equation were measured during
the 10-day period at the South Pole.
The skylight polarization experiment was less successful, but it did yield valid data. Because of shipping
problems, the polarimeter did not arrive at McMurdo
Station until early February. By this time it was too
late in the season to install the polarimeter at the
South Pole. Therefore we intercepted the instrument
at ?4cMurdo and set it up on the ice shelf near
Wiliams Field. The weather was satisfactory for skylight measurements during about 12 hours on one
occasion and during 4 hours on another occasion.
Mesurements were made continuously over a total
of 16 hours; the results appear to be satisfactory.
Despite the cancellation of polarization measurements
at the Pole during the 1973-1974 austral summer,
data obtained this year will provide a valuable check
on radiative transfer computations for the case of a
clear atmosphere overlying a highly reflective snow
surface.
This research was supported by National Science
Foundation grant Gv-40893.

Anisotropic reflection from sastrugi fields
M. KUHN
Institute for Meteorology and Geophysics
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In preparation for a larger study of Antarctica's
role as a cold source in the global circulation system,
the reflection characteristics of inland ice were investigated in December 1973 at the South Pole.
The experiment was to classify parameters that
cause variations in the albedo (reflection coefficients).
Such variations can be related to the physical state
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of snow (density, size, crystal shape and orientation,
degree of metamorphosis, or riming), to the change
of reflectivity with wavelength whenever the spectral
composition of incident light changes during a certain
period, and to the geometrical distribution of the reflective properties (diffuse or specular reflection and
their change with the angle of incidence) of surface
elements in combination with the orientation of such
elements in the terrain—ripples, dunes, sastrugiand the sun's position.
The understanding of these parameters is desirable
to interpret satellite photographs and to interpret the
surface energy budget where, for example, the small
change of albedo from .85 to .88 means a change of
20 percent in absorbed shortwave radiation.
South Pole Station was very favorable to these field
tests because solar elevation and, consequently, temperature and humidity, change little and provide the
snow with a constant physical state over extended periods. A test site was chosen 1.5 kilometers upwind
of the station, where sastrugi were typically up to 0.5
meters high and were up to 10 meters long.
A pyrheliometer with an aperture of 110 in diameter and equipped with filters with a range of 0.3
to 4 microns and 0.7 to 3 microns was used to determine the distribution of relative brightness of snow in
a ring between the horizon and a circle 110 below
the horizon. Measurements covering this ring in steps
of 10° of azimuth were repeated for nearly every sector of the solar azimuth and for old as well as new
snow.
The most remarkable result was a peak in brightness in the sector below the sun, reaching intensities
of nearly twice the values found in the remaining
directions. This peak clearly demonstrates the anisotropic nature of reflection from polar snow. The comparison of reflection curves of freshly fallen and weekold snow (fig. 1) suggests that the peak is caused by
specular reflection from crystal surfaces that rapidly
deteriorate after deposition on the ground but retain
about half their original effect after a week of metamorphism. A specular contribution of only a few
percent in other than the subsolar directions must be
expected from Fresnel's law.
Apart from this microscopic effect, the anisotropy
introduced by the large scale features of the snow
surface is not less effective. As the sun travels through
all azimuths the sastrugi field decreases or enhances
the subsolar reflection at fixed azimuths. Fig. 2 shows
the change of maximum (subsolar), the average and
the minimum reflection with direction for old snow
(the maxima and averages for the 30° to 120° sector
are missing). Taking the average brightness of the 110
ring as proportional to the albedo, it was noted that
the shading influence of the sastrugi introduces a daily
variation of albedo even at a constant solar elevation.
Previous, similar measurements at Plateau Station
123

