
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
even i these preliminary tests will yield valid informa-
tion. 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 suc-
cessful, 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 sky-
light 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

University of Innsbruck
Austria

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 investi-
gated 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

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 re-
flective 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, sastrugi-
and 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, tem-
perature and humidity, change little and provide the
snow with a constant physical state over extended pe-
riods. 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 di-
ameter and equipped with filters with a range of 0.3
to 4 microns and 0.7 to 3 microns was used to deter-
mine 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 sec-
tor of the solar azimuth and for old as well as new
snow.

The most remarkable result was a peak in bright-
ness in the sector below the sun, reaching intensities
of nearly twice the values found in the remaining
directions. This peak clearly demonstrates the aniso-
tropic nature of reflection from polar snow. The com-
parison of reflection curves of freshly fallen and week-
old 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 meta-
morphism. 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
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SOUTH POLE, DEC. 1973
Figure 1. Subsolar pea  of
reflection from old and fresh
snow. Average intensitiesare
for the region between 1 and
12 degrees below the horizon.
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Figure 2. Subsolar, average,
and minimum reflections from
old snow as a function of
solar azimuth. Values are for
the ring between 1 and 12
degrees below the horizon.
The dip in the subsolar reflec-
tion around the 240-degree
horizon is caused by shadows

in the sastrugi field.
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revea ed that the subsolar intensity decreases for
point farther below the horizon. Considering this in
the onversion from measured intensities to total re-
flected flux suggests that the daily variation of albedo
due io the sastrugi field at South Pole is about 2
percent.

TIie contribution of the near infrared (0.7 to 3.0

micribout

ns) to the total reflected intensity (0.3 to 4.0
micrns) also varies with azimuth. While this ratio
was  0.58 for direct solar radiation, its average
waspnly 0.45 for the diffuse reflected radiation but it
reached peaks in excess of 0.50 in the subsolar reflec-
tion. The low value of 0.45 in the diffusely reflected
light that emerges from snow crystals after several
internal reflections means that considerably more
enery is absorbed within the crystal, in the near in-
frared, than in the visible part of the spectrum (and
morèso in diffuse than in single, specular reflection).

This research was supported by National Science
Foundation grant Gv-40951 to the Institute of Polar
Studies, The Ohio State University.

Electron precipitation and radio
wave emissions

T. J . ROSENBERG
Institute for Fluid Dynamics and

Applied Mathematics
University of Maryland

College Park, Maryland 20742

rom December 10, 1973, to January 20, 1974,
ba loon launches from Siple Station carried aloft scm-
tillation counters to measure x-rays produced by high
enrgy electrons incident on the atmosphere and re-
ceivers for recording radio waves in a frequency range
of 0 to 5 kilohertz. Taking part in the field activities
at Siple, in addition to the principal investigator, were
Dx. John C. Foster and Mr. Carter C. Gibson, both
of the University of Maryland, and Dr. Jan A. Holtet,
Nrwegian Institute of Cosmic Physics.

A similar program of balloon x-ray measurements,
in I collaboration with the University of Houston, also
ws carried out in this interval from Roberval,
Qiebec, Canada, a site located close to the Siple
mgnetic conjugate point. The Roberval program was
directed in the field by Dr. David L. Matthews, Uni-
vrsity of Maryland, and by Dr. William R. Sheldon,

erIJnivsity of Houston.
The objective of this conjugate program was to

sarch for correlations between electron precipitation
aitld the natural and artificial stimulation of very low
frequency (VLF) radio wave emissions. The studies
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relating to artificial triggering were coordinated with
the operation of the Siple VLF transmitter. These
measurements were made to provide information on
wave-particle interactions in the magnetosphere and
on resulting ionospheric effects.

Six balloons were launched from Siple. Winds in
excess of 185 kilometers per hour above Roberval
limited that program to one balloon launch. A pre-
liminary assessment of the data is in progress. No
definite indications of artificially triggered electron
precipitation have been noted yet. However, at least
one event of natural origin was recorded and will be
examined further.

This research was supported by National Science
Foundation grant GV-28841X2.

Dry Valley Drilling Project, 1973-1974

L. D. MCGINNIs
Department of Geology

Northern Illinois University
DeKalb, Illinois 60115

Dry Valley Drilling Project (DVDP) operations for
the 1973-1974 season commenced in September 1973.
The New Zealand drilling team and management
personnel proceeded to drill hole 3 adjacent to the
Thiel Earth Sciences Laboratory, McMurdo Station.
Six more holes were drilled in the dry valleys at Lake
Vanda (hole 4), at Don Juan Pond (hole 5), at Lake
Vida (hole 6), at Lake Fryxell (hole 7), and at New
Harbor (holes 8 and 9) (table).

Completion of the first of two planned field seasons
of drilling in the dry valleys permits an interim evalu-
ation of results. Project evaluation described here is
based on: (1) adherence to the field operations plan,
(2) consideration of environmental constraints and
of application of guidelines expressed in the DVDP

environmental impact appraisal, (3) occupation of
preselected sites, (4) completion of recommended
drilling meterage, (5) observations of subsurface
geology based on geophysical predictions, and (6) ap-
plicability of retrieved core to solving problems ex-
pressed in the science plan.

The 1973-1974 field season in the McMurdo Sound
region was blessed with one of the mildest summers
on record. High temperatures, clear skies, and proper-
ly functioning aircraft and drilling equipment com-
bined to provide DVDP with every technical advantage.

Dr. McGinnis is U.S. coordinator of the Dry Valley Drill-
ing Project.
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