
aerosol detector at the South Pole in 1976 to provide an
independent, conservative tracer of air mass mixing.
The water vapor data shows that, on cooling days, the
air is slightly supersaturated with respect to ice, while it
is often less than ice-saturated on warming days. Ice su-
persaturation over an ice surface is indicative of the air
giving up heat to the ice surface more rapidly than water
vapor.

When the five years of aerosol concentration, water
vapor, wind, and temperature observations made at
South Pole are stratified with respect to wind direction,
an interesting pattern emerges. Using the Greenwich
meridian as north, the warmest, wettest, most aerosol
laden air arrives with winds from the northwest quad-
rant in both summer and winter. During both seasons,
the coldest, driest, and least-aerosol-laden air arrives
with winds from the quadrant 045° to 135°. All variables
tend to steadily decrease as the vector rotates clockwise.
(Note that winds from 150° to 270° which blow from the
direction of camp are infrequent and are not considered

in this analysis).
Comparing these tendencies with antarctic meteoro-

logical charts supplied by the meterological detachment
of Naval Support Force Antarctica suggests a relatively
simple explanation. When a strong high-pressure center
is present over East Antarctica, flow from whe Weddell
Sea to the polar plateau is blocked and air arrives at the
South Pole after a long travel over ice, during which it
loses heat, water vapor, and aerosol to the surface. When
this high weakens or moves toward the coast, winds shift
to the northwest and air arrives from the Weddell Sea
on a short trajectory, without losing as much heat, water
vapor, or aerosol. During winter months, the strong
high dominates.

The authors express their thanks to the nine GMCC
observers who compiled most of this data and to NOAA's
National Weather Service and the New Zealand Mete-
orological Service for sounding data. This research has
been supported in large part by National Science Foun -
dation grants DPP 76-23110 and ATM 71-00621.
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We are completing the reduction, internal consistency
evaluation, and analysis of a nearly continuous data set
regarding atmospheric processes and energy transfers
at the South Pole obtained between April 1975 and De-
cember 1977. In a manner similar to that reported pre-
viously (Carroll et al., 1977), we are evaluating these data
to determine the components of the surface thermal en-
ergy balance and related parameters over time scales
ranging from hourly to seasonal. We also are investi-
gating the dependence of these components on the local
synoptic conditions.

We are particularly interested in the apparent dis-
crepancy between long-term and short-term events.
Analysis of winter period data indicates that, averaged
for the season, the net radiative losses (R) at the snow
surface are nearly balanced by a downward sensible heat
flux (H) from the air, the upward flux of heat from the
snow being less than or about 10 percent of these losses.
However, this does not hold true over short time pe-
riods. It appears that the effects of periodic cloudiness
and of strong wind events near the surface cause large
fluxes of heat into the upper snow layers (depth less
than or about 0.5 meter) for short periods of time, fol-

lowed by slower radiative cooling of the upper region of
the snow during cloudless and lighter wind conditions.

To study the sensitivity of the energy balance com-
ponents to transient events, we have developed an at-
mospheric boundary layer model. This is a time-de-
pendent, one-dimension (vertical) model with bottom
slope, driven by a parameterized radiation budget, sub-
surface thermal conduction, a pressure gradient (con-
stant with height) defined by the geostrophic wind above
the boundary layer, and a gravitational acceleration
along the slope proportional to the vertical temperature
gradient. The radiation budget is defined by the solar
zenith angle, cloud height and amount, surface albedo,
and the temperatures of the surface and the atmos-
phere. The model excludes longwave radiative flux di-
vergence within the atmosphere. Turbulent heat and
momentum fluxes within the layer are calculated using
a simplified second-order closure scheme similar to that
of Brost and Wyngaard (1978). The model predicts the
surface energy balance components, boundary layer
depth, and related variables given steady or unsteady
radiation and pressure gradient.

Model experiments for polar night conditions show
that, for steady forcing (no cloud and constant geo-
strophic wind) and a reasonable but arbitrary initial
state, the layer structure and thermal fluxes become
nearly steady within 4 to 5 days. The layer time constant
(63 percent change) is less than or about 1 day. The
steady state is one in which the radiative losses are nearly
balanced by upward conduction from the deep snow
with H (downward sensible heat flux) small. The mag-
nitude of H depends on the speed of the geostrophic
wind and the angle between its direction and the fall
line.

The only unsteady cases examined to date involve the
turning of the pressure gradient—at fixed magnitude—
a finite amount over a finite period (e.g., 180 degrees
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in 12 hours) from an initially steady condition. These
experiments indicate that H increases in magnitude dur-
ing anticyclonic turning, reaching a maximum and then
decaying to a new steady state value consistent with the
new wind direction. With cyclonic turning, H is reduced
slightly. The period of altered H is the order of the
duration of turning plus one day. The magnitude of the
enhancement depends on the turning rate; for example,
with a turn of 180 degrees in 48 hours, it is twice the
steady value. The faster the turning, the greater the
magnitude of enhancement.

While these results are still preliminary, they appear
to be independent of the modeling assumptions. Further
work is required to study responses to other forms of
variability and to compare these simulations with obser-
vations. However, our work to date indicates that the
simulations are qualitatively realistic. We therefore con-
clude that the observed long-term near balance between

R (net radiative losses) and H requires that the boundary
layer forcing be unsteady and that the upper snow layer
must act as a short-term heat storage medium. For such
a layer, the diffusive time scale is about 3.5 days. There-
fore, if cloudiness and pressure field vary on time scales
of less than 3 days (which observation shows), most of
the heat gained at the snow surface is available to be
radiated away rather than to be conducted below the
first few tens of centimeters.

This research work has been supported in part by
National Science Foundation grant DPP 77-19362.
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During the austral summer season of 1978-79, we
completed field work on our study of atmospheric
chemistry at the South Pole. Over the past several years,
we have been collecting atmospheric particulate material
at the South Pole for chemical analysis (Duce, Zoller,
and Moyers, 1973; Zoller, Gladney, and Duce, 1974;
Maenhut and Zoller, 1977; Maenhut, Zoller, and Duce,
1979; Maenhut, Zoller, and Coles, 1979). During this
season, our major activities were aircraft sampling, sum-
mer sampling at the South Pole, and sampling on Mount
Erebus.

We performed the aircraft sampling aboard the LC-
130 Hercules. Clifford Weisel had installed our sam-
pling equipment on the plane at the beginning of the
season. We also collected samples on the flight across

the Pacific to New Zealand and on the trips between
New Zealand and Antarctica.

We spent several days collecting samples of volcanic
deposits from the summit of Mount Erebus volcano on
Ross Island. These yellow-white deposits contain some
sulfur (approximately 1 percent), but most of the salt
appears to consist of complex metal halides condensed
either from the volcanic plume or from gases seeping
through porous materials on the upper slope of the cra-
ter. Some of the deposits obviously have been formed
through interactions of acidic volcanic gases with the
rocks. Preliminary data from plume samples collected
by the LC-130 aircraft and on the rim indicate that
Mount Erebus is potentially an important source for vol-
atile species in the pristine antarctic atmosphere.

We also did some sampling at a remote site 5 kilo-
meters from main Amundsen-Scott (South Pole) Station
during the last portion of December and January. At
the end of the austral summer season, we moved the
remote site to the station for storage. To keep the clean
air quadrant intact, this station will not be used upwind
of the South Pole clean air facility (CAF) in the future.
Because of the problems of contamination, the clean air
quadrant must be off limits to all personnel. The oper-
ation of the CAF equipment was then turned over to Na-
tional Oceanic and Atmospheric Administration (N0AA)
personnel currently collecting air filters for our group.
This program will continue as a routine part of the NOAA
global monitoring program. Additional ice samples were
collected from the shallow ice pit for chemical analysis.

Byard Mosher managed our operations at the South
Pole during the austral summer season, after the de-
parture of Gary McGregor, the winterover scientist.

Our studies have indicated that there are four groups
of elements found in antarctic aerosols. These groups
have been found to relate to sea salt, crustal dust, strat-
ospheric sulfate, and the volatile elements. The volatile
elements are found far in excess of what we would ex-
pect from either crustal weathering or sea salt and may
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