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For the early antarctic explorers, the often fierce winds of
Antarctica posed a real threat to life. For today's scientists the
wind is little more than an annoyance. To the meteorologist, it
presents a challenge. Where does the wind come from? Where
is it going and why? What are the implications for the weather
and climate of the region? Other disciplines share the mete-
orologists' interest. Glaciologists are unravelling the history of
climate in Antarctica recorded in layers of snow and ice. The
details of the transport mechanisms are important to under-
standing the transport of water as well as natural and man-made
gases and particles to the continent. Antarctica still has the
cleanest air on Earth. It is a unique laboratory for studying
man's impact on the atmosphere and on an important region of
the Earth.

From a meteorological perspective the antarctic continent is a
high, cold, and reflective dome. Air near the surface drains off
the antarctic dome much like water from a mountain. It is
channeled by valleys and glaciers, diverted by mountains, but it
ultimately "drains" off the continent and out over the surround-
ing ocean. During this drainage process, it is turned westward
by the Coriolis force and becomes part of the narrow band of
easterly winds that prevail along the antarctic coastal regions.
This drainage process is called katabatic flow. It occurs year
round but is stronger and more persistent in winter than in
summer (Parish 1982).

To make up for the air "lost" from the continent by the ka-
tabatic winds, there must be an equally large and continuous
supply of air to the continent. This supply comes from the
upper levels of the antarctic atmosphere (Rubin and Weyant
1963). This region is characterized by generally westerly winds.
They can be visualized as slowly spiralling poleward from about
65°S latitude and sinking toward the surface of the continent
until the air becomes part of the katabatic flow.

This over-simplified view of antarctic circulation has been
complicated by results of studies of antarctic atmospheric chem-
istry. It has become increasingly clear that there are marked
seasonal differences in the atmospheric chemistry at the South
Pole. The aerosol concentration in summer is higher than in
winter by a factor of 10 or more (Hogan and Barnard 1978). The

summer aerosol consists mainly of sulfate but also contains
significant amounts of aluminum and cosmogenic radionu-
clides (Cunningham and Zoller 1981; Maenhaut, Zoller and
Coles 1979). The presence of aluminum indicates that one
source for the summer aerosol is the weathering and suspen-
sion of exposed soils and subsequent transport poleward by the
circulation pattern described above. The presence of elevated
levels of sulfate and cosmogenic radionuclides indicates that the
stratosphere is also a source of aerosol to the surface of the
continent. Some of the sulfate may be of volcanic origin (Delmas
1982; Radke 1982). Mount Erebus is an active volcano less than
1,500 kilometers away from the South Pole. In winter the conti-
nental and stratospheric sources are much weaker. The aerosol
concentration at South Pole is reduced to just a few partcles per
cubic centimeter of air. The winter aerosol like the sumer aero-
sol consists mainly of sulfate, but the concentration of sodium
chloride is much higher in winter than in summer. This indi-
cates that sea salt is transported from the open ocean around
Antarctica to the pole. Similar seasonal effects have been ob-
served for carbon dioxide and ozone (U.S. Department of Com-
merce 1982). The influence of man can also be seen in the
presence of fluorocarbons and other antropogenic trace gases.

We started by asking where the wind comes from. Now our
question is the same, but the focus is different. What are the
relative strengths and time dependences of the continental, sea,
stratospheric, volcanic, and anthropogenic sources to the con-
tinent? What is the nature of the meridional flow from the
middle to high southern latitudes? Our approach is to release a
tracer at a time and place of our choosing to examine the merid-
ional transport of air to the continent.

Los Alamos National Laboratory has developed two at-
mospheric tracers capable of being detected at distances thou-
sands of kilometers from the point of release (Fowler and Barr in
press). The tracers, 12CD4 and 13 CD, are analogs of methane and
are called heavy methanes because they are made from car-
bon-13 and deuterium. The key to the use of these tracers at
such long ranges is the state-of-the-art mass spectrometry ca-
pability at Los Alamos. This capability allows the detection of a
few parts of tracer in 1018 parts of air.

The first release is planned for January 1984 with subsequent
releases in April and September 1984. The first two releases will
be of one tracer at about 18,000 feet altitude and at about 65°S
between New Zealand and Antarctica. The third release will be
a dual release of both tracers. One tracer will be released at the
surface while the other tracer will be released at about 18,000
feet.

Samples will be collected both on the ground and by aircraft.
Ground-level samples will be collected at Amundsen-Scott,
Palmer, and McMurdo Stations. Samples will also be collected at
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Halley Bay (United Kingdom), Dumont D'Urville (France),
Syowa (Japan), and Casey and Mawson (Australia) with the
cooperation of the personnel at these stations. The sampler
consists of a small pump that fills a plastic bag with air at a
constant rate. The bag is periodically emptied by a compressor
into a pressure vessel until the required amount of air (about 360
liters) is collected. Airborne sampling will be conducted by
piggybacking on VXE-6 LC-130 flights following the releases in
January and September 1984. These samplers will strip out any
heavy methanes that may be present in the air onto activated
charcoal at liquid nitrogen temperature. The past season
(1982-1983) was used to field-test prototype whole-air and
cryogenic samplers.

After collection, the samples will be returned to Los Alamos
for analysis. The tracer data will be interpreted in conjunction
with meteorological data to define the path taken by the tracer
from the release point to the sampling location.

Other participants in this effort include P. R. Guthals, A.
Mason, and W. Efurd. This project is supported by National
Science Foundation grant DPP 81-1562 and by the U.S. Depart-
ment of Energy. Los Alamos National Laboratory is operated by
the University of California for the U.S. Department of Energy.
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Katabatic wind in Adélie Land
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No other single phenomenon has such a strong influence on
the climate of a whole continent, as the katabatic wind has on
Antarctica. Because the reflectivity of snow is high, even during
the summer, little energy is absorbed at the snow surface, the
radiation budget is negative most of the time, and the air above
the snow is cooled. As a consequence, a thin layer of air is
steadily moving under the force of gravitation from the high
plateaus toward the periphery of Antarctica.

Although the katabatic wind has been described and studied
for many years (starting with Mawson 1915) better understand-
ing of the phenomenon has been hampered by a lack of observa-
tional data. It was possible to obtain either fixed-point data from
a manned station on a year-round basis or data from a traverse
that might have followed a "trajectory" of the wind, but the
latter ones were not collected simultaneously at different places
on the same slope.

* Deceased March 1983.

With the advance of technology in unmanned automatic
weather stations (Aws), this deficiency in data collection could be
overcome. Therefore, a joint U.S.-French experiment was de-
signed in Adélie Land, where strong downslope winds are
observed nearly continuously (Mather and Miller 1967). The
United States concentrated their measurements on the upper
slopes while the French made their measurements in the coastal
areas and telemetered their data to the year-round manned
station at Dumont d'Urville. The goals and results obtained so
far have been previously described (André et al. in press;
Gosink 1982; Poggi et al. 1982; Wendler and Kodama in press;
Wendler, Kodama, and Poggi 1982; Wendler and Poggi 1980) so
we will concentrate in this review on the work carried out
during the last year.

In the summer season of 1982-1983, a traverse with Expedi-
tion Polaries Francaises was made to service the previously
installed AWS and to establish one new station. Over-snow
vehicles were used because the area is too rough—large sastrugi
are formed by the strong winds (figure 1)—to carry out landings
with an LC-130 on an unprepared skiway. Besides the servicing
of the stations, our scientific goal was to obtain measurements
of the boundary layer during the traverse. Because our automat-
ic weather stations measure meteorological parameters at only
one height (about 3 meters above the surface) and the French
are using 20-meter towers with five levels of instrumentation,
measurements in the boundary layer were limited to the lower
levels. To extend these data, the French (Sennequier personal
communication) made measurements during January 1983 at a
fixed station (D10) near the coast, using drones and balloons,
while at the same time we moved up slope from sea level to
2,450-meter altitude, making measurements during the tra-
verse with an air-sonde system, which was carried either by kite
or by balloon.
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