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Strong surface winds in Adélie Land were first recorded by
Douglas Mawson early this century; however, relatively little
was known about these katabatic winds, because observations
were limited to manned coastal stations. Inland data sets were
sparse and of short duration.

In the late seventies, Stanford Research Institute (A. Peter-
son) and the University of Wisconsin (C. Stearns) developed
the automatic weather stations which report over satellite
(Stearns and Wendler 1988). An automatic weather station
array of six stations was established from close to Dumont
d'Urville up to Dome C at 3,280 meters altitude, some 1,080
kilometers inland from the coast. The location of these stations
can be seen from figure 1 and the table. One of these stations,
D17, recorded for only a short period of 7 months; however,
for the other stations, data for up to 9 years (1980 to present)
are available. These stations measure temperature, atmos-
pheric pressure, and wind speed and direction besides some

non-meteorological elements. The recording height is 1.5 to
2.5 meters above the surface, and the data are transmitted by
satellite. (Stearns 1982; Weidner 1987).

In figure 2, the mean annual wind speed over the period
1980 to 1988 is plotted against the distance from the coast. It
can be seen that the winds at Dome C were very light. A
comparison with other long-term inland stations shows that
Dome C experiences the lowest wind speed of all inland sta-
tions of Antarctica. A mean annual value of 3.2 meters per
second was observed with no pronounced annual cycle. This
is unique, because a freely exposed station at a height of 3,280
meters on any other continent would have a higher wind speed:
it is caused by the flat terrain and a strong surface inversion.
Over flat terrain no gravity flow can develop and furthermore
the surface inversion hinders the circulation of the free at-
mosphere from reaching the surface. The wind speed steadily
increased for more than 900 kilometers when going down the
slope. On the average, the lower-lying station D47 had a 19
percent stronger wind speed than D57. Somewhere between
D47 (105 kilometers from the shore) and D17 (some 12 kilo-
meters from the shore), the maximum wind speed occurred.
When going closer to the shore, the wind speed decreased
again, and D10, located 5 kilometers from the ocean, had a 23
percent less strong wind than D17. From the fact that the
highest station had the lowest wind speed the influence of the
gravitational flow can be judged. The fact that the stronger
windspeed was not observed at the coast agrees with the model
calculations and shows the strong influence of slope angle.
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Figure 1. Area maps of Adélie Land with the locations of manned and automatic weather stations.
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Wind direction "constancy" for five automatic weather stations in Adélie Land, East Antarctica.

Station:	 D10	 D47
Latitude:	 66°42S	 67°23'S
Longitude:	 13948'E	 13843'E
Altitude (in meters):	 240	 1,560

January	 0.91	 0.92
February	 0.93	 0.95
March	 0.94	 0.93
April	 0.94	 0.90

May	 0.94	 0.92
June	 0.90	 0.95
July	 0.90	 0.92
August	 0.92	 0.93

September	 0.92	 0.90
October	 0.91	 0.93
November	 0.83	 0.92
December	 0.85	 0.90

Annual	 0.91	 0.92

D57	 D80	 Dome C
681 1'S	 7001 'S	 7430'S

137032'E	 13443'E	 12300'E
2,100	 2,500	 3,280

0.93	 0.83	 0.43
0.94	 0.84	 0.40
0.93	 0.88	 0.36
0.92	 0.94	 0.56

0.90	 0.97	 0.52
0.83	 0.86	 0.52
0.93	 0.85	 0.46
0.95	 0.90	 0.44

0.92	 0.91	 0.57
0.94	 0.80	 0.41
0.89	 0.86	 0.61
0.90	 0.83	 0.57

0.91	 0.87	 0.49

Another indication that the entire slope area is under the
influence of gravitational flow can be found in the annual
variation in wind speed. For all slope stations, we found an
annual course which showed winter values about 30 percent
stronger than summer ones. Dome C, however, does not show
any systematic annual variation. Actually, the highest monthly
wind speed was observed in summer. This might be explained
by the fact that during this time the surface inversion was the
weakest, and the upper air wind speed could penetrate through
the planetary boundary layer to the surface.

With the exception of Dome C, all slope stations showed a
strong constancy (q) in wind direction which is defined as the
ratio of the magnitude of the mean wind vector to the scalar
average wind speed (table). A value of 1.0 means that the wind

blows from only one direction, whereas a value 0.0 means that
the winds for opposite directions with equal strength are equally
frequent. There is, of course, no place in nature where a value
of 0.0 is found, since the general circulation has preferred
directions. The strong directional constancy with monthly mean
values of around 0.9 indicates that the downslope gravitational
flow is the major determining factor for all slope stations, and
that cyclonic disturbances have only a slight modifying effect
for these stations. Only for Dome C was much more variation
in wind direction observed. There is a slight diurnal and annual
variation in direction. At night and during the winter, when
the gravitational force was stronger, a somewhat more down-
ward component was observed, while during daytime and
summer, a more cross-slope component was found.

Annual Mean Wind Velocity for AWS stations in Adelie Land
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Figure 2. A profile of the mean annual wind speeds (1980-1988) from the coast to Dome C, some 1,080 kilometers inland. (AWS denotes
automatic weather stations. m/s denotes meters per second. km denotes kilometer.)
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The strong directional constancy in the wind is understand -
able for the whole winter and the summer nights, because at
that time the surface energy budget is negative (Wendler, Ish-
ikawa, and Kodama 1988). During daytime in midsummer,
however, the radiation budget becomes positive despite the
high surface reflectivity, destroying or at least severely weak-
ening the inversion (Kodama, Wendler, and Ishikawa 1989.
How can we explain the constancy in wind direction during
these times? Measurements through the boundary layer, car-
ried out at several places along the slope, reveal that while it
is relatively warm over the coastal areas, it is cold over the
antarctic continent itself. A temperature gradient of 2.5°C per
100 kilometers was found, which generates a geostrophic wind.
This wind, which flows in the same direction as the katabatic
wind, can explain the midsummer constancy in wind direction.
Other studies carried out recently concerned themselves with
the atmospheric turbidity, which appeared low and un-
changed over the last 30 years (Wendler and Ishikawa 1988)
and with blowing snow (Wendler 1988, 1989), a very wide-
spread and common occurrence in the coastal areas of Adélie
Land, a manifestation of which are the large sastrugi fields.

This study was supported by National Science Foundation
grant DPP 87-14828. My thanks go to many people from the
U.S. Antarctic Research Program and Expeditions Polaires

Françaises, without whose help this study could not have been
carried out.
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It is generally assumed that for several thousand years prior
to 1950 an approximate equilibrium existed between the pro-
duction of carbon-14 (' 4C) by cosmic rays in the atmosphere
and the natural decay associated with the ' 4C half-life of 5,730
years. Another recent source of production is from fusion bomb
tests in the atmosphere, especially those conducted during the
1950s and the more massive 1961-1962 tests which perturbed
the natural equilibrium. Most of the atmospheric 14C exists

mainly as 14CO2 (Eisenbud 1987). In addition, nuclear reactors
release some 14C.

In collaboration with the National Science Foundation, Di-
vision of Polar Programs, the National Oceanic and Atmos-
pheric Administration Air Resources Laboratory (Geophysical
Monitoring for Climatic Change) collected whole-air samples
at the Amundsen-Scott South Pole Station since 1964 for the
purpose of measuring atmospheric 14C in carbon dioxide. The
samples taken between 1964 and 1968 were collected in co-
operation with the National Weather Service, analyzed by the
Argonne National Laboratory, and reported in the Department
of Energy, Health and Safety Laboratory report, HASL-243
(Telegadas 1971). Subsequent 14C measurements for 1972 through
1987 analyzed in Miami are reported here.

From 1972 to 1987, 6-day whole-air samples were collected
in stainless steel, 900-cubic-inch spheres pressurized to 3,000
pounds per square inch to obtain carbon dioxide aliquots. Ex-
traction of the carbon dioxide was made prior to the shipment
to Miami. Nine liter-atmospheres of carbon dioxide gas are
required to fill the carbon-14 counting tubes for precision 14C
counting. Since most aliquots contained only about 1 liter of
carbon dioxide, it was necessary to combine the discrete sam-
ples provided. Corrections for the measured 13C isotopic com-
position of the sample were made and the units of the reported
values are the per mu (A 14C) deviation from the National Bu-
reau of Standards standard, which was age corrected to the
year 1950. (Earlier South Pole Station data, 1964-1968, were
corrected in the same fashion.) Further details of the laboratory
analyses are not within the scope of this report but can be
obtained by writing to Cöte Ostlund.

The South Pole Station 14C measurements in per mil appear
in the figure along with measurements for the period 1963-
1980 from northern Norway (Nydal and LOvseth 1983); all val-
ues are on the scale ( 14C), also see Levin et al. 1985. A few
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