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The antarctic ozone hole has generated much interest in the
composition and dynamics of the antarctic middle atmosphere.
Ground-based measurements from the interior of the continent
in winter are rare. In this article, we present lidar measure-
ments of polar stratospheric clouds and mesospheric sodium
profiles made on 25 June 1990 at the South Pole.

The University of Illinois at Urbana-Champaign (UIUC) so-
dium lidar was installed at the Amundsen-Scott South Pole
Station in December 1989. The lidar is composed of a flashlamp-
pumped tunable dye laser that is tuned to 589 nanometers and
a receiving system based on a 35-centimeter Cassegrain tele-
scope. The system configuration was developed in 1986 for an
airborne lidar campaign. Because the receiving system includes
an astronomical-quality telescope and narrowband etalon fil-
ters, the lidar can make measurements during both the day and
night. The etalon subsystem and its controller were designed
by Fred Roessler and John Harlander from the University of
Wisconsin. Although the UIUC sodium lidar does not include
a large telescope nor the latest in laser technology, it is a rugged
and reliable system capable of measuring aerosol, stratospheric
temperature, and mesospheric sodium profiles. Figure 1 shows
the total integrated photocount profile for 25 June 1990. The
profile shows enhanced scattering from polar stratospheric
clouds between 15 and 25 kilometers. Molecular scattering de-
cays with altitude up to 65 kilometers. Resonant scattering from
the sodium layer is evident from 75 to 110 kilometers.

Gardner, Sen,ft, and Collins installed the system at South
Pole during December 1989, and Collins wintered over to op-
erate the system, with assistance from Sliter, through October

1990. The lidar was operated during cloud-free conditions, from
17 December 1989 until 28 October 1990. A total of 420 hours
of lidar measurements were obtained.

Polar stratospheric clouds first formed in the last 10 days of
May. Initially these clouds formed in thin layers about 1 kilo-
meter thick close to an altitude of 22 kilometers. By mid-June,
polar stratospheric clouds had formed distinct layers 1-3 kilo-
meters thick over the entire 12-28 kilometer altitude region.
This structure is illustrated in figure 2, with backscatter profiles
plotted at 30-minute intervals over a 15-hour period. The fine
vertical structure evident on 25 June is typical of that observed
throughout the austral winter until September. Little change in
this vertical structure can be seen over the 14-hour observation
period, indicating that the clouds, as they are moved overhead
by advection, cover a wide horizontal expanse. By mid-Septem-
ber, with the return of sunlight to the antarctic stratosphere
and rising temperatures, the polar stratospheric clouds dissi-
pated. Thin, broken polar stratospheric clouds were observed
until mid-October.

Previous observations of the sodium layer have been limited
to interferometric, and lidar studies at Syowa station (69°S). The
sodium column abundance of approximately 6 x 10 atoms per
square centimeter is typical of that observed at Syowa in 1985
(Nomura et al. 1987), but lower than that observed at Svalbard
(78°N) in January 1987 (Gardner, Senft, and Kwon 1988) and at
Urbana (40°N) over a 6-year period (1980-1986) (Gardner et al.
1986). The height of the layer centroid, approximately 89 kilo-
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Figure 1. Total lidar photocount profile 25 June 1990. Scattering
from polar stratospheric clouds, the neutral atmosphere, and me-
sospheric sodium are evident. (km denotes kilometer.)
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Backscatter Profiles, 25 June 1990
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Figure 2. Sequence of polar stratospheric cloud backscatter profiles. The profiles are plotted at 30-minute resolution. There is no appre-
ciable change In the fine vertical structure over the 15-hour observation period, indicating the large spatial scales of the clouds. (UT
denotes universal time. km denotes kilometer. Na denotes sodium.)
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Figure 3. Sequence of sodium profiles. The profiles are plotted at 20-minute resolution, and the peak density is 5,000 atoms per cubic
centimeter. The strong variation in the bottom side of the layer may be a tidal effect. Appearance of sodium as low as 74 kilometers altitude
Is evidence of the strong downwelling over the South Pole in winter. (UT denotes universal time. km  denotes kilometer. Na denotes sodium.)
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meters is comparable with Syowa and Svalbard for mid-winter,
but significantly lower than at Urbana. The lower edge of the
sodium layer extends as low as 74 kilometers, an observation
that has not been reported from any other sites. The extremely
low centroid is probably caused by strong downwelling over
the South Pole in winter. The root mean square width of the
layer approximately 5 kilometers is comparable to values re-
ported at Syowa, Svalbard, and Urbana. Sodium profiles are
plotted at 10-minute resolution in figure 3. There is a strong
variation in the bottom side of the layer with a period close to
12 hours. This 12-hour variation may well be connected to the
semi-diurnal tide propagating into the polar regions. The phase
progressions typical of gravity wave activity in the sodium layer
(Gardner and Voelz 1987) are evident. From the sodium density
profiles, it is possible to deduce the relative atmospheric den-
sity and horizontal wind perturbations. The value of the root
mean square horizontal wind perturbations of 26 meters per
second is typical of that observed at Urbana at mid-winter
(Senft and Gardner in press).
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Antarctic automatic weather stations:
Austral summer 1990-1991
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The National Science Foundation's Division of Polar Pro-
grams places automatic weather station units in remote areas
of Antarctica in support of meteorological research and opera-
tions. The automatic weather station data are collected by the
ARGOS Data Collection System on board the National Oceanic
and Atmospheric Administration series of polar-orbiting satel-
lites. Stearns (1987) gives the history of the automatic weather
station locations in Antarctica up to 1988. Stearns and Weidner
(1988, 1989, 1990) continue the history through 1990.

The basic unit measures air temperature, wind speed, and
wind direction at a nominal height of 3 meters above the surface
and air pressure at the electronics enclosure. (See table 1.) Some
units measure relative humidity at 3 meters and the air tem-
perature difference between 3 meters and 0.5 meters above the
surface at the time of installation. One unit was equipped to
measure eight levels of snow temperature.

The automatic weather station units are located in arrays for
meteorological experiments and operational support. (See table
2.) Some of the areas supported are:
• Barrier wind flow along the Antarctic Peninsula and the

Transantarctic Mountains;
• Katabatic wind flow down the slope to the Adélie Coast,

Reeves Glacier, Byrd Glacier, and Beardmore Glacier;

• Mesoscale circulation and the sensible and latent heat fluxes
on the Ross Ice Shelf;

• Climatology of Byrd, Siple, and Dome C stations;
• Oceanography in the Ross Sea;
• Meteorological support for flight operations at McMurdo,

Antarctica; and
• Monitoring for possible station locations and aircraft landing

sites.
Stearns and Wendler (1988) give examples of the research

carried out using the automatic weather station units in Ant-
arctica. Savage and Stearns (1985) present climatological infor-
mation collected by the units in Antarctica. The automatic
weather station data are available at 3-hour intervals on floppy
disks starting in 1980. The yearly data books contain the 3-
hourly data and monthly summaries. The data books still in
print are Sievers, Weidner, and Stearns (1988); Keller, et al.

Table 1. Meteorological variable, sensor, and
resolution for the polar automatic weather stations.

The pressure sensor drifts less than 0.2 millibars per year.

Variable	 Sensor	 Resolution

Air pressure	Parascientific model 215	0.05 millibar
Air temperature	Platinum resistance thermometer 0.125 °C

0.25 meters per
Wind speed	Belfort aerovane model 123	 second
Wind direction	Belfort aerovane model 123	20
Relative humidity Vaisala HMP-31 UT	 1 percent
Temperature

differences,
air and snow	Two thermocouple junctions	0.05 'C
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