
Clearly the polar stratospheric cloud layer at 15 kilometers is
measured by both the lidar and particle counter. Comparisons
of the lidar scattering ratio with the scattering ratio calculated
from particle-counter measurements has provided information
on the shape and composition of polar stratospheric cloud par-
ticles (Deshler et al. 1991).

J. Hereford, S. Gabriel, and K. Hofmann were at McMurdo
from 22 August to 3 November, and T. Deshler from 22 August
to 5 October. This work was supported by the National Science
Foundation grant DPP 87-15913. The lidar measurements were
funded by the Italian Antarctic Program under the FAADR
grant. A. Adriani, G. Gobbi, S. Ugazio, and M. Viterbini were
at McMurdo from 21 August to 14 October 1990.
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This paper describes research performed during austral win-
ter 1990 taking balloonborne measurements of polar strato-
spheric clouds and frost point in the nighttime stratosphere
over Amundsen-Scott South Pole Station. Scientists believe that
polar stratospheric clouds help establish conditions for ozone
destruction by removing nitric acid from the vapor phase and
by providing a surface on which chlorine compounds can be
activated. Since polar stratospheric clouds form only at rela-
tively low temperatures, the South Pole clearly is one of the
most auspicious sites to study these clouds: the lowest strato-
spheric temperatures, as well as significant ozone depletion,
occur there.

A newly developed balloonborne instrument, a backscatter-
sonde, was used to obtain the polar stratospheric cloud profiles.
This instrument, described by Rosen and Kjome (1991a), has
been used to study polar stratospheric clouds in the north polar

vortex (Rosen, Oltmans, and Evans 1989) as well as to monitor
stratospheric aerosols at midlatitude. The data product gener-
ated by the backscattersonde is similar to that produced by lidar
systems. A balloonborne frost-point sensor with a successful
record in the Arctic and Antarctic also was used in this project
(Rosen et al. 1988; Rosen, Oltmans, and Evans 1989; Rosen,
Kjome, and Oltmans 1990).

The 1990 effort resulted in fewer soundings than initially
anticipated, but in general, the program was successful. Major
findings were published by Rosen and Kjome (1991b).

Preliminary results obtained with the frost-point sensor
showed that the entire troposphere and stratosphere inside the
vortex become saturated as the atmosphere gradually cools.
From combined frost-point and backscattersonde results, we
can deduce that continued cooling in winter causes not only
extensive polar stratospheric cloud formation but also signifi-
cant dehydration and denitrification in the stratosphere. The
extent to which dehydration and denitrification are exported to
higher latitudes is an important question and needs to be ad-
dressed by soundings from other locations.

A second effort was carried out at the South Pole in austral
winter 1991. Research was conducted to obtain more extensive
data on water vapor and polar stratospheric cloud development
at selected critical periods. Soundings during initial polar strat-
ospheric formation in May will define the necessary conditions
for type I and type II polar stratospheric clouds. Monitoring
characteristic low winter stratospheric frost points during
spring warming and final stages of the winter vortex provided
a measure of the permeability of the vortex "bottle."

This work was supported by the National Science Foundation
under grant DPP 88-16563. Fred Schrom and Carl Groeneveld
were primarily responsible for instrument preparation and
launching of the balloons at Amundsen-Scott Station. They
were assisted by David Ayers and Kitt Hughes. Their efforts
are greatly appreciated.
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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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