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ozone depletion in 1989 were similar to 1987, the most severe
ozone depletion on record. A time history of ozone and tem-
perature in the spring is shown in figure 1 for the years 1986-
1989. In both 1987 and 1989, almost complete destruction of
ozone was observed at times between 15 and 18 kilometers.
Vertical profiles of ozone partial pressure (in nanobars) in
1989 for the initial sounding and at maximum ozone depletion
are shown in figure 2. Warming and breakup of the polar vortex
limited the duration of ozone depletion in 1989. Comparison of
1987 and 1989 suggests that only certain minimum meteorological
conditions are required for chemical destruction of ozone to pro-
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 2. Comparison of profiles of ozone partial pressure (in na-
nobar) at the height of ozone depletion, 20 October 1989, with the
Initial sounding on 23 August 1989. (mb denotes millibar. km  de-
notes kilometer. nb denotes nanobar.)

ceed to completion and that prolonging those conditions would
probably not lead to significant further depletion.

Balloon flights with optical particle counters, covering the
size range from radii = 0.15 to 5 micrometers, and with con-
densation nuclei counters were used to characterize the polar
stratospheric cloud size distribution under varying tempera-
ture conditions. The new particle counter, with size resolution
in the 0.5-micrometer radius region, produced the most de-
tailed size distributions of polar stratospheric clouds obtained
to date. These data indicate that cloud size distributions are
always bimodal. The small particle mode represents the normal
stratospheric sulfate aerosol or condensational growth en-
hancements of it. The large particle mode was observed at
concentrations 3 to 4 orders of magnitude lower than the small
particle mode, and at temperatures consistent with the con-
densation of nitric acid trihydrate, according to the laboratory
measurements of Hanson and Mauersberger (1988). These po-
lar stratospheric cloud measurements will help define the sur-
face area available for the chemical conditioning of the
stratosphere which is necessary for ozone depletion to occur.

J. V. Hereford and C. B. Sutter were at McMurdo Station from
22 August to 30 October, D.J. Hofmann and T. Deshler from
22 August to 5 October, and K. Harper from 3 to 30 October.
This work was sponsored by the National Science Foundation
grant DPP 87-15913.
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Infrared atmospheric
absorption and emission

measurements
FRANK J. MURCRAY and RENATE HEUBERGER

Department of Physics
University of Denver

Denver, Colorado 80208

The atmospheric research group of the University of Denver
has measured atmospheric composition with infrared tech-

niques for several years. With the detection of the ozone hole,
interest increased in the amounts of nitric acid and hydrogen
chloride as well as other molecules that play an important role
in the ozone chemistry.

During the austral spring, a program was conducted in col-
laboration with the New Zealand Department of Scientific and
Industrial Research. The instrument was set up and operated
by Brian McNamara of the Department of Scientific and In-
dustrial Research and Renate Heuberger of University of Den-
ver. Solar spectra were obtained at Arrival Heights with the
same interferometer system used during the 2 previous years.
The use of two detectors enabled data collection in two dif-
ferent wave number regions, 750-1,250 per centimeter and
2,700-3,100 per centimeter.
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Besides nitric acid (HNO3) and hydrogen chloride (HC1) col-
umn densities were observed for fluorocarbon-11 (CF2C12),
fluorocarbon-12 (CFC13), methane (CH4), nitrogen dioxide (NO2),
nitrous oxide (N20), chlorine nitrate (C1ONO 2), and ozone
(03).

The data were taken from 3 September to 6 November. In
the second half of October, the sky was often overcast and
storms made measurements impossible, while in September
conditions were exceptionally good and spectra could be taken
regularly during the time when the ozone hole occurred.

In December, a second project started at Amundsen-Scott
South Pole Station. Frank Murcray and Renate Heuberger of
the University of Denver installed an emission spectrometer
on the roof of Skylab to obtain data for water, carbon dioxide
(CO2), ozone, fluorocarbon-11 and -12 and nitric acid in the
wave number region from 600 to 1,500 per centimeter.

The instrument will run during the winter, monitoring the
change in concentration of the components during the long
absence of sunlight.

The measurements are fully automated and require a min-
imum of attention. A control program on a COMPAQ 286 PC
starts data collection every 17 hours. The valve of a Joule-
Thomson cryostat is opened and nitrogen cools the detector
to 78° Kelvin. A plane mirror is rotated to four different po-
sitions, two blackbodies of different temperatures and two sky
elevation angles of 15 and 45 degrees. The data are recorded
on the computer's hard disk or on floppy disks which need to
be exchanged once every 2 weeks.

The two outside blackbodies as well as an inside reference
blackbody are used for calibration. This allows one to obtain
the absolute radiance emitted by the atmosphere and its spec-
tral distribution. An example spectrum taken during the in-
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Spectrum of the atmosphere collected at South Pole, 5 December 1989 by the University of Denver radiometer. The view angle is 150. The
large emission on the left is due to carbon dioxide (15-micrometer band). The double bump around 1,000 per centimeter is the ozone
emission. Lines on the right are primarily water vapor.
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stallation and checkout period in December is shown in the
figure.

If the operation is satisfactory for 1 year the measurements
will be continued, otherwise the instrument will be retrieved
and returned to Denver for improvement.

Both projects were supported by National Science Foun -
dation grant DPP 86-10804 and the National Aeronautic and
Space Administration. The first project was also supported by
the New Zealand Department of Scientific and Industrial Re-
search and the New Zealand Antarctic Program.

A study of
polar stratospheric clouds

at the South Pole

J.M. ROSEN and N.T. KJOME

Department of Physics and Astronomy
University of Wyoming

Laramie, Wyoming 82071

S.J. OLTMANS

National Oceanic and Atmospheric Administration
Climate Monitoring and Diagnostics Laboratory

Boulder, Colorado 80303

This research is centered on balloonborne measurements of
polar stratospheric clouds and frost point in the nighttime
stratosphere over Amundsen-Scott South Pole Station. During
this time of year, satellite observations of polar stratospheric
clouds are not available. The water-vapor measurements will
help identify the processes important in the formation of polar
stratospheric clouds; in addition, they will detail the dehydra -
tion of the antarctic stratosphere. The polar stratospheric cloud
measurements are accompanied by simultaneous ozone meas-
urements using the same instrument package and digital-data
telemetry data system.

A project similar to the one described here is also being
conducted in the arctic from Alert, Northwest Territories, (82°N
61.5°W) (Rosen, Oltmans, and Evans 1989). The reader is re-
ferred to this other work for a more complete description of
the instrument and the nature of expected results. The bal-
loonborne polar stratospheric cloud observations are made with
a new instrument called a backscattersonde which has an end
data product very similar to that obtained by a 2-wavelength
lidar system. The frost-point measurements are made with a
cooled-mirror type device previously used in both the arctic
and antarctic.

As of this writing, the primary balloon-sounding phase of
the program is just beginning. Several test flights as well as
two data flights have been conducted and the resulting data
files have been successfully sent to Boulder, Colorado, by sat-
ellite for analysis. Instrumentation and supplies for approxi-
mately 17 more soundings are on hand for launching.

The initial results from the frost-point measurements sug-
gest that the entire troposphere inside the vortex becomes
saturated as the atmosphere gradually cools. In the strato-
sphere, the water-vapor mixing ratio is initially about 4 parts
per million by volume, but we expect to see this value decrease
during the course of the winter. Previous experience with the
frost-point sensor at McMurdo Station shows the stratospheric
water-vapor concentration to be in the 1-2 parts per million
by volume range at the end of winter suggesting a significant
dehydration of the stratosphere (Rosen et al. 1988).

It should be noted that the size of the instrument payloads
for this research project is three to four times larger than those
previously launched during the night at the South Pole Station
and requires a significant effort by the launch personnel work -
ing outside in very low temperatures. (In previous years, the
balloon and flight train could be prepared inside a small in-
flation shelter prior to launch.) As a side benefit, the experience
gained in this year's effort should provide critical new infor-
mation for designing an improved balloon-launch facility for
South Pole Station.

This work was supported by National Science Foundation
grant DPP 88-16563. Fred Schrom and Carl Groeneveld were
primarily responsible for instrument preparation and launch-
ing 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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