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Since the springtime ozone depletion over Antarctica was
first discovered by Farman, Gardiner, and Shanklin (1985),
there have been extensive measurements to understand the
underlying causes and the temporal and spatial structure of
the ozone hole. These measurements have indicated that ozone
depletion is caused by a catalytic chemical reaction between
ozone and chlorine, and that polar stratospheric clouds play
a pivotal role in conditioning the stratosphere for these reac-
tions. As part of this effort, we have used balloons to make
vertical soundings of ozone, temperature, and aerosol in the
spring at McMurdo Station since 1986. These measurements
have been recently summarized by Deshler et al. (1990) and
Hofmann and Deshler (1991). The ozone soundings taken dur-
ing these years have defined the vertical structure of the ozone
cavity and the rate of ozone depletion. The following similar-
ities have been observed. Ozone profiles in late August, just
after the first midwinter flights to McMurdo, are normal; how-
ever, ozone depletion soon begins between 20 and 22 kilo-
meters and then proceeds to lower altitudes. Primary ozone
depletion occurs rapidly in September such that by October
most of the ozone between 12 and 20 kilometers has been
removed. By the middle of October, the total amount of ozone
has been reduced to about half of its initial value. Recovery of
ozone then begins in late October at altitudes near 20 kilo-
meters with the influx of ozone rich air from the mid latitudes
as the polar vortex breaks up.

Aerosol measurements during these years have indicated
that upward motion is not occurring in the polar vortex and
that a condensation nuclei layer forms near 24 kilometers, just
above the ozone depletion region, beginning in early Septem-
ber. In 1987, efforts began to develop an aerosol counter sen-
sitive to the low concentrations of large particles which occur
in polar stratospheric clouds. This effort culminated in the new
aerosol counter used in Antarctica in 1989 and which allowed
us, for the first time, to resolve particle concentrations in the
region between 0.5 and 1.0 micrometers.

Ozone and temperature profiles were measured in 39 bal-
loon flights at McMurdo Station from 23 August to 30 October
1989. Optical particle counters were included on four flights
to measure condensation nuclei (radii = 0.01 micrometers) and
five flights to measure polar stratospheric cloud particles with
the new high-flow-rate aerosol counter (radii = 0.15 microm-
eters to radii = 5.0 micrometers).

In 1989, as in previous years, ozone depletion occurred in
the 12-20-kilometer layer, was episodic, occurring rapidly in
two periods of less than 5 days, appeared to be tied to tem-
peratures below - 70 °C, and recovered initially above 20 kil-
ometers with an influx of ozone-rich air from mid latitudes
(Deshler et al. 1990). The rates and absolute magnitudes of
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Figure 1. Comparison of 1986-1989 total and 12-20-kilometer col-
umnar ozone, from integration of ozone soundings, and 18±1 kil-
ometer average ozone mixing ratio and temperature over McMurdo
Station. (km denotes kilometer. ppmv denotes parts per million by
volume.)
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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.
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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.
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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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