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As part of the international effort to understand the causes
and rates of the springtime ozone depletion that occurs over
Antarctica, the University of Wyoming has been measuring
vertical profiles of ozone, temperature, and polar stratospheric
cloud particles in late winter and early spring at McMurdo
Station since 1986 using balloons. These measurements provide
a solid observational base to characterize the vertical and tem-
poral characteristics of the process of ozone destruction, and
to define the particle size distribution and formation tempera-
tures of polar stratospheric clouds, which are an important
ingredient in preparing the stratosphere for ozone destruction
as sunlight returns in late winter (Solomon 1990).

In 1990, the balloonborne measurement campaign began on
25 August and continued until 3 November 1990. During this
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Figure 1. Profiles of ozone(0 3)partial pressure at McMurdo Station,
Antarctica. The initial sounding, 25 August 1990, is compared with
the one at maximum depletion, 9 October 1990. (km denotes kilo-
meter. mPa denotes mitlipascals.)

period, 40 ozone and temperature profiles extending to ap-
proximately 32 kilometers were measured. Instruments were
also included on six flights to measure polar stratospheric
clouds, two flights to measure condensation nuclei, and two
flights, to measure water vapor.

The ozone measurements indicated again the severity of
ozone depletion over Antarctica (Deshler and Hofmann 1991).
At maximum depletion on 9 October approximately half the
total column of ozone had been destroyed. In figure 1 the initial
ozone sounding of the season is compared with the sounding
taken at maximum depletion. The large change in the ozone
profiles shown in figure us similar to 1987 and 1989, but the
almost complete destruction of ozone between the altitudes of
15 and 16.5 kilometers is new.

The temporal and vertical character of ozone depletion in
1990 was similar to the two previous worst years on record,
1987 (Hofmann et al. 1989) and 1989 (Deshler et al. 1990), mark-
ing the first time that severe ozone depletion was observed 2
years in a row. Figure 2 compares October average ozone and
temperature soundings for the years 1986 through 1990. Al-
though 1987, 1989, and 1990 were similar in the amount of ozone
destroyed, the altitude of maximum depletion decreased from
16.5 to 15 kilometers. In each of these years, the altitude of
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Figure 2. October average temperature (in degrees Celsius) and
ozone(03)soundings from 1986 to 1990, compared with an average
of the five initial soundings for these years. Temperature profiles
are the left family of curves with scale at the bottom. Ozone mixing
ratio profiles, in parts per million by volume (ppmv), are the right
family of curves with scale at the top. (km denotes kilometer.)
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maximum depletion corresponds directly with the altitude of
the minimum temperature. Although similar temperature pro-
files were observed in 1989 and 1986, ozone depletion was
nearly twice as great in 1989 compared with 1986. The coldest
October was 1987, although 1990 had similar temperatures;
however, the October average ozone-mixing ratio reached its
lowest value in 1990, thus replacing 1987 as the worst year of
the record.

In 1990, we also had the opportunity to collaborate with
Italian scientists who made lidar measurements from 30 August
to 11 October at McMurdo. Lidar can measure the presence and
altitude of polar stratospheric clouds that are thought to be
composed of a nitric acid trihydrate. By comparing lidar mea-
surements of the existence of polar stratospheric clouds with
our temperature measurements, which are in turn compared
with laboratory predictions of condensation temperatures for

nitric acid trihydrate (Hanson and Mauersberger 1988), we were
able to establish threshold values for the amount of nitric acid
present in the stratosphere in 1990. An example of this com-
parison is shown in the right-hand panel of figure 3. From a
comparison of 21 soundings, polar stratospheric cloud layers
were observed by lidar only when temperatures were below
condensation temperatures for air containing 2 parts per mil-
lion by volume water and 1 part per billion by volume nitric
acid (Gobbi et al. 1991). Since water vapor measured at Mc-
Murdo on two occasions in 1990 was found to be near 2 parts
per million by volume (Hofmann, Oltmans, and Deshler 1991),
this comparison indicates that the 1990 antarctic stratosphere
was highly denitrified when measurements began on 30 Au-
gust.

In the left-hand panel of figure 3 are measurements from a
particle counter flight within 13 hours of the lidar sounding.
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Figure 3. Aerosol concentration per cubic centimeter (cm 3), in eight size ranges (left-hand panel), and temperature in degrees Kelvin and
lidar profiles (right-hand panel) on 6 September 1990, at McMurdo Station, Antarctica. The aerosol concentrations are for particles ^- 0.01
micrometer (gm) (condensation nuclei) to ^! 5.0 micrometer radius. The dashed lines at 0.15, 0.25, and 0.5 micrometer are smoothed curves
for the antarctic background sulfate aerosol at those sizes, determined on 21 September. The smooth temperature curves are calculated
condensation temperatures for water, ice, and nitric acid trihydrate (NAT) (Hanson and Mauersberger 1988). The solid (dashed) lines are
for 3 (2) parts per million by volume (ppmv) water and for this amount of water with 1 and 5 parts per billion by volume nitric acid (HNO3).
The lidar scattering ratio measured 13 hours after the aerosol sounding is on the right of the right-hand panel, with scale at the top.
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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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