
wavenumber region comparing May with July 1992. Steve
Warren of the University of Washington cared for our instru-
ment during his winter season.

In January 1993, Renate Van Allen from the University of
Denver went to South Pole Station. Several tests were done
with the help of one of the science technicians, Kathryn Price.
The field of view of the spectrometer was tested using a hot
source at different distances from the spectrometer. The ele-
vation angles of the sky measurements were verified, with a
minor correction to 16.2 0 for the nominal 150 position. Com-
parison of the electronic read-out of the heated blackbody
thermistors with a surface thermistor showed agreement to
within 0.3°C. These tests will enhance data reduction for this
season. The experiment has been running well, and no prob-
lems are anticipated for another winter.

Another year's data are important for several reasons,
even though the data of the previous season are very good.
The year 1992 is not a typical year concerning the atmos-
phere. The eruption of Mount Pinatubo caused a major
change in the chemical composition of the atmosphere, even
at a remote place such as the South Pole. The austral winter of
1993 should be more normal, and therefore, it will be very

interesting to compare observations of both winters. Also, the
National Oceanic and Atmospheric Administration's Wave
Propagation Laboratory will be conducting detailed measure-
ments of the surface boundary layer at the South Pole. Their
results will improve the climatological interpretation of our
measurements.

This work was supported by National Science Founda-
tion Division of Polar Programs grant OPP 89-17643 and by
the National Aeronautic and Space Administration's Upper
Atmospheric Research Program. The New Zealand National
Institute of Water and Atmospheric Research, Ltd., and the
New Zealand Antarctic Programme also supported this effort.
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Balloonborne measurements of ozone and aerosol profiles at
McMurdo Station, Antarctica, during the austral spring of 1992

BRYAN J. JOHNSON and TERRY DESHLER, Department ofAtmospheric Science, University of Wyoming,
Laramie, Wyoming 82071

E
ach austral spring, within the confines of the antarctic
polar vortex, ozone is destroyed at an unprecedented rate

by catalytic reactions with free chlorine. Farman, Gardiner,
and Shanken (1985) were the first to report the rapidly declin -
ing ozone levels, a decline that begins in September over
Antarctica and reaches the lowest total ozone in October.
Ensuing research has confirmed the theory (see Solomon
1990) that polar stratospheric clouds (PSCs), which form dur-
ing the winter in the extremely cold antarctic stratosphere,
provide the surface area for heterogeneous reactions between
stable chlorine compounds producing chloride (C1 2) and
hypochiorous acid (HOC). These molecules easily break
down into free chlorine when sunlight returns to Antarctica in
September.

The University of Wyoming has participated in monitor-
ing the development of the ozone hole over Antarctica each
year since 1986 (see, for example, Johnson, Deshler, and
Thompson 1992) by launching balloonborne instruments
from McMurdo Station to measure vertical profiles of ozone
and aerosol. PSCs are observed during the latter part of
August and early September when the coldest temperatures
(-80°C to -90°C) occur at altitudes from 18 to 22 kilometers
(km). Ozone depletion is usually confined to the main ozone

layer from 12 to 20 km in the lower stratosphere, often
exceeding 90 percent depletion within 1- to 2-km layers.

The inclusion of aerosol from the June 1991 eruption of
Mount Pinatubo into the 1992 polar vortex meant that 1992
would be a particularly interesting year for particle and ozone
measurements. The antarctic polar vortex had formed in the
winter of 1991, prior to the Mount Pinatubo eruption, so the
increased aerosol loading and the greatest impact on ozone
depletion were not expected over Antarctica until 1992. Mod-
eling studies by Prather (1992) predict that volcanic aerosol
[droplets of 60-80 percent sulfuric acid (H 2SO4), about 0.1
micrometer (.tm) in radius] may process chlorine in a manner
similar to PSCs, thus enhancing ozone depletion. Further-
more, volcanic aerosol provides an additional nucleation site
for the condensational growth of PSCs.

Thirty-four profiles of ozone, three condensation nuclei
profiles, and eight profiles of aerosol between 0.15 and 10.0
tm in radius, in eight size classes, were measured from 23

August through 31 October 1992. PSCs were observed from
the initial sounding in late August until the middle of Septem-
ber. Figure 1 shows the initial aerosol profile observed on 24
August for particles of radius r>0.15 tm to r>10 m. The
dashed line represents the background volcanic aerosol pro-
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Figure 1. The initial aerosol profile measured at McMurdo Station on 23 August 1992 compared with the volcanic background profile from 9
October (dashed lines). The corresponding temperature profiles are also given. The two straight lines represent typical condensation lines for
the formation of ice at 3 parts per million by volume water vapor, and nitric acid trihydrate at 2 parts per million by volume water vapor with 5
parts per billion by volume nitric acid. (hPa denotes hectopascals.)

file observed on 9 October after temperatures were well above
the saturation points for ice and nitric acid trihydrate. The
aerosol profiles were fit to bimodal lognormal size distribu-
tions to calculate surface areas at various altitudes. Between
12 and 16 km, where the bulk of the aerosol was located, the
peak surface areas ranged from 20 to 40 square micrometers
per cubic centimeter (tm2cm-3) from late August to the mid-
dle of September. This was approximately a factor of two
greater than the purely volcanic aerosol observed on 9 Octo-
ber. This surface area enhancement was believed to be the
result of condensation of nitric acid trihydrate on the volcanic
aerosol.

Of the 34 ozone profiles measured in 1992, three are
shown in figure 2. They include the initial profile on 24
August, the minimum ozone profile on 27 September, and
one profile from October depicting severe depletion within
the 12- to 16-km layer. Total ozone appeared to be advancing

toward a record low when it reached 158 Dobson Units (DU)
by 27 September. In past years, the minimum total ozone
(approximately 145 DU) has occurred during the first or sec-
ond week of October; however, on 29 September the polar
vortex elongated and shifted away from McMurdo Station.
This brought the wall or edge of the vortex closer to McMur-
do. Subsequent profiles, at altitudes above 20 km, were typi-
cally much warmer and nearly doubled in ozone concentra-
tions in comparison with profiles near the center of the vor-
tex, leaving 158 DU as the 1992 minimum. Below 16 km
though, it was apparent that ozone depletion was still occur-
ring. The 9 October profile in figure 2 shows that nearly all of
the ozone between 12 and 16 km was destroyed. This layer of
severe depletion, coinciding with the volcanic aerosol layer at
10-16 km, remained 80-97 percent depleted for most of Octo-
ber. A record low of 17 DU within the 12- to 20-km layer was
measured on 9 October at McMurdo.
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The 1992 measurements provide evidence that volcanic
aerosol does play a major role in ozone depletion, presumably
through the heterogeneous chlorine chemistry that occurs on
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Figure 2. The initial ozone profile observed on 24 August compared
with the minimum total ozone profile (27 September). On 9 October a
record low of 17 Dobson Units ozone was measured in the 12-20-km
layer. Ozone concentrations are in units of millipascals (mPa).

the additional surface area from the volcanic aerosol or by
acting as a nucleation site for additional growth of PSCs. The
decay of the volcanic aerosol in the stratosphere will reduce
the number of concentrations for the 1993 season but may
continue to have an impact on ozone depletion.

One of the essential areas of research related to the
chemistry of the ozone hole lies in understanding the growth
and composition of PSCs. Plans for future balloon flights, to
provide further information on PSCs, include flying particle
counters in conjunction with a nitric acid detector from the
University of Denver and with a balloonborne lidar from the
Italian lidar group at McMurdo.

L. Womack and J. Gonzales were at McMurdo Station
from 22 August to 15 October, T. Deshler from 22 August to 27
August, and B. Johnson and W. Rozier from 22 August to 3
November. This work was sponsored by National Science
Foundation grant OPP 90-17805.
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Field observations of stratospheric trace gases in support of
the upper atmospheric research satellite mission during the

antarctic spring of 1992
R.L. DE ZAFRA, Physics Department and Institute for Terrestrial and Planetary Atmospheres, State University of New York,

Stony Brook, New York 11794
L.K. EMMONS, M. REEVES, D. SHINDELL, and C. TRIMBLE, Physics Department, State University of New York,

Stony Brook, New York 11794

T
his research is intended to provide correlative data in sup-
port of instruments on the National Aeronautic and Space

Administration's (NASA's) upper atmospheric research satel-
lite WARS), as well as to gather independent data pertaining
to ozone loss during the antarctic spring season. We are par-
ticularly concerned with measurements of stratospheric chlo-
rine monoxide (CIO), which is the direct product of ozone
destruction by chlorine. Chlorine liberated by photolysis from
chlorofluorocarbons has been shown by direct measurement
to be the main cause of the springtime "ozone hole" over
Antarctica (de Zafra et al. 1987, 1989; Barrett et al. 1988;
Anderson, Brune, and Proffit 1989). The microwave limb

sounder (MLS) instrument on board UARS also measures
CIO. Both our ground-based instrument and the MLS detect
rotational emission from CIO molecules in the millimeter-
(mm-) wavelength spectral region.

Due to the early, seasonal nature of ozone loss over
Antarctica, this research must be carried out during the win-
ter fly-in period at McMurdo Station: that described here
began in late August 1992. Following an initial period of set-
ting up and debugging equipment, we carried out observa-
tions almost continuously from 9 September until 10 October.
The troposphere was unusually cold at McMurdo Station dur-
ing much of September 1992 (ground-level temperatures
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