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Infrared atmospheric absorption and emission studies
RENATE VAN ALLEN and FRANK MuRcRAY, Department of Physics, University of Denver, Denver, Colorado 80208-0202

T
he atmospheric research group of the University of Den-
ver has been studying the composition of the atmosphere

over Antarctica for several years. Infrared spectra of the
atmosphere contain information about the chemical compo-
sition and temperature structure. We are measuring the
infrared absorption spectrum of the atmosphere using the
Sun as a source from McMurdo Station (actually, the Arrival
Heights building of the New Zealand Antarctic Programme).
We are also measuring the infrared emission spectrum of the
atmosphere from the South Pole.

The solar spectral measurements have been carried out
in collaboration with the researchers from the New Zealand
National Institute of Water and Air Research (formerly the
Department of Scientific and Industrial Research). A small
interferometer system was installed in the Arrival Heights
building in 1990 and operated in the autumn and spring of
1991 (see Murcray and Heuberger 1992). In August 1992,
James Hannigan of the University of Denver and Alan
Thomas of the New Zealand National Institute of Water and
Air Research installed a newer instrument, capable of mea-
suring several other chemical species, including hydrogen
chloride. That instrument has operated successfully during
the spring of 1992 and the autumn of 1993.

Of course, solar measurements are limited to the seasons
when the Sun is available. It is also useful to have changing
solar elevation angles to view different atmospheric paths.

McMurdo Station was chosen as the observation site for that
reason. To obtain year-round data, the thermal emission of
the atmosphere is measured. A high-altitude site is desirable,
and the Amundsen-Scott South Pole Station is the obvious
choice.

We measure the atmospheric infrared emission spectrum
year-round at South Pole Station. The main interest of this
experiment is to collect atmospheric emission data during the
austral winter to measure column abundances of water vapor
(H20), ozone (03), fluorocarbon-11 (CF2Cl2), fluorocarbon-12
(CFC13) and nitric acid (HNO3) as well as absolute total radi-
ance in the region of 7-20 micrometers (500-1,500 wavenum-
bers). The Michelson emission spectrometer was first set up
in December 1989 and ran successfully for 1 year (Murcray
and Heuberger 1990). In January 1991, the spectrometer was
sent back to Denver for a general overhaul. It was also found
necessary to improve the calibration procedure as well as the
signal-to-noise ratio. The improved instrument was brought
back to South Pole Station in December 1991 (Murcray and
Heuberger 1991, 1992). The spectrometer has since been col-
lecting data daily. The spectra for 1992 have been calibrated
and show a clear improvement in signal-to-noise ratio com-
pared with the first year of the experiment. Even in July, the
signal was clear enough to observe the seasonal disappear-
ance of HNO 3. Figure 1 shows nitric acid and water lines mea-
sured in January and in May 1992. Figure 2 shows the same

Wavenumbers (cm-1)

Figure 1. Spectra with nitric acid (HNO3) and water (H20) lines. All
spectra were taken at a 75 0 zenith angle. Top: 21 January 1992.
Bottom: 21 May 1992. The signal gets extremely low during the
coldest months at the South Pole, and the calculation of column
abundances requires a large signal-to-noise ratio.
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Figure 2. Spectra with nitric acid (HNO3) and water (1-1 20) lines. All
spectra were taken at a 75 0 zenith angle. Top: 7 July 1992. Bottom:

21 May 1992. The signal gets extremely low during the coldest
months at the South Pole, and the calculation of column
abundances requires a large signal-to-noise ratio.
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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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