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Extended observations of
atmospheric infrared absorption and
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FRANK J . MURCRAY AND RENATE HEUBERGER

Department of Physics
University of Denver

Denver, Colorado 80208

As the interest in the greenhouse effect is growing and the
problem of the depletion of the ozone layer becomes more severe,
the measurement of atmospheric composition and of radiative
transfer becomes more important. To detect changes and to
understand the processes that cause these problems, it is neces-
sary to take measurements over an extended period of time. The
atmospheric research group of the University of Denver (DU) has
measured atmospheric composition with infrared techniques for
several years.

During the previous season (1990-1991), a Fourier Transform
Infrared (FTIR) spectrometer was installed in the New Zealand
Arrival Heights building. After installation, the instrument was
turned over to the New Zealand science technician for operation.
During the austral fall and spring, solar absorption spectra were
collected to measure column abundances of nitric acid using its
absorption near 12 microns (880 wavenumbers) (Keys etal. 1992).
This effort was conducted in collaboration with the New Zealand
Department of Scientific and Industrial Research (DSIR).

In January 1992, Renate Heuberger of DU installed a small
FTIR system on the roof of Skylab at the South Pole. The
spectrometer was set up during the austral winter to collect
atmospheric emission data by measuring column abundances of
water vapor, carbon dioxide, ozone, fluorocarbon 11, fluorocar-
bon 12, and nitric acid, as well as absolute total radiance in the
region of 7-20 microns (500-1,500 wavenumbers). The change of
nitric acid during the long absence of sunlight is of special
interest.

This project is a continuation of an experiment that started in
1989, when the spectrometer was taking data for over a year
(Murcray et al. 1990 and 1991). The experience of the previous
year showed that the signal-to-noise ratio needed to be improved
for the measurement of accurate column abundances of nitric
acid during the winter, when the signals are extremely low. The
instrument was taken back to DU, where several changes were
made. During the first year that the spectrometer was running at
the South Pole, a heater failed on the warm blackbody; and only
the blackbody at ambient temperature was available for calibra-
tion. The heater was repaired, and a more accurate calibration
with two blackbodies will be possible for this year. In addition,
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Calculated and experimental spectra forwater and nitric acid (HNO3).
The fit for the nitric acid line at 896 centimeters- 1 is not very good,
since the line parameters for this line are not well known. On the left,
part of the fluorocarbon-il feature can be seen.
Vertical column amounts: H 20 3.8 * 1021 molec./cm 2; HNO3 2.0 * 1016
molec./cm-2 ; solid line: calculated data; broken line: experimental
data. (Note: The spectrum was taken at the South Pole on 6
December 1989.)

a third blackbody of adjustable temperature is being used once a
month for reference to show any degradation of the other two
blackbodies exposed to wind and snow. For the calculation of
absolute total radiance, an exact calibration is necessary. Steve
Warren of the University of Washington wintered at the South
Pole during 1992 and conducted these calibrations. He also
observed the sky conditions at the time of each measurement and

Water vapor values for South Pole, 1989-1990

Vertical column	Precipitable water
Date	 (molecules/cm2)	content (mm)
12/06/89	 3.8 * 1021	 1.1
12/09/89	 5.0* 1021	 1.5

12/12/89	 55* 1021	 1.6

04/10/90	 3.8* 1021	 1.1

09/07/90	 0.7* 1021	 0.2

0.0
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phenomena, for example, blowing snow and diamond dust,
which have a strong influence on emission measurements taken
from the ground. To achieve better signal-to-noise ratio, the
scheduling program that usually takes data every 12 hours needs
to be changed to more frequent measurements during clear-sky
conditions. The data collection is fully automated needing a
minimum of attention.

The table shows values for water vapor in vertical column
amounts and precipitable water contents for the South Pole for
1989-1990. The figure shows the water and nitric acid lines both
measured and calculated for five dates from 6 December 1989
through 7 September 1990. The value of 2.0 * 10 16 molecules per
centimeter  for nitric acid is typical for the South Pole during the
austral summer (Jones 1992).

Both projects were supported by National Science Foundation
grant DPP 89-17643 and by the National Aeronautics and Space

Administration. The first project was also supported by the DSIR
and the New Zealand Antarctic Program.
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stratospheric cloud observations at
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during winter and spring 1991
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The critical role that polar stratospheric clouds (PSCs) play in
heterogeneous chemical ozone depletion schemes is well recog-
nized. The South Pole is one of the most productive sites to study
this interaction because temperatures low enough for extensive
PSC formation occur every year. In addition, PSC activity contin-
ues through stratospheric sunrise over Antarctica; thus provid-
ing an unusual opportunity to directly observe possible correla-
tion between ozone and PSCs during the initial stages of "ozone
hole" formation.

In this work, we conducted a series of simultaneous PSC and
ozone observations from balloon-borne sensors launched at the
South Pole starting before the beginning of PSC activity and
continuing until the initial formation of the ozone hole. These
observations were augmented with frost-point soundings and
additional ozone soundings.

PSC observations were made with a balloon-borne
backscattersonde operating at wavelengths of 490 and 940 na-
nometers. This device, described by Rosen and Kjome (1991), is
used for research in the north polar vortex as well as for monitor-

ing aerosols at mid-latitudes. Briefly, the instrument measures
the amount of locally backscattered light at two wavelengths
from a flash-lamp beam. The final data product is essentially the
same as that of lidar systems, but with comparatively high
resolution (about 30 meters). All instruments are calibrated
before flight against a standard which has a known response in
aerosol-free air. The signal in the two color regions provides
limited but useful particle-size information.

Ozone measurements were made with a commercial sensor
(ECC ozonesonde) modified to be part of the same instrument
and telemetry package as the backscattersonde. Truly simulta-
neous measurements of both ozone and PSCs were obtained. In
addition, simultaneous air temperature and pressure measure-
ments were acquired with the backscattersonde.

Balloon-borne frost-point measurements were made with an
instrument described by Oltmans (1985). Previous measure-
ments using this instrument in Antarctica have been reported by
Rosen et al. (1991).

TEMP./FROST PT. (°C)
_q	-	-7c	-()

o to 20 30 o	iou	euu
BACKSCATTER RATIO OZONE PARTIAL

(X : 94Onm)	PRESSURE (nb)

An example of the vertical profiles obtained during this research
project. See text for explanation and interpretation.
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