
deposition may be wind pumping rather than sedimentation
and Brownian diffusion. This process may be enhanced by
sastrugi, which increase the effective surface area for wind pen-
etration and create pressure differences across sastrugi which
could facilitate the filtering of aerosol particles out of horizontal
airflow (Cunningham and Waddington in preparation).

To investigate wet deposition, we collected samples of snow
from individual snowfall events at South Pole Station in austral
summer 1990-1991. These frozen samples have now arrived in
Seattle, and they will be analyzed for sulfate using ion-ex-
change chromatography. Simultaneous air sampling was also
done by drawing air through filters. The filter assemblies were
hung under a shield (to protect them from blowing snow),
above an insulated plywood box housing the pumps, at the
edge of the clean-air sector. The wind direction was carefully
monitored, and the pumps switched off whenever the wind
could possibly bring polluted air from the station or from an
airplane. These filters have also been returned to Seattle and
await analysis.

Falling snow will contain only the sulfate accumulated by
wet deposition. As snow ages on the ground, it will collect
additional sulfate by dry deposition. To investigate this hypoth -
esis, we sampled vertical profiles of snow in a pit with 1-cen-
timeter resolution. We also sampled sastrugi three-dimen-
sionally to look for differences in sulfate content on windward
versus leeward ends of sastrugi. These samples were taken at
the same site used for oxygen-isotope sampling, 6 kilometers
"southeast" of the South Pole Station. Samples from vertical
profiles and sastrugi were also collected at Vostok Station.

Estimation of the dry-deposition flux of sulfate due to wind-
pumping using the theory of Cunningham and Waddington
requires knowledge of the permeability of the snow, the spec-
trum of pressure fluctuations, the distribution of sastrugi on
the surface, and the survival time for interstitial aerosol parti -
cles before sticking to a snow grain. To estimate the aerosol
particle survival time, 10-centimeter-diameter cylinders were

pushed vertically into the snow to obtain snow columns of
varying depth. Air was then pulled through the cylinders into
a condensation-nucleus counter. The aerosol concentration de-
creased with increasing thickness of the snow columns, with
an e-folding depth of 1.6 centimeters. Together with the snow
porosity and volume of the sample, this gives an e-folding, or
average, residence time of 3 seconds for aerosol particles. The
residence time will depend on the pore geometry. The snow
we studied was granular, of density 0.35-0.4 grams per cubic
centimeter, and had grain radii of 50-100 micrometers, which
is typical for the Antarctic Plateau. A residence time of 3 sec-
onds means that pressure fluctuations on all time scales longer
than about 1 second should be considered in the estimation of
dry deposition.

Year-round sampling is important because aerosol counts are
highest in summer while snow accumulation is greatest in win-
ter. During the full-year project, we plan to collect daily samples
of air and of falling snow (also frost and rime) for sulfate anal-
ysis. We plan to take vertical samples of deposited snow
monthly.

This research was supported by National Science Foundation
grant DPP 88-18570.
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Year-round measurement
of atmospheric

infrared emission
at the South Pole

FRANK J. MURCRAY and RENATE HEUBERGER

Department of Physics
University of Denver

Denver Colorado 80208

The spectral distribution of the atmospheric emission in the
infrared was measured at Amundsen-Scott South Pole Station
during the period from December 1989 to January 1991. The
data obtained by a Michelson interferometer, located on the
roof of Skylab, include the column densities for water, carbon
dioxide, ozone, fluorocarbon- 11, fluorocarbon-12, and nitric

acid in the wavenumber region ranging from 500 per centimeter
to 1,500 per centimeter. Monitoring these components during
the austral winter gives important information about the
change in concentration during the long absence of sunlight,
contributing to the knowledge of the chemistry that influences
the depletion of the ozone layer.

The measurements are fully automated and require a mini-
mum of attention. A control program on a COMPAQ 286 PC
starts data collection every 17 hours. The valve of a Joule-
Thompson cryostat is opened, and nitrogen cools the detector
to 78 Kelvin. A plane mirror is rotated to four different posi-
tions, two blackbodies of different temperatures, and two sky
elevation angles of 15 and 45 degrees. The data are recorded on
the computer's hard disk or on floppy disks which need to be
exchanged once every 2 weeks.

The two outside blackbodies as well as an inside reference
blackbody are used for calibration. This allows the data ana-
lyzer to obtain the absolute radiance emitted by the atmosphere
and its spectral distribution.
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In November 1990, Renate Heuberger from University of
Denver went to South Pole to retrieve the data and to make
several changes in the insulation of the instrument to prevent
it from overheating during the summer. A first look at the data
indicated that the instrument was still working satisfactorily.
Steve Warren and Von Walden from University of Washington
were introduced to the system and watched over the measure-
ments for the rest of the summer.

Even though the system had been working exceptionally
well, a decision was made to overhaul the instrument. In Jan-
uary 1991, the instrument was returned to Denver, where sev-
eral changes were to be made to increase the scan speed of the
instrument and to replace the Joule-Thompson cryostat with a
closed-cycle cooler that would avoid restriction of the measure-
ment time caused by the quantity of available cooling gas.

The data from 1989-1990 are still being analyzed. Figure 1
shows a typical winter clear sky spectrum with the strong tem-
perature inversion seen in the carbon dioxide region (600-750

per centimeter). Figure 2 shows part of this region expanded
and compared to calculated carbon dioxide lines. Water lines
are shown in figure 3. The amount used for the calculated lines
will be used to retrieve the column density of nitric acid, found
in the region between 860 and 910 per centimeter together with
water lines. Since the measured concentrations in this wave-
number region are very small (see figure 1), the signal-to-noise
ratio during the winter is relatively small and several spectra
need to be averaged to get a usable result.

The improved system is scheduled to be brought back to
South Pole for another year. Steve Warren, who is planning
to winter over, will be in charge. Having him on site during
the austral winter will be a big advantage. He will be able to
observe not only the sky conditions at the time of each mea-
surement but also blowing snow and diamond dust, two phe-
nomena which have a dominating influence on emission mea-
surements from the ground. He will also be able to change the
scheduling program so there will be more data taken under
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Figure 1. Spectrum taken with the atmospheric emission radiometer from the South Pole on 7 September 1990. The instrument was viewing
150 elevation. (microwatts/cm 2 sr cm- 1 denotes radiance. cm- 1 denotes wavenumber.)
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clear-sky conditions. The 1990 experience showed that not
enough measurements are taken under favorable conditions if
they are taken at fixed time intervals.

The project was supported by National Science Foundation
grant DPP 89-17643 and the National Aeronautic and Space
Administration.
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Figure 3. Expanded region of the 15 0 elevation spectrum of 7 September 1990. Most of the features in this area are caused by water vapor.
(microwatts/cm 2 sr cm- 1 denotes radiance. cm- 1 denotes wavenumber.)

Temperature increase observed
in Adélie Land,

East Antarctica?

GERD WENDLER and DEAN PRICHARD

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

A time series of a new data product—the outgoing longwave
radiation as derived from satellite—recently became available.
National Oceanic and Atmospheric Adminstration satellites
have collected these data since the early 1970s. They were re-

duced to a common monthly format on a 2.5° latitude-longitude
grid (Winston et al. 1979; Janowiak et al. 1985). Adjustments
for slightly different sensors were carried out.

Outgoing longwave radiation data have been used success-
fully in tropical regions, especially in relating their values to
rainfall over ocean surfaces (e.g., Prasad and Verma 1985). They
have been used more recently in polar regions (Wendler in
press), where models predict that a maximum warming should
occur because of increased carbon dioxide and other trace
gases.

The outgoing radiation for Mer Dumont d'Urville (offshore
area between 120° and 150°E and between 62.5° and 675°S) was
calculated. We chose an offshore area, because the temperature
is more uniform there than in coastal area of Antarctica, where
altitude differences cause greater variations in surface temper-
ature. A large annual variation can be observed (not shown),
with maxima close to 200 watts per square meter in summer,
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