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To better understand the atmospheric radiation budget over
the Antarctic Peninsula and southern ocean,s we deployed a
Fourier Transform Infrared (FTIR) spectroradiometer at Palmer
Station during austral spring, 1991. This instrument, based on the
Bomem (Inc.) MB-100 Michelson interferometer, measured spec-
tral emission from the zenith sky with 1 inverse centimeter
wavenumber resolution throughout the mid-infrared (500-2,000
inverse centimeters). Radiometric calibration was established
using a blackbody radiation source traceable to the National
Institute for Standards and Technology, operating at several
temperatures between 250 and 300 Kelvin (after Revercomb et al.
1988). We had excellent field support for this experiment, includ-
ing construction of a shelter for the instrument, and an uninter-
rupted supply of liquid nitrogen. We were therefore able to
operate the spectroradiometer without interruption from 25
August to 17 November 1991, and measurements were made
four to five times daily. We thus have a data set that defines the
longwave radiation environment of the region, in much the
same way as the National Science Foundation ultraviolet (UV)
monitor at Palmer Station defines the UV and visible radiation
environment (Lubin et al. 1992). Ancillary measurements in-
cluded all-sky video and still photography, measurements of
ozone and cloud transmittance from the UV-monitor, Advanced
Very High Resolution Radiometer satellite data tracked and
archived by the Scripps Antarctic Research Center (ARC)
Terascan facility at Palmer Station, and standard meteorological
data recorded daily.

Examples of emission spectra. Figure 1 shows mid-infrared (IR)
emission measured by the spectroradiometer at Palmer Station
on 9 September 1991, at local noon. During this measurement the
sky was clear, and the spectrum shows the major emission
features of carbon dioxide (500-750 centimeters- 1), ozone (1,000-
1,070 centimeters-1 ), and water vapor (1,250-2,000 centimeters-1).
Emission features from other "greenhouse" trace gases can be
found in the "window" region between 760 and 1,250 centime-
ters-1 (Goody and Yung 1989).

Also plotted in figure 1 are two theotetical emission spectra
generated by the widely-used LOWTRAN 7 radiative transfer
model. These model calculations utilized sub-arctic winter and
sub-arctic summer model atmospheres (U.S. Standard Atmo-
sphere 1976), having surface temperatures of 257 K and 288 K,

respectively. On 9 September the surface temperature at Palmer
Station was 273 K, and the emission spectrum generally lies
evenly spaced between the two LOWTRAN results. One excep-
tion is the ozone emission feature, the measurement of which lies
much closer to the sub-arctic winter LOWTRAN result. The
column ozone abundance over Palmer Station was 195 Dobson
units (well into the ozone-hole season), whereas the LOWTRAN
calculations were done with an unperturbed ozone layer.

Figure 2 shows emission spectra under three different over-
cast sky conditions at Palmer Station. The upper spectrum (C)
was recorded during snowfall, and it is essentially a blackbody
spectrum throughout the mid-JR. The middle curve (B) was
measured under a low stratus layer (base altitude approximately
450 meters). This curve appears to be a superposition of two
blackbody spectra, a warmer one in the opaque carbon dioxide
(CO2) and water vapor emission regions (with many individual
carbon dioxide and water vapor emission features still visible),
and a colder one in the mid-JR window. The lower curve (A) was
measured under an altostratus layer (base altitude approxi-
mately 1.5 kilometers), and examination of this spectrum around
1,050 centimeters-1 shows that this type of cloud is thin and/or
cold enough that the ozone emission feature can still be seen.
Radiative transfer calculations are needed to determine whether
this feature is due to stratospheric ozone seen through the cloud,
or tropospheric ozone below the cloud.

Discussion. Overcast is the most common sky condition at
Palmer Station (Warren et al. 1986). Of all overcast layers sampled
by the spectroradiometer, high overcast layers (altostratus, hav-
ing spectral signatures similar to figure 2, curve A) occurred
approximately 27 percent of the time. The remainder were lower
overcast layers having spectral signatures closer to figure 2, curve
B. While most of the clouds appear to behave nearly like black-
bodies, we need to estimate their emissivity. If we plot the cloud
brightness temperatures in the 760-1,250 centimeters- 1 window
versus estimates of the cloud-base temperature (obtained from
model atmospheres based on 1988 NASA/Wallops Flight Facil-
ity ozonesonde data, G. Brothers, personal communication), as in
figure 3, we see that the vast majority of the clouds at all levels
appear to be radiating at temperatures colder than their base.
This is most evident for altostratus layers, and-figure 3 suggests
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Figure 1. Emission spectrum measured by the California Space
Institute FTIR Spectroradiometer under clear skies at Palmer Sta-
tion, on 9 September 1991, at local noon. The smoother curves above
and below the measurement refer to emission spectra calculated by
the LOWTRAN 7 radiative transfer model using sub-arctic summer
and sub-arctic winter, respectively. The measurement was made at
1 centimeter' resolution while the LOWTRAN calculations were
performed at 20 centimeters' resolution.
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Figure 2. Emission spectra measured by the CalSpace FTIR
Spectroradiometer under overcast sky conditions at Palmer Station.
Spectrum A was recorded at local noon on 6 September 1991, under
an altostratus layer. Spectrum B was recorded at local noon on 10
September 1991, under a low stratus deck. Spectrum C was recorded
at local noon on 24 September 1991, under a snowfall.

that most clouds over the Antarctic Peninsula have emissivities
less than unity. The average cloud-base temperatures for low
overcast (0-0.6 kilometers), middle overcast (0.6-1.2 kilometers)
and high overcast (altostratus, 1.2 kilometers and higher) are 268
K, 267 K, and 265 K, respectively. In contrast the average
brightness temperatures in the mid-JR window, as measured by
the FTIR spectroradiometer, are 262 K, 258 K, and 248 K, respec-
tively, for low, middle, and high overcast layers.

This suggests average grey emissivities of 0.87, 0.80, and 0.64
for low, middle, and high overcast layers. Emissivities less than
unity have also been observed in Arctic Stratus clouds (Curry and
Herman 1985).

If we define the longwave cloud forcing at the earth's surface as
the difference between flux under cloudy skies and flux under
clear skies (Slingo and Slingo 1988, Ramanathan et al. 1989), then
the average cloud forcing in the mid-JR window is 65 watts per
square meter for low overcast, 59 watts per square meter for mid-
level overcast, and 45 watts per square meter for altostratus. The
longwave cloud forcing at the top of the atmosphere (sum of
atmosphere and surface effects) estimated from the Earth Radia-
tion Budget Experiment is small (less than 20 watts per sqaure
meter at high latitudes, Li and Leighton 1991), suggesting the
importance of surface effects. Sea-ice models are sensitive to
parameterizations of longwave radiation (Shine and Henderson-
Sellers 1985), and modern general circulation models (e.g. Slingo
and Slingo 1991) require accurate representations of longwave
cloud emissivity. We hope that this FTIR data set from the
Antarctic Peninsula will complement the FTIR experiments that
have been carried out at the South Pole (Goldman etal. 1988), and
will contribute to a better understanding of the atmospheric
radiation budget at high latitudes.

This work was supported by the California Space Institute
under grant CS-11-90, by the Department of Energy Atmospheric
Radiation Monitoring (ARM) Program under grant DOE

Figure 3. Cloud brightness temperature in the mid-lR window, as
measured by the CalSpace FTIR Spectroradiometer, plotted against
estimated cloud-base temperature. Cloud-base temperature is
estimated using model atmospheres derived from ozonesonde data
recorded at Palmer Station during spring 1988. The ozonesonde
data was used to parameterize lapse rate as a function of surface
temperature, the latter being recorded during each FTIR meas-
urement. Diamonds refer to low stratus layers, crosses refer to mid-
level stratus layers, and circles refer to altostratus layers.

90ER61062, and by National Science Foundation grant DPP 90-
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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
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