
Optical measurements
on sea ice

from the Weddell Sea,
Antarctica
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During the 1989, Winter Weddell Gyre Study (WWGS-89)
combined optical and physical properties measurements were
made of first-year sea ice in the Weddell Sea, Antarctica. op -
tical measurements consisted of incident, reflected, and trans-
mitted spectral irradiances and were made using a Spectron
Engineering SE590 field-portable spectrometer (Perovich 1990).
The SE590 consists of a microprocessor-based controller and a
detector head. The detector uses a photodiode array allowing
the spectrum between 370 and 1,100 nanometers to be sampled
simultaneously at 252 discrete wavelengths. Depending on
light levels and the desired precision, a spectrum can be ob-
tained in 1/60 to 8 seconds. A specially designed plexiglass
housing with 360° positioning capability was used to protect
the detector head during the under-ice transmission measure-
ments.

Optical measurements including spectral scans of incident,
reflected and transmitted irradiance were made at 16 sites en-
compassing a wide range of snow and ice conditions (see Gor-
don and Huber, figure 1, Antarctic Journal, this issue for cruise
track). An essential adjunct to the optical measurements was
a complete characterization of the physical state and structure
of the ice. This was accomplished by taking two ice cores from
each site. One core was used to determine the temperature
profile in the ice and was saved for structural analysis. The
second core was used to determine vertical profiles of the
physical, chemical, and biological properties of the ice which
included density, salinity, and pH as well as chloride, sulfate,
sodium, calcium, potassium, magnesium, silicate, phosphate,
nitrate plus nitrite, ammonium, and chlorophyll-a concentra-
tions. When a snow cover was present, its depth and stratig-
raphy were also recorded. Snow cover properties were
characterized in terms of depth, density, grain size, and tem-
perature for each layer. Photographs were also taken at each
site and a general description of the ice, snow, and sky con-
ditions was recorded.

To illustrate our results, data from a 0.83-meter thick first-
year site will be discussed briefly. This site had a 0.16-meter
thick, hard-packed snow cover consisting of two distinct layers
of rounded grains 1-2 millimeters in diameter. As figure 1
indicates, the ice was composed of 0.43 meter of fine-grained
granular ice at the surface, 0.32 meter of coarse-grained gran-
ular ice in the center, and 0.08 meter of columnar ice at the
bottom. The ice cover was depressed and the ice surface was
saturated with sea water. Also shown in figure 1 are the vertical
profiles of ice salinity, temperature, and density plotted at 0.10-
meter intervals. The average bulk salinity for this core was
6.3%, typical of first-year sea ice.
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Figure 1. Physical properties measured at a first-year site. Plotted
with depth are salinity (S), temperature (T), and density (D). A ver-
tical section depicts ice structure variation with depth. Fine-grained
granular ice (FG) dominates the top half of the section with coarse-
grained granular (CG) beneath and columnar (C) ice at the bottom.
(Mg/M3 denotes megagrams per cubic meter. m denotes meter.)

Figure 2, block A, presents spectral albedos for this site with
the snow cover and for bare ice after the snow cover was
manually removed. As was the case for arctic sea ice (Grenfell
and Maykut 1977) maximum albedos for both snow and bare
ice are found between 400 and 600 nanometers. Bare ice al-
bedos appear to be higher than those reported for first-year
arctic white ice (Grenfell and Perovich 1984). We believe that
this is caused by differences in ice structure. The structure of
antarctic sea ice is quite dissimilar from that of arctic ice, with
antarctic ice being predominately granular and arctic ice being
predominately columnar (Gow et al. 1982; Weekes and Ackley
1982). Compared to columnar ice, granular ice typically is more
disorganized and thus has a larger density of ice/brine inter-
faces. This can result in enhanced scattering and higher albedo.

Figure 2, block B, plots transmittance, the fraction of the
incident irradiance transmitted through the ice, in the spectral
region of biological interest from 400 to 700 nanometers. As
one might expect, the presence of even a relatively thin (0.16
meter) snow cover reduces transmittance by more than an
order of magnitude.
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Figure 2. A. Spectral albedos between 400 and 1,000 nanometers measured over dry snow and bare ice for first-year antarctic sea ice. B.
Transmittance at wave lengths 400-700 nanometers measured from beneath the ice surface. The solid line is for snow covered ice and
the dashed line is for snow-free ice. (nm denotes nanometer.)

Our primary objective in this work is to relate the optical
measurements to the state and structure of the ice. A topic of
particular interest, especially for antarctic sea ice, is the rela-
tionship between light transmission into and through the ice
cover and biological activity within the ice. We plan to address
this issue by combining optical data with structural, physical
and biological measurements.
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