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Ultraviolet radiation and its extinction in antarctic sea ice
GERD WENDLER and TIMOTHY QUAKENBUSH, Geophysical Institute, University ofAlaska, Fairbanks, Alaska 99775

I
n December 1992, a cruise on the U.S. Coast Guard ice
breaker Polar Star was made from Hobart, Tasmania, to

McMurdo, Antarctica. One objective of the cruise was the ser-
vice/establishment of automatic weather stations in the
coastal area (Stearns and Wendler 1988; Allison, Wendler, and
Radok 1993). For this project, there are four coastal automat-
ic weather stations (D10 near Dumont d'Urville, Port Martin,
Cape Denison, and Penguin Point) located in Adélie Land and
King George Land, where the strongest katabatic winds in the
world are being observed (Parish and Wendler 1991; André et
al. 1993; Wendler 1990). At the time of writing, an insufficient
number of observations have been received, so we will report
on the second objective of the cruise, the attentuation of radi-
ation in sea ice with special attention to ultraviolet (UV) radi-
ation.

In the classic paper by Farman, Gardiner, and Shanklin
(1985), a substantial decrease in ozone was observed in
Antarctica based on observations by the British Antarctic Sur-
vey. This depletion of stratospheric ozone is most dominant
in high southern latitudes, and since the paper by Farman et
al. (1985), many papers have been written on this topic. Most
of the UV radiation is absorbed by a small amount of ozone,
equivalent to a layer 3-4 millimeters (mm) thick at standard
atmospheric pressure. A change in ozone results in a change
in the UV radiation, which is much more biologically active
compared with the visible range of the solar spectrum and,
hence, can have a large effect on life. In this area, a significant
fraction of phytoplankton lives under and in the sea ice.
Although a fair amount of work has been done on the radia-
tive characteristics of snow and ice in the visible range, little
has been done in the UV region.
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Figure 1. Measurement of downward irradiance in sea ice. The
depths from the top ice surface are 0.2, 0.4, 0.6, 0.8, and 1.0 m. The
data are in units of detector current with no correction for
instrument effects. (nA denotes nanoamperes.)

Measurements of light extinction in ice and snow have
been difficult to perform. Before the advent of quality fiber-
optic light guides, the entire instrument or the detector was
placed in a hole of ice or snow, which caused a substantial
disturbance in the medium. An alternative method was to cut
out samples of ice or snow and analyze their absorption char-
acteristics in a cold room, also leaving open the possibility of
disturbances. In contrast to these older methods, our tech-
nique was to take measurements in situ using a synthetic
quartz fiber bundle and an Ebert-Fastie spectrometer. Spec-
tral irradiance was measured with 1-nanometer (nm) resolu-
tion; the flexible cable minimized disturbance to the medium.
The instrument was thoroughly tested on a glacier before it
was taken on the cruise (Quakenbush and Wendler in prepa-
ration; this paper also contains a detailed description of the
instrument).

During the cruise, measurements were made at a number
of points under different sea-ice conditions. A 50-mm diame-
ter hole was drilled throughout the sea ice, in which the fiber-
optic cable could be lowered. In figure 1, the intensity of the
downward radiation for different depths is given for one spe-
cific site. Note that the y-axis is a logarithmic scale of the
detector current. It can be seen that with increasing depth the
intensities decrease, a result to be expected. This decrease is
greatest in the longer wavelength bands of the visible (red)
and the least in the blue-green (this is, of course, the reason
that clean ice looks blue); it increases again toward the UV. In
figure 2, the extinction coefficient for sea ice as a function of
wavelength is given, showing the above relationship more
clearly. Around 340 nm, we observe a value of about 1.9 per
meter (rn- 1 ); between 450 and 560 nm, we find low extinction
values of 0.9 to 1.1 m- 1 ; and for longer wavelengths, the values
increase again to 1.6 rn- 1 at 650 nrn.
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Figure 2. Downward irradiance extinction in sea ice in the layer 0.2
m to 1.0 m deep in a 2-m-thick ice floe.
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Figure 3. Irradiance as a function of depth for three color bands. The
filled square is 340-360 nm, the plus sign is 450-470 nm, and the
asterisk is 630-650 nm. The data are normalized to the irradiance at
0.2 m.

In figure 3, the logarithm of the intensity is plotted
against the depth for three wavelength intervals. After Beer's
Law, a straight line would be expected for uniform ice. It can
be seen that this assumption is not totally correct. As expect-
ed, red (asterisk) showed the greatest decrease with depth;
blue (plus) the least; and the liv (square) lies between these
two values.

In this paper, only one example of the extinction of radia-
tion in sea ice has been presented. We have a series of mea -
surements, and we simultaneously measured the sea-ice
characteristics (for example, crystal size) and the inclusion of
pollutants (algae). More detailed analyses of all the measure-
ments, including modeling results, will be presented later.

We thank the U.S. Coast Guard for the excellent assis-
tance we received during our voyage. This research was sup-
ported by National Science Foundation grant OPP 90-17969.
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