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At the end of the 1980 austral winter, Govoni assessed sea-ice
surface roughness along selected tracks in the Ross Sea. The ice
surveyed consisted mainly of first-year pack ice. Surface pro-
files were made using a Spectra-Physics Geodolite 3A laser
profilometer which was mounted vertically in the camera bay of
a National Science Foundation LC-130 aircraft. This aircraft was
used concurrently with the meteorological flight program con-
ducting lower atmosphere studies during October and
November 1980 (Hogan, Barnard, and Gras 1981).

The profilometer measures the distance between the aircraft
and the upper sea-ice surface by phase comparison of an elec-
tromagnetic wave that uses a helium-neon laser beam (centered
at 6,328 A) as a carrier. A photomultiplier detects and amplifies
the reflected light. The returned phase is compared to that of
the outgoing wave. The phase difference is proportional to the
transmission time or range as described by Tooma and Tucker
(1973). The modulation frequency can be set to correspond to
10- or 20-foot (3.0- or 6.1-meter) wave lengths giving an accurate
measure of height variations (± a few inches) within the selected
range. The profilometer has been used extensively in arctic sea-
ice studies (Tucker, Weeks, and Frank 1979) to characterize sea-
ice roughness. The flights reported here provided the first
application of the laser profilometer to antarctic pack ice.

All laser data, along with the aircraft speed, altitude, and
flight path, were recorded on a Hewlett-Packard four-channel
magnetic tape recorder. Periodically, photographs of represen-
tative ice conditions were taken with a 70-millimeter Hasselblad
Camera also mounted in the camera bay adjacent to the laser.
The flight tracks over the Ross Sea pack ice taken during the
4-15 November 1980 period are shown in figure 1.

For the purpose of analysis, the data was played back on an
analog strip chart recorder. The pressure ridge heights and
frequency of occurrence were then manually categorized. A
ridge was defined by the Rayleigh criterion, as applied by
Tucker et al. (1979), in which an independent ridge must have at
least twice the elevation of the shallowest trough on either side
of it. This method of definition prevents side lobes of the same
ridge from being counted as a separate ridge. The minimum
ridge height was 2 feet (0.6 meters).

Ridge-height histograms were compiled by counting the
number of ridges in 1-foot (0.3-meter) height classes along 20-
kilometer flight-track intervals. Figures 2 and 3 show these
height distributions for the two different regions boxed in fig-
ure 1 (runs 1, 2 and 4, 5). At least five 20-kilometer sections were
used from each run to arrive at these distributions.

Run I (figure 2) shows a proportionately higher number of
ridges greater than 3 feet (0.9 meters) than the other regions.

This feature probably reflects deformation due to local ice
convergence caused by the ice moving adjacent to the boundary
of the Victoria Land coast. Run 2 (figure 2) is slightly further
from this coast and consequently does not have the high num-
bers of large (3-foot or 0.9-meter) ridges. In contrast, runs 4 and
5 (figure 3) have a much larger number of small ridges (greater
than 100 ridges per 20 kilometers of less than 3 feet). This region
is near the outer ice edge and the ice here may be subjected to
wave and swell action which tends to break the large floes
(diameters greater than 1 kilometer) into 10-50 meter diameter
floes. The numerous boundaries between the small floes
provide locations for small ridges to form as the ice is subjected
to-wind, current, and wave motion. Because the ice is generally
less compact in the outer regions, the stress transmitted
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Figure 1. Flight tracks over the Ross Sea pack during 4-15
November 1980. The boxes in areas 1,2 and 4,5 (runs 1, 2,4, and 5) of
the 4 November flight are the locations or the data shown in figures 2
and 3.
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through the pack is less, and large ridges are much less likely to
form there than in the interior regions.

For the data analyzed to date, the Ross Sea region appears in
general to have much less ridging than either the Weddell Sea
(Ackley 1979) or the Arctic Basin. The open nature of the bound-
aries here leads to generally divergent conditions and dimin-
ishes the stress transmitted through the pack ice resulting in
fewer high ridges. Near coastal boundaries, however, (figure 2)
localized high stress may exist and ridging features develop
accordingly.

Full analysis of this data set is proceeding and will be reported
in the near future. This information will also be used to develop
a dynamic-thermodynamic model of the Ross Sea similar to the
one recently computed for the Weddell Sea pack ice by Hibler
and Ackley (1983).
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data on the flights and his cooperation is gratefully acknowl-
edged. This research was supported by National Science Foun-
dation grants DPP 77-24528 and DPP 80-05100 to U.S. Army Cold
Regions Research and Engineering Laboratory.
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Figure 2. Average number of ridges per 20-kilometer interval versus
ridge height for runs 1 and 2. Runs 1 and 2 were taken from the 4
November 1980 flight near the coast of Victoria Land. Run 1 was 96
kilometers long and run 2 was 80 kilometers long.
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Figure 3. Average number of ridges per 20-kilometer interval versus
ridge height for runs 4 and 5. Runs 4 and 5 were taken from the 4
November 1980 flight near Scott Island. Run 4 was 180 kilometers
long and run 5 was 270 kilometers long.

124	 ANTARCTIC JOURNAL


