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The research vessel F. S. Polarstern traversed the Weddell Sea
during September and October 1989. (See cruise track Gordon
and Huber, Antarctic Journal, this issue.) During the cruise, a
C-band (5.3 gigahertz) and a Ku-band (13.9 gigahertz) radar
were used to measure backscatter from sea ice. In addition,
detailed snow and ice properties including centimeter-scale
measurements of surface roughness were measured in con-
junction with scientists from the Alfred Wegner Institute, Scott
Polar Research Institute, and York University. These obser-
vations will be used to test models developed to extract geo-
physical parameters of sea ice concentration and type from
satellite-borne altimeter measurements over the southern ocean
(Brown 1982; Laxon 1989). In addition, they will be used to
compare backscatter mechanisms from antarctic and arctic sea
ice at angles appropriate to imaging radars.

Both radars on the Polarstern were step-frequency, contin-
uous-wave radars with a 500-megahertz bandwidth. Simple,
15-degree beamwidth horn antennas were used for each radar.
No antenna pattern corrections have been applied yet to the
data. Each radar had an internal calibration that was recorded
before and after each set of measurements; a Luneberg lens
was used as a calibration target. The C-band radar was mounted
on the port side of the ship approximately 8 meters above sea
level. Data were recorded at angles of incidence from 30 to 75
degrees and at all four polarization combinations (VV, VH,
HH, and HV). The Ku-band radar was mounted on the bow
crane approximately 15 meters above the surface of the ice.
Data were recorded at VV polarization for angles from 0 to 30
degrees. Data were primarily taken over first and second year
ice while the ship was in transit and while stationary at an ice

TYPICAL SECOND YEAR ICE FLOE
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Figure 1. Typical second year ice floe in the Western Weddell Sea, in September. The snow cover has depressed the surface of the ice
below sea level, allowing brine to infiltrate creating a highly saline slush layer at the snow ice interface.
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station. Data were also collected over pancake ice, nilas, and
grease ice while the ship was in transit. Ice stations were oc-
cupied on the average of once per day and radar measurements
were conducted in conjunction with detailed snow and ice
measurements. These included snow and ice thickness, sur-
face roughness, salinities, and densities. More extensive radar
measurements were carried out at the ice stations with the Ku-
band radar by scanning the ice surface using the movable crane
and with the C-band radar by moving the ship fore and aft
along the floe.

Different geophysical processes influence the morphological
characteristics of the sea ice in the Weddell Sea as compared
to the Arctic. Because of this, radar backscatter from generically
similar ice types, particularly first and second year ice, is not
expected to be the same. One of the salient features of the
second year ice in the Weddell Sea was a deep snow cover
which depressed the ice surface below sea level (see figure 1).
This depression caused brine to infiltrate into the snow creating
a highly saline layer with salinities of 10 to 20 parts per thou-
sand at the snow/ice interface. An associated slush layer was

frequently observed where the snow had been flooded but had
not refrozen. This is in contrast to arctic second-year ice which
has a lower surface salinity because of various drainage mech-
anisms which desalinate the ice surface, particularly in the
summer (Weeks and Ackley 1982).

The effect of this surface flooding is to increase the dielectric
contrast between the ice surface and the snow cover, increasing
the reflection coefficient. This was apparent in the Ku-band
measurements taken at normal incidence as illustrated in figure
2 where radar backscatter coefficients are plotted versus the
average freeboard. The results show no particular relation of
radar backscatter coefficients with ice freeboard, but are de-
pendent on the presence or absence of a slush layer.

Kim (1984) report a 7 decibel increase in C-band backscatter
measurements at 40 degrees for arctic second-year ice as com-
pared to first-year ice. This is generally attributed to the re-
duction in surface salinity which increases radar penetration
depth and results in increased volume scatter. Because of either
the high salinity layer or the presence of slush at the snow/ice
interface observed in the Weddell Sea, the radar penetration
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Figure 2. Ku-band backscatter at normal incidence. Each point is the average of 8 or more independent samples. Note that slush was not
observed when the radar backscatter coefficient was less than 5 decibels. The signal level rises above 8 decibels where slush is present
for all but one sample which had an average backscatter of 13 decibels, and a negative freeboard of 0.1 meter. This sample, however, had
a ice surface salinity of 10 to 14 parts per thousand indicating that some flooding had occurred.
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depth is less, leading, we suspect, to a reduction in volume
scattering relative to arctic sea ice. This suggestion is supported
by our data which show no clear increase in radar backscatter
coefficients at C-band of second-year ice as compared to first-
year ice. The second-year ice had an average radar backscatter
coefficients from -28 to -27 decibels while the first-year ice
varied from -33 to -21 decibels (measured at 45 degrees
incidence angle and VV polarization). The large variation in
measured backscatter is attributed to the differences in surface
roughness and snow cover on the different floes. This will be
analyzed further to determine quantitatively the effect of snow
and surface roughness on the measured backscatter.
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and Marine Research for the opportunity to participate on this
cruise. This research was supported by a grant from the Polar
Oceans Program of the National Aeronautics and Space Ad-

ministration (NAGW-1838) and National Science Foundation
grant DPP 85-12728.
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