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The research vessel R/V Nathaniel B. Palmer traversed the
I leddell Sea during May and June 1992. At 15 ice stations along
t te route, a K band (35 GHz) radar was used to measure back-
scatter from the snowcover and underlying sea-ice surface.
Our objective is to understand the interaction of electromag-
r etic radiation with the snow and sea ice in this region for better
ii iterpretation of geophysical parameters from aircraft, space-
1: orne radars, and radiometers at microwave frequencies. De-
t fled snow and ice physical property observations were per-
f rmed, including characterization of snow and ice surface rough -
r ess, salinity, density, grain size, and snow stratigraphy. Ackley
e : al. describe in more detail these complementary studies.

The radar used on the ship was a frequency modulated-
continuous wave (FM-CW) radar (Yankielun 1991; Yankielun et

1992) with a 13.5-GHz bandwidth (26.5 to 40 GHz). Standard
gain, 9-degree beamwidth horn antennas were used. The radar

•as rigidly mounted approximately 10 meters above the snow
surface on the ship's starboard provision crane which could be
r itated in a horizontal plane from 0 to 120' relative to the bow,
and extended radially from a minimum of 6 meters to a max-
i mum of 12 meters. A leveled, 1-square-meter plate, positioned
on the surface of the snow, was used as a calibration target, dur-
i tg each ice station measurement sequence. The typical layout of

measurement site is shown in figure 1 where data from 40 to 60
different footprints were acquired at normal incidence. For each
of the radar footprints, sixty-four radar scans were acquired,
processed, averaged, displayed, and stored, in real-time, as a
single power spectrum to lower the noise floor and provide a
degree of data compaction. Data were recorded, predominantly
over snow-covered first- and second-year sea ice, at a nadir look-
angle with a V-V polarization, when the ship was stationary at
an ice station. There were 15 ice stations where radar data was
acquired, typically separated by 30 nautical miles, along the
cruise route (figure 1 of Ackley et al. 1992). In conjunction with
the radar data acquisition at each ice station, detailed snow and
ice measurements were preformed, including: snow and ice
thickness, surface roughness, salinity, density, and dielectric
constant.

A typical 64-scan averaged power spectrum is shown in figure
2 indicating the radar reflections from the snow surface and
volume, along with several noise spikes resulting from interfer-
ence caused by shipboard electronics. These noise spikes could
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Figure 1. Layout of radar measurement site.
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Figure 2. Typical 64-scan averaged power spectrum.

not be filtered out in the field, but fortunately in all circum-
stances, the desired data fell in between and was not corrupted by
the spurious signals. Figure 3 shows enlarged trace segments
from a typical series of processed radar scans along a survey line
at an ice station. The scan-to-scan (as well as site-to-site) variation
in radar signatures form the snowcover are quite distinct. Essen-
tially all of the scans, however, appear to have a definite air/snow
interface reflection. Throughout all of the data sets there appears
to be two "typical" radar reflection waveform types, exemplified
by scans A and B of figure 3. Both scans A and B have distinct
indications of the air/snow interface and numerous subsequent
volume scattering events, however, scan A has a linear roll-off of
the trace (in terms of dB with increasing range. There is no distinct
indication of a subsequent snow/ ice interface, as an indication of
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a continuous impedance match throughout the snow layer and to
the snow/ice boundary, possibly due to a continuous variation
in salinity and density. Scan B, on the other hand, exhibits a
"pedestal" template with indication of distinct transitions at the
air/snow and snow/ice boundaries. Detailed analysis of the
radar reflections and correlation with ground truth at each of the
ice-station sites will be performed to determine the geophysical
processes contributing to the observed variability.

This work was supported by National Science Foundation
grant DPP 90-248709. We thank the other participants in the se-
ice team for their assistance with this work and Herb Bake$,
Kevin Wood, and Bill Wegner of Antarctic Support Associatiot
for their assistance with the crane operations, computer repail,
and other shipboard rigging of the radar system.

References

Ackley, S. F., A. J . Gow, V. I. Lytle, M. N. Darling, and N. E. Yankie1uxt.
1992. Sea-ice investigations on Nathaniel B. Palmer: Cruise 924.
Antarctic Journal of the U.S., this issue.	 I

Yankielun, N. E. 1991. An airbourne millimeter-wave FM-CW radar k4r
thickness profiling of freshwater ice. Doctoral dissertation, Thayer
School of Engineering, Dartmouth College, Hanover, New Ham-
shire.

Yankielun, N. E., S. A. Arcone, and R. K. Crane. 1992. Thickness pro
of freshwater ice using millimeter-wave FM-CW radar. Accept
for publication in IEEE-TGARS.

One-Way Travel Time from Antenna (ns)

Figure 3. Enlarged trace segments from a typical series of processed
radar scans along a survey line.
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