
Figure 6. Ice
s u r f a c e
r o u g h n e s s
averaged over
the footprint of
the EM system
(i.e. HPF laser
data averaged
over 55 m in
F i g u r e  5 d )
versus ice draft
(Figures 5b and
c). Assuming a
s e a w a t e r
density of 1026
kg/m3 and  a
mean ice-plus-
snow density of
910  kg /m3,
then one-ninth
of the total mass of freely-floating ice is above the sea surface. The ratio of
freeboard (approximated by ice surface roughness) to ice draft is 0.127,
represented by the red line.
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Knowledge of sea ice thickness and concentration is important for safe
navigation by fishing and commercial vessels and those involved in oil
exploration, for the design of offshore structures, and for the understanding
of climate change. While optical and radar satellite imagery can provide some
information on concentrations of the various ice types and on ridging, it cannot
provide absolute ice thicknesses and the interpretation of the imagery is often
ambiguous. Since 1996, ice thickness has been monitored over large areas
in the Gulf of St. Lawrence using a helicopter-borne electromagnetic-induction
system owned by the Canadian Coast Guard. A video system which frame-
grabs video images in real-time has recently been developed for monitoring
ice concentration, ridging and other sea ice properties.

Figure 2. The video system includes a downward-looking video camera
contained in a pod mounted on the skid gear of the helicopter for capturing
video frames in real-time. The video frames can be mosaicked and used to
provide information on ice type, ice concentration, ridging and rafting. The
pod also contains a laser altimeter for measuring ice surface roughness.
Location data from the helicopterís GPS receiver is logged along with the
video and laser data. The video system can be flown alone or in combination
with the Ice Probe.

Figure 1.  Sea ice thickness is measured using a helicopter-borne
electromagnetic-induction system called the ìIce Probeî. It consists of a
cylindrical sensor package or ìbirdî, which is towed 30 m beneath a Canadian
Coast Guard BO-105 helicopter at between 15 and 25 m above the ice
surface. Using frequencies of 30 and 90 kHz, a transmitter coil in the bird
generates a primary electromagnetic (EM) field which induces eddy currents
in the seawater under the ice. The eddy currents in turn generate a secondary
EM field which is detected by the receiver coil in the bird, and used to estimate
the distance between the bird and the ice-seawater interface. The bird also
contains a laser altimeter to measure the distance between the bird and the
surface of the ice (or snow if it is present). The difference gives the ice-plus-
snow thickness, hereafter referred to as EM-measured ice thickness. The
laser altimeter is also used to measure surface roughness. Location and
roll/tilt information are provided by a GPS-based orientation sensor in the
bird.

Figure 5. (a) EM-measured ice thickness data from segment ìAî in Figure 3.
(b) Ice surface roughness (upper trace), which is extracted by high-pass
filtering the laser altimeter data sampled at 28 Hz to remove the bird altitude
variation. (c) Low-pass filtered laser altimeter data with a cut-off frequency
of 2.5 Hz (upper trace); these data are used to estimate the distance to the
snow surface in the determination of ice thickness. The lower trace shows
the ice draft, computed by subtracting the EM-measured ice thickness data
from the laser data in the upper trace. (d) Laser altimeter data averaged over
55 m, the footprint of the EM system for a bird height of 15 m.

Figure 4. Video mosaic from segment ìAî in Figure 3, showing extensive
ridging of thin first-year ice, and some brash ice. The ice has been compressed
by winds against the north coast of Prince Edward Island. EM-measured ice
thicknesses (in meters) are superimposed in yellow.

Figure 8. RADARSAT ScanSAR Wide image of the southern Gulf of St. Lawrence from March 18, 1999 at 2203Z with EM-measured ice thicknesses
superimposed (right). Video mosaics from segments C, D and E are shown on the left. Segment C shows a large flat composite floe covered with bands of
snow drifts north of P.E.I. Segments D and E are from the west and east sides of Confederation Bridge respectively, showing small floes and brash ice. Ice
concentrations are lower for the west side than the east side of the bridge, resulting in lower EM-measured ice thicknesses. It appears that ice drift at the
bridge was weak at the time of the EM/video data collection (2012Z), but had been in a westward direction for several hours.
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Figure 7. Video mosaic from segment ìBî in Figure 3, showing ice rubble 2
km off the north coast of P.E.I. with EM-measured ice thicknesses in meters
superimposed.

Figure 3. In February-March 1999, the Ice Probe and video system were
used to ground-truth SAR (synthetic aperture radar) and SLAR (side-looking
radar) data in Gulf of St. Lawrence. In this plot, EM-measured ice thicknesses
collected on February 28, 1999 are superimposed on a mosaic of SLAR
imagery acquired on the same day by the Canadian Ice Service with a DASH-
7 aircraft.
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