
Oil exploration, fisheries and commercial shipping off Canadaís coasts have placed increasing demand on our ability to monitor and predict the properites and movement of annual pack ice.  The
use of satellite-tracked beacons placed on the ice is an economical and safe alternative to sea ice studies which use expensive ship and helicopter based logistics.  The satellites not only track

the beacons by reporting their positions, but they also report data collected by various sensors mounted on the beacons.
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The track of the GPS triangle was mapped at 5-hour intervalsTo
relate the site-specific ice pressure measurements to large-
scale ice pack convergence and divergence, ( left). The inset
shows the general area of deployment. Convergence /
divergence of the ice was determined by computing the
geometric area of the triangle at each point.

As an example of how the GPS location beacons have been used, a triangle of GPS beacons
was deployed off Labrador in 1996. A pressure/ice temperature beacon was deployed at the
triangleís centre to see if ice stress could be related to ice convergence.  Location data and
pressure data were logged hourly and then transmitted to satellites.

Shown below are GPS beacons manufactured by MetOcean
Data Systems, Ltd. (left) and by Seimac Ltd. (right) during
stationary, position accuracy testing.

Global Positioning System (GPS) sensors were added to ice beacons to
increase the accuracy of beacon location data and the sampling frequency.
 Normally ice beacons only report their location during a satellite pass by
a System ARGOS satellite.  With the added capability of a GPS logging
system, 8 hourly positions are stored and then all are transmitted to the
System ARGOS satellite.  GPS positions are generally accurate to 10 m.

High Arctic pressure sensors filled with mercury have been tested on
land-fast ice along the Labrador coast but are now replaced by sensors
filled with environmentally friendly oil.  One of these oil-filled sensors
is shown (below) as part of an expendable field unit, ready for deployment.

The unit has two sets of three plastic diaphragms (six diaphragms in
total).  Both sets are connected to three differential pressure transducers.
The plastic diaphragms are 120° apart and both sets are combined into
a single machined aluminum unit.  One set of diaphragms is exposed
to the ice pressure while the other set is protected (inset).

The success of navigation through pack ice is determined primarily by
ice pressure within the pack ice.

Before being deployed, the exposed diaphragms are frozen into a
ìpopsicleî. This improves the chance of a prompt freeze-in of the sensor
probe.  The unit is also checked for proper operation and satellite-link
data recovery. The unit and a separate battery pack are then installed
in two 10-cm diameter holes in the ice.  Six hours of data are stored
and then transmitted to passing satellites.

Atmospheric beacons collect
hourly wind speed and direction
above the ice surface.  They also
measure air temperature and
barometric pressure.  Six hours of
data are stored and transmitted to
passing satellites. The data are
used to partition atmospheric and
oceanic forcing of ice drift.

Shown above are atmospheric beacons with anemometers
at 2 amd 4 m.  This experiment explored variations in drag
coefficients due to ice surface roughness and anemometer
height.

Wind speed regression plots for 2m versus 4m and for 2m
versus 6m observation pairs. Derived C10 values are listed
along with value used by forecast models.

Miniaturization in electronic design and optimization of battery requirements has
led to the development of miniature ice beacons by MetOcean Data Systemsand
Seimac Ltd. of Dartmouth, Nova Scotia.  The ice staff beacon (left) collects
temperature profiles from the surface water, ice, and atmosphere.

Further modification resulted in a single-unit temperature staff beacon that
monitors water, ice, and air temperatures.  Its battery pack is deployed with the
thermistors below the ice surface.  This increases battery life.

Temperature profiles (below) collected by the temperature staff beacon in 1993
were used to calculate ice growth and heat flux through the ice.  The melt cycle
started when the ice temperature rose above -1.8°C, which  is the freezing point
of seawater (dotted line).
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Beacons that Report Ice Temperature
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