Integrated Studies of
Multi-Polarimetric SAR Over Sea Ice
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Abstract
In Tromsø, Norway a number of institutions including the Norwegian
Meteorological Institute (met.no), Norwegian Polar Institute (NPI), the University
of Tromsø (UiT), and Kongsberg Satellite Services (KSAT), collaborate on
research of remote sensing of Arctic sea ice, ranging from data acquisition,
through research and development of new products, to dissemination of sea ice
information products. This poster presents some of the work done with remote
sensing and collection of validation data during the April 2011 cruise of the
Norwegian Polar Institute on board the Norwegian coastguard icebreaker KV
Svalbard. Three Radarsat-2 fine resolution quad-polarisation scenes were
acquired on consecutive days (11-13 April 2011) over drifting sea ice north-west
of Nordaustlandet, Svalbard. It was possible to position the ship within all three
images, which in turn were also located under the ground tracks of the ESA
CryoSat-2 radar altimeter on two of the days. Validation data included ice
Area covered by Radarsat-2
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stations with drill hole and coring measurements of the ice and snow properties,
a routine shipboard ice log, and thickness measurements by sledge and
helicopter-borne electro-magnetic (EM) induction. These different datasets have now been
combined, and a comparison of the results is shown here.

Helicopter EM Thickness and
CryoSat-2 Validation
Sea ice thickness was measured using a helicopterborne electromagnetic device, the so-called EM-bird.
The EM-bird uses the difference in conductivity
between sea ice/snow and sea water to measure the
distance to the ice-water interface. Combined with
height measurements from a laser altimeter mounted
on the EM-bird, we can then derive the total snow
and ice thickness. Point spacing is approximately 3-4
metres, the footprint is roughly 50 metres.
The results from EM-bird measurements show the
sea ice cover north of Svalbard to consist
predominantly of homogeneous first year ice. Modal
snow and ice thickness in spring 2011 was 1.8
metres (Renner et al., submitted).

Research currently being conducted collaboratively by the Tromsø institutions, and
utilising this combined data set, includes; classification of multi-polarisation SAR
for detection of different types of new and first-year sea ice, improvements to
automated image segmentation algorithms, development of high resolution
sea ice drift and object tracking, and estimation of sea ice thickness. The
objectives of these studies are to provide improved information on sea
ice parameters that can be used to improve polar climate process
understanding, operational model forecasts, to assess how the
environment is changing, and for maritime users who require
the information to assist in navigation.
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[Photograph: NPI]

Open
water
Dark nilas
with frost
flowers (<10 cm)

Field Measurements

Light nilas (<10 cm)

During the course of
the cruise a variety of
measurements
were
taken
by
scientists
whilst on the ice. These
are used to validate the data
collected by the helicopter EM
thickness measuring system and
analysis of the Earth observation
data sources.
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Aerial photograph from the
helicopter of a first-year
ice ridge.

At each ice station, direct measurements
of ice thickness were obtained through
drilling holes in the ice. These were
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combined with transects of ice
measuring sea ice
thickness in a drill hole.
thickness measured using a
[Photograph: Nick Hughes]
sledge-mounted EM and core
samples of the ice to obtain profiles of temperature
and salinity. The combination of measurements on
the ice with remote sensed data provides a
robust view of the ice electro-magnetic and
physical properties.

Manual classification of the
Radarsat-2 into WMO sea
ice stage of development
classes.
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Radarsat-2
fine resolution
full-polarisation
image
(HH-VV-HV) for
15:15:25 UTC on 12 April 2011.
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Operational Ice Charting
Zhijun Li and Mari-Ann Moen
drilling an ice thickness hole
whilst on a sledge EM survey.

Automatic
segmentation
of the Radarsat-2
image into 7 unlabelled classes.
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Automatic Segmentation
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The Radarsat-2 images acquired during the fieldwork are subject to
an automatic segmentation analysis at UiT. This algorithm segments the image pixels into
statistically distinct groups, or un-labelled segments, based upon data value similarity. The
result shown here used a 16x16 neighbourhood window to extracted 6 polarimetric and
statistical features (including roughness, brightness and polarimetric ratios), and clustered
them with a discrete mixture of Gaussian model for seven major classes. Since the ice
structures are so finely detailed and complicated, a large window size is used to achieve a
suitable region level smoothing.
Subsequent research at UiT will investigate the polarimetric, or physical scattering mechanism,
properties of each image segment to try to assign actual ice type labels to the segments. This
will be significantly aided and validated by collaboration with the manual ice charts produced
by met.no and the ground truth and aerial photography acquired by NPI.

Production of ice charts for marine users is done by analysts of the Ice Service at met.no. The
fine resolution, full polarisation Radarsat-2 scenes acquired in coincidence with the fieldwork
were assessed for sea ice type, as defined by the World Meteorological Organization (WMO)
Stage of Development classes. As there were 3 images covering this location on consecutive
days, a study was performed with the aid of the shipboard ice log observations to determine
how interpretation varied between analysts.
The results showed that interpretation varied across a range of 2 or 3 stage of development
classes for some areas. In addition there were differences in the level of detail portrayed in
the charts depending upon the amount of time taken to draw the manual interpretation. In
general the ice thickness was believed to be about 1 class thinner than the shipboard ice log
recorded.

Conclusions
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The poster provides a short overview of the wide range of activities in sea ice research being
undertaken by Tromsø institutions. These cover the full range from collection of observations
in the field, through development of new methods of interpreting satellite remote sensing, to
provision of sea ice information to marine users.
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The results shown here show some of the work in progress on analysing the dataset from the
April 2011 KV Svalbard cruise. Further, more detailed, studies from this will be presented in
due course and anyone interested in finding out more about the types of work being done is
encouraged to contact the relevant institution.
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