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Abstract – Through the use of Envisat ASAR 
Alternating Polarization (AP) mode data, the 
Applied Science Section of the Canadian Ice 
Service (CIS) has been investigating the utility of 
multiple polarization SAR data for operational ice 
monitoring.  This work will help CIS develop 
initial guidelines and recommendations for use of 
multiple polarization data in preparation for 
future SAR missions, RADARSAT-2, Sentinel-1 
and the RADARSAT Constellation. 

 
I.  INTRODUCTION 

 
The Canadian Ice Service (CIS) promotes safe and 
efficient maritime operations and protects Canada’s 
environment by providing reliable and timely 
information about ice and iceberg conditions in 
Canadian waters.  The CIS relies on a suite of both 
airborne and satellite sensors to operationally monitor 
ice conditions in Canadian coastal and inland 
waterways.  Wide swath (>300km) C-band HH 
satellite SAR from RADARSAT-1 and Envisat 
ASAR, are the primary EO datasets for ice 
monitoring. CIS has been examining Envisat ASAR 
Alternating Polarization (AP) mode data to evaluate 
the potential utility of multi-polarization data for sea 
ice monitoring, particularly in preparation for future 
satellite SAR missions, such as RADARSAT-2, 
Sentinel-1, and the RADARSAT Constellation. 
 
While the availability of a second polarization 
channel suggests the possibility for additional 
information, as an operational user ordering large 
volumes of SAR imagery for near real-time analysis 
CIS need to determine if there is significant additional 
information content to justify ordering two channels 
from future SAR missions.  Given the associated 
overhead of additional data volume, potential 
latencies and analysis time when using multi-
polarization data, this is a very important question.  In 
order to answer this question and provide CIS 
Operations staff with recommendations on  
using multi-pol data, the Applied Science Section of 
the CIS has been analyzing Envisat ASAR 
Alternating  
 
 
 
 

 
Polarization (AP) mode data for the past 4 years.  This 
work has taken place through a variety of mechanisms 
including applied research done in-house, projects 
undertaken by external organizations/companies both 
CIS-contracted and supported directly by the 
Canadian Space Agency (CSA), as well as through 
support and collaboration with university researchers.   
 

II.  DATA 
 
To facilitate this research over the past 4 years, a total 
of 63 ASAR AP images were acquired in an attempt 
to cover each of the different ice regimes found in 
Canadian waters.  Table 1 lists these acquisitions for 
the five principle areas marshaled by CIS ice 
operations.  While the Alternating Polarization data 
are only available in narrow swaths (<100km), 
making it less than ideal for strategic operational 
monitoring, it gives us the possibility to evaluate the 
dual-channel ScanSAR planned for RADARSAT-2 as 
well as Sentinel-1 and the RADARSAT Constellation.  
Images were acquired at various incidence angles 
(15.0˚ - 45.2˚) so as to understand the response of the 
different ice types across range. 
 
Location Number of Images 
Gulf of St. Lawrence 7 
Hudson Bay 5 
Labrador Coast 3 
Central Arctic Archipelago 37 
Beaufort Sea 11 
TOTAL 63 

Table 1.   List of ASAR APP images 
 

III.  METHODS 
 
In order to assess the utility of these dual-polarization 
data sets, both qualitative and quantitative analysis 
was performed on the imagery.  All image data sets 
were geocoded to facilitate comparison of features 
and analyzed visually.   
CIS ice charts were coupled with meteorological data 
to aid in understanding ice and environmental 
conditions at the time of image acquisition.  
Calibration and the extraction of quantitative 
measurements were made using the VUSAR software 
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package created by the Canada Centre for Remote 
Sensing. 
 

IV.  CIS RESULTS 
 
A.  Gulf of St. Lawrence 

 
Based on early ASAR Cal/Val results there was some 
concern that Envisat ASAR cross-polarization returns 
over thin, new ice and open water could be noise floor 
limited [2]. Further analysis of data sets collected in 
the Gulf of St. Lawrence [3] and the Canadian Arctic 
[4] confirmed this.  The 2003/2004 Gulf field 
validation campaigns were the initial assessment of 
ASAR Alt-Pol data to determine if the cross-
polarization channel provides additional or 
complementary information to the co-pol channel in 
the Gulf of St. Lawrence marginal ice zone (MIZ).  
Because CIS personnel were on the ground, 
interesting signatures in the imagery could be 
validated very close to image acquisition.  CIS staff in 
Ottawa identified features of interest and tasked the 
field crew visit these areas on a best effort basis.  The 
post-analysis suggests that the inclusion of cross-pol 
ASAR data does not improve the separation of new, 
young and first-year ice types in this MIZ.  However, 
this may be due to the low backscatter response of 
these targets relative to the noise floor.   Figure 1 
illustrates the mean sigma naught dB levels for all of 
the sample areas analyzed.  Sample areas representing 
all of the first year ice types were chosen and mean 
sigma naught values were calculated using the 
VUSAR program provided by CCRS.  The HV 
channel reports extremely low values at or near the 
noise floor for all of the sample areas chosen which 
substantiates the earlier remark regarding new, young 
and first-year ice types in the MIZ. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Narrow range of backscatter values for FYI 

types at or below noise floor 
 
The case study image on February 7th 2003 is an 
excellent example of where the co and cross-pol 
channels provide different pieces of information, each 

of which can help improve ice analysis results.  
Although the HH channel provides better contrast 
between new and young ice types, its increased 
sensitivity to ocean roughness in the near range make 
ice/water separation more difficult – See Figure 2.  
With the HV channel being less sensitive to surface 
roughness, a clear delineation can be made between 
where the ice stops and the water begins.  However, 
the ability to separate new ice types in the cross-pol 
channel is severely compromised.  It is unsure if this 
is a function of the polarization response or the poor 
noise floor achieved by the ASAR sensor.  Under 
these conditions, having both channels would give the 
analyst an improved separation of new ice types while 
also allowing for more accurate edge detection. 
 
 
 

A. Hudson Bay 
 
Discuss the macro surface roughness features 
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Figure 2.  Improved ice/water separation in high wind 
conditions(IS 4) 

 
B.  Labrador Coast  
 
Figure 3 shows an area of new ice off the Labrador 
ice margin on March 6th 2006.  Meteorological 
conditions reported by nearby Hopedale, indicate 
fairly high winds of approximately 17 knots.  In the 
HH channel, there is a good separation of smooth new 
ice and open water at this steep incidence angle and 
this can be attributed to the high contrast against the 
bright surrounding water.  When comparing with the 
HV channel, there is a definite loss of the rougher ice 
(see yellow circle in HH image), possibly due to the 
increased ocean clutter.  The HV channel does a very 
good job at picking up the deformed new ice but in 
contrast to the HH channel, misses smooth new ice 
(see yellow circle in HV channel).  This example 
identifies a situation where the information in the HH 
and HV channels complement each other and having 
both would ensure a more accurate analysis. 
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Figure 3. Complementary data in both channels (IS 2) 
 

 



Of the four case study images in this section, our 
March 4th example is the only image that was 
acquired in the farthest range, an IS 7.  Unlike the 
previous example, almost all of the rough new ice is 
lost in the cross-pol channel – See Figure 4.  The HH 
channel does a good job at separating ice and water in 
this low clutter environment.  In this example, the 
cross-pol channel adds nothing to the HH channel.  
This could be due to noise limitations on board the 
ASAR sensor.  It will be important for CIS personnel 
to revisit new ice in the far range when RADARSAT-
2 data becomes available.  A lower noise floor may 
improve the detectability of new ice in both the cross 
and co-pol channels. 
 
 
 

B. Central Arctic Archipelago 
 
 
 
 
Figure 4.  Loss of new ice in HV channel (IS 7) 
 
The final example image for the Labrador Coast 
region illustrates the potential of the cross-pol channel 
for isolating macro scale roughness features – See 
Figure 5.  The compaction of ice along the coast is 
typical for this area and can be a major hindrance for 
ice breaking vessels.  Mining activities have increased 
ship traffic to the area in recent years, thereby 
facilitating the need for improved ice strength and 
roughness information.  In order to plan an effective 
route, isolation of large scale roughness features are 
key to safe marine activity. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Large scale roughness features clearly 
visible in HV channel 
 
Conversely the ice edge is much more clearly defined 
in the HH channel but can be most likely attributed to 
a function of wind speed and ice signature and the 
contrast between the two.  The loss of smooth ice at 
the ice/water interface in this example is consistent 
with our earlier analysis of the March 6th image.  This  
 
 

example illustrates another situation where having 
both channels would be extremely beneficial. 
 
C.  CENTRAL ARCTIC ARCHIPELAGO 
 
Analysis of airborne polarimetric data in the Central 
Canadian Arctic suggest that only small differences 
can be expected between the two co-polarization 
channels for discriminating between the multi-year 
and first year sea ice for data acquired under cold and 
dry winter like conditions [1].  Alternating 
Polarization data acquired over McDougall Sound in 
October 2005 under similar conditions (-12 to -16 °C) 
give us an opportunity to look at this discrimination in 
cross-polarization data.  When visually comparing the 
two channels in the IS3 image, there is greater 
contrast between the multi-year floes and the 
surrounding rough ice in the HV channel when 
compared with the HH channel (Figure 6).  In the HH 
channel the multi-year floe is almost indistinguishable 
in the rough first year ice matrix.  However, this same 
floe is easily defined in the HV channel.  The 
quantitative measurements in the table in Figure 6 
support these visual observations. In the HH channel, 
the difference between the measured sigma naught 
(σº) of the multi-year floe (A) and the surrounding 
rough first year ice (B) is only 0.3dB.  However, the 
difference between the multi-year floe and the rough 
first year ice in the HV channel is much larger at 
1.7dB. Observations are similar for the shallower 
incidence angle IS6 image, with a slightly less drastic 
visual contrast appearance between the HH and HV 
channels, but a similar measured contrast difference 
of 1.6dB. 
 

 
 

IS3 – Oct 16th 2005 HH (σº) HV (σº) 
MYI Floe (A) -10.1 -19.7 
Rough FY (B) -10.4 -18.0 

Difference 0.3 1.7 
 

Figure 6.  Multi-year floe (inside yellow circle) in a 
background of first year ice. The larger contrast, both 
visually and quantitatively, between MYI and FYI in 
the HV channel makes floe delineation much easier. 
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D.  BEAUFORT SEA 
 
A recurring problem for CIS Ice Analysts is the 
tracking and typing of multi-year ice in the summer 
season.  Increased temperatures melt the snow cover 
on the sea-ice surface.  The liquid water added to the 
snow volume masks the multi-year ice floes in the 
larger ice pack and makes accurate chart generation 
extremely difficult.  Figure 7 illustrates the “washed-
out” appearance of wet-snow covered multi-year ice 
in the HH channel in a predominantly open water 
background.    Discerning floe structure in the co-
polarization channel is extremely difficult while 
determining the ice water boundary is also 
complicated.  Conversely, the same multi-year ice in 
the cross-polarization channel can be easily 
discriminated from surrounding ice types and open 
water.  The quantitative measurements for the co-
polarization channel support this lack of visual 
contrast with a sample area of water measuring -
9.7dB and a multi-year floe of -10.5dB for a 
difference of just 0.8dB.  The same areas in the HV 
measure -20.4dB and -24.7dB respectively for a much 
larger contrast difference of 4.3dB.  Ongoing research 
is hoped to result in determining if this separation is 
evident when multi-year ice is combined with a first-
year ice matrix. 
 
 
  

 
 

IS1 – Sept 14th 2005 HH (σº) HV (σº) 
Old Floe  -10.5 -20.4 
Water  -9.7 -24.7 

Difference 0.8 4.3 
 

Figure 7.  The Multi-Year Ice signature is lost in the 
HH channel when the ice gets wet making ice edge 

delineation difficult.  The HV channel does a good job 
at removing this ambiguity. 

 
Presently for ice typing, RADARSAT-1’s HH 
polarization is an improvement over the VV 
polarization available from earlier ERS satellites.  
However, clear definition of the ice edge can still be 
difficult with RADARSAT-1, particularly in the near 
range when varying sea surface signatures can often 
“contaminate” a scene to such an extent that reliable 
analysis of ice features is difficult [2].  Figure 8 
illustrates how even in low wind conditions (2-3 m/s) 

there can be a bright return at the near range in the 
HH image.  The various levels of brightness for open 
water signatures make it very difficult to clearly 
separate ice from water.  This ambiguity is removed 
when looking at the same ice and open water in the 
HV channel.  
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Figure 8.  IS1 – Sept 14th 2005.  Combining the HH 

and HV channels helps isolate areas of new ice 
growth. 

 
Where the HV channel does not perform particularly 
well in this environment is in the separation of new 
ice growth from the surrounding open water.  This is 
due in part to the new and thin ice backscatter versus 
noise floor issue discussed in the previous section. 
The HV channel in Figure 8 achieves what appears to 
be a good binary separation of old ice from open 
water clearly defining the multi-year ice boundaries.  
Examining those areas in the HH channel which 
appear to be entirely open water in the HV, there are 
some signature differences ranging dramatically from 
bright to dark.  Upon further inspection it was found 
that the bright areas in the HH channel are wind 
roughened water while the darkened areas between 
floes likely correspond to new ice growth.  Although 
the HH channel does a good job at isolating this new 
ice growth, the different open water signatures make 
delineation of multi-year floes in some areas difficult.  
In this situation, both channels provide information 
that would be valuable to an ice analyst.  To 
maximize this information content, a simple RGB 
composite as illustrated in Figure 8 provides an 
alternate method of visualizing all of these data in one 
image.  The RGB composite (HH-HH-HV) provides 
excellent discrimination between the open water 
(yellow & gray tones), the old ice (light blue tones) as 
well as the new ice (dark blue tones). 

HH HV 

 



Another potential benefit of the cross-polarization 
data is thought to be improved mapping of ice 
topography and structure, because of higher contrast 
between smooth and deformed ice [5].  Identification 
of rough floe boundaries is important for estimates of 
floe size and shape, which aids in ice typing.  Also, 
although the CIS does not currently report on ice 
ridging, marine clients who are navigating through ice 
could find the identification of large scale roughness, 
i.e. ridges, useful as a proxy for ice strength.  It is our 
experience that HH data is sensitive to too wide a 
range of sea ice roughness to be useful in this regard.  
Figure 9 illustrates the potential of the HV channel, 
albeit subtle, in identifying this type of floe structure 
detail.  If coupled with the HH channel in a simple 
RGB (HH-HV-HV) composite image, the detection of 
ridges is further enhanced. 
 

 
 

Figure 9.  IS1 – Sept 14th 2005.The area marked in 
yellow indicates an area of increased floe structure 
detail.  The RGB composite image further enhances 

this intra-floe information. 
 

V.  PARTNERS RESULTS 
 

Through funding opportunities, the CIS has been able 
to forge valuable partnerships with private industry, 
academia and other government departments in the 
analysis of this dual-pol data.  McDonald Detwiller 
and Associates’ (MDA) research results have found 
that cross-pol data provides additional information 
compared to co-pol data particularly for steeper 
incidence angles and scenes with open water and 
wind.  Two channel RGB images are recommended as 
easy and quick data visualization methods.  Promising 
classification results were found using a modified 
Wishart classifier.  Figure 10 contains a sample RGB 
image and its associated classification output. 

 

 
Figure 10.  Simple RGB image and resulting 

classification 
 
University of Calgary and University of Manitoba 
students have been deploying C-band scatterometers 
over various ice types in order to validate Envisat 
signatures.  Analysis has found that ASAR co-pol 
ratio is good for discriminating between smooth, 
rough and highly deformed first-year sea-ice [6].  This 
research is ongoing.   
 HH HV 

VI.  CONCLUSIONS 
 
As the Canadian Ice Service prepares for the launch 
of RADARSAT-2 it is imperative that the potential 
utility of dual polarization data is explored.  The 
ENVISAT ASAR sensor offers the first look at how 
the space-borne cross-polarization channel may 
provide useful operational ice information in 
Canadian waters on a daily basis.  Analysis of 
overlapping AP data sets at near and far incidence 
angles in the Canadian Arctic have yielded interesting 
results.  The HV channel appears to provide good floe 
delineation and increased information on roughness 
structure.  Discrimination between thick, rough ice, 
old ice and open water with the cross-polarization 
channel is also improved.  However, the cross-
polarization channel is poor in its discrimination of 
new, thin and smooth first year ice types.  It should be 
noted that this observation is based on AP data from 
ASAR and reflects the known noise floor limitations 
of the sensor.  It is believed that RADARSAT-2 
should improve on these noise floor limits by a few 
dB. 
 
Sensitivity to incidence angle is dependent on wind 
and associated ocean roughness conditions.  At steep 
incidence angles during wind roughened conditions, 
the bright signature seen in the HH channel often 
makes ice versus open water discrimination difficult.  
The low response of open water in the HV channel, 
regardless of wind-induced roughening, makes 



discrimination of floes much easier but care must be 
taken that new thin ice areas are not missed.  Overall, 
steep incidence angles are preferred to maximize new 
and thin ice separability in the HH channel and act as 
a complement to ice versus open water separation in 
the HV channel.   
 
Acquisition and analysis of additional ASAR AP data 
sets continues at the CIS with results expected to 
further clarify and expand on the observations 
presented here.   
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