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The Ontario Ministry of Natural Resources and Forestry (OMNRF) 

Surface Water Monitoring Centre (SWMC) has the legislated mandate to reduce 
flood risk to public safety and infrastructure across the Province.  The James 
and Hudson Bay Coast area in the Far North of Ontario is home to seven remote 
First Nation communities located on five major river systems that are prone to 
frequent ice jam induced flooding.  When flood risk is identified, airborne 
evacuation of community members is conducted which results in a significant 
social and financial burden.  Monitoring flood risk in the Far North of Ontario is 
extremely challenging due to the complex nature of the ice processes and the 
severe paucity of data.  In order to enhance flood risk monitoring along these 
river systems, a Federal-Provincial partnership was formed between OMNRF, 
Public Safety Canada and Natural Resources Canada (NRCan) to acquire, 
process and disseminate RADARSAT-2 derived ice cover condition products.  
Over the 2015-2017 breakup seasons over 300 image acquisitions were planned 
with over 100 ice cover condition products delivered by NRCan Emergency 
Geomatics Service and SWMC for operational use by emergency management 
staff.  This paper will discuss the operational structure of the project, the 
operational and technical successes and challenges as well as the future 
direction of the ice monitoring program. 

 

mailto:andy.beaton@ontario.ca


1. Introduction 
 

The James & Hudson Bay Coast watersheds in the Far North of Ontario (referred to hereafter as 
JHBC Far North) is home to seven coastal First Nation communities along five major river 
systems (Figure 1).  The communities are subject to regular (nearly annual) flood risk requiring 
airborne evacuation that imposes substantial social and financial burdens to the community and 
requires major resource expenditures from various levels of government.  The Ontario Ministry 
of Natural Resources and Forestry (OMNRF) Surface Water Monitoring Centre (SWMC) has the 
legislated mandate to reduce flood risk to public safety and infrastructure across the Province.  
The SWMC uses a variety of techniques to monitor ice breakup within the JHBC Far North.  
Over the past three years the SWMC has begun to utilize RADARSAT-2 images to supplement 
existing monitoring techniques.  The purpose of this paper is to document interagency 
collaboration and summarize the operational structure and processes used to implement ice 
breakup monitoring using RADARSAT-2.  This paper will provide guidance to other 
jurisdictions looking to enhance river ice monitoring using ice cover condition products derived 
from RADARSAT-2 images and will provide some valuable lessons learned.  This paper will 
also discuss the challenges of operationalizing science that may be of interest beyond the 
purview of the specific applications discussed within this paper. 
 

 
 

Figure 1. Map of Far North river systems including the five major rivers with coastal 
communities (Moose, Albany, Attawapiskat, Winisk and Severn) draining into James Bay & 

Hudson Bay. 
 



2. Flood Forecasting and Warning in in the Far North JHBC Region 
 

Within Ontario, the MNRF is mandated through the Emergency Management and Civil 
Protection Act to reduce flood risk to public safety and infrastructure.  The MNRF SWMC 
conducts a daily hazard identification and risk assessment (HIRA) to support local decision 
making and communication.  The SWMC HIRA involves regular (at least daily) flood specific 
weather briefings from MNRF meteorologists, Provincial watershed conditions assessment 
through monitoring several hydrometric data feeds, modelling and analysis, communication of 
flood risk to partners and situational awareness briefings with various water management 
agencies.  Communication of flood risk in Ontario is a tiered approach where the Province 
(SWMC) issues messages to local authorities (Conservation Authorities, MNRF Districts) who 
then conduct a local conditions assessment and communicate information out to local residents, 
local agencies and the media.  
      
The Far North JHBC Region is a unique setting for flood forecasting and warning which poses 
significant challenges and requires a distinct approach.  Due to the remote nature of the area 
there is a paucity of hydrometric data which limits the ability to monitor and forecast flood using 
techniques applied in other parts of the Province (Ontario Ministry of Natural Resources and 
Forestry, 2016).  In addition to the lack of data, the complexity of the ice processes have limited 
the ability to effectively apply predictive modelling techniques to date.  As a result the Province 
primarily relies on field staff experiential knowledge and monitoring using climate and 
streamflow data, near-real-time cameras, flight reconnaissance and satellite imagery.   
 
Early stages of monitoring involve simple analysis of temperature data to determine when the 
onset of breakup may occur.  Streamflow data are also closely monitored for abnormal rates of 
increase or decrease in the hydrograph that are typically indicative of ice breakup around a gauge 
(Figure 2).  Ice breakup typically occurs in the headwaters and tributaries before moving to the 
main river channel.  By following this trend, the progression of breakup can be monitored as it 
moves towards the coastal communities using the stream gauge network.  In 2016 cameras were 
set-up at four stream gauges to monitor river conditions.  Photos are transmitted via satellite in 
near-real time and are utilized to verify or troubleshoot stream gauge data and monitor ice 
breakup at the gauge.  While the stream gauges and photos are excellent sources of data, they 
only provide information at a limited number of points.  Optical imagery is also being used to 
determine presence and absence of ice which allows for better spatial coverage than the gauge 
network but the imagery’s applicability is restricted to daytime and cloud free conditions and 
provides limited indication of ice conditions.  River surveillance flights are conducted by MNRF 
field staff and First Nations along all five major rivers during breakup.  Flights are conducted 
daily (sometimes more frequently) during peak breakup and as weather permits.  In 2016, GPS 
enabled cameras were sent to field staff to enable the acquisition of geo-tagged photos during 
flight reconnaissance.  The geotagged photos help communicate the information obtained from 
the surveillance flights.  Flight reconnaissance is unfortunately limited by conditions that are 
conducive to flying and it can be difficult to translate information obtained from the flight to a 
spatially distributed visualization of river conditions.  
 



 
 

Figure 2. Spikes in hydrograph indicating ice breakup occurrence around the 04LG004 
streamflow gauge on the Moose River around May 5th 2014.  Note: Discontinuous data at the 

peaks of the hydrograph are a result of the flow exceeding the rating curve. 
 
The cornerstone of the JHBC Far North flood monitoring is senior field staff’s incredible depth 
and breadth of experiential knowledge regarding each of the river systems function during 
breakup. Field staff combine the monitoring information described above with decades of 
experience observing the rivers to assess and determine flood risk.  This information comprises 
the content of the local Cochrane District (local MNRF District in JHBC Far North) flood 
messages.  Information from field staff is also disseminated via situational awareness 
teleconferences with emergency management staff.  While experiential knowledge is incredibly 
valuable there is a risk of losing this wealth of information if succession planning is not 
effectively implemented. 
 
Over the past three years the Province has also been utilizing RADARSAT-2 to monitor ice 
conditions and help assess flood risk within the JHBC Far North.  The RADARSAT-2 images 
are processed to generate a spatially distributed visualization of ice cover roughness that is used 
as a proxy for detecting potential ice jamming and flooding.  RADARSAT-2 images can be 
taken during the day or at night and are not affected by cloud cover.  This method of ice 
monitoring can overcome some of the limitations of existing monitoring techniques described 
above and has proven to be an excellent supplemental source of information for evaluating flood 
risk.  The operational structure for generating and disseminating the RADARSAT-2 ice cover 
condition products is described in the next section. 
 
 
 
 
 



3. Process for Generating and Disseminating Ice cover condition Products 
 
Agency Roles and Responsibilities: 
 
Several agencies are involved in the process of acquiring, processing and disseminating the 
products.  The agency roles and responsibilities have evolved over the course of the three year 
project and will continue to evolve as the project proceeds.  Public Safety Canada (PSC) is the 
Provinces primary contact for image acquisition and deconfliction.  PSC interfaces with the 
Canadian Space Agency (CSA) to task the satellite and is the organization responsible for 
making the requested RADARSAT-2 images available for processing.  It became clear within 
the first year of the project that a single point of contact from the Province with PSC was 
imperative to avoid conflicting requests to task the satellite for the same purpose.  The Canada 
Centre for Remote Sensing (CCRS), a division of the Canada Centre for Mapping and Earth 
Observation of Natural Resources Canada (NRCan), developed all of the science and tools used 
to generate the ice roughness products. The CCRS Emergency Geomatics Services (EGS) 
section was the primary group involved in generating and disseminating the products over the 
2015 and 2016 seasons. EGS has also worked towards building capacity within the MNRF to 
help navigate the required process and understand the science and technology required to create 
the products.  CCRS’s mandate is to develop science and tools and – through EGS - provide 
emergency assistance when requested by PSC but is not to run an annual operational ice breakup 
monitoring program.  As such NRCan CCRS is in the process of transitioning all of the required 
tasks to the MNRF.  Over the 2015 and 2016 seasons the MNRF’s role was to coordinate image 
acquisition and to act as a bridge between CCRS EGS - responsible for product generation and 
distribution – and the field and emergency management staff who were using the products.  Over 
the course of the summer and fall of 2016 efforts were made to transition the bulk of the 
workload previously held by CCRS EGS over to the MNRF.  In 2017, images have been 
processed by both CCRS EGS and the MNRF to provide redundancy with all product 
dissemination falling to the MNRF.  The intent is for the MNRF take on all CCRS EGS’s 
previous responsibilities in future years. NRCan CCRS will however be available to provide 
advice and assistance as required.   
 
Image Acquisition and Deconfliction: 
 
RADARSAT-2 was implemented through a unique collaboration between the Government of 
Canada – represented by the Canadian Space Agency (CSA) – and Canadian industry, i.e. 
MacDonald, Dettwiler Associated Ltd. (MDA). Launched in December 2007, RADARSAT-2 
offers the capacity to image the Earth’s surface independent of daylight and weather conditions. 
In line with the diverse information needs of users, RADARSAT-2 can operate in a variety of 
modes to acquire images that differ in terms of spatial coverage, spatial resolution, and/or 
polarization. RADARSAT-2’s operating frequency is C-band and as such it deploys a radar 
signal with a wavelength on the order of 6 cm. This relatively short wavelength yields a good 
sensitivity to differences in the surface roughness of objects observed including breaking river 
ice. RADARSAT-2 orbits in a 24-day exact revisit cycle but can image a given area more 
frequently through the deployment of different beams that collectively span a swath of earth that 
is about 850 km wide (see Figure 3). RADARSAT-2 operates intermittently in the sense that it 
will only acquire images when tasked on the request of users. 



 
 
 
 
 

 
Figure 3. RADARSAT-2 imaging and beam modes (courtesy MDA). 

 
In the first year of the project (2015) optimal locations and timing to task the RADARSAT-2 
satellite were determined through consultation with field staff and are based on areas historically 
prone to jamming and the typical timeframe of ice breakup for each river.  On an annual basis 
the MNRF Remote Sensing group uses the RADARSAT-2 Acquisition Planning Tool (APT) to 
generate a series of Acquisition Coverage Plans (ACPs) – one for each month during the 
anticipated breakup season - that contain details – including location, date and time -  of desired 
RADARSAT-2 image acquisitions. MNRF sends its ACP files to PSC for subsequent 
submission to the CSA. All plans for routine imaging are required to be submitted two months 
prior to the acquisition month. For example, an ACP for April needs to be submitted by the end 
of January. Submitted ACP’s are entered in a process known as ‘deconfliction’ during which the 
CSA reviews all acquisitions requested and resolves, in consultation with users, any acquisition 
conflicts. Such conflicts may arise when multiple users request imaging in different modes over 
a given area or in different beams over adjoining areas. It should be noted that acquisitions in 
support of formally declared emergency events are given priority over routine imaging requests 
and may be submitted by PSC up to 4 hours – best case scenario – prior to the acquisition time.  
 
SWMC is typically required to concede a few of the requested images each month primarily due 
to conflict with Canada Ice Service’s request for imagery on James Bay and Hudson’s Bay.  In 
order to minimize risk, images that are outside of typical breakup timing (based on historic 
occurrences), and images during periods with more scheduled acquisitions are conceded.  As the 
acquisition plans are finalized, daily and monthly acquisition tables and maps for each river 
system are created and distributed to emergency management partners (Figure 4).  As the 



breakup progresses and areas of concern shift, requests can be made to the CSA to re-task 
satellites to areas of higher flood risk provided there are no conflicts with other users.   It has 
been found that RADARSAT-2 Standard and Wide beam mode images, either single 
polarization HH or dual-polarization HH and HV, are optimal for the task at hand because they 
cover a large geographic area (up to 150 km by 150 km in a single image) at an acceptable 
resolution (12.5 m by 12.5 m pixel spacing).  A few dual-polarization RADARSAT-2 images are 
also acquired over each site of interest in the January and February timeframe to obtain baseline 
information on the freeze-up conditions (e.g. the presence of freeze-up ice jams). This 
information can facilitate the interpretation of ice cover condition information products 
generated from images acquired at the onset of the breakup season and may ultimately provide 
insight in associations between the freeze-up and breakup process.  
 

 
 

Figure 4. Scheduled RADARSAT-2 acquisitions for ice breakup monitoring for May 2016. 
 
Image Processing: 
 
RADARSAT-2 images are processed using a tool developed by NRCan\CCMEO\CCRS. This 
tool provides a fully automated workflow that includes the execution of a river Ice Breakup 
Classification algorithm named IceBC and a series of pre- and post-processing steps. Using C-



band, HH-polarized radar images as input the tool generates ice cover information products that 
discriminate between ‘water’ and three classes each for ice cover conditions identified as ‘sheet 
ice’ or ‘rubble ice’. Ice covers classified as sheet ice are characterized by relatively smooth 
surface roughnesses or, using ice cover terminology, smooth textures. On the other hand, ice 
covers labelled as rubble ice will possess relatively rough textures. River ice jams can be 
expected to show as one of two rubble ice classes. However, conclusive identification of jams 
requires a minimum of two image acquisitions to rule out potential confusion with ice runs. Use 
of the most recent tool requires access to software that, at a minimum, includes PCI Geomatica 
and Python. The availability of a so-called water mask which defines the location of rivers and 
streams in the area of interest is critical to the generation of accurate output products. The IceBC 
algorithm was first developed in the context of a 2008 international polar year project – executed 
with partners in academia and Environment Canada - that aimed to develop a hydrodynamic 
model for the Mackenzie River Delta (van der Sanden et al., 2012; van der Sanden et al., 2013). 
CCRS EGS has been using IceBC for the purpose of a river ice breakup monitoring pilot project 
since 2015 and has invested time to develop a fully automated processing tool.  
 
During the 2015 and 2016 breakups all image processing was completed by NRCan EGS.  Over 
the course of the summer and fall of 2016 the tool was packaged and delivered to MNRF along 
with a formal license agreement.  In 2017 MNRF had the primary responsibility to process the 
images with CCRS EGS processing images as a back-up in case MNRF experienced technical 
issues.  
 
Product Dissemination and Communication: 
 
It was identified at the onset of the project that clearly defined communications protocols would 
be required to ensure that information being disseminated throughout the project would not be 
misinterpreted.  To this end, MNRF SWMC liaised with Ministry and Provincial emergency 
operations and MNRF field staff to establish an information flow/communication protocol.  In 
2015 and 2016 NRCan distributed the products via an open FTP and sent an email to an open 
distribution list informing users when new products were available.  Products on the FTP were 
available in Geotiff and kmz format.  In 2016 NRCan also disseminated the products openly via 
ArcGIS online.  In addition to the products being made available by NRCan, MNRF maps the 
products using standard SWMC mapping templates and distributes via email distribution list in 
pdf format.  The ice cover condition information is also combined with geo-tagged photos to 
produce a blended data product that can be very useful for visualization and communication of 
the ice jams (Figure 5).  The advantage of the pdf document is that the data are immediately 
accessible and contains additional features that are relevant to users such as the location of 
stream gauges and communities.  Another advantage of distributing via pdf as opposed to 
distributing the ice condition classification output from IceBC is that it decreases the risk of 
users developing derivative products that do not appropriately take into account the product 
limitations and may lead to misinterpretation.   
 
In addition, the SWMC uses information from flight surveillance to verify the classification.  The 
pdf document may then contain “field notes” that clarify any potential misclassifications and 
increase confidence and certainty in the product (Figure 7).  If the ice cover condition product 
does not correspond with field observation or gauge data, then the pdf maps are typically not 



disseminated by SWMC.  In the 2017 ice breakup season, CCRS EGS did not disseminate any 
products or data.  The only products that were distributed were the pdf’s via SWMC.   
 

 
 

Figure 5.  RADARSAT-2 Ice cover condition and geotagged photo showing ice jam on the 
Albany River May 3rd 2015. 

 
PSC typically gets the imagery posted to an FTP for download by SWMC shortly after image 
acquisition.  The tool requires 45 minutes to generate the ice cover condition products from the 
imagery.  The pdf maps can be made within a half hour which allows for product dissemination 
within a few hours of image acquisition.  Actual delivery time can vary significantly depending 
on staff availability for processing as well as timing of flight reconnaissance and field 
verification notes.  In addition to the formal methods of distribution described above, the 
products have more recently been redistributed via various channels including Facebook through 
the Fort Albany First Nation Flood Watch Page.   
 
4. Ice breakup Monitoring with RADARSAT-2 over the 2015-2017 Seasons 
 
Product Delivery Summary: 
 
The first year of the project (2015) was used to determine the feasibility of operationalizing the 
products.  The project was deemed a success so it has continued into subsequent years.  Images 
are only processed and distributed during the actual breakup period.  Given that the exact timing 



of breakup cannot be predicted when the acquisition schedule is created several months in 
advance, a large window of time surrounding potential breakup dates is requested.  This results 
in the majority of scheduled image acquisitions not being processed or distributed.  For example, 
in 2016, a total of 173 image acquisitions were scheduled and of these 173 images, 120 were not 
delivered as they fell outside of the breakup period or (a small number of images) contained 
significant misclassifications, 34 were delivered with interpretation notes pointing out minor 
misclassifications and 19 products were delivered without notes (Figure 6).  Delivery statistics 
for 2015 and 2017 are similar to 2016. 
 

 
 

Figure 6. Proportion and timing of delivery of all scheduled RADARSAT-2 images across the 
JHBC Far North during the 2016 ice breakup season. 

 
Operational Utility of the Ice cover condition Products:  
 
The ice cover condition products have been successful in identifying and delineating major ice 
jams on all of the monitored river systems in the JHBC Far North over each of the three years the 
project has been underway.  It has been found that the primary function of the ice cover 
condition products has been to assist with confirmation and visualization of river ice conditions.  
The maps serve as an excellent tool to quickly and effectively communicate current ice 
conditions to emergency management staff and senior management.  The products are also a 
useful method of providing information on river conditions when surveillance flights are not 
possible due to weather or other logistical constraints.  This was particularly apparent in 2015 as 
historic high water levels threatened the communities on the more remote Winisk and Severn 
Rivers where reconnaissance flights are more difficult to conduct.  In addition, the RADARSAT-
2 ice cover condition maps have assisted field staff with refining routes and locations of 
reconnaissance flights to target areas of suspected ice jams.  
 
 
 
 



Observed Product Limitations: 
 
While the products have proven to be an incredibly valuable source of information, there are 
some known limitations that have factored into their operational utility.  All product use 
limitations resulting from sensor parameters and environmental conditions are well documented 
in the NRCan River Breakup Ice Cover Condition Maps – Product Guide (Natural Resources 
Canada, 2014.  Identifying misclassifications requires knowledge, skill, and interpretive abilities, 
often developed through experience, to be able to identify when factors affecting ice roughness 
classification may be at play.  Some examples of these factors identified by MNRF and NRCan 
over the 2015-2017 breakup years are described below. 
 
The main factor that has been observed to affect the river ice classification is the presence of 
“dry winter ice” vs “wet spring ice”, where the latter is required for an effective classification.  
The first several images of each season’s acquisition plan have not been disseminated due to the 
presence of dry winter ice resulting from cooler winter temperatures.  When dry ice is imaged, 
IceBC will overestimate its surface roughness and incorrectly assign the corresponding area a 
rubble ice class. This could lead to the false identification of ice jams.  The onset of wet spring 
ice can be identified through the analysis of temporal variability in the received radar signal, the 
analysis of temperature trends, knowledge of local conditions from field staff, evaluation of the 
overall appearance of the product.   The transition from dry to wet ice is dynamic and may vary 
spatially within the river basin, diurnally with warmer daytime vs cooler nighttime temperatures 
and across the breakup period as temperature fluctuates over the course of the spring.  The 
presence of dry winter ice and the subsequent misclassification of smooth sheet ice as rough 
rubble ice was particularly apparent on the Moose River in 2016 during a prolonged cold snap 
after breakup had commenced and similarly on the Albany in 2017 (Figure 7).  This limitation 
can be identified by carefully observing any inconsistencies in trends over several sequential ice 
cover condition products in combination with monitoring of air temperature fluctuations to 
identify cold periods during image acquisition (Natural Resources Canada, 2014).  In addition, 
avoiding acquiring ascending and descending beam modes within 12 hours of each other at the 
same site in early breakup may help reduce confusion due to diurnal effects. However, this 12hrs 
revisit approach is useful during peak breakup when ice conditions evolve rapidly and wet spring 
ice is more likely to persist.  



 
 

Figure 7. RADARSAT-2 ice cover condition on the Albany River from April 25th 2017.  Field 
notes delivered with the product (shown in the upper left corner of the figure) indicate that some 

smooth ice is misclassified as rough ice due to the presence of dry winter ice. 
 
Another problem observed over the project timeframe was the classification of ice cover overlain 
by saturated snow or standing water as open water (Figure 8).  This results from the fact that 
radar signals cannot penetrate materials that comprise a large amount of free water. This problem 
has only been observed a few times with fairly minimal impact on the overall product utility. It 
can be mitigated through the application of  optical imagery (if available) because these would 
reveal the presence of underlying ice or, retroactively, by analyzing a time series of products to 
determine if the presence of the open water on a given date agrees with the logical progression of 
ice decay. For example, a product showing open water in a given area on a given date and sheet 
ice in the same area on a later date could be concluded to have been misclassified and corrected 
if desired.  
 
A rare but notable observation was the potential for the false identification of an ice jam on the 
Albany River in the 2017 ice breakup season.  Verification from field staff noted that the product 
shown in Figure 8 contained a section of open water misclassified as rough ice.  After 
consultation with CCRS scientists it was determined that the rough ice classification was likely 
correct but represented a rough ice flow as opposed to a rough ice jam and the surveillance flight 
occurred several hours later than the image was acquired so the ice condition had likely changed 



as the ice flow had passed through.  This limitation can again be mitigated by observing a time-
series of ice cover condition images and ensuring that there is consideration of any offset in 
timing of the surveillance flight and the image acquisition when comparing field notes to the 
product.   
 

 
 
Figure 8. RADARSAT-2 ice cover condition from April 29th 2017 showing a misclassification in 
the south channel and feature that could potentially be misinterpreted as an ice jam in the north 

channel. 
   
The image classification component of IceBC does not distinguish between a target found on 
land and ice / open water. It will assign every single pixel in a given image (including the land 
surface) to an ice or water class. Subsequently, all land pixels are masked out in the final product 
by means of the water mask. A correct water mask is essential for obtaining an accurate 
classification. 
 
In the 2015 ice breakup season an incorrect water mask was used that omitted several small 
islands within the river channel that resulted in the algorithm erroneously identifying several 
small static false ice jams that were actually exposed land.  During the offseason, NRCan used 
RapidEye imagery to correct the water mask layer.  In 2016 new sources of error were present 
and it was determined that the RapidEye imagery that was used to correct the water mask was 
taken at low flow and was not representative of the flow conditions during ice breakup.  Taking 



this into account the water mask was again updated and the mask related misclassification issues 
were resolved.  In order to mitigate this problem, the water mask needs to be periodically 
revisited to ensure it is still valid given the dynamic nature of the morphology of the JHBC Far 
North rivers.  In addition, the current water level and potential for inundation or exposure of land 
features such as sandbars, shoreline and islands relative to the water mask used should be 
considered when assessing the validity of the ice cover condition classification.   
 
Misclassification resulting from additional factors described in the NRCan Product Use Guide 
including high winds (> 6 m/s) and the presence of man-made structures and rapids have not 
been observed to create any major complications with the classification to date (Natural 
Resources Canada, 2014).  
 
Communication Challenges: 
 
Communicating scientific and technical information within an emergency management 
framework poses several unique challenges.  Emergency management requires a diverse group 
of individuals across a broad spectrum of disciplines and agencies.  As a result, there are many 
non-technical staff involved that require current and accurate information on river conditions for 
situational awareness but have limited technical understanding of hydrology, ice processes and 
remote sensing.  As a result, it has been challenging to communicate to non-technical users what 
the product is displaying and how that information should be used.  Despite significant efforts to 
educate product users and provide documentation with each product some users are not clear 
about what “ice cover condition” or “ice roughness” describes and incorrectly confuse the 
product with ice thickness.  Continued efforts to educate the user group and build familiarity 
with the products will work towards alleviating this problem. 
 
It has also been a challenge to communicate the inherent uncertainty associated with the ice 
classification.  Attempts have been made to reduce the risk of this complication through field 
verifying products via flight reconnaissance.  However, due to the high demand for near real 
time information for making critical decisions it can be a challenge to wait on verifications that 
are highly dependent on weather conditions conducive to flying and may be delayed.   
 
Very important decisions need to be made with respect to evacuations that have significant social 
and financial impacts.  It is imperative that additional information enhances decision making and 
does not create unnecessary confusion.  There is a balance between disseminating information to 
a broader audience that requires the information for operational decision making but may 
potentially misuse the information versus keeping the product within a smaller more technical 
user group.  There is also a trade-off between disseminating information with higher uncertainty 
more quickly vs distributing products with higher confidence but in a less timely fashion. 
 
Finally, there are added layers of complexity due to the nature of the relationship between the 
Provincial and Federal governments and First Nations that contribute to challenges with 
communication.  It is always important to keep in mind that decisions may not be made in 
isolation based solely on technical understanding of river conditions but require the consideration 
of the complex social and political landscape.  
 



5. Conclusions and Recommendations 
 
This paper has described in detail the operational structure and processes used to successfully 
implement ice monitoring using RADARSAT-2 over the course of three years in the JHBC Far 
North region.  The roles and responsibilities of the key agencies involved including PSC, CSA, 
NRCan\CCRS\EGS and the MNRF were described along with the process for image acquisition, 
deconfliction, processing and dissemination.  Some examples of technical limitations of the 
processing algorithm and product misinterpretation were discussed and include misclassification 
due to dry winter ice, overly saturated ice, standing water on ice, an incorrect water mask and 
misidentification of ice flows vs ice jams.  Some key communication issues that have arisen were 
also discussed and include the difficulty of communicating technical content and product 
uncertainty to a non-technical audience within the short time frames imposed by emergency 
applications. 

 
Overall, the RADARSAT-2 ice cover condition products have been very successful in 
delineating major ice jams on all JHBC Far North river systems and have been an excellent 
supplement to existing monitoring approaches.  The products have also been useful for 
identifying possible ice jams in the absence of reconnaissance flights and for targeting flight 
plans to possible jam locations.  RADARSAT-2 ice monitoring of the JHBC Far North river 
systems is intended to continue into the future with MNRF taking on a larger technical role 
previously held by CCRS/EGS.  The RADARSAT Constellation Mission (RCM) is set to launch 
in 2018 which will ensure data continuity. Technological enhancements offered by RCM – 
notably its capacity to acquire images in more than two polarizations over wide swaths – may 
enable the development of a more robust river ice breakup classification approach. Relative to 
RADARSAT-2, RCM will also provide more frequent coverage, i.e. daily anywhere in Canada.   
 
As the project progresses into the future, MNRF will continue to build technical capacity with 
the classification science and tools and the emergency management community will gain more 
exposure and familiarity with the products.  It is hoped that this will result in a decrease in 
frequency of the challenges described within this paper leading to an overall improvement in the 
utility of the ice cover condition products for assisting with critical decisions related to flood risk 
and community evacuations.        
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