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ABSTRACT 

Arctic air temperatures are increasing by approximately twice the amount as the global mean. The 

response of the sea ice to warmer temperatures has major impacts on the climate, ecosystems, 

communities, wildlife and economy in the Arctic. The ice-air ocean-air interactions have major 

impacts on atmospheric processes and snowpack properties in the Arctic. One of the main 

applications of the Canadian RADARSAT Program is to monitor the sea ice conditions in Canadian 

waters. The C-Band synthetic aperture radar (SAR) sensor of RADARSAT-1 was designed for 

optimal monitoring of sea ice conditions in the Canadian Arctic.  

The Canadian Ice Service (CIS) of Environment and Climate Change Canada has been providing 

sea ice charts since the 1970s. Modern charts provided by the CIS have been manually digitized 

mostly from RADARSAT-1/2 imagery, since 1997. With the increasing amount of C-Band SAR 

sensors like Sentinel-1A and -1B of the European Space Agency and the soon to be launched 

RADARSAT Constellation Mission (RCM), it is becoming more difficult to fully exploit of all this 

available data with traditional charting methods.  

Machine learning algorithms have proven useful in automating sea ice feature extraction but have 

proven to be very dependent on many parameters like time of year, viewing geometry, sensor and 

image characteristics and ice regime. These methods are promising but prove to be very 

computationally costly and complex to implement. Deep learning methods on the other hand have 

the potential to use all this data and learn, through proper training, how to classify sea ice conditions 

no matter the sensor, parameterization, or location.  

The convolutional neural network (CNN) proposed in this study is potentially the closest deep 

learning method to visual digitization since it is capable of identifying features from imagery at 

different scales similar to what ice analysts currently do visually to produce the ice charts. The 

proposed CNN has been trained and validated on 10 years of dual-pol RADARSAT-2 ScanSAR 

images. It was also tested on Sentinel-1A and -1B EW mode as well as simulated RADARSAT 

Constellation Mission images with similar accuracies as RADARSAT-2. This method is proving 

very promising for exploiting and integrating large amounts of imagery from C-band and other SAR 

sensors, irrespective of the acquisition parameters and target characteristics. 
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