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Abstract  
Based on recent studies, the classification of river ice cover types from 
RADARSAT-1 SAR images is possible with a relatively high degree of 
confidence. With satellite radar ice maps, the dominant ice cover types can be 
identified, ice type boundaries can be observed and ice cover production 
processes can sometimes be monitored. The ice maps can help locate the head 
of the complete ice cover and the location of heavily consolidated events, which 
are features of particular interest for hydropower companies or flood 
forecasters. However, misclassification of ice cover types often occurs due to 
the complex and varying characteristics of the ice itself and to the 
characteristics of the sensor. In order to assess the efficiency of different image 
classification algorithms, this study investigates a quantitative validation 
analysis over the Peace River, Alberta and the Saint-François River, Québec. 
Ground truth was based on georeferenced aerial photos for the Peace River site 
and on ground photos for the Saint-François River site. Three different 
classification methods were tested with RADARSAT-1 SAR images acquired 
during two winters (2006 and 2007): 1) Unsupervised classification (Fuzzy K-
Mean) of backscattering coefficients, 2) Unsupervised classification (Fuzzy K-
Mean) of texture and backscattering coefficients and 3) Object-oriented 
classification of texture and backscattering coefficients with GIS information. 
The accuracy and limits of each method are assessed through confusion 
matrices. For the Saint-François River study site, overall accuracies of 69% to 
92% were obtained for five classes, width the object-oriented approach being 
the most efficient. However, it remains difficult to discriminate between the 
different forms of consolidated frazil. Therefore, the overall accuracies obtained 
for the Peace River were lower (66.5 % to 75 %) due to the large predominance 
of this type of ice.  



1. Introduction 
Ice jams are a major cause of river flooding in Canada. These events can be devastating for the 
environment, for human infrastructures and for the population. The FRAZIL project (GEOIDE 
Network) was initiated to develop a GIS-based system in support of winter river flow modelling 
and ice-related flood forecasting. An important aspect of this system is that it should benefit from 
an optimal use of river ice information coming from satellite radar images [1]. Based on recent 
studies [2,3,4], the classification of river ice cover types from RADARSAT-1 SAR images is 
possible with a relatively high degree of confidence. With satellite radar ice maps, the dominant 
ice cover types can be identified, ice type boundaries can be observed and ice cover production 
processes can sometimes be monitored. The ice maps can help locate the head of the complete 
ice cover and the location of heavily consolidated events, which are features of particular interest 
for hydropower companies or flood forecasters. Radar ice maps can help to foresee problematic 
events or to manage an ongoing disaster. However, misclassification of ice cover types often 
occurs due to the complex and varying characteristics of the ice itself and to the characteristics of 
the sensor. 

1.1 Objectives 
The main purpose of this work is therefore to assess the efficiency of different image 
classification methods for river ice identification and mapping from SAR data. To achieve this, 
three specific objectives are pursued: 1) To obtain a realistic ground truth of the ice cover at the 
time of image acquisition; 2) To classify SAR images using three different methodologies 
selected; 3) To estimate and compare classification accuracies. This paper presents a summary of 
the results to date. 

1.2 Study sites 
Two rivers, located in the eastern and western part of Canada, were chosen for the quantitative 
validation (Figure 1 & Figure 2). The first study site is a 70 km stretch of the Saint-Francois 
River, upstream from the town of Drummondville (Quebec). The second site is a 100 km stretch 
of the Peace River, near the town of Peace River (Alberta). 



 
Figure 1:  Peace River study site 

 
Figure 2: Saint-Francois River study site 



2. Methodology 
2.1 Image acquisition   
Four satellite images were acquired over the study sites in 2006 and 2007. Three images of the 
Saint-Francois River and one for the Peace River were acquired by the Canadian satellite 
RADARSAT-1 (C-band, HH polarization). The images cover a 50km x 50km area, with 
incidence angles varying from 37.2○ to 42.1○ (Table 1) and a ground resolution of approximately 
9 meters (fine beam mode). 

Image pre-processing was done using the Geomatica V.10 software (PCIGeomatics). Original 
amplitudes were first transformed into backscattering coefficients (power). Then, images were 
orthorectified with the photogrammetric method, which corrects the geometric distortions related 
to the sensor and the terrain. Using ground control points, a root mean square positioning error of 
less than one pixel was achieved. The images were projected in UTM coordinates.  

Table 1: Acquired RADARSAT-1 SAR images 

RADARSAT-1-SAR images (C-band, HH polarisation) 

Date Incidence angle Study site Orbit 

January 26, 2006 F3N (41.1○-43.7○) Saint-François River, Qc. Descending 

February 12, 2006 F1F (37.2○-40.3○) Saint-François River, Qc. Descending 

March 16, 2006 F2 (39.2○-42.1○) Peace River, Ab. Ascending 

February 7, 2007 F1 (36.8○-38.9○) Saint-François River, Qc. Descending 

2.2 Ground truth  
Obtaining ground truth is the first step to validate the ice classifications through quantitative 
accuracy assessment. During image acquisition, observations of the river ice types and spatial 
distribution were collected on site. Two methods were used: 1) from aerial survey, 2) from 
ground survey.  

2.2.1 Aerial survey 
On March 16, 2006, an aerial survey was conducted over sections of the Peace River study site 
by BC Hydro. Four aerial photos were acquired almost vertically over different sites and 
different ice covers. As an example, Figure 3 shows the aerial photo at km 390. To insure 
optimal correspondence with the SAR image, the photos were rectified using cartographic layers 
and GPS measurements of recognizable features [5]. They were projected in the same projection 
as the RADARSAT-1-SAR image. Three photos were successfully rectified and showed a good 
spatial correlation with the satellite image. But due to the lack of good ground control points, one 
had to be excluded from photo-interpretation. Therefore, photo-interpretation was produced for 
km 390Figure 4, 397 and 411 by a team of river ice specialists at BC Hydro. They were able to 
visually distinguish 7 categories of ice cover plus open water [5]. The categories are the 
following: 

• Open water; 
• Static border ice: outside the shear line, freeze-over; 
• Dynamic border ice: outside the shear line, consolidated chunks; 
• Slightly consolidated ice cover 1: smoother texture; 



• Slightly consolidated ice cover 2: rougher texture; 
• Consolidated ice cover; 
• Heavily consolidated ice cover; 
• Expanded consolidated ice cover: large chunks of consolidated ice (broken off) and re-

frozen, texture interspersed with rough and smooth patches. 

It is important to note that as with all photo interpretation, uncertainties can exist when 
discriminating two classes and delimiting the transition lines. But this work nonetheless provides 
an excellent image of the surface ice cover for March 16, 2006 (Figure 4).  

 
Figure 3 : Orthorectified aerial photo of the ice cover at km 390 

 
Figure 4 : Ground truth at km 390 

 

 



 

2.2.2 Ground survey 
In 2006 and 2007, three ground surveys were conducted along the Saint-Francois River study 
site, by INRS. Photographs were taken from the bank (Figure 5) at georeferenced locations, 
sketches were made and descriptions of the ice cover were noted. These validation areas were 
then digitized on the SAR image (Figure 6), which was enhanced to obtain a better contrast 
between ice types.       

 
Figure 5 : Ground photo of the ice cover at km 66  on February 7, 2007 on the Saint-François River 

 
Figure 6 : Ground truth and georeferenced locations (8 & 9) on a 

 section of the St-François River, February 7, 2007. 

The ice status was quite different for the three ground surveys. In the winter of 2005-2006, the 
ice cover formed in early December. But heavy rainfalls occurred in January 2006, which 



resulted in a winter breakup on the upstream section of the river. Consequently, on January 26, 
we could observe a smooth cover in the undisturbed river section downstream and a heavily 
consolidated cover (ice jam) upstream. Therefore, the following ice categories were noted: 

• Open water;  
• Smooth cover (consolidated frazil or columnar (thermal) ice); 
• Heavily consolidated ice. 

In the following days, more rainfall occurred and the jam completely disappeared. Then, a cold 
spell prevailed and frazil production started along the river and was still occurring on February 
12. Consolidation of the frazil pans had occur at different level. The following categories were 
noted: 

• Open water; 
• Frazil pans;  
• Smooth cover (columnar ice); 
• Juxtaposed frazil – smooth texture; 
• Juxtaposed and consolidated frazil – medium texture; 
• Consolidated frazil – rough texture; 
• Heavily consolidated ice. 

In 2007, freeze-up started only in mid-January but temperatures dropped and remained below 
0ºC after January 16. Ice growth was therefore gradual and steady until February 7. The 
following categories were observed: 

• Open water; 
• Smooth cover (columnar ice); 
• Juxtaposed frazil – smooth texture; 
• Juxtaposed and consolidated frazil – medium texture; 
• Consolidated frazil – rough texture; 

2.3 Image classification  
Image classification was accomplished following three different methods used to classify river 
ice cover in previous studies [2,3,4]. The first method is an unsupervised approach using the 
backscattering values only. The second method uses the same unsupervised approach but 
combines image’s texture and backscattering. The third method is an object-oriented approach 
using backscattering, texture and GIS data. 

2.3.1 Ice classification using backscattering coefficients (BCM) 
This method was developed by [2]. It is based on the processing of the radar backscattering 
coefficients with successive Kuan and Median filters, to minimize speckle. It is followed by an 
unsupervised classification with the Fuzzy-K-Means algorithm. The chosen output number of 
classes (seven) corresponds to the number of ice types usually observed on the Peace River. The 
classification is then smoothed with a Mode filter.  

2.3.2 Ice classification using image texture and backscattering coefficients (TBM)  
The principal input for this classification is a texture image computed from the grey-level co-
occurrence matrix (GLCM Mean). The authors in [3] found that this texture image was more 
efficient in discriminating smooth to moderately rough ice covers. They also observed that rough 



covers were better discriminated using the backscattering coefficients. So the Fuzzy-K-means 
algorithm was used to perform a first classification over the texture image, using 7 classes. The 
highest class was then reclassified based on the filtered backscattering coefficients to obtain two 
new classes. The combined classification (8 classes) is then smoothed with a Mode filter.  

2.3.3 Ice classification with an object-oriented approach (OOC) 
The third method uses an object-oriented approach as described in [4]. In this process, the river is 
first segmented into objects by progressive pixel aggregation, based on user defined criterions 
(shape, compactness, smoothness, scale) [6]. The next step is to conduct a supervised 
classification of the objects into thematic classes. To train the system and calculate the specific 
spectral and spatial characteristics of each class, objects are selected as training sites using 
ground truth. Different GIS layers (islands, channel width, sinuosity and depth) are added to the 
system and afterwards, they are used in the classification following logical rules. Then, a fuzzy 
algorithm associates each object of the image to the most probable class, following a 
predetermined set of logic rules (such as amplitude threshold, specific width of the channel, 
contact with the channel bank, etc.). For this study, we had to adapt some of the logic rules 
proposed by [4], to account for different ice conditions.  

2.4 Confusion matrix 
In each of the aforementioned studies only a visual quality assessment of the classifications was 
provided but no quantitative validation was available. In this study, we will provide such a 
quantitative validation through confusion matrices.  The first step was to overlay the ground truth 
information and the classifications. The classified pixels were then compared with the ground 
classes through a confusion matrix. In a first iteration, we looked for the highest number of 
matching pixels. According to these observations, we had to merge some classes to obtain a 
square matrix. Finally, we would use the diagonal to calculate omission errors, commission 
errors, mapping accuracy and Kappa coefficient. 

Commission errors happen when the method classify a pixel that should not be part of a certain 
class while the omission errors occur if the method fails to recognize a pixel that should be part 
of a particular class. The mapping accuracy is the number of correctly classified pixels divided 
by the sum of correctly classified pixels, omission pixels and commission pixels. The kappa 
coefficient represents a statistic of the agreement between two maps [7].  

3. Results 
3.1 Ice maps and confusion matrices for the Saint-François River 
3.1.1 January 26, 2006  
As seen in 2.2.2, only water and two ice types were clearly discriminated from the ground survey 
of January 26 on the Saint-françois River. Therefore, with a 3X3 confusion matrix, all 
classification methods tested here provided excellent results (Table 2,Table 3&Table 4) . OOC 
obtained the best overall accuracy with 99 %, closely followed by TBM at 98 % and by BCM at 
93 %. It should be noted that with OOC, logical rules use the channel mean depth, the channel 
width and the nature of the neighbourhood ice type to determine a consolidated cover represents 
a probability of an ice jam. An example is presented Figure 7. 

 

 



Table 2: Confusion matrix for BCM, Saint-Francois River, January 26, 2006 
 

Ice map  
 

Ground truth 

Total  
Pixels 

Class
1 

Class 
2 

Class 
3 Omissions Commissions Mapping 

Accuracy 

Open water 725 725 0 0 0,0% 17,2% 85,3% 
Smooth cover 

(consolidated frazil or 
columnar (thermal) ice) 

849 125 724 0 14,7% 2,5% 83,3% 

 Heavily consolidated ice 534 0 21 513 3,9% 0,0% 96,1% 
Note:  Errors and accuracy are calculated on the yellow cells. 
 

Table 3: Confusion matrix for TBM, Saint-Francois River, January 26, 2006 
 

Ice map  
 

Ground truth 

Total  
Pixels 

Class
1 

Class 
2 

Class 
3 Omissions Commissions Mapping 

Accuracy 

Open water 725 725 0 0 0,0% 0,0% 100,0% 
Smooth cover 

(consolidated frazil or 
columnar (thermal) ice) 

849 0 844 5 0,6% 4,0% 95,6% 

 Heavily consolidated ice 534 0 34 500 6,4% 5,1% 92,7% 
Note:  Errors and accuracy are calculated on the yellow cells. 
 

Table 4:Confusion matrix for OOC, Saint-Francois River, January 26, 2006 
 

Ice map  
 

Ground truth 

Total  
Pixels 

Class
1 

Class 
2 

Class 
3 Omissions Commissions Mapping 

Accuracy 

Open water 712 707 5 0 0,7% 0,0% 99,3% 
Smooth cover  

(consolidated frazil or 
columnar (thermal) ice) 

848 0 830 18 2,1% 0,6% 97,3% 

 Heavily consolidated ice 534 0 0 534 0,0% 17,8% 96,8% 
Note:  Errors and accuracy are calculated on the yellow cells. 
 
 
 



 
Figure 7:  High probability of an ice jam (in red), low probability (in blue). Saint-Francois River (January 26, 

2006) 

3.1.2 February 12, 2006 
On the February 12 ground survey, seven categories were observed. Therefore, BCM and TBM 
were run with 7 classes. However, the set of rules of the OOC method developed by [4] used 
only six classes. The resulting ice maps are presented in Figure 8, Figure 9 and Figure 10. 

A visual inspection of the ice map from BCM shows a large predominance of the first three 
classes, which indicates a difficulty to discriminate classes of low backscattering. The result 
from TBM shows a better distribution of classes but displays speckle. The map from OOC shows 
a great distribution of classes, a much smoother look and an ability to isolate small objects. 

 
Figure 8 : Classification of the February 12, 2006 RADARSAT image, using BCM. Section of the Saint-Francois 

River study site. 



 
Figure 9 : Classification of the February 12, 2006 RADARSAT image, using TBM. Section of the Saint-

Francois River study site. 

 
Figure 10 : Classification of the February 12, 2006 RADARSAT image, using OOC. Section of the Saint-

Francois River study site. 

The confusion matrices for all classes were produced. Confusion was observed for some of the 
classes, which had to be merged. For example, open water and frazil pans (low to medium 
concentrations) were merged. Also, it seems that smooth juxtaposed frazil ice could have been 
frazil pans that froze together in calm river sections, with columnar ice growing between and 
beneath. So this class was merged with the columnar ice class [8]. Therefore, a 5X5 matrix was 
achieved. With BCM, it was even impossible to clearly discriminate between these low classes 
and a 4X4 matrix had to be used (Table 5). With this method, most pixels end up in class 1. 
However, there is a good correspondence between heavily consolidated ice and the higher 
classes with a 94 % mapping accuracy. 



Table 6 shows that TBM performs much better, with an overall accuracy of 84% and a Kappa 
coefficient of 0.72, on a 5X5 matrix. There is however some unresolved confusion with the 
juxtaposed and consolidated frazil classes, which present high commission errors. This aspect is 
improved with OOC, as shown in Table 7. The mapping accuracy for the consolidated frazil 
class increases to 72 % and the commission errors dropped to 23.5 %. The consolidated frazil 
class still presents high commissions errors, but this time, they are towards the heavily 
consolidated class. The overall accuracy of this method is 92 %, with a Kappa coefficient of 
0.85. 

Table 5 : Confusion matrix for BCM, Saint-Francois River, February 12, 2006 

Ice map  
 
Ground truth 

Total 
Pixels  Class 1 Class 2 Class 3 Classes 

4,5,6,7 Omissions Commissions Mapping 
Accuracy

Open water, Frazil pans, 
Columnar ice & Juxtaposed 
frazil 

122473 106429 15921 0 0 13,0% 0,6% 86,5% 

Juxtaposed and consolidated 
frazil 12497 675 10460 1350 12 16,3% 129,1% 36,5% 

Consolidated frazil 2160 0 214 1912 35 11,5% 93,0% 45,9% 

Heavily consolidated ice 11353 0 0 658 10695 5,8% 0,4% 93,8% 
 Note:  Errors and accuracy are calculated on the yellow cells. 

Table 6 : Confusion matrix for TBM, Saint-Francois River, February 12, 2006 

 Note:  Errors and accuracy are calculated on the yellow cells. 

Table 7 : Confusion matrix for OOC, Saint-Francois River, February 12, 2006 

 Note:  Errors and accuracy are calculated on the yellow cells. 

Ice map  
 
Ground truth 

Total 
Pixels 

Class 
1 

Class 
2 & 3 

Class 
4 

Class 
5 

Class 
6 & 7 Omissions  Commissions Mapping 

Accuracy 

Open water & Frazil pans 24443 20385 3984 98 0 0 16,7% 2,1% 81,6% 
Columnar ice & Juxtaposed 
frazil 98034 490 84211 13039 392 0 14,2% 5,8% 81,1% 

Juxtaposed and 
consolidated frazil 12498 12 1662 7411 3299 112 40,7% 106,0% 28,8% 

Consolidated frazil 2160 0 0 104 1741 315 19,4% 197,7% 27,1% 

Heavily consolidated ice 11353 0 0 11 579 10763 5,2% 3,8% 91,4% 

Ice map  
 
Ground truth 

Total 
Pixels 

Class 
1 & 2 

Class 
3 

Class 
4 

Class 
5 

Class 
6  Omissions Commissions Mapping 

accuracy 

Open water & Frazil pans 24394 22903 1467 24 0 0 6,1% 15,3% 81,4% 
Columnar ice & 
Juxtaposed frazil 98034 3725 92544 1765 0 0 5,6% 2,5% 92,1% 

Juxtaposed and 
consolidated frazil 12510 0 950 11186 312 62 10,6% 23,5% 72,4% 

Consolidated frazil 2160 0 2 905 1253 0 42,0% 120,1% 26,4% 

Heavily consolidated ice 11342 0 0 238 2282 8821 22,2% 0,6% 77,4% 



3.1.3 February 7, 2007 
On February 7, 2007 ground survey, 5 categories were observed. A 5X5 confusion matrix was 
achieved to show the results. Results were fairly good for all three methods, with an overall 
accuracy of 76.5 % for OOC and 72.5 % for TBM (Table 8, Table 9 & Table 10). We obtained 
only 69% for BCM, with a 4X4 matrix. The lower accuracies in 2007 are caused by a more 
problematic discrimination between water and columnar ice. This may be due to a slower ice 
formation process in 2007, resulting in ice with fewer air inclusions and lower backscattering [8].          

 
Table 8 : Confusion matrix for BCM, Saint-Francois River, February 7, 2007 

 
Ice map  

 
Ground truth 

Total 
Pixels 

Class 
1 

Class 
2 

Class 
3 & 4 

Class 5, 
6 & 7 Omissions Commissions Mapping  

Accuracy 

Open Water  
& Smooth cover 
(columnar ice) 

2160 2144 16 0 0 0,7% 67,5% 59,2% 

Juxtaposed frazil – 
smooth texture 2481 1454 950 74 0 61,6% 5,1% 36,5% 

Juxtaposed and 
consolidated frazil 
– medium texture 

1697 0 102 1456 137 14,1% 55,0% 55,4% 

Consolidated frazil 
– rough texture 

2346 5 9 859 1473 37,2% 5,9% 59,3% 

Note:  Errors and accuracy are calculated on the yellow cells. 
 

Table 9 : Confusion matrix for T BM, Saint-Francois River, February 7, 2007 
 

Ice map  
 
Ground truth 

Total  
Pixels

 

Class 
1 

Class 
2 

Class 
3 & 4 

Class 
5 

Class 
6 & 7 Omissions Commissions Mapping 

Accuracy 

Open water 1089 1077 12 0 0 0 1,1% 64,3% 60,2% 

Smooth cover 
(columnar ice) 

1071 574 338 159 0 0 68,4% 47,0% 21,5% 

Juxtaposed frazil 
– smooth texture 

2481 127 491 1714 149 0 30,9% 11,4% 62,0% 

Juxtaposed and 
consolidated 
frazil – medium 
texture 

1697 0 0 110 1098 489 35,3% 25,5% 51,6% 

Consolidated 
frazil – rough 
texture 

2346 0 0 14 284 2046 12,7% 20,8% 72,2% 

Note:  Errors and accuracy are calculated on the yellow cells. 
 
 
 
 
 
 



Table 10 : Confusion matrix for OOC, Saint-Francois River, February 7, 2007 
 

Ice map  
 
Ground truth 

Total 
Pixels 

Class 
1 Class 2 Class 

3 
Class 

4 
Class 5 

& 6 Omissions Commissions Mapping 
Accuracy 

Open water 1001 876 91 34 0 0 12,5% 37,4% 63,7% 

Smooth cover 
(columnar ice) 

1067 375 654 38 0 0 38,7% 46,8% 41,8% 

Juxtaposed frazil 
– smooth texture 2475 0 408 1864 203 0 24,7% 7,5% 70,1% 

Juxtaposed and 
consolidated 
frazil – medium 
texture 

1697 0 0 63 1268 368 25,4% 35,3% 55,2% 

Consolidated 
frazil – rough 
texture 

2346 0 0 49 396 1900 19,0% 15,7% 70,0% 

Note:  Errors and accuracy are calculated on the yellow cells. 
 

3.2 Ice maps and confusion matrices for the Peace River 
The ice maps of the Peace River study site were also produced for the three classification 
methods. With BCM and DTM, the number of output classes in these classifications was 
originally set to the number of classes in the available ground truth (eight). Due to available data, 
logical rules were adapted for the object-oriented method and the classification was set to 5 
classes. The resulting ice maps are presented in Figure 11, Figure 12 and Figure 13. 

 
Figure 11 : Ice map BCM on a section of the Peace River study site (KM 390). 



 
Figure 12 : Ice maps from TBM on a section of the Peace River study site (KM 390). 

 

 
Figure 13 : Ice maps from OOC on a section of the Peace River study site (KM 390). 

As with the St-François River study site, the first confusion matrices were used to match ground 
truth classes with image classes. However, due to more confusion between the classes, the best 
matches were achieved by merging dynamic border ice and slightly consolidated ice 1 & 2 and 
by grouping consolidated ice & heavily consolidated ice. This resulted in a 4X4 matrix. As 
experienced with the Saint-Francois River site, we had to use a smaller matrix (3X3) for BCM., 
Table 12 & Table 13 show the results for all aerial photos combined. 

 

 
 
 
 

 



Table 11 : Confusion matrix for BCM, Peace River, March 16, 2006 

Ice map  
 
Ground truth 

Total  
Pixels 

Class
1 

Class 
2 & 3 

Class 4, 
 5, 6, 7 & 8

 
Omissions Commissions 

Mapping  
Accuracy 

Open water, Static border  
ice & Expanded  
consolidated ice 8142 5268 2402 464 35,2% 14,8% 56,4% 
Dynamic border ice, Slightly 
consolidated ice 1 & 2 29726 1189 23484 5053 21,0% 23,9% 63,8% 
Consolidated ice & Heavily 
consolidated ice 15529 16 4705 10824 30,4% 35,5% 51,4% 

Note:  Errors and accuracy are calculated on the yellow cells. 

Table 12 : Confusion matrix for TBM, Peace River, March 16, 2006 

Ice map  
 
Ground truth 

Total 
pixels 

Class  
1 

Class 
2, 3 & 4 

Class 
5 & 6 

Class 
7 & 8 Omissions Commissions Mapping  

Accuracy 

Open water 850 5 607 182 56 99,4% 26,2% 0,5% 
Static border  
ice & Expanded  
consolidated ice 

7275 223 4058 2550 444 44,3% 24,3% 44,9% 

Dynamic border 
ice, Slightly 
consolidated ice 1 & 2 

29640 0 1121 20317 8202 31,5% 24,1% 55,2% 

 Consolidated ice & 
Heavily  
consolidated ice 

15519 0 42 4402 11075 28,6% 56,1% 45,7% 

Note:  Errors and accuracy are calculated on the yellow cells. 

Table 13 : Confusion matrix for OOC, Peace River, March 16, 2006 

Ice map  
 
Ground truth 

Total 
pixels 

Class 
1 

Class 
2 

Class 
3 & 4 

Class  
5 Omissions Commissions Mapping  

Accuracy 

Open water 845 335 145 280 85 60,4% 87,9% 21,1% 
Static border  
ice & Expanded  
consolidated ice 

7275 713 3710 2233 618 49,0% 11,6% 45,7% 

Dynamic border 
ice, Slightly 
consolidated ice 1 & 2 

29715 30 654 23980 5052 19,3% 21,7% 66,3% 

Consolidated 
ice & Heavily  
consolidated ice 

15526 0 47 3944 11536 25,7% 37,1% 54,2% 

Note:  Errors and accuracy are calculated on the yellow cells. 

All methods produced comparable mapping accuracies for any classes. BCM has an overall 
accuracy of 73 % for a 3 x 3 matrix and a Kappa coefficient of 0.54. TBM has an overall 
mapping accuracy of 66.5%, with a Kappa coefficient of 0.44. OOC produced the best overall 
accuracy with 75 % for a 4 x 4 matrix with a Kappa coefficient of 0.55.   

Open water has a poor mapping accuracy and high omission errors for all methods. This is due to 
the fact that open water leads identified on the aerial photo are smaller than the satellite 
resolution. A significant confusion occurs between adjacent classes, which results in large 



omission and commission errors. This indicates that variability within these consolidated ice 
covers can’t be clearly identified by the classification methods. It may be that the sensor is not 
sensitive enough or that a more appropriate approach has to be developed. However, when we 
calculate matrices separately for the three aerial photos, some performed better than others. 
Therefore, this will have to be investigated further. 

3.3 River ice maps overall accuracy  
Table 14 presents a summary of the overall accuracy and kappa coefficients for all images with 
the different methods used in this study. 

Table 14 : Overall accuracy and kappa statistic of river ice classification methods for different images & 
dates 

          
          Image  & date 

 
 
Classification 
methods 

Peace River 
[March 16, 2006]

Final matrix  
( 4 x 4 ) 

Saint-Francois River 
[January 26, 2006] 

Final matrix  
( 3 x 3 ) 

Saint-Francois River 
[February,12,2006] 

Final matrix 
 ( 5 x 5 ) 

 Saint-Francois River 
[February 7, 2007]

Final matrix 
 ( 5 x 5 ) 

BCM 73% (3x3) 
(k=0.54) 93% (k=0.92) 87 % (4x4) 

(k=0.66) 
69% (4x4) 
(k=0.595) 

TBM 66.5 % (k=0.44) 98% (k=0.97) 84% (k=0.71) 72.5 % (k=0.65) 
OOC 75% (k=0.55) 99% (k=0.98) 92% (k=0.85) 76.5% (k=0.70) 

OOC produced the best overall accuracies for all four studied images. TBM is slightly less 
efficient but for the moment, the method is easier to apply. BCM experienced more problems in 
discriminating the low classes, hence its lower accuracies. 

4. Conclusion 
The preliminary results of this study confirm the sensitivity of RADARSAT-1 SAR data to the 
different characteristics of river ice. It also provides the first quantitative validation of ice maps, 
produced with different image classification approaches. Depending on the method and ice 
conditions, three to five classes were well discriminated, with global mapping accuracies ranging 
from 66.5% to 99%. The object oriented approach provided the best results but the combined 
method (texture and backscattering) has also performed well. Confusions are more often seen 
within consolidated covers. Results were also better on the Saint-François River. 

Normally, the methods should be applicable on any river because the controlling principles are 
the same. However, we should first define a homogeneous ground truth classification that would 
include all possible cover types. A nomenclature based on formation process (snow ice, frazil 
ice, columnar ice), roughness and spatial arrangement would better fit with the radar-ice 
interaction theory and facilitate any further validation. Moreover, it may be possible that the 
aerial survey produces an ice cover delineation that is too detailed, compared to the ground 
survey. This could partially explain why the results are better on the Saint-François River. One 
should also keep in mind that the photointerpret draws what he sees on the surface while the 
radar considers the entire profile of the ice cover. So, visual ground truth may not be the most 
accurate approach for quantitative validation. In any case, this study provides a quantitative 
reference, which is essential for developing classification methods and improving the quality of 
radar ice maps. 

 



5. Acknowledgement 
This work was made possible by the financial support of the GEOIDE Network. RADARSAT 
images were graciously provided by the Canadian Space Agency.  

6. References 
[1] Gauthier, Y. Paquet, L.-M., Gonzalez, A., Hicks, F., Andrishak, R. and M. Bernier (2007). 

Using the FRAZIL system in support of winter river flow modelling. Proceedings of the 
14th workshop of the committee on river ice processes and the environment - CRIPE 
2007, Quebec City, June 19-22. 

[2] Weber, F., Nixon, D., Hurley, J. (2003). Semi-automated classification of river ice types 
on the Peace River using RADRASAT-1 Synthetic Aperture Radar (SAR) imagery. Can. J. 
Civ. Eng. Vol. 30, 2003: 11-27. 

[3] Gauthier, Y., Weber, F., Savary, S.,  Jasek, M., Paquet, L-M. and Bernier, M., (2006). A 
combined classification scheme to characterise river ice from SAR data. EARSeL 
eProceedings, 5(1) : 77-88 

[4] El Battay, Ali, (2006) Développement d’une approche de Classification Orientée Objet 
pour une meilleure caractérisation de la glace d’une rivière de taille moyenne à l’aide des 
images du satellite RADARSAT-1 et d’un Système d’Information Géographique : cas de 
la rivière Saint-François, Québec., Ph.D. thesis. INRS-ETE, Québec 

[5] Penner, Osmar., (2006) Peace River ice classification, aerial photo visual classification 
(Methodology and notes), Reference guide, B.C. Hydro, Canada  

[6] Definiens Imaging (2001), eCognition online user guide, guide d’utilisateur en ligne 
eCognition, http://www.definiens-imaging.com.  

[7] Remote sensing tutorial, Section 13 (NASA, United Stated of America) 
http://rst.gsfc.nasa.gov  

[8] Gherboudj, I., Bernier, M., Hicks, F., Leconte, R., (2007)(In press). Physical 
characterisation of air inclusions in ice river. Cold Regions Science and Technology, 
article online, http://dx.doi.org/10.1016/j.coldregions.2007.02.008. 

 


