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The nature of breakup on the Athabasca River at Fort McMurray, AB is generally quite
dynamic and typically involves the development of a series of ice jams in the steep reach
upstream of the town. Breakup often progresses as a cascade of ice jam releases through
this steep reach, and these ice runs often result in ice jam formation in the vicinity of Fort
McMurray. Since this can result in severe flooding it is highly desirable, from an
emergency preparedness perspective, to have prior knowledge of incoming ice runs.
Because of the extent of the reach contributing to these ice runs (nearly two hundred km)
it is impractical and expensive to fly the river daily to identify incoming events. The
purpose of this investigation was to determine if it would be possible to use Synthetic
Aperture Radar (SAR) images as acquired by the Canadian RADARSAT satellite, to
monitor the progression of breakup at this site, to facilitate flood forecasting efforts.
Four RADARSAT images obtained for the Athabasca River near Fort McMurray, AB at
varying stages of the 2003 breakup were compared to photographs taken throughout the
study reach during simultaneous observational flights. This analysis demonstrated that,
for the Athabasca River, it is possible to identify a number of features which can be
indicative of spring breakup. Open water, intact ice, running ice and ice jams were
distinguished with little difficulty from a visual examination of the satellite images.
In addition, measured field data indicates that there is potential to utilize the amount of
backscatter in a satellite image as an indirect measure of ice thickness and/or roughness.
However, more work is required to confirm this hypothesis.

1. Introduction
The use of Synthetic Aperture Radar (SAR) imagery as acquired by the Canadian RADARSAT
and other satellites for sea ice monitoring has now reached the operational stage and indications
are that its potential for similar usefulness in the field of river ice monitoring is excellent. Weber
et al. (2003) in a study on the Peace River, employed a visual analysis combined with a semiautomated classification system to categorize seven different “ice types” ranging from open
water and frazil pan ice covers to several levels of juxtaposed and consolidated ice covers.
Further research has revealed that depending upon the scale of the river of interest and the
resolution of the satellite image, it may also be possible to identify the extent of ice in a
navigable waterway. For example, a variant texture analysis procedure has been successfully
applied to both the Mississippi and Missouri Rivers to delineate specific regions of brash ice,
sheet ice and open water on satellite images (Tracy and Daly 2003).
The Athabasca River at Fort McMurray, AB presents an excellent case for which to assess the
usefulness of satellite SAR imagery for river ice monitoring. Each spring, this site is at
tremendous risk of ice jam flooding as the nature of breakup is generally quite dynamic, typically
involving the development of a series of ice jams in the reach upstream. Breakup often
progresses as a cascade of ice jam releases through this steep reach to Fort McMurray and these
ice runs often arrest and jam at the town. It is highly desirable, from a flood forecasting
perspective, to have prior knowledge of incoming ice runs. However, because of the extent of the
reach contributing to ice runs (nearly two hundred km) it is impractical and expensive to fly the
river daily to identify incoming ice runs. Here we investigate the viability of using RADARSAT
imagery to monitor the progression of breakup at this site.
2. Field Observations, 2003
Various forms of data were gathered as part of a field program set up to monitor the breakup of
the Athabasca River, AB. During a field trip from April 1 to April 3 of 2003, water levels, ice
thickness and snow thickness were measured at several locations along the river upstream of Fort
McMurray. On April 15, 2003, when river breakup was anticipated to be imminent, the river
came under closer scrutiny and was observed and photographed aerially on a daily basis. This
data was used to confirm and validate information obtained from RADARSAT images.
3. April 1, 2003 (RADARSAT at 06:41:23, photos taken from April 1 to April 3)
A fine beam image (approximate ground resolution 9 x 8 m) of the Athabasca River was taken
during a morning (i.e. descending) overpass at 06:41:23 on April 1, 2003, approximately 21 days
before river breakup. Figure 1 displays an overall view of the study reach, extending from
Crooked Rapids (near G150) to the Fort McMurray town site. It should be noted that the ice
cover appears visibly brighter along the reach from the town site to the vicinity of G110. A
closer look at this sub-reach is provided in Figure 2, along with pictures and approximate ice
thicknesses at several locations. Measurements confirmed that the ice cover was relatively thick
throughout this sub-reach (1.25 m or more). There does appear to be some slight variation in the
apparent brightness within this region; however there is insufficient data to ascertain whether this
indicates a relationship between the comparative amount of backscatter and either the ice texture
or thickness. Some uncertainty is also introduced by the fact that ice thickness was determined at
only four locations and, at each location, it was based on an average of three or less

measurements. This may not have been sufficient to account for the variability in ice thickness
across each cross section.
As shown in Figure 3, photographs taken at G130 and G135 provide an indication of the ice
appearance and texture. Compared to the satellite image, it appears as though the presence of
water at G130 corresponds to a darker region of the RADARSAT image as compared to that at
G135.
The data presented in Figure 4 provides support for the assertion that backscatter may be
indicative of the structure and thus, indirectly, the thickness of an ice cover (since thicker ice
covers often result from ice consolidation events). Although major differences in the ice cover
texture are not obvious in the photographs, it does not necessarily follow that backscatter is not
an indirect measure of roughness. According to Haykin et al. (1994), as referenced by Weber et
al. (2003), “if the penetration depth exceeds the thickness of the medium, the next lower layer
interface will receive sufficient energy to contribute to the radar returns.” Therefore,
“microwaves may then predominantly be scattered from the ice-water interface and only to a
minor extent by the air-ice interface.” (Elachi et al. 1976 as referenced by Weber et al. 2003)
This could therefore mean that regions of high backscatter in the image could be caused by a
very rough ice-water interface or solid ice/slush ice interface.
Thickness measurements and photographs were taken at several locations in this upstream
section of the study reach. It is apparent that the first, second and fifth locations (increasing in
the downstream direction) appear darker in the satellite image and were found to have thinner ice
covers (0.79 m, 1.01 m and 0.93 m, respectively). Conversely, the two bright areas in the satellite
image had relatively thick ice covers. Ice thickness was measured to be 1.30 m at Rock Rapids
(third location) and at Cascade Rapids (fourth location), the ice was measured to be 1.50 m with
underlying slush ice. That both of these locations are near rapids is interesting. It stands to reason
that this high backscatter could be due to a heavily consolidated ice cover (possible freeze-up
jam) which would have a rougher surface texture. Note that although location 2 is near Crooked
Rapids, the ice thickness was actually measured a fair distance upstream of the rapids.
4. April 18, 2003 (RADARSAT at 19:12:09, photos taken from 17:00:00 to 18:00:00)
A fine beam RADARSAT image of the study reach taken four days before breakup is shown in
Figure 5. The satellite image was taken during an evening (i.e. ascending) overpass at 19:12:09
on April 18, 2003 and photographs taken between 17:00:00 and 18:00:00 of the same day were
used to support inferences made from the satellite image. It is interesting to note that on this day,
the reach downstream of G110 no longer appears significantly brighter than the rest of the river.
This is most likely due to changes in the ice cover (i.e. the effects of thermal deterioration). The
effect of the change in viewing geometry, i.e. ascending rather than descending acquisition, will
be negligible since the overall backscattering properties of the ice cover are highly
omnidirectional. A close-up of the region downstream of the town site is presented in Figure 6.
Though the satellite image is fairly dark across the river, it is possible to discern several areas of
very low backscatter (black in colour) lining the left bank near the sewage lagoons. As can be
confirmed by the photographs, these areas correspond to open water.

Figure 7 presents an enlarged view of the reach immediately upstream of the twin bridges. In this
image an accumulation of ice at the Horse River confluence shows up clearly as being
significantly brighter (higher backscatter) than the surrounding ice. As well, a segment of dark
ice and open water adjacent to the golf course, shows up as being darker (lower backscatter) than
the surrounding ice. Open water can be noted in Figure 8, which is a magnified view of the study
reach from G110 to Mountain Rapids. A small dark patch (low backscatter) is visible right at
Mountain Rapids.
In some instances it is possible to delineate the shape and location of long open leads. As is
evident in Figure 9, a large open lead lines the left bank near the upstream extremity of the reach.
There are also two areas of open water immediately upstream of G130. Another example of the
clear delineation of open water can be noted in Figure 10. Just downstream of G135, a large
triangular-shaped area of open water visible in the satellite image seems to correspond very
closely to that in the photograph. In Figure 11, the ice cover at Cascade Rapids appears brighter
than the surrounding area in the satellite image. Also, areas of open water are visible near G140;
note the segment lining the left bank and the area upstream of the island.
5. April 22, 2003 (RADARSAT at 07:28:45, photos taken from 09:00:00 to 12:00:00)
A standard beam RADARSAT image (approximate ground resolution 20 x 27 m) was taken
during a descending overpass on April 22, 2003 at 07:28:45, shortly after the formation of an ice
jam. At this particular date, the area of interest was located outside the bounds of the swath
covered by the fine beam image mode. Figure 12 depicts the study reach, clearly revealing the
jam length and location. The jam extends from the toe, occurring downstream of G110, to
upstream of G130. The jam itself shows up as being visibly brighter than the intact ice
downstream of G110, probably due to the backscatter caused by the highly consolidated ice.
Figure 13 provides a closer look at the ice cover downstream of the twin bridges. The ice cover
was still partially intact but open water is visible around the perimeter of the islands and along
the right bank of the main channel, downstream of the Clearwater confluence, as confirmed by
the photographs. The reach of intact ice immediately downstream of the jam toe is presented in
Figure 14. Segments of open water downstream of the golf course can be clearly delineated in
the satellite image and closely correspond to those visible in the photographs. As well, the
buildup of ice at the Horse River confluence is again visible, despite the coarse image resolution.
The reach of river from G110 to Mountain Rapids is presented in Figure 15. Near G110, the toe
of the jam can be distinguished by the tonal change in the image. The jam is visibly brighter than
the intact ice cover downstream of the toe. Some intact ice and open water along the right bank
upstream of G110 can also be noted. Figure 16 shows the upstream end of the jam in the vicinity
of G130. The jam appears to be relatively brighter (higher backscatter) near the head. The head
of the jam occurs just downstream of a near-ninety degree bend in the river and can be easily
distinguished in the satellite image.
Another feature that can be easily discerned from the satellite image is residual ice. Figure 17 is
an example of this. At G135, ice that appears to be hung up on some rocks near the centre of the
channel is obvious in the RADARSAT image. Remaining intact ice can also be distinguished
under certain conditions. In Figure 18, the edge of bank is delineated by a white line, and large
sheets of unbroken ice are recognizable along the left bank near G140 and at Little Cascade
Rapids. In this case, the location of the edge of bank was estimated using the April 1

RADARSAT image, when this feature appeared more prominently. As well, there is residual
intact ice along the right bank near Cascade Rapids and consolidated ice around the island. It
should also be noted that Cascade Rapids shows up very clearly just adjacent to the intact ice at
that location.
6. April 22, 2003: evening (RADARSAT at 18:55:28)
A standard beam RADARSAT image was taken during an ascending overpass at 18:55:28 on
April 22, 2003, shortly after the release of the ice jam. Again, due to swath limitations, it was not
possible to obtain a fine beam image at this time. Upon release, a surge of ice and water
propagated through town and continued downstream, marking the start of a major ice run.
Depicted in Figure 19 is the downstream portion of the study reach shortly after this release. The
former jam location is marked and running ice is clearly visible, as is the leading edge of the ice
run, located near Stony Island. This correlates well with video photography obtained from a
helicopter at this time. A magnified view of the downstream end of the ice run is provided in
Figure 20, affording a closer look at the leading edge of the ice jam release surge.
7. Discussion and Conclusion
Field data collected on the Athabasca River at Fort McMurray, AB, from April 1-3, 2003 lends
credence to the suggestion that it may be possible to infer ice texture/roughness data from
RADARSAT imagery and thus possibly, indirectly, some qualitative inference of relative ice
thickness. Two regions near Rock Rapids and Cascade Rapids appeared visibly brighter (thereby
exhibiting higher backscatter) and were measured to have a thicker ice cover than adjacent
darker areas (less backscatter). Furthermore, the ice cover was found to be comparatively thick
throughout the region from G110 to the town site, another area of relatively high backscatter.
Though this is still a fairly limited data set and more field work would be required to confirm the
relationship, these preliminary results appear promising.
With regard to implementing RADARSAT imagery as a forecasting tool, however, the greater
advantage is gained by its demonstrated effectiveness in classifying types of ice cover. By visual
inspection alone, it was possible to distinguish regions of open water, intact ice, ice jams and
running ice in the three satellite images from April 18 to April 22. By associating aerial
photographs with the RADARSAT images used, these identifications were confirmed. This
shows promise as a cost-effective means of monitoring river breakup remotely.
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Figure 1. This is a fine mode RADARSAT image of the full study reach 21 days before breakup. Note that the ice cover is visibly brighter from
G110 to the downstream end of the reach. On this date, ice thickness was measured at a number of locations. (April 1, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 2. This shows the texture and approximate thickness of the ice at four locations upstream of town. The ice cover is relatively thick
throughout this region, corresponding quite well to the high backscatter visible in the satellite image. (April 1, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 3. The presence of water at G130 seems to cause less backscatter in the satellite image as compared to the ice cover at G135. (April 1,
2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 4. The ice thickness and texture are presented for five locations. Brighter areas seem to be somewhat thicker. (i.e. 1.30 m and 1.50 m vs.
0.79 m, 1.01 m and 0.93 m). (April 1, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 5. Fine mode RASADATSAT image of the study reach, taken 4 days before breakup. (April 18, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 6. Dark areas in the satellite image delineate the extent of the ice cover. Areas of open water along the left bank (near and upstream of
sewage lagoons) can be noted in this reach of the river. (April 18, 2003)

© Canadian Space Agency
Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 7. Accumulation of ice at the Horse River confluence is clearly visible in the satellite image.
Also, a stretch of dark ice and open water adjacent to the golf course can be noted. (April 18, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.

G110

Mountain Rapids

G122

Mountain Rapids

G110 to Mountain Rapids
Figure 8. Bars and islands show up clearly in the satellite image. It is also possible to see open water at Mountain Rapids. (April 18, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 9. In this reach of the river, the extent of the ice cover is obvious.
Dark areas delineate the shape and location of open water. (April 18, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 10. The “triangular-shaped” segment of open water visible in the photograph corresponds to the
dark area in the satellite image. (April 18, 2003)

© Canadian Space Agency
Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 11. The ice cover at Cascade Rapids appears brighter than the surrounding area in the satellite image. Also, areas of open water
are visible near G140: there is a segment lining the left bank and an area upstream of the island. (April 18, 2003)

© Canadian Space Agency
Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.

Study reach extends approximately 40
km upstream of the town site.
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Figure 12. This is a standard beam RADARSAT image of the study reach following the formation of an ice jam. It extended from G110 to
upstream of G130. Note that it is distinguishably brighter than the intact ice cover. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 13. Downstream of the bridge, open water is visible around the perimeter of the islands and lining the right bank downstream of the
confluence. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 14. The buildup of ice at the Horse River confluence is visible in the satellite image as are areas of open water along the banks near the
water treatment plant. Upstream of the golf course, the ice cover is essentially intact up to the jam toe. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 15. Though it is difficult to discern the precise location of the jam toe from the satellite image, the jam appears visibly brighter than the
intact ice cover. This is actually more obvious in Figure 12. Also, some intact ice and open water along the right bank upstream of G110 can be
noted. (April 22, 2003)
© Canadian Space Agency
Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 16. The upstream end of the ice jam appears brighter, indicating a greater amount of backscatter. The upstream end of the jam is obvious in
the satellite image. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 17. Some remaining ice near G135 shows up clearly in the satellite image. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 18. The edge of the riverbank is outlined in white in the satellite image. Remaining intact ice is visible around the island, at G140, along the
left bank at Little Cascade Rapids, and at the right bank at Cascade Rapids. Cascade Rapids is also visible in the satellite image. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 19. This is a standard beam RADARSAT image taken shortly after the ice jam release.
Running ice is evident up until the leading edge of the jam release. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.
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Figure 20. This is a close-up of the leading edge of the ice jam release. (April 22, 2003)
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Image received by the Canada Centre for Remote Sensing and processed and provided by RADARSAT International.

