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The use of satellite imagery to identify and delineate river ice is influenced by the spatial
resolution and electromagnetic properties of the sensor, climatic conditions, and river channel
geometry. This project expands previous research applications of LANDSAT, AIRSAR, and
ERS-1 imagery to delineate river ice by utilizing RADARSAT Fine Beam Mode SAR imagery.
RADARSAT data were acquired at three sites in the winter of 2002 and the winter of 2003: the
Mississippi River at Mel Price Lock and Dam to identify the extent of ice in a navigable
waterway; the Missouri River at Bismarck, ND, to identify ice conditions downstream of a
hydropower dam; and the Red Lake River near Grand Forks, ND, where an extended ice jam
flood record exists. These sites provided a range of conditions suitable for RADARSAT imagery
to detect river ice. The widths varied from 1500 meters for the Mississippi River; 600 meters for
the Missouri River, to 60 meters for the Red Lake River. The RADARSAT Fine Beam imagery
at 10-meter resolution was able to identify ice in all six images, and open water in three images.
Remote cameras or direct ice survey provided ground truth to identify the existence of ice and
support the delineation of ice with RADARSAT data.

1. Introduction
An extensive body of remote sensing literature using satellite imagery to identify sea and
freshwater lake ice exists (Carsey 1989, Hall 1998, others), but the operational monitoring of
river ice with satellite remote sensing has a limited history. The difficulty of detecting river ice
with visible and infrared satellite sensors under cloudy winter conditions, coarse spatial
resolution (greater than10 meters), and infrequent acquisitions (greater than 10 days) has
contributed to this limitation. The C-band synthetic aperture radar (SAR) satellite, RADARSAT1, has day-and-night and all-weather imaging capability, fine spatial resolution (10 meters), and
can acquire images of the same location 3 out of 4 days (RADARSAT International (RSI) 1999).
A request for image acquisition can be submitted to RADARSAT International (RSI) five days
prior to acquisition (during emergency situations and emergency programming, the satellite can
be tasked 29-60 hours prior to the acquisition). RADARSAT imagery has shown promise for
monitoring river ice (Weber et al. 2001), and for flood delineation mapping applications by the
U.S. Army Corps of Engineers (Tracy and Bruzewicz 1999) and internationally (IJC 2000). The
application and evaluation of RADARSAT image data to detect river ice are being addressed
concurrently in Canadian research projects (Gauthier et al. 2001, Gauthier et al. 2002, Weber et
al. 2001). In this project, we acquired six RADARSAT images of three sites in the winters of
2002 and 2003 to explore the suitability of using RADARSAT data to detect river ice conditions.
The three sites we selected varied in river widths and type of ice cover.
2. Approach Used in 2002 and 2003
Site Selection and Image Acquisition
Due to a mild winter and limited ice cover in 2002, we chose to acquire RADARSAT data at
three sites: the Mississippi River near St. Louis, Missouri to identify the extent of ice in a
navigable waterway; the upper Missouri River to identify ice conditions downstream of a
hydropower dam at Bismarck, North Dakota; and Red Lake River where an extended ice jam
flood record exists near Grand Forks, North Dakota. During the winter of 2003 we acquired
imagery at the same sites (see Table 1 for the dates and times of all acquisitions). In order to
acquire an image of river ice we followed the forecasted temperatures, contacted the U.S. Army
Corps of Engineers (USACE) district office for river and ice conditions, and worked with
RADARSAT International (RSI) for the availability of acquisition when ice existed or was
expected to exist on the three rivers.

Table 1. Information on Image Acquisition
RADARSAT Image Information
River

Date
UTC

Time
UTC

Date
Local

Mississippi

09 Jan 02
26Jan 03
05 Feb 02
07 Jan 03
19 Mar 02
28 -Feb 03

23:59:26
12:00:30
0:43:34
0:43:10
0:18:39
0:26:30

09 Jan 02
26 Jan 03
04 Feb 02
06 Jan 03
18 Mar 02
27 Feb 03

Missouri
Red Lake

Time
Local
17:59:26
06:00:30
18:43:34
18:43:10
18:18:39
18:26:30

°

Beam
Mode

Asc/Dsc

37
42
45
45
37
46

Fine 1
Fine 2
Fine 5
Fine 5
Fine 1
Fine 4

Ascending
Descending
Ascending
Ascending
Ascending
Ascending

Width
x 102m
5-20
4-10
.40-.75

Ice
Conditions
Open Ice
%
%
70
0
23
79
0
0

30
100
77
21
100
100

Processing Methods
The acquired images were visually analyzed and digitally classified (unsupervised) to identify
open water, moving ice floes, and stationary ice covers. The river reaches for each of the rivers
were delineated, subset, and then the classification procedure focused directly on the river
reaches. The delineation of river channel was undertaken by two approaches. In the rivers with
narrower channel widths (Missouri River and Red Lake River), the reaches were delineated
manually by digitizing the imagery. In the wider Mississippi River channel, a band-ratio
procedure of LANDSAT TM data was used to establish a land/water boundary to create an
image mask of the river channel only. The channel mask was derived from the ratio of Band 2, in
the visible green (0.52-0.60 µm) portion of the electromagnetic spectrum, and Band 5 is in the
mid-infrared (1.55-1.75 µm) portion of the spectrum. The band-ratio procedure created a
land/water boundary, and was used to subset the SAR image. It provided a way to extract the
river channel only, and not include vegetated islands. The digitizing method requires additional
steps to extract the channel only, and not the vegetated islands. Once the channel reach was
determined the SAR image was subset, a variant texture analysis process was applied, and then
an unsupervised classification. The texture analysis procedure provides more clustering of pixels
and separation of pixels interpreted as forms of ice. In both procedures, the river channel would
be digitally subset from the rest of the image for classification and analysis of ice conditions.
3. Mississippi River at St. Louis, Missouri
A 64 km reach of the Mississippi River was studied between Lock and Dams 25 and 26 (L&D),
which is adjacent to St. Louis, Missouri. Lock 25 is upstream of Lock 26, and the confluence of
the Illinois River is approximately 30 km downstream from L&D 25. The range of channel width
of the Mississippi River in this reach is 500-2000 meters. The Illinois River is approximately 300
meters wide at its confluence with the Mississippi River.
2002
In the RADARSAT image, we detect ice in the pool behind L&D 25, in low flow areas of the
Illinois and Mississippi River, and a stream of ice originating from the Illinois River into the
Mississippi River (Figure 1). The pattern from this ice stream is followed from the Illinois River

through L&D 26 (Mel Price L&D) downstream of the Missouri River confluence, to the Chain of
Rocks Canal and L&D 27.
At the time of RADARSAT acquisition (1759 local time), a full day of solar heating contributed
to ice melting and introduction of ice into the stream flow. Our objective was to determine the
sources and distribution of ice, and the amount/area of ice impacting the navigation channel. On
this digital image the ice patterns were initially a visual detection. In order to identify and
quantify the amount of ice and open water, the variant texture analysis process and the
unsupervised classification steps were applied using the image processing software, ERDAS
Imagine. In the classification process, six classes were extracted and each class assigned a color
to produce a color-coded image. The classification results included the identification of ice and
water, and also a number of non-water and non-ice features in the river channel, ie, barges and
bridge crossings were mis-classified as shore ice. Open water is identifiable in the SAR image
(black) as were barge traffic within the channel and near the Lock and Dam. The process
identified 18% of the river channel as brash ice (an accumulation of floating ice fragments), 12%
of the river channel as sheet ice or shore ice, and 70% open water. An example of the
unsupervised classification is displayed in Figure 2 with the brash ice and shore ice classes
displayed. The unsupervised classification highlights brash ice flowing in the channel. In this
case the brash ice may have broken up due to the warming temperatures.
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Figure 1. A subscene of the RADARSAT image with an ice stream entering the Mississippi River from
the Illinois River. Image acquired on January 9, 2002 at 1759 local time.
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Figure 2. The same image as Figure 1, but with the classification overlain to indicate brash ice in blue and
shore ice in green. Note accumulation of ice at the Lock and Dam in lower right corner.

2003
Beginning in late December 2002 and continuing into February 2003, parts of the northern
United States had below freezing temperatures, which resulted in rivers freezing over
completely. The 2003 RADARSAT image was acquired in the morning on January 26, 2003
(0600) (Fig. 3). In this image sheet ice, border ice, and brash ice (probably due to ice-breaking
for navigation) can be detected. The procedure was used in the 2002 imagery was applied to this
imagery, and the results are shown in Figure 4.
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Figure 3. A subscene of the RADARSAT image with an ice cover on the Mississippi River. Image
acquired on January 26, 2003 at 0600 local time.
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Figure 4. The same image as Figure 3, but with the classification overlain to indicate brash ice classified
in blue, and border and sheet ice in green.

Border ice and sheet ice cover were identified in reaches where navigation ice-breakers did not
break up the river ice. In reaches where the navigation ice-breakers did traverse (the main
channel of the Mississippi River) and ice refroze, the variant texture analysis and unsupervised
classification method defined the path (blue in Fig. 4) and provided an indication of sheet ice
(green in Fig. 4). The classification identified 39% of the river channel having brash ice, and
61% of the channel with sheet ice.
4. Missouri River at Bismarck, North Dakota
The Missouri River is the intermediate-sized (400-1000 meters wide) river of the three rivers.
The area of interest for this acquisition is downstream of the hydroelectricity-producing Garrison
Dam on the Missouri River at Bismarck, North Dakota.
2002
A subscene of the RADARSAT image, acquired on February 4, 2002 (1843 local time,
ascending mode), is shown in Figures 5 and 6. The river channel was extracted by manual
delineation the Missouri River channel, and not by the band ratio method. The patterns detected
in Figure 6 are the result of the variant texture analysis and unsupervised classification procedure
indicating open water leads (red), ice cover/wet ice (green), and rough ice (blue) in the channel.
Analysis and classification of the RADARSAT image did not clearly identify open water to the
extent as in the 2002 Mississippi River image. However, open water leads were most prominent
at the outside of channel bends of the river (where flow velocity increases and is turbulent),
where tributaries enter the main channel, and at channel constrictions due to in-stream islands.
The classification identified 23% open water, and 62% ice cover, and 15% rough ice.
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Figure 5 and 6. Subscenes of RADARSAT image acquired on February 5, 2002 (1800 local time) at
Bismarck, ND. The patterns detected indicate open water leads (red), ice cover/wet ice (green), and rough
ice (blue) in the channel.

2003
In the winter of 2003, a request to RADARSAT International (RSI) was submitted for image
acquisition of the Bismarck, ND reach of the Missouri River on January 7 (1843 local time,
ascending mode) with an expectation of ice conditions. However, temperatures were not
consistently low enough in the region to cause consistent ice development at this time. The
RADARSAT image that we acquired did not indicate significant ice conditions. A subscene of
the RADARSAT image is shown in Figure 7. The reduced amount of ice in the flow was also
evident from a CRREL web-camera that was established at Bismarck to view river conditions
(webcam.crrel.usace.army.mil/bismarck/ ). This web-camera provides an hourly real-time image
of the channel reach between the second and third bridge crossings in Figure 7. According to
imagery from the web-cam, an ice cover on the river began three days after the RADARSAT
image acquisition. The river channel was extracted by manual delineation of the Missouri River
channel, and not by the band ratio method. The patterns detected in Figure 8 are the result of the

Figure 7 and 8. Subscenes of RADARSAT image acquired on February 5, 2002 (1800 local time) at
Bismarck, ND. The patterns detected indicate open water leads (red), ice cover/wet ice (green), and rough
ice (blue) in the channel

variant texture analysis and unsupervised classification procedure indicating open water (red),
floating ice (green), and rough ice (blue) in the channel. The classification identified 62% open
water, and 18% floating ice, and 20% rough ice. However, there were miss-classified pixels (due
to the limitation of manual digitizing the channel) in the floating ice and rough ice classes. Many
of these pixels were vegetated islands in the channel. To correct for miss-classification, and
adding these pixels into the open water class, an estimate is established: 79% open water, 9%
floating ice, and 12% rough ice.
5. Red Lake River near Grand Forks, North Dakota
The Red Lake River has a channel width of 40-75 meters wide, steep vegetated banks, is very
sinuous, and the smallest of the three rivers.
2002 & 2003
RADARSAT images were acquired on 18 March 02 (1818 local time, ascending mode) and on
27 March 03 (1826 local time, ascending mode) of the Red Lake River, near its confluence with
the Red River of the North at Grand Forks, North Dakota (Figure 9a-d). In Figures a and c, an
overview of the study reach is presented. In Figures b and d, a subset reach has been enlarged to
full resolution to show the level of detail within the study reach. In both SAR images open water
is not clearly identifiable due to ice cover and narrow channel width. However, ice cover was
determined by a field reconnaissance ice surveys implemented by the USACE St. Paul,
Minnesota district office. The narrow channel width limited the channel delineation procedure;

the band ratio method did not identify water in the channel, and the channel boundaries were
difficult to identify when applying the digitizing method. These are limitations that need to be
addressed in order to identify river ice in channels that are less than 100 meters wide.
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Figure 9a-d. RADARSAT imagery of Red Lake River at confluence with Red River of the North, Grand
Forks, ND. The image pair on left (9a & b) are from winter 2002, and the image pair on right (9c & d)
are from winter 2003.

6. Summary
In this project, we acquired six RADARSAT images of three sites in the winters of 2002 and
2003 to explore the suitability of using RADARSAT data to detect river ice conditions. The three
sites we selected varied in river widths and ice conditions.
In the Mississippi River imagery near St. Louis, Missouri, the wide channel width (500-2000
meters) contributed to identifying river ice with RADARSAT imagery. In the 2002 image it was
determined that 30% of the channel had ice in the flow, and in the 2003 image, it was determined
that there was 100% ice cover. Additionally, this ice cover was separated into forms of ice;
brash ice and border ice. In the 2003 image it is believed that the brash ice formed as a result of
navigation ice-breaking activities.
In the Missouri River imagery near Bismarck, ND, the channel width (400-1000 meters) was
suitable to delineate, and river ice was determined from the RADARSAT imagery. In the 2002
image it was determined that 77% of the channel had ice in the flow, and in the 2003 image, only
21% of the channel had ice. The imagery acquired in 2003 was prior to full icing conditions, and
a small amount of ice was interpreted to exist.
In the Red Lake River imagery near the confluence with the Red River of the North at Grand
Forks, ND, the river channel is narrow (40-75 meters). The narrowness of the channel limited the
process of delineating the channel boundary on the imagery. As a result of the narrow channel
width, river ice was not determined by this process. However, ice surveys were conducted by the
US Army Corps of Engineers during the time of image acquisitions, and an ice cover was
recorded in both 2002 and 2003.
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