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Tracking Dynamic Sea-Ice Process with RADARSAT-2 Imagery
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To monitor dynamic changes in sea ice using SAR (Synthetic Aperture Radar) imagery in polar regions, we propose an
object-oriented regional segmentation and dynamic object identification method that discriminates between sea ice and open
water, classifies sea ice into different types, identifies sea-ice objects, and detects and represents dynamic changes. As a case
study, the method was applied to RADARSAT-2 SAR imagery with standard ScanSAR mode covering the Arctic region,
acquired on August 13, 15 and 17 in 2010. The results demonstrate the validity and feasibility of the proposed method.

INTRODUCTION

As a useful remote sensing technology, Synthetic Aperture
Radar (SAR) has become the most important method of observing
sea ice on the regional scale, independent of cloud cover or night-
light conditions (Sandven and Johannessen, 2006; Piotrovskaya,
2007; Barale and Gade, 2008), especially in the polar regions
where few ground stations are located (Pettersson et al., 1999;
Johannessen et al., 2008). In the past decade, several Northern
Hemisphere countries, such as the United States, Canada and Rus-
sia, have used high-resolution SAR from ERS-1/2, RADARSAT-
1 and ENVISAT imagery as the main data sources for sea-ice
monitoring for ship traffic navigation, fisheries and offshore oper-
ations (Jackson and Apel, 2004; Scheuchl et al., 2004). In addi-
tion, several processing platforms based on high-resolution SAR
imagery— such as the Radarsat Geophysical Processing System
(RGPS) (Kwok, 1998), the MAp-Guided Sea Ice Classification
System (MAGSIC) (Clausi et al., 2010), and Advanced Reason-
ing using Knowledge for Typing of Sea Ice (ARKTOS) (Soh and
Tsatsoulis, 2002; Soh et al., 2004)—have been established for
scientific research and operational applications. These platforms
have been applied in studies of sea-ice segmentation and classi-
fication, changes in sea-ice extent and thickness distribution, and
the identification and motion of sea ice, with the aim of under-
standing changes in sea-ice dynamics and the contribution of such
changes to global environmental change (Jackson and Apel, 2004;
Stroeve et al., 2007; Holland et al., 2006).

In recent decades, studies investigated the physical character-
istics of sea ice from high-resolution SAR imagery (Jackson and
Apel, 2004; Barale and Gade, 2008) and explored methods for the
extraction of sea-ice parameters (e.g., sea-ice concentration, sur-
face features, leads and polynyas, ice floe and ice edge; Jackson
and Apel, 2004; Johannessen et al., 2008), identifying the type
of sea ice, and sea-ice segmentation and classification (Bogdanov
et al., 2005; Scheuchl et al., 2005; Piotrovskaya 2007). However,
few studies have monitored dynamic sea-ice processes in polar
regions (e.g., ice floe dynamics and motion), which is important
for navigation, the selection of sites for ice stations, and scientific
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tests. The improved abilities of SAR in space and time, especially
with the launch of the commercial RADARSAT-2 in 2007, which
has higher spatial resolution and multi-polarization modes, will
enable observations of sea-ice dynamic processes and operational
functions (Scheuchl et al., 2005; Johannessen et al., 2008).

This study presents a remote sensing tool designed to study
the key issues involved in the monitoring of dynamic sea-ice pro-
cesses. The tool is an object-oriented regional segmentation and
dynamic objects identification method that uses SAR imagery
for the extraction and dynamic analysis of ice floes. We briefly
present RADARSAT-2 and its imagery as a case study, and dis-
cuss speckle removal in SAR imagery as data pretreatment. Fur-
ther, an object-oriented regional segmentation and classification
is proposed, along with a feature vector based on the backscatter
characteristics and geometric structures, and a maximum likeli-
hood discrimination method for the identification of ice floes. In
This method is applied in a case study of China’s 4th Arctic Sci-
entific Expedition, to test its validity and feasibility. Finally, we
present a summary of the results and the main conclusions.

DATA AND THEIR PREPARATION

RADARSAT-2 SAR

Launched in 2007, RADARSAT-2 retains the same capabil-
ity as RADARSAT-1, but with new modes that incorporate sig-
nificant technical innovations and improvements in polarization,
spatial resolution, look direct and swatch width. RADARSAT-2
has been widely used in many applications (Sanden, 2004; Sta-
ples, 2005). Compared with single-polarization SARs, the dual-
and full-polarization modes have advantages in the identification
and classification of sea ice; e.g., the RADARSAT-2 HH channel
provides the same capability for multi-year ice and first-year ice
discrimination as RADARSAT-1, while the HV mode is expected
to improve the classification of sea ice and open water, espe-
cially under windy conditions. Another important improvement
provided by RADARSAT-2 for operational sea-ice monitoring is
the ScanSAR Wide mode, with a swath width of 500 km, which
is more suitable for large-scale monitoring of sea ice, compared
with ENVISAT ASAR, which has a swath width of 100 km
(Yu 2009). Thus, RADARSAT-2 dual-polarization imagery with
ScanSAR Wide mode is expected to be the most suitable approach
to monitoring dynamic sea-ice processes (Scheuchl et al., 2004).

The present study considered the RADARSAT-2 ScanSAR
Wide mode with dual-polarization (HH+HV) imagery on August
13, 15 and 17 of 2010. These images cover the North Pole and




