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Abstract— In this study, we observed the motion of the Campbell
glacier near the Terra Nova Bay by using interferograms from
synthetic aperture radar onboard COSMO-SkyMED satellites
and from a GB-SAR field experiment. The glacier and ice tongue
showed fast motion in winter as well as summer season. The
glacier observed in the COSMO-SkyMED interferograms
showed over 30 cm motion in a single day. GB-SAR
interferogram with 11-hour difference indicated about 8 cm
displacement in the radar direction. The combination of
COSMO-SkyMED and GB-SAR interferometry has shown a
very promising result to extend the research to other fast-flowing
glaciers.
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I.

INTRODUCTION

Campbell glacier is located near Terra Nova Bay, East
Antarctica, where a Korean research station, Jangbogo
Antarctic Research Station, will be constructed by 2014.
Monitoring motion of glacier is necessary to investigate the ice
mass balance, polar ice discharge, and the effect polar ice to
climate change.
Interferometric Synthetic Aperture Radar (InSAR) uses the
difference of phases between two or more SAR images of same
area. InSAR has been widely used to extract topography and
deformation of the surface, including the detection of glacier
motion [1-3].
Rignot [1] investigated the discharge of Pine Islands
Glacier by using ERS-1/2 SAR images. According to the
investigation by InSAR technique, the glacier retreated about
1.2 km between 1992 and 1996, and the thickness of the glacier
was thinned by 3.5 m per year. Han and Lee [2] extracted a
surface deformation map of Chavez glacier in West Antarctica
by applying InSAR method to two ERS-1/2 tandem pairs. They
observed fast motion of glaciers pushing the adjoining sea ice

and analyzed the kinematic interaction between glacier motion
and sea ice deformation.
In this study, we observed the motion of the Campbell
glacier in East Antarctica by using interferograms from SAR
onboard COSMO-SkyMED (CSK) satellites from June 2010 to
current and from a field experiment using a ground-based SAR
(GB-SAR) performed in February 2011.

II.

STUDY AREA AND DATA AQUISITION

Campbell glacier (Fig. 1) which is about 110 km long is
located in northern Victoria Land, East Antarctica [4]. The
Campbell glacier flows into the Terra Nova Bay and forms a
glacier ice tongue. The Campbell glacier ice tongue is
composed of a main stream and a branch stream.
We have obtained COSMO-SkyMED SAR images (Xband) over Terra Nova Bay; six SAR images from June to July
2010 (Antarctic winter season), and continuous interferometric
pairs from December 2010 in every 7-8 days. Fig. 1 is an
example of the CSK SAR images obtained on 16 June, 2010.
The Campbell glacier and ice tongue are observed in the SAR
image. Terra Nova Bay is covered with sea ice at this winter
time. One-day interferometric images were generated every 16
days while 7-, 8-, and 16-days interferograms were generated
nearly continuously.
We also obtained several SAR images from a field
experiment by using a GB-SAR (C-band) system. The field
experiment on the study area was performed on 5 February,
2011. GB-SAR was installed on a stable snow-free hill
overlooking the branch stream of the Campbell glacier ice
tongue (Fig. 2). The length of scanning rail was set to 6 m. The
range direction was set to be perpendicular to those of CSK
SAR to extract a true vector of the glacier flow by combining
both observations. Fig. 3(a) shows the coverage of GB-SAR
image. Total 37 GB-SAR images were acquired during 11
hours in every 17 minutes. Fig. 3(b) shows an example of GB-
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SAR images. The images obtained by the GB-SAR were
focused and processed to give interferometric observation of
glacier motion.
The CSK SAR and GB-SAR interferometry can be
complementary in the study of glacier motion. As the CSK
SAR images were acquired with 3 m spatial resolution, the
displacement should be over 3 m on the glacier to detect the
motion from the CSK amplitude images. Meanwhile, CSK
interferogram of which a fringe represents the displacement of
1.5 cm can detect the detailed one-dimensional motion toward
the radar during from single day to a month. Long-term
displacement, however, can not be surveyed from CSK
interferograms due to the temporal decorrelation.
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Fig. 1. The COSMO-SkyMED SAR image obtained on 16
June, 2010.

(b)
Fig. 3 (a) The coverage of GB-SAR image over the branch
stream of Campbell glacier ice tongue, (b) An example of
GB-SAR images.
The GB-SAR system provides higher temporal and spatial
resolution images than satellite SAR. The GB-SAR is excellent
in the repetition accuracy of the antenna position and is easy to
control the range direction. One fringe in the interferogram
from the GB-SAR used in this study indicates the displacement
of 2.8 cm.

III.

Fig. 2. A photo of the GB-SAR field experiment.

RESULT

Fig. 4(a) is an example of interferogram in Antarctic winter
season generated from the CSK SAR images obtained on 16
and 17 June, 2010. Many fringes over Campbell glacier and ice
tongue were observed in the CSK interferogram indicating over
30 cm motion in a single day. Especially, the branch stream of
Campbell glacier ice tongue near the GB-SAR observation
point showed very fast and complex motion. Fig. 4(b) is the
interferogram generated by using CSK SAR images obtained
on 16 and 24, June, 2010. The motion of glacier during 8 days
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was still well observed in the CSK interferogram maintaining
high coherence. The main and branch stream of the Campbell
glacier ice tongue showed more fringes than 1-day
interferogram as shown in Fig. 4(a). Fig. 4(c) is a 16-days
interferogram generated from the CSK SAR images obtained
on 16 June and 1 July, 2010. Fringes on the glacier are
unidentifiable in the interferogram due to the temporal
decorrelation by significant amount of motion.
Fig. 5 shows the interferograms of the glacier in summer
season. Fig. 5(a) is the interferogram from CSK SAR images
obtained on 26 and 27 January, 2011. The interferogram
indicated much more fringes on the edge of glacier ice tongue
than 1-day interferogram of winter season (Fig. 4a). The
branch stream of the ice tongue showed far more complex
motion than that of winter season. Fig. 5(b) is the 8-days
interferogram generated from the CSK SAR images obtained
on 11 and 19 February, 2011. A few fringes on the branch
stream of ice tongue were observed in the interferogram. The
main stream of the glacier, however, indicates no fringe due to
temporal decorrelation by summer melt and snow fall.

(a)

Fig. 6 shows a GB-SAR interferogram with 11-hour
difference. Up to three fringes were observed in a target
indicating 8 cm displacement in the radar direction. The GBSAR interferogram shows well the behavior of short-term
motion of the glacier.

IV.

DISCUSSION AND CONCLUSION

In this study we observed the motion of Campbell glacier
near Terra Nova Bay, East Antarctica, by using COSMOSkyMED SAR and ground-based SAR (GB-SAR)
Interferometry. The glacier and ice tongue showed fast and
complex motion in winter as well as summer season.
At the edge of the main stream of ice tongue, many fringes
were observed in the 1-day interferograms. The fringes mean
rapidly deformation of the edge of ice tongue and suggest that
the collapse of the edge of ice tongue (i.e., ice calving) will
happen. The branch stream of the Campbell glacier ice tongue
showed very fast and complex motion. We estimated that the
motion of the branch stream was caused by the kinematic
interaction between the tide from sea and the stress by glacier
flow from land. We have a plan to define the true motion of the
branch stream by the combination analysis of the CSK and GBSAR interferograms.

(b)

The combination of satellite and ground-based InSAR has
shown a very promising result to extend the research to other
area of Campbell glacier and to other fast-flowing glaciers in
Antarctica. A near-continuous observation from GB-SAR will
be very helpful to overcome the limitations of satellite SAR
observations in terms of temporal and spatial resolution.
(c)
Fig. 4. COSMO-SkyMED interferograms of winter season
in Antarctica. (a) 1-day interferogram, (b) 8-days
interferogram, (c) 16-days interferogram.
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(a)
Fig. 6. GB-SAR interferogram during 11-hours.
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