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ABSTRACT. A survey of icebergs using satellite radar images has been made in the
seasonal sea-ice zone of East Antarctica in the sector between longitudes 50° and 145° E.
These data provide information on the spatial distribution and size statistics of icebergs
near the coast in areas not often visited by shipboard observers, and close to their sources
at ice shelves and glacier tongues. The icebergs are detected and their dimensions ex-
tracted by analysis of the texture properties present in satellite images acquired with
ERS-I synthetic aperture radar during the austral winter. The minimum size of iceberg
reliably detected and measured is 0.06 km®,

A significant variation, by up to a factor of two, is found in the area of icebergs close to
different sections of the coast, which suggests a characteristic size for different sources. The
average value of the length-to-width ratio for icebergs in the whole population shows some
variability with size. The probability of finding icebergs is greatest close to the coast, de-
creasing in general with distance from the coast, such that few icebergs were detected
more than 160 km from the coast. In one sector about 85° E, icebergs are found to at least
550 km from the coast, which is consistent with the transport of icebergs northwards in
this region by a branch of the westward-heading near-coastal current (East Wind Drift)
which connects with the southern margins of the eastward-heading Antarctic Circum-

polar Current.

1. INTRODUCTION

Icebergs represent the largest single component of the mass
flux discharged from the Antarctic ice sheet. They calve
mostly from the margins of ice shelves and glacier tongues,
which occupy approximately 44% and 13% of the coastline,
respectively. Ice cliffs in contact with the ocean comprise
about another 38% of the coastline and contribute a smaller
fraction of the mass flux discharged as icebergs. Most of the
remainder of the mass discharge occurs through melting
from the base of ice shelves and from beneath glaciers and
ice streams. Tabular bergs up to gigantic proportions usually
calve from ice shelves. Glacier tongues generally produce
more numerous and smaller tabular bergs, although large
glacier tongues, such as Thwaites Glacier in West Antarcti-
ca, can produce gigantic icebergs (Ferrigno and others,
1993). The break-up of ice shelves can also generate many
small icebergs (Rott and others, 1996). Icebergs calved from
ice cliffs tend to be small.

Icebergs from the various sources are intermingled and
carried around Antarctica under the influence of ocean cur-
rents, eddies and surface winds. The larger icebergs (of a
few kilometres and more), which drift mainly with the cur-
rents, act as tracers of these currents. Measurement of their
drift can give a representative view of the current patterns
(e.g. Tchernia and Jeannin, 1984). The possible impact at the
margins of the Antarctic ice cover of a change in sea state
after removal of the sea-ice cover or a rise in ocean tem-
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perature can be deduced from a study of the dissolution rate
of icebergs through fracturing and melting (e.g. Hamley
and Budd, 1986).

The prime source of information about the size and spa-
tial distribution of icebergs in the oceans about Antarctica
has to date been the data gathered by ship-borne observers.
These observations have been collected over many years.
Each set represents a snapshot of conditions along the routes
taken by the various ships at the time of passage. Collation
of these data provides a statistical picture of the sizes of ice-
bergs and their dispersal by the ocean currents. From this it
is estimated that there are 200 000-300 000 icebergs in the
Southern Ocean south of the Antarctic Convergence
(Orheim, 1988). Their sizes range [rom a linear dimension
of about 50 m to tens of kilometres and occasionally in ex-
cess of 100 km. Many of the icebergs observed at sea are
the product of fracturing and erosion of larger icebergs.
Little is known about the actual numbers and sizes of ice-
bergs produced when they first calve from their source at
the edge of the ice sheet. In addition, it has not been possible
to obtain a synoptic view of their distribution over a large
sector of the ocean.

Analysis of images acquired by remote-sensing satellite
systems provides an alternative source of data on the distri-
bution and size of icebergs. Large Antarctic icebergs have
been observed in images from a variety of systems starting
with the first weather satellites (e.g. Swithinbank and
others, 1977), as well as current systems operating in visible,
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near-infrared, infrared and passive microwave (e.g. Phillips
and Laxon, 1995). High-resolution systems such as Landsat
and Systeme probatoire pour lobservation de la terre
(SPOT) can provide information on the distribution of'ice-
bergs down to a size limit of the order of 50-100 m (e.g. Hult
and Ostrander, 1974; Mead, 1992). But the utility of these
visible wavelength systems is limited by the high frequency
of cloud cover over the seasonal sea-ice zone and the lack of
solar illumination in the winter months. Satellite-borne
active microwave systems in the form of high-resolution syn-
thetic aperture radar (SAR) and low-resolution scatter-
ometer systems, can be used to observe the ocean surface
independent of weather and incident lighting conditions.
They provide the possibility of undertaking ocean-wide sur-
veys over a short time interval. Regular acquisition of
images over an extended period of time offers the opportu-
nity to observe directly the calving of icebergs, their drift
with the ocean currents and progressive decay by melting
and fracturing (Young and Hyland, 1997), as well as episodic
events such as the break-up of ice shelves (Rott and others,
1996).

In this work we use an image analysis technique to de-
tect icebergs and define their outlines in SAR images of the
seasonal sea-ice zone about East Antarctica in order to de-
rive their spatial distribution and sizes. The technique uses
the texture properties of the images to define closed seg-
ments of relatively homogeneous character and a threshold
test on the intensity values to distinguish icebergs from false
identifications. Attributes such as the centroid, area, mean
intensity, etc., are extracted from the image segment for
each positively identified iceberg, We have applied this tech-
nique to 54 European remote-sensing satellite (ERS-1) SAR
images for which an initial assessment showed that icebergs
were present in the image. These were selected from a much
larger number of images distributed along the Antarctic
coastline in a number of discrete regions between longitudes
50° and 145° E. The other images typically contained no de-
tectable icebergs or no more than five small icebergs. We
then use these iceherg identifications to investigate the dis-
persion of icebergs around the coast, and the character of
the size distributions for each source region.

2. CHARACTER OF ICEBERGS IN SAR IMAGES

Willis and others (1996) described the mechanisms which
contribute to the microwave backscatter character of ice-
bergs relevant to their detection in radar images, such as
those acquired by the ERS-1 SAR instrument. In the Ant-
arctic during the cold winter months, icebergs generally ap-
pear as bright objects against a darker background of sea ice
or ocean. In radar images the value of the backscatter coef-
ficient of an iceberg is related partly to the roughness of its
upper surface and partly to volume scattering from within
the near-surface layers. Volume scattering is more effective
when the bubble and crystal size of the ice is large and a sig-
nificant fraction of the wavelength of the radar signal. The
backscatter is strongest when the surface is composed of
coarse-grain snow which is frozen and dry. A background
consisting of a mixture of sea-ice types and open water has
a lower average backscatter. In one of the study regions near
longitude 140° E, Lytle and others (1997) using images from
the C-band ERS-1 SAR found that large floes of first-year
ice had an average backscatter coefficient of —12.4 dB, while
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thin ice types and open water in relatively calm conditions
had a backscatter of less than —16.5dB. Areas of sea ice
which included up to 30% concentration of multi-year floes
had backscatter values of —9.8 dB. Backscatter values up to
—~7dB could be reached with a higher concentration of
multi-year floes, but this is rare in the East Antarctic sea-
ice zone.

A manual interpretation was made of sub-regions in
three SAR images acquired during the winter month of
August 1993 to identify icebergs on the basis of the texture
of the image, and brightness. It showed that average values
of the backscatter coefficient for positively identified ice-
bergs are typically in the range —6 to —4dB or higher. The
icebergs in the images are mostly surrounded by first-year
sca ice and partly by areas of open water or thin ice. 99%
of the image pixels in this background have backscatter
values of less than —10.5dB, so the contrast in backscatter
value between many of the icebergs and the darker back-
ground is typically about 5 dB and up to 10 dB.

This observation of icebergs being represented as bright
objects against a darker background, however, cannot be
applied as a universal criterion for the detection of icebergs
in a SAR image. Icebergs can exhibit a much lower back-
scatter coellicient, and the background sea ice and ocean
surface can also appear bright. The wind-roughened surface
of open water exhibits a strong backscatter character which
is dependent on the relative orientation of the wind direc-
tion and look direction of the radar. The average backscat-
ter from sea ice increases as it is broken into smaller floes
(Lytle and others, 1997). An increase of snow-moisture con-
tent on the surface of icebergs associated with melting of the
surface snow induces a marked decrease in the backscatter.
Young and Hyland (1997) found depression of the backscat-
ter by 10 dB or more in association with strong melt events in
some summer seasons in a study of very large icebergs using
the ERS wind scatterometer which operates at the same
wavelength as the SAR instrument. Icebergs that have lost
their snow cover, either by ablation or by roll-over, appear
dark. This will frequently occur as they fragment and melt
with increasing age. Backscatter from individual icebergs
greater than I km® in area that were uniquely identified
more than once in a large sample of the SAR images was
observed to vary by +1dB and sometimes more over peri-
ods of days to weeks in the winter. The backscatter of these
icebergs occurring within a single region changed in a con-
sistent sense, probably reflecting a widespread effect of chan-
ging weather conditions. Thus, even a small reduction in the
backscatter from an iceberg or change in the physical char-
acter of the background could remove the contrast between
an iceberg and its neighbourhood, or even reverse the con-
trast so the iceberg appears as a dark object against a bright-
er background.

Because of the range of backscatter values exhibited by
icebergs and the variety of conditions relating to their con-
trast against the background, a simple threshold technique
to detect icebergs in SAR images is likely to have limited
application. For this reason, the technique for detection of
icebergs described by Williams (personal communication,
1997) was developed to take advantage of the texture prop-
erties exhibited by the SAR images and the different ice and
waler components present in them. Most of the SAR images
currently available at the Cooperative Research Centre for
Antarctic and Southern Ocean Environment for this pro-
ject were acquired during winter months, and only a few
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images from the summer months. To simplify analysis and
interpretation of the results, images only from the winter
months are used in this work. They were acquired during
the periods: for longitudes 50-110° E, 6-23 August 1993
and 4—17 August 1994; for longitudes 130-145° E, 1 August—
29 September 1995.

3. IMAGE ANALYSIS TECHNIQUE

Williams and others (personal communication, 1997) devel-
oped a technique to detect icebergs in SAR images and
define their boundaries using an adaptation of a technique
described by Sephton and others (1994) for segmenting sea-
ice floes in SAR images. It uses the texture information in
an image to distinguish areas of inhomogeneity separating
regions of relatively homogeneous character in the images.
Edges are constructed around the homogeneous regions,
and further tests applied in order to differentiate which of
these regions represent icebergs. The system has been imple-
mented as a semi-automated procedure where an operator
can interact with the system to select a sub-region of an
image for analysis, adjust a threshold criteria value and ver-
ify and edit the analysis. The main stages in this procedure
are summarised below.

The images are first pre-processed by applying an
8 pixel by 8 pixel block averaging filter which smooths the
image by reducing the speckle “noise” inherent in SAR
images. The smoothed images have a pixel size of 100 m by
100m. A simple statistically based edge detector, the
“sigma-on-mu” filter (Sephton and others, 1994), is then
applied to the smoothed image to define areas of inhomo-
geneity. This filter is sensitive to the presence of an edge irre-
spective of its orientation in the image. The filter calculates
the mean (u) and standard deviation (o) of the nine pixel
values in a 3 pixel by 3 pixel window centred on each pixel
in the smoothed image to create a new derived image of o/ i
values. Small values of ¢/p correspond to areas which are
relatively homogeneous. Larger values indicate areas with
greater inhomogeneity that could be related to boundaries
around features of interest, for instance the edge of a bright
iceberg surrounded by darker sea ice. A threshold value of
o/ is selected as the criterion to decide which pixels in the
image have a neighbourhood with greater inhomogeneity
and therefore belong to edges. The outcome of this stage in
the edge-detection process is sensitive to the threshold value:
too high and boundaries around features will not be de-
tected, or adjacent icebergs will not be separated; too low
and the image will be over-segmented, dividing many single
features into multiple subsections. The system provides an
initial value for this criterion which can then be adjusted by
the operator to suit conditions in the sub-region of an image
under analysis.

The next stage bonds the individual pixels that satisfy
the inhomogeneity criterion into connected edge regions.
These regions may be several pixels thick. They are then
eroded to leave a precisely defined line one pixel thick,
representing the line of maximum local inhomogeneity.
This stage of the process produces “edges” which enclose
regions, plus a number of edges with free ends. The image
is cleaned up to remove these false edges. The final stage
groups all pixels within each closed region into a segment
of the image and assigns a unique identifier to the segment.
Each pixel within the segment is given the same identifier to
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Fig I (a) Partofa SAR image depicting icebergs off the Ant-
arctic coastline southwest of West Ice Shelf, Fast Antarctica.
(b) Outlines of the segments after the application of the seg-
mentation technique to the region in (a). ( ERS SAR data
© ESA, 1993)

signify its membership of that segment. Figure 1 shows the
results of the segmentation technique applied to a small test
region within a SAR image depicting icebergs off the
Antarctic coast.

4. IDENTIFICATION OF ICEBERGS

The segmentation process is applied to the SAR images ina
non-discriminatory fashion. That is to say, it identifies
closed regions within an image on the basis of the o/ value
and independently of other properties. These closed regions
may represent icebergs, sea ice or open water, or even a mix-
ture of two or more surface types, depending on the homo-
geneity of the different types of surface and the detection
threshold set in the edge-building process. Additional infor-
mation, such as pixel intensity, is required in order to distin-
guish icebergs from other segments. A simple threshold test
successfully distinguishes segments containing well-defined
icebergs with a higher average intensity from the back-
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ground of lower intensity. A manual verification stage then
assesses the remaining segments not accepted by this test.
Segments for which icebergs were difficult to identify, or
whose outlines were poorly defined because they contained
a mix of surface types, were rejected together with those
that clearly contained sea ice or open water. Where an indi-
vidual iceberg had been over-segmented, the separate seg-
ments were joined into one iceberg,

Williams and others (personal communication, 1997)
found that the basic system described above successfully
identified segments containing virtually all the icebergs
with a size of 6 pixels (i.e. 0.06 km” in area) and more, and
many of the icebergs with a size of 4 or 5 pixels. Most of the
icebergs with a size of less than 4 pixels were not successfully
identified by the segmentation process. The operator can
manually identify these missed bergs for re-analysis at a la-
ter time. Their statistics are not included in the dataset used
in this work. This outcome is consistent with the properties
of the sigma-on-mu filter and size of window used in the cal-
culation of o'/ p1.

Williams and others (personal communication, 1997)
also found that the area of positively identified icebergs
was overestimated by about 20% in this segmentation pro-
cess. In the ideal case, the icebergs would be clearly defined
within a background of homogeneous texture so that the
segment boundaries would closely match the edges of the
icebergs. In reality, the texture can be far from homoge-
neous so that lines of maximum inhomogeneity need not co-
incide exactly with the iceberg boundaries. Most of these
extraneous pixels can be eliminated on the basis of their in-
tensity properties. In addition, some pixels around the mar-
gins of an iceberg will contain a sub-pixel mix of iceberg and
background and have an intermediate intensity value. For
an accurate estimate of the iceberg size, a portion of these
pixels will need to be assigned to the iceberg, It is intended
to implement these additional steps in a later refinement of
the iceberg-detection system. For this current work the
results of the image-analysis system are taken as is.

Thus the qualifications and bias estimates on the num-
bers and sizes of icebergs identified following the segmenta-
tion and verification procedures are:

(a) the minimum iceberg size reliably detected and meas-
ured is about 0.06 km?,

(b)the number of icebergs in the population is under-
estimated, mostly in the small size classes,

(c) the area of icebergs is overestimated by about 20% on
average,

(d) the total area of icebergs identified represents 85-95%
of the image population.

5. ICEBERG SPATIAL DISTRIBUTION, NUMBER
DENSITY AND AREA DENSITY

The area of each iceberg segment is calculated from the
number of pixels in the segment and the size of a pixel, i.e.
100 m by 100 m. The location of an iceberg is given by the
position of its centroid. The overall spatial distribution or
dispersion of the identified icebergs is presented in terms of
their number density in Figure 2 for a cell of size 20 km hy
20 km. The number density is the number of icebergs in a
cell averaged over all radar scenes that include that cell, or
equivalently, the total number of icebergs observed in that
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Fig. 2. East Antarctic coastline showing the coverage of the
SAR images. The lightest shading indicates that no icebergs
were identified in that area. The number density of icebergs
identified in the images is shown in the darker shades; il is
the number of icebergs observed in each 20 km by 20 km cell
averaged over all images containing that cell.

cell [rom all scenes divided by the number of scenes. This
allows for multiple observations of the same iceberg, for in-
stance those that are grounded, and provides a statistical
estimate of the likelihood of finding an iceberg in any given
cell. The area density is the average area of'icebergs in a cell
and is calculated by the same process, with each observation
weighted by the area of the iceberg segment.

Figure 2 shows that icebergs occur in higher concentra-
tions close to the Antarctic coastline than in regions further
north, despite the sparse image coverage. This is most no-
ticeable in the Mertz Glacier sector (130-145° E) where
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number density

Fig. 3. Number density of icebergs in West Ice Shelfeastern Prydz Bay sector, showing the clusters of icebergs and the intervening
areas with no identified icebergs ( lightest shade ). The cell size ts 10 km by 10 km.

there are virtually no icebergs further than 160 km from the
coast. Similarly, off Cape Darnley (70°E) there are vir-
tually no icebergs of detectable size north of 140 km from
the coast. By contrast, icebergs occur well north of West Ice
Shelf to 61°S, about 550 km off the coast. These broad char-
acteristics of the distribution are consistent with the spatial
distribution found from shipboard observations of iceberg
occurrences presented by Tolstikov (1966) and updated by
Eskin in Koshlyakov (1994), and with the analysis of a large
number of observations collected on Australian expedition
voyages (Hamley and Budd, 1986).

Figure 3 shows the iceberg density in one of the study
regions near West Ice Shelf and Prydz Bay between 75° and
90° E. The concentration of icebergs is high close to the
coast and West Ice Shelf, and much lower in the area to the
north. The sources of many of the icebergs identified in this
area are expected to be the central and eastern parts of West
Ice Shelf. The majority of them are carried to the west with
the westward continental slope current (Tchernia and Jean-
nin, 1984; Young and Hyland, 1997), also known as the Ant-
arctic East Wind Drift. The groups of icebergs at 64° and
62° S suggest a preferred drift path carrying them generally
northwards to join the Antarctic Circumpolar Current.
This pattern contrasts with the virtual absence of icebergs
in these latitudes in the next swath of SAR images to the
west, approximately at 75° E (Fig. 2). A retroflection in the
current has been observed between 85° and 100° E by fol-
lowing the long-term drift of individual icebergs with satel-
lite transponders (Tthernia and Jeannin, 1984) and using
observations with the ERS-1 wind scatterometer (Young
and Hyland, 1997). The transport of icebergs northwards in
this region would explain the tendency of contours of ice-
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berg concentration derived from shipboard observations to
be further {rom the coast between 80° and 105° E.

The icebergs tend to occur in clusters in many of the
images. It is likely that the clusters seen in Figure 3, which
are located in very deep water north of 66°5, have been gen-
erated either by the calving of a number of icebergs from a
section of the ice shelf over a short time interval or by the
break-up of a larger iceberg into many smaller fragments.
The areas of ocean between the clusters are virtually devoid
of icebergs of detectable size. Clustering of icebergs also
occurs in the region near Mertz Glacier, partly associated
with grounding in shallow water. Higher concentrations of
icebergs occur in the Dibble Iceberg Tongue (134—135° E)
and in the region to the east, upstream of this barrier.

6. ICEBERG SIZE STATISTICS

The area statistics of icebergs identified in images from a
single pass of the satellite across the western extremity of
West Ice Shell (about 80° E) are presented as histograms in
Figure 4. The area classes are given on a logarithmic scale
(base 2) such that each two classes represent a doubling in
area. The number of icebergs in each size class is given in
Figure 4a. The partitioning of the total area of icebergs
between the different size classes is given in Figure 4b.
Figure 4b exhibits a bimodal distribution in the sum of
the iceberg areas in each size class. Just two icebergs of area
39-64 km® account for 25% of the total area, and a few
more icebergs, each greater than 2km? increase that to
40%. This bimodal form reflects the origin of these icebergs
and the way they fracture after calving from West Ice Shelf.
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Fig. 4. Size distribution of icebergs identified in images ac-
quired on one orbit of the ERS-1 satellite crossing the western
extremuty of West Ice Shelf. Area is given on a logarithmic
scale (base 2) such that each two increments represent a dou-
bling in area. (a) Number of icebergs in each size category,
(b) Integrated area of all icebergs in each size category, show-
ing multimodal character of mass distribution in different size
calegories.

Large parts of the ice shelf are heavily crevassed. When ice-
bergs calve they sometimes break off in very large sections,
or as many small icebergs. One very large iceberg, of area
3500 km? retained its identity while grounded for 2 years
after calving in May 1994 from the east end of West Ice
Shelf. When it began drifting in 1996, a series of advanced
very high-resolution radiometer images showed it break
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into five large fragments and many other icebergs too small
to be detected in the images. In this way, icebergs tend to be
injected into two discrete size populations to give the bi-
modal distribution in this region.

Table 1 summarises the area statistics for a number of
regions around the coast. High standard-deviation values
for some areas indicate the presence of one or more very
large icebergs in the sample. Using the median value as an
indicator of typical iceberg sizes, the region near Mertz
Glacier has significantly larger icebergs than other coastal
areas, almost twice as large as those near Law Dome and
Cape Darnley. The clusters north of West Ice Shelf (64° and
627 S) also have a higher proportion of large icebergs than
areas closer to the coast at the same longitude. The region
labelled “Union” represents a large sample of icebergs iden-
tified in a set of non-overlapping SAR images selected to
avoid any bias from multiple observations of the same ice-
bergs, and to provide a once-only coverage of all the sepa-
rate regions. The values for this region provide an estimate
oficeberg areas in the total population. The statistics do not
include a number of mega-icebergs that are known to be
present in this sector of East Antarctica, each of which has
an area in excess of 1000 km?,

Table 1. Area statistics of icebergs identified in separate
regions of East Antarctica

Region Long. N Total  Median ~ Mean o
°E km” km? km” km*
Cape Darnley 70 705 12242 0.12 0.17 0.03
West Ice Shelf 85 1378 548.50 0.14 0.40 564
(coastal)

West Ice Shelf 85 73
(northwards)

Helen Glacier 92 478 124.38 0.18 0.26 0.07

Law Dome 110 334 61.85 0.12 0.19 0.07

Mertz Glacier 140 539 393.30 0.21 0.73 75.50

45.39 0.20 0.62 6.24

30-145 3320 1313.09 0.14 040 2791

Union

10}

Fig. 5. Length-to-width ratio for icebergs in size class 0.5~
1km? for the “Union” dataset.
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In addition, an estimate of the length and width of the
icebergs is obtained from the maximum overall length and
the sum of the two orthogonal half-widths. A half-width is
defined as the maximum width of the section of iceberg to
one side of the length axis orthogonal to that axis. The ratios
of length to width (L/W) for the size class 0.5-1km? are
presented in Figure 5 for the “Union” set of icebergs. Meas-
urement errors on the length and width of an iceberg are
estimated to be + 1.0 pixel. The first and second moments,
mean and standard deviation respectively, of the distribu-
tion of L/W values are presented inTable 2 for each of four
size classes. Given the measurement errors in L and W and
therefore L/W, we also calculate the standard errors of the
two moments as presented in parentheses in Table 2. The
small values of the standard errors indicate that the distri-
butions for different size classes have different mean values,
which suggests that there may be some dependence of L/W
on size. Also presented inTable 2 is the ratio of mean length
to mean width. Using airborne photographic surveys, Dmi-
trash (1972) found a value for this ratio of 1.60 from a sample
of 535 icebergs with mean area of 0.12 km” between 39° and
56° E in Enderby Land. He reported a range of values of
1.5-1.6 when results of other authors for samples of smaller
numbers of icebergs from different areas were included. The
value for size class 025-05km” (Table 2) is similar to the
values reported by Dmitrash, but with the larger size classes
included, there is a greater range of values than he reports.
The value for all size classes of the “Union” dataset, includ-
ing sizes smaller than 0.25 km?, is 1.53.

Table 2. Mean and standard deviation of the distribution of
length-to-width ratio for size classes of icebergs in the “Union”
dataset, and ratio of mean length to mean width. Standard
errors of the calculated mean and standard deviation of each
distribution are given in parentheses

Size class N Mean L/W Std dev. L/W — Mean L/Mean W
km*
0.25-0.5 620 1.35 ( £0.01) 0.29 (£0.00) 1.48
0.5-1.0 269 1.41 (+0.01) 034 (4£002) 160
1.0-2.0 7 1.47 ( £0.02) 040 (£0.03) 1.76
>20 24 1.32 ( £0.01) 033 (20.01) 1.68
7. CONCLUSION

Analysis of images acquired with SAR during the austral
winter has provided new data on the sizes and spatial distri-
bution of icebergs around a large sector of the coast of East
Antarctica. The system can reliably detect and measure ice-
bergs with a minimum size of 0.06 km?, although it under-
estimates the number of smaller icebergs. There is a
significant variation, by up to a factor of two, in the area of
icebergs derived from different sections of the ice-sheet mar-
gin. The average value of the length-to-width ratio for ice-
bergs in the whole population is similar to previously
reported values and shows some variability with size. The
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probability of finding icebergs is highest close to the coast,
in general decreasing with distance from the coast such that
few icebergs were detected more than 160 km from the coast.
This is consistent with shipboard observations. One sector
about 85° E contained icebergs to at least 550 km from the
coast, as a result of the transport of icebergs northwards in
this region by a retroflection in the westward-heading near-
coastal current (East Wind Drift) which connects with the
southern margins of the eastward-heading Antarctic Cir-
cumpolar Current (West Wind Drift).
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