
be located or acquired, the average velocities of many more
glaciers could be calculated. The measured average glacier ve-
locities compare closely, in most instances, with field mea-
surements made of the same glaciers.

In addition to support from the Satellite Glaciology Project
of the U.S. Geological Survey (USGS), partial funding for the
glacier-velocity measurements was provided by the National
Aeronautics and Space Administration (NASA), for which we
are most grateful. NASA is also providing supplementary funds,
in addition to funds from the USGS and several members of
the Committee on Glaciology of the Scientific Committee on
Antarctic Research (SCAR), for new Landsat coverage of the

coastal areas of Antarctica. The new data will permit velocity
computations to be made on many more coastal outlet glaciers.
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Antarctica is now on the frontier of the global ecological
crisis, because changes in area and volume of its polar ice sheet
are intricately linked to changes in global climate. Yet, in spite
of its importance, the mass balance of the east and west ant-
arctic ice sheets is poorly known. Major questions remain. Are
the individual ice sheets stable, growing, or shrinking? Is the
ice discharge a long-term, steady-state process, or do surges
occur, and if so, when and where?

To address some of these questions, we undertook a study
to determine ice velocities on outlet glaciers around the pe-
riphery of Antarctica; ice velocities are a fundamental param-
eter of ice sheets and are needed to calculate discharge rates.
Furthermore, without a comprehensive baseline inventory it
will be impossible to assess future changes. To accomplish the
velocity inventory, we used pairs of existing sequential Land-
sat images (each pair covers the same area of the antarctic
coastline). Details of the location of measured glaciers and of
velocities obtained so far are given in a companion paper by
MacDonald et al. (Antarctic Journal, this issue). Here we will
address the results for an example of two outlet glaciers located
on the Banzare Coast, the DeHaven and Holmes Glaciers.

Most glacier velocities are measured by expensive, labor-
intensive, ground-based or aerial photogrammetric surveys.
Obtaining velocities from sequential satellite images is an al-
ternative method that gives results to a first order of accuracy
both quickly and economically. Undoubtedly, optimum results
would be achieved by use of state-of-the-art techniques in-
volving analysis of digital data. Computer compatible tapes of

satellite images are prohibitively expensive, however, so we
use the more cost-effective method of making measurements
on positive transparencies and paper prints.

We devised two separate techniques for the measurements,
one using positive transparencies at 1:1,000,000 scale, the other
using paper prints at 1:250,000 scale. On sequential images,
we locate at least two fixed points along the coastline and
identify cracks, crevasses, or other features in the floating part
of outlet glaciers; those features move with the ice and retain
their shape for many years. For positive transparencies, the
features are punch registered in a point-transfer device com-
monly used for the registration of points on stereoimages. A
coordinate system is established whose X-axis coincides with
two fixed points; the coordinates of the moving points are then
measured on an X-Y measuring device having a ± 5-micro-
meter precision, and the translational movement of the points
is calculated from the coordinates. For the paper prints, we
triangulate between fixed and moving points: we measure the
distances between these points, and a computer program cal-
culates the translations.

Errors inherent in the methods limit their accuracy. For pos-
itive transparencies, errors relate to the precision of punch
registering the points, the accuracy of the scale of the image,
and scale distortions within early Landsat images. For the pos-
itive transparencies used, the punch registering was very pre-
cise, the scale accuracy was within 0.5 percent, and the internal
scale distortions were within 1 percent in the area investigated;
however the punch-spot size, 40 micrometers on the 1:1,000,000-
scale images, resulted in potential errors that range from 40
percent (±20 meters) for translational distances of 100 meters
to 4 percent (± 2 meters) for translational distances of 1 kilo-
meter. For the paper prints, we found that the registration by
inspection of the moving points on sequential images intro-
duced the largest errors. These errors are difficult to quantify,
because they depend entirely on the crispness of the measured
features.

We tested our methods on the DeHaven and Holmes gla-
ciers, which empty into Porpoise Bay along the Banzare Coast
of East Antarctica. Both glaciers have numerous transverse
crevasses that move with the ice and are covered by sequential
Landsat images acquired on 15 December 1972 and 3 Novem-
ber 1973, approximately 1 year (323 days) apart. Similar cre-
vasses are found on most outlet glaciers and on many other
ice-discharge areas around the periphery of Antarctica, so that
similar measurements can be made in many places.
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Table 1. DeHaven Glacier

Flow-line	 Distance from
trajectory	Point	Velocitya	grounding lineb

A	 1	 620	 2
2	 540	 3
3	 670	 4

B	 1	 620	 3
2	 870	 8

a In meters per year.
b In kilometers.

Our measurement on positive transparencies shows that ve-
locities of the DeHaven Glacier ranged from 540 meters per
year near the grounding line to 870 meters per year near the
breakup of the glacier 8 kilometers from the grounding line
(table 1). On the Holmes Glacier, the velocities ranged from
890 meters per year at 9 kilometers from the grounding line
to 1,520 meters per year near the breakup of the glacier 35
kilometers from the grounding line (table 2). Furthermore,
velocities on the DeHaven Glacier, which lacks a well-defined
intake area, are lower than those on the Holmes Glacier, which
emerges from an ice stream. A flow-line trajectory on the
DeHaven Glacier, aiming toward open water only 15 kilo-
meters from the grounding line, has a very steep (increasing)
velocity gradient. A trajectory on the Holmes Glacier, whose
floating part extends about 40 kilometers from the grounding
line, has a lower gradient.

Our results are consistent with velocities of outlet glaciers
that are not confined by ice shelves in other areas of Antarctica,
and the velocity gradients agree with expected behavior of
outlet glaciers. Thus, our results show that satellite images
may indeed serve to measure glacier velocities and that our
methods lend themselves to the comprehensive data acquisi-

Table 2. Holmes Glacier

Flow-line	 Distance from
trajectory	Point	Velocitya	grounding lineb

A	 1	 890	 9
2	 950	 14

B	 1	 900	 18
2	 1140	 23

C	 1	 1130	 10
2	 1220	 14
3	 1250	 16
4	 1260	 21
5	 1430	 20
6	 1520	 35

a In meters per year.
b In kilometers.

tions needed around the coastline of Antarctica. These glacier
velocities are an important database that not only helps to
establish the mass balance of the antarctic ice sheet but also
furnishes an important baseline to assess future ice-sheet changes
that are linked to climatic warming and the greenhouse effect.
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