
Velocities of antarctic
outlet glaciers

determined from
sequential Landsat images

Average velocity of the 14 outlet glaciers measured. (Ten of the
outlet glaciers have official names; four of the glaciers are

unnamed.)

Average
velocity

(in kilometers
Glacier	per year)	Region	Longitude/latitude

Pine Island	2.20	Marie Byrd Land	75°10'S 10000'W
Land	 2.00	Marie Byrd Land	7540'S 141045'W
Denman	1.50	Wilkes Land	66045'S 9915'E
Stancomb-Wills	1.10	Queen Maud Land 75 0 15'S 19°00'W
Holmes	 0.96	Wilkes Land	66046'S 12654'E
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BAERBEL K. LUCCIIITTA	 David-Drygalski	0.84	N. Victoria Land	7519'S 16200'E
Byrd	 0.65	Ross Ice Shelf	8020'S 15900'E

U.S. Geological Survcif	 Smith	 0.55	Marie Byrd Land	74°45'S 11000'W
Flagstaff, Arizona 86001	 Unnamed	0.55	Marie Byrd Land	75°15'S 14000'W

Reeves	 0.52	N. Victoria Land	7445'S 162015'E

Approximately 91.0 percent of the volume of present-day
glacier ice on Earth is in Antarctica; Greenland contains about
another 8.3 percent of the volume. Thus, together, these two
great ice sheets account for an estimated 99.3 percent of the
total. Long-term changes in the volume of glacier ice on our
planet are the result of global climate change. Because of the
relationship of global ice volume to sea level (± 330 cubic
kilometers of glacier ice equals ± 1 millimeter sea level), changes
in the mass balance of the antarctic ice sheet are of particular
importance.

Whether the mass balance of the east and west antarctic ice
sheets is positive or negative is not known. Estimates of mass
input by total annual precipitation for the continent have been
made from scattered meteorological observations (Swithin-
bank 1985). The magnitude of annual ablation of the ice sheet
from calving of outlet glaciers and ice shelves is also not well
known. Although the velocities of outlet glaciers can be de-
termined from field measurements during the austral summer,
the technique is costly, does not cover a complete annual cycle,
and has been applied to just a few glaciers. To increase the
number of outlet glaciers in Antarctica for which velocities have
been determined and to provide additional data for under-
standing the dynamics of the antarctic ice sheets and their
response to global climate change, sequential Landsat images
of several outlet glaciers were measured.

By use of a modified measurement technique and a computer
program developed at the U.S. Geological Survey in Flagstaff,
Arizona, the average velocity of 14 outlet glaciers distributed
around the coast of Antarctica was successfully measured on
sequential (time-lapse) Landsat multispectral scanner images.
Six outlet glaciers were measured in West Antarctica, three
outlet glaciers that discharge through the Transantarctic Moun-
tains, and five outlet glaciers in East Antarctica. Average ve-
locities ranged from a low of 0.1 kilometer per year for an
unnamed outlet glacier in Marie Byrd Land, West Antarctica,
to a high of 2.2 kilometers per year for the Pine Island Glacier
in Marie Byrd Land, which confirms measurements made ear-
lier (Williams et al. 1982). (See table.)

The basic measurement technique used is described in a
companion paper by B.K. Lucchitta et al. (Antarctic Journal, this
issue). Two sequential Landsat images of the glacier to be
measured were located and inspected to see if the time interval
(varies from a year to several years depending on the velocity
of the glacier) between image acquisitions was adequate to

Unnamed	0.42	Queen Maud Land 69 000'S 36000'E
Rennick	0.22	Wilkes Land	7030'S 161045'E
Unnamed	0.20	Marie Byrd Land	77000'S 15100'W
Unnamed	0.10	Marie Byrd Land	770 15'S 151030'W

make accurate measurements. Enlargements (approximately 4
times) of both images were made to facilitate subsequent mea-
surements made by a micro-rule. A baseline was established
between two fixed points, such as nunataks, that were com-
mon to both images and measured by the micro-rule. The
original Landsat image was assumed to have a scale of 1:1,000,000
to which the enlargement was referenced to determine its scale.
Wherever possible, the distance of the baseline on the primary
image was also determined by reference to a printed map.

From the baselines on the primary and secondary Landsat
images, distances were measured with the micro-rule between
each end of the baselines to identifiable features on the glacier.
Using methods of triangulation, a computer program con-
verted the measured distances into the relative displacement
in kilometers. When divided by the time interval between the
sequential images, the average velocity was calculated. Mul-
tiple measurements were made on each of the 15 outlet gla-
ciers, and an average of all velocity measurements for a particular
glacier determined. On the David Glacier/Drygaiski Ice Tongue,
14 individual measurements were made from the apparent
grounding line to the floating terminus. Although the average
velocity is given as 0.84 kilometers per year, the computed
velocity increased from 0.67 kilometers per year near the
grounding line to 1.07 kilometer per year near the terminus.

Although we endeavored to measure the Dibble, Totten,
Philippi, and Rayner glaciers in East Antarctica, we could find
only one usable Landsat image for each glacier at the time.
The Frost Glacier in East Antarctica and the Hull Glacier in
West Antarctica were so fragmented that we were not able to
establish reliable measurement points. Although the Aviator
Glacier (northern Victoria Land) had two sequential Landsat
images available, the time span that existed between them was
too short for reliable measurements to be obtained. For the
Lithe Glacier (Wilkes Land) and the Shirase Glacier (East Ant-
arctica), too much time had elapsed between sequential Land-
sat images for selection of features suitable for measurement.
It is clear from our work, however, that if more paired se-
quential Landsat or other medium-to high-resolution satellite
images or photographs of outlet glaciers in Antarctica could
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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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