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Figure 2. View looking
south-southeast over
the Evans Névé to the
south-east of figure 1.
U.S. Navy photograph
068 F-31 TMA 1035.
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Ice velocities on the Ross Ice Shelf
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Before 1973, movement of the Ross Ice Shelf had
been measured near the Transantarctic Mountains

(Swithinbank, 1963), near Ross Island (Stuart and
Heine, 1961) and near the ice front and to the south
of Roosevelt Island (Dorrer et al., 1969). Robin
(1975), assuming steady state, extrapolated these
data across the ice shelf by applying volume con-
servation principles to measured ice thickness pro-
files of the ice shelf.

As part of the Ross Ice Shelf Project (Zumberge,
1971), the U.S. Geological Survey made accurate
position fixes with a satellite-tracking geoceiver at
stations in the southeast quadrant of the ice shelf in
1973-1974 and again in 1974-1975. Comparison of
the fixes gives ice velocities with an estimated ac-
curacy of 5 to 20 meters per year depending on
the number and the geometry of satellite passes
recorded by the geoceiver.

Velocities have been interpolated between the
geoceiver stations using ice strain rates measured
at 41 stations in the same region (figure 1). These
stations were about 50 kilometers apart. Principal
strain rates were calculated for each station by

December 1976	 279



Ross Ice Shelf
Ross-v Strain rates (4-1)

)-- <
Island	 f	;I

2.1O

- Ice shelf grounding
line

±>( ^	I--"--

40

Ir /
-

Trans Antarctic \
Range

Figure 1. The southeast quadrant of the Ross Ice Shelf show-
ing principal strain rates that were measured during 1973-
1975. The same region is shown as a shaded area in the inset.
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Figure 2. Movement vectors in the southeast quadrant of the
Ross Ice Shelf. The points marked "B" and "C" identify ice

streams "B" and "C" referred to in the text.

measuring the deformation of triangular stake
rosettes that had a side length of about 1.5 kilo-
meters (Thomas and Eilers, 1975). Reconstruction
of ice velocity vectors from the principal strain rates
requires a known ice velocity and rotation rate at
one station. Geoceiver data provided ice velocities
at 11 stations, and the redundant observations were
used to infer the rotation rates since direct obser-
vation of ice rotation was of poor accuracy.

Extrapolation of ice velocity from a selected geo-
ceiver station (a) proceeds thus:

(1) Strain rate components along the line from A
to a neighboring station B, at a distance of about
50 kilometers, are calculated using the principal
strain rates measured at A and those measured at
B. The average of these two components is multi -
plied by distance AB to give the annual change in
distance between the two stations. Assuming, for
the moment, zero rotation of the line AB the ice
velocity at B can now be calculated.

(2) A similar sequence is applied to a third sta-
tion C, but now we calculate the annual strain along
both AC and BC. This information together with
the ice velocities at A and B is sufficient to give the
velocity at C.

(3) Stage (2) can be repeated for a fourth station
D, using B and C as control stations. Etc.

(4) All the calculated velocities require correc-
tion to allow for rotation of the line AB. This is
achieved by incorporating at least one extra geo-
ceiver station (G) as an unknown station. Compari-
son of the calculated velocity for G with the ob-
served velocity gives the angular rotation of the
line AB. Whenever possible, B was chosen to lie as
nearly as possible along the flow line through A,
thus reducing the magnitude of rotation correc-
tions. Moreover, comparison of results from several
sets of calculations using different geoceiver sta-
tions for the station A minimized residual rotation
errors.

We have assumed that strain rate variation be-
tween neighboring stations is linear, and this is cer-
tainly not generally true. Discrete zones of intense
shear exist within the ice shelf, and strain rate inter-
polation across such zones would lead to serious
errors. However, the considerable redundancy of
geoceiver velocities provided a continual check on
the accuracy of the calculations, and it was possible
to clearly identify those areas where rapid deter-
ioration of accuracy took place. The location of
these "error zones" shows excellent agreement with
shear zones on the ice shelf that are either visible as
bands of crevasses or inferred from the configura-
tion of ice streams and ice rises. Comparison of
results from several sets of calculations that avoided
these zones and used various geoceiver stations for
the A station gave a standard deviation that was
usually less than 25 meters per year. This gives
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some indication of actual errors since geoceiver
velocity errors are probably random. Ice velocities
at seven of the stations involved extrapolation from
distant A stations without the control of nearby geo-
ceiver stations, and errors are expected to be
greater than average.

The resultant ice velocity vectors are plotted in
figure 2. Stations on and near the grounded ice in
the northeast of the region have velocities that are
approximately equal to the estimated errors, so
they have been assigned a zero velocity. Velocity
vectors from an earlier survey (Dorrer et al., 1969)
are included in figure 2. These were derived from a
repeated precise survey of a 910-kilometer traverse
that was anchored to a fixed point on Ross Island.
Although the survey errors were minimal, the lack
of control away from Ross Island introduced inde-
terminate errors into the calculated ice velocities.
These reach a maximum at the stations included in
figure 2. Thus, the slight differences between our
results and those from the earlier survey are prob-
ably due to errors in the two surveys. Reoccupa-
tion of geoceiver stations that were planted in 1974-
1975 in the northeast quadrant of the ice shelf
should provide an independent check on the ac-
curacy of Dorrer's results.

The velocity vectors in figure 4 are significantly
different from those proposed by Robin (1975),
assuming mass continuity. Robin's ice stream "C"
appears to be completely inactive, and his ice stream
"B" is far more active than expected. This implies
that the ice shelf is probably not in equilibrium and
is compatible with the conclusion in Thomas (1976)
where solution of the continuity equation for the
flow line through the site of the proposed RISP drill
hole (figure 2) indicates that the southeast corner
of the ice shelf may be thickening 1 meter per year.
This would imply that the grounding line in this
region is advancing into the ice shelf at about 1
kilometer per year. Other flow lines are under simi-
lar analysis in an attempt to examine the equili-
brium state of the entire southeast quadrant of the
ice shelf.

Travis Gray of the University of Nebraska, Lin-
coln, assisted with the data reduction. The research
was supported by National Science Foundation
grant DPP 74-00475.
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The Polar Research Board (PRB) was estab-
lished in 1958 by the National Academy of
Sciences to advise the United States on research
in the polar regions and as the Academy's adher-
ing body to the Scientific Committee on Antarc-
tic Research (SCAR) of the International Council
of Scientific Unions (ICSU). James H. Zumberge is
PRB chairman and serves as U.S. delegate to
SCAR. The work of PRB is supported by the Na-
tional Science Foundation (NSF) contract C-310
and by the Office of Naval Research (ONR).

The 38th PRB meeting was in Washington,
D.C., on 5-6 December 1975, and its 39th
meeting was in Dallas, Texas, on 2 April 1976.
Seven committee meetings, two ad hoc study
group meetings, two workshops, and an interna-
tional conference were held in 1975-1976.
Members also participated in the XIV SCAR
Meeting and Plenary Sessions in Mendoza,
Argentina, on 11-24 October 1976, and in 10
SCAR working group meetings and five interna-
tional conferences. Also, PRB sponsored
workshops to develop a scientific plan for the pro-
posed Nansen Drift Station in the Arctic, to
evaluate NSF's role in arctic research, and hosted
an international SCAR/Scientific Committee on
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