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ABSTRACT

The area of West Antarctica which drains into
the Ross Ice Shelf is examined for the purpose of
understanding its dynamics and developing a numerical
model to study its reaction to environmental changes.
A high resolution 20 km grid is used to compile a
database for surface and bedrock elevation, accumu-
lation, and surface temperatures. Balance velocities
Vh are computed and found to approximate observed
velocities. These balance velocities are used with
basal shear stress tp and ice thickness above buoy-
ancy Zx to derive parameters kp, p and q for a slid-
ding relation of the form

Vy = kpth/zd.

Reasonable matching is obtained for p =1, g = 2 and
ko = 5 x 10% m3 bar™! a”l. This sliding relation is
t%en used in a first complete dynamic and thermo-
dynamic velocity calculation for West Antarctica and
for an improved simulation of the whole Antarctic ice
sheet.

1. BACKGROUND AND AIM OF THE PROJECT

In an earlier study of the dynamics of the
Antarctic ice sheet, Budd and others (1971) noted
that in some regions of the ice sheet, particularly
inland of the large ice shelves, the gravitational
downslope driving stress reached a maximum and then
decreased towards the grounding 1ine. At the same
time the ice flux and the ice velocity, which were
required to keep the ice sheet in a balanced state,
increased. These regions are also characterized by
bedrock well below sea-level and basal temperatures
most likely to be at the pressure melting point. It
was suggested by Budd (1975) that for fast-flowing
surging glaciers, or for outflow glaciers from ice
sheets, the basal shear stress might decrease for
high sliding velocity (300 to 30 000 m a~l). But in
the case of the West Antarctic ice sheet the decrease
in basal shear stress appears to occur for velocities
in the range 30 to 300 m a~!. Since no velocity
measurements are available between Byrd station (at
elevation ~1 500 m), where the velocity is about
12 ma~! (Whillans 1977), and the Ross Ice Shelf,
where velocities are of the order of 300 to 500 m a~!,
two quite different conclusions were possible.
(i1). The actual velocities of the West Antarctic
ice streams flowing into the Ross Ice Shelf might be
Tow, in which case the ice sheet should be consider-
ably out of balance and therefore becoming thicker.
(ii). The ice streams may be indeed flowing fast, as
required for approximate zero net mass balance. In
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that case, how can such high velocities be reconciled
with the small gravitational forces driving the ice?
These questions raise the fundamental problems of the
the current state of balance of the West Antarctic
ice sheet and the dynamics of basal sliding. They
have been extensively discussed by Hughes (1973,
1975), Weertman (1976), Rose (1979), Young (1981) and
Cooper and others (1982).

Laboratory studies of ice sliding by Budd and
others (1979) indicated that the ice sliding velocity
was strongly dependent on the effective normal stress
(above basal water pressure buoyancy) as well as the
basal shear stress and basal roughness. The decrease
in effective normal stress, with the decrease of ice
thickness above that required for grounding, is a
common feature of fast-flowing ice streams and outlet
glaciers as they approach the grounding/floating
transition. This increase in velocity with decreasing
normal stress occurs in spite of a decreasing net
downslope gravitational driving force, which, for most
practical purposes, is numerically equal to the basal
shear stress. The primary objective of this paper is
to develop and test a functional relationship between
velocity, shear stress and normal stress which holds
for the fast ice-stream flow with Tow basal shear
stress.

An analysis of the dynamics of a typical single
ice-stream flow 1ine of West Antarctica was carried
out by Young (1981), using Rose's (1979) data. Young
found that, as the basal shear stress decreased
towards the grounding line, transverse and Tongitu-
dinal stresses became equally important. But this
merely adds to the puzzle of how relatively high
velocities can be maintained by small gravitational
downslope forces.

The three-dimensional modelling of Budd and Smith
(1982) found that the region of West Antarctica was
very sensitive to the formulation of ice dynamics
such that ice velocities slightly less than balance
would lead to a much thicker ice sheet than at
present, whereas velocities and strain-rates that
were too high could result in a substantial retreat
of the grounding line. The coarse (100 km) resolution
of that study, however, made it impossible to repre-
sent adequately the features of the individual ice
streams in West Antarctica.

The present study, therefore, concentrates on just
that part of the West Antarctic jce sheet which drains
into the Ross Ice Shelf, and aims to have sufficient
resolution to allow adequate representation of the
major features of the ice streams, cf. Figure 1.

For this work, it is necessary to have an adequ-
ately high resolution database as an input. The data
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General Bathymetric Chart of the Oceans (GEBCO)
(Canadian Hydrographic Service 1980), at a scale of
1 : 6 000 000 provides a convenient representation
of the surface and bed topographies combined on the
one map.

A 61 x 61 point square grid of 20 km grid spacing
was used as an overlay for digitizing the data and
running the computer model. This square overlay with
corners (82.5°S 86.0°W, 83.4°S 172.8°E, 73.4°S
118.5°W, 73.9°S 157.5°W) extends beyond the region
of the grounded part of West Antarctica that flows
into the Ross Ice Shelf, except perhaps for the
extreme southern boundary where some of the ice flow
may originate from East Antarctica. For the scale of
the grid, the spherical distortion is small and so
will be neglected here, the ice dynamics being
treated as taking place on a plane.

The result of the digitization of the GEBCO data
and interpolation onto the grid is shown in Figure 2
by the surface and bedrock contours as computed from
the grid point data. It is interesting to note that
the regions of the major ice streams A, B, C, D, E,
as described by Rose (1979), in order going from
south to north, show up quite well with slightly
Tower surfaces and deeper bedrock. The region of the
uncertain grounding-line zone as understood from the
above data sources is indicated by the dotted 1ines.

Fig.l. Flow lines. The pattern of computed flow lines
is shown superimposed on the elevation contours of
Figure 2. The main ice streams and their drainage P GELA TR T
basins are delineated. The ice streams are labelled 2 /
A to E following Rose (1979). The estimated grounding-
line positions from various sources are shown by
dotted Tines. Contours are for 0 to 0.1 km at 20 m
intervals, 0.2 to 0.5 m at 100 m intervals, 0.5 to
1 km at 250 m intervals, and 1 km to 2 km at 200 m
intervals.
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obtained for the new Scott Polar Research Institute
(SPRI) map folio series, described by Drewry and
Jordan (1980), provide a valuable source, covering
most of the input required for the modelling of the
jce flow. However, observed velocities over the ice
sheet, required to check the model output, are still
not available. A limited amount of velocity data from
the ice divide to Byrd is available from Whillans
(1977). This allows a check to be made on the inter-
nal ice deformation. The extensive velocity data now
available over the Ross Ice Shelf (Thomas and Mac-
Ayeal (1982)) provide a check on the ice-stream
velocities near the grounding 1ine through the con-
tinuity of ice flux.

The specific aims of this paper, then, are to
construct a three-dimensional model of the West
Antarctic ice sheet in order to assess its state of
balance in the light of the velocities of the Ross

Fig.2. Surface and bedrock. Ice-surface elevation

Ice Shelf, and to use the flux-implied upstream
velocities as checks on "dynamics" velocities as
computed from the geometry, flow and sliding proper-
ties of the ice. Since the flow and sliding depend

on temperature, the temperature distribution through-

contours are shown by the continuous 1ines, as for
Figyre 1, and bedrock contours by dashed 1ines at
0.5 km intervals, plus the -0.75 and -0.25 km levels.
Deep bedrock below -1.0 km is shown stippled. Bedrock
above -0.5 km is shown hatched.

out the ice sheet needs to be computed, and the basal
melt must also be determined.

Finally, after the dynamic model has been
developed to simulate the present behaviour of the
West Antarctic ice sheet, some implications for its
stability and future behaviour are considered.

For accumulation rate there are still large gaps
in the data coverage, particularly between the con-
tour at 1 000 m and the grounding line. The following
compilations have been used for the synthesis under-
taken here: Bull (1971), Kotlyakov and others (1974),
Whillans (1977), and Clausen and others (1979).

The net result indicates a fairly uniform
accumulation rate over the major part of the basin
averaging 0.15 m of ice per year (= 13.5 Mgm~2 a~!).
Sensitivity studies have been carried out to determine
the effects of increased or decreased accumulation
rates from that average. The major result here is that
changes in the computed "balance velocities" are
directly proportional to uniform percentage changes
in the accumulation field.

2. INPUT DATA REQUIRED

The procedure used is somewhat similar to that
used by Budd and others (1971) and Budd and Smith
(1982). The input data required for the balance com-
putations are the surface elevation, the bedrock
elevation, and the accumulation rate. For the thermal
regime the distribution of surface temperatures is
also required.

For surface and bedrock elevation the data of
Jankowski and Drewry (1981) provide a basis. The
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For the surface temperatures there are also large
gaps in the observed data coverage. Compilations have
been used from Bentley and others (1964), Shimizu
(1964), Tolstikov (1966), Budd and others (1971),
Thomas (1976) and Whillans (1977, 1979).

In the major part of the basin the surface temp-
eratures show an increase with decreasing elevation
from -32°C, at around 2 000 m, to -22°C near 700 m.
Thereafter there appears to be a decrease of tempera-
ture to about -28 to -29°C on the ice shelf near
100 m elevation. Further data in this transition
region are required.

3. DERIVED KINEMATIC AND BALANCE FEATURES

If it is assumed that, on the large scale, ice
flows downslope, orthogonally to the elevation con-
tours, then the general pattern of ice flow can be
computed from the elevation distribution. It was
indicated by Budd (1968, 1970[a], 1970[b]) that
average slopes over about 10 to 20 times the ice
thickness or more are required to avoid effects of
large fluctuations due to bedrock irregularities.

An objective numerical scheme developed by Jenssen
(Radok and others 1982) was used to compute flow
lines as smooth orthogonal trajectories to the eleva-
tion contours by high resolution interpolation be-
tween the grid points.

A representative set of computed flow lines is
shown in Figure 1. It should be noted that the flow-
line pattern may be strongly affected by errors in
the elevation data, and that gaps occur in the data
coverage near the southern and northern boundaries
of the grid. For the main drainage basin to the Ross
Ice Shelf the data coverage is acceptable at the
20 km scale and the major ice streams A to E, des-
cribed by Rose (1979), are clearly delineated. Over
the Ross Ice Shelf the ice flow is not as closely
controlled by the elevation contours weakening the
basis for the calculations. The flow lines there
provide just a guide to the expected major ice-stream
flows as indicated by Robin (1975) and more clearly
defined by the measurements of the Ross Ice Shelf
Project from Thomas and MacAyeal (1982).

Again, it should be noted that part of the basin
for ice stream A is omitted. For the other ice
streams, the pattern shows large source areas for ice
streams B, D and E, with a relatively smaller basin
for ice stream C.

From the flow-1ine pattern and the distribution of
ice thickness Z, and accumulation rate A (in ice
equivalent), the flux of ice required for a steady-
state mass balance is computed from the continuity
equation. From the flux the "balance velocity" Vj is
then computed as the column-average velocity required
for balance. The technique used is similar to that
given by Budd and others (1971) and refined by Radok
and others (1982). For x, the coordinate distance
along a flow line, and y, the orthogonal coordinate
across the flow 1ine, the continuity equation may be
written as

[3 + 3] (V,2) = A (1)
ax ay

from which the flux (VyZ) and the balance velocity
are computed by integration.

The results of the balance velocity calculations
are shown in Figure 3. Noting again that the magni-
tudes are directly related to the accumulation distri-
bution and that there are still large gaps in the
accumulation coverage, these results can be compared
with the few surface velocities available from the
ridge crest to Byrd and on the Ross Ice Shelf.

Considering possible errors, including those of
relating surface to average column velocities for
grounded ice, the balance velocities are quite close
to those observed. On the Ross Ice Shelf, the relat-
ively high flow rates of 300 to 500 m a'I for ice
streams B,D and E are apparent, whereas much lower
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Fig.3. Balance velocities. The computed balance vel-
ocities, representing averages through a vertical
column, are shown with contours 1, 5, 10, 25, 50,

100 and 500 m a~l. The high velocities occur in the
major ice streams near the grounding-1ine region.
Values on the ice shelf are not expected to be valid.

velocities, less than 100 m a~!, are suggested for ice
stream C.

The balance velocity pattern suggests that the 30
to 50 m a~! velocity isopleths penetrate well inland
along the ice streams whereas flow rates less than
10 m a~! prevail between the ice streams.

From these results it would appear unlikely that
the West Antarctic ice sheet/Ross Ice Shelf basin is
grossly out of balance; more probably it is within
+ 20% of balance. This means that the assumption of
exact balance should provide a close approximation to
any inferred total "dynamics" velocity, particularly
in the regions of high basal sliding.

From the balance velocities a wide range of other
balance characteristics can be calculated, as shown
by Budd and others (1971), e.g. ice flux, strain-
rates, particle paths, ages, residence time, etc. For
West Antarctica these results will be presented else-
where. Here we concentrate on just those elements
which are essential for assessing the ice dynamics.
In particular we show in Figures 4 and 5 the basal
shear stress 1 and the ice thickness above buoy-
ancy Zx which is related to the effective normal
stress.

The basal shear stress is computed as

Th = pgoZ, (2)

where p is the average ice density, g is the gravi-
tational acceleration and a« is the surface slope
averaged over several grid intervals. Equation (2)
gives strictly the (negative) total downslope driving
stress acting on an ice column of length Z and unit
width. The vertically integrated hydrostatic pressure
is P = gpZ2/2, so that the net stress in the flow
direction X is

P al
— =gpl — = gpZla - B)
3ax aX

where a and  are the (small) surface and bedrock
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Fig.4. Basal shear stress. The large-scale smoothed
basal shear-stress pattern is shown with contours
0.1, 0.2, 0.5, 0.75 and 1.0 bar.
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Fig.5. Ice thickness above buoyancy Zx. The ice thick-
ness in excess of that required just to ground on
the bedrock is shown for Zx contours of 0, 1, 5, 10,
25, 50, 75, and 100, 500 and 1 000 m. Low 7+ values
are noted in the major ice streams with high balance
velocities approaching the grounding line.

slopes. Adding to this the downslope gravitational
force acting on the ice column of unit width,

pglsinB=pglZe®s

gives Equation (2). The basal shear stress may differ
from this if longitudinal and transverse stresses have
appreciable magnitudes. But strain-rates computed from
the balance velocities indicate that on the large
scale these other stresses are generally small and
become appreciable only near the ice-stream grounding
lines. So, with that reservation, we concentrate on 1}
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as the main stress-balancing the downslope internal
and gravitational forces acting on the ice.

The basal shear stress distribution shows a
general increase from zero near the ridges and summits
to about 0.6 bar or more near the 800 m elevation
contour; then a gradual reduction occurs, particularly
along the ice streams, to about 0.1 bar or less, near
the grounding 1ine. The Tow basal shear stresses,
particularly in the region of high balance velocities,
represent the main problem here.

The distribution of effective normal stress given
by the Zx isopleths in Figure 5 shows a pattern of
high values (greater than 800 m) inland with a similar
pattern of low values towards the grounding line. The
grounding-1ine zone is itself a region of uncertainty
where Zx depends on the actual average ice and sea-
water densities as well as on the surface and bed
elevations. To determine the average ice density it
would be necessary to allow for the low-density top
firn layer and for the air enclosed in the ice.
Instead, for the present study, a range of floating
criteria were examined. The criterion used in Figure 5
was taken from a fit to the data of Crary and others
(1962) for the thicker floating ice and has the form

Zx = E - 20 - g (metres), (3)
where E is the surface elevation. It should be noted
that effects of crevassing could influence this rela-
tion significantly and that the small Zx values could
be proportionally high in error.

4. ICE DEFORMATION, SLIDING, AND DYNAMIC FEATURES

For the present study the average dynamics
velocity through the column V4 has been separated into
the contribution from internal ice deformation Vj and
that due to sliding Vg:

Vg=Vi+Vs. (4)

Two methods have been used to compute the average in-
ternal velocity. The first is the simple block flow
equation

v'i)B = klrgZ, (5)

where ki is a flow law parameter which can be set and
interpreted as a function of the temperature of the
basal layer of the ice sheet.

The second method uses the complete computed
column temperatures through the ice and a flow Taw
which relates the shear strain-rate to the shear
stress. For generality the flow law is expressed in
terms of "octahedral" values £, and T representing
invariants of the strain-rate and stress tensors. The
flow law for a temperature deviation ©* from the
melting point 8, then has the form

By = By (g B%), (6)
where 0* = @ - 05, and © is the ice temperature.

The flow-law data given by Russell-Head and Budd
(1979) provide a useful basis for the flow law here
since they cover the central range of stress and
temperature of interest and give tertiary flow rates
together with information on effects of crystal aniso-
tropy.

For the case in which the dominant stress is the
horizontal shear stress ty,, the horizontal shear
strain-rate (£,,) at depth z can be expressed as a
function of 5.

If u; is the horizontal velocity at depth z, then

1 du,
= e e 7
V6 dz ¥ e t#
and ‘fi
To® V3 eg (Z-z) (8)


https://doi.org/10.3189/1984AoG5-1-29-36

(cf. Budd and others 1982). The contribution of the
internal velocity to the surface velocity is then
given by

F4
up= [ 7B 2 (5o, oMz, (9)

where this integral is taken over the vertical column
with the temperature computed as indicated below. The
average internal velocity is then given by

(10)

Vi=uz=? szdL

It is found in practice that, for suitable values
of the generalized parameter ki, these two computed
deformational velocities do not differ greatly because
the total deformation is strongly dependent on the
stress and temperature of the basal Tayer a few
hundred metres thick.

The pattern of computed deformational velocities
is shown in Figure 6. Although the basal temperature
distribution has some effect on this pattern the
main factor is the basal shear stress. The deform-
ational velocity increases from the summits and ridges
to about the region of maximum shear stress, in a
manner not unlike the balance velocities. From there
to the grounding 1ine the decreasing basal stress
results in very low deformational velocities. This
suggests that the ice flow along the major ice streams
is increasingly dominated by sliding.

I'II:IIIIII
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Fig.6. Deformational velocities. The contribution to
the average column velocities from the internal
deformation is shown for the block velocity formu-
lation. Note the maximum around 20 m a~! near the
zone of maximum shear stress with low values
further downstream.

The ice sliding experiments of Budd and others
(1979) indicated that, for low sliding speeds V¢, re-
lations of the following form:

1 <P
Vg Eims —
R N4

i Bl

where R is a roughness factor, t is the basal shear
stress, N is the effective normal stress and p and q
are parameters which may vary with stress, velocity
or roughness. The results suggested at Tow stresses
p=l and q=2 whereas at higher stresses p=3 and q=l.
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This type of relation was therefore examined for
the West Antarctic ice sheet/Ross Ice Shelf drainage
basin by plotting the computed balance velocities Vy
against basal shear stress t for different values
of Zx as a measure of effective normal stress. In
other words a functional relation of the form

(12)

is sought for constant values of kp, p and g in the
regions of high sliding velocities where the contri-
bution of the deformational velocity to the total
velocity is small.

3 i A A Gl g ol N i T S A
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Fig.7. Dynamics sliding relation. The balance
velocities Vy for the major ice streams from the
zone of maximum stress to the grounding 1ine are
plotted against the basal shear stress. In spite
of large scatter a trend emerges for increasing
Vp with decreasing Zx as depicted by the full lines
defined by the relation V§ = kptp/I%, with
ko = 6 x 10% bar™! m® a~l. The dashed 1ines
sﬁow the internal deformation resulting from the
relation V; = kqt§Z with ky = 0.03 bar™3 a”1,

Figure 7 shows the results for the major ice
streams. Although considerable scatter exists in the
data the values of p =1 and q = 2 give a reasonahle
representation of the major trends with
ko = 5 x 105 bar™1 m3 7!

Using this relation, viz.

T
Vg = kp —
%

(13)

over the grid gives the distribution of sliding
velocity shown by Figure 8. Here the pattern of
increasing velocities towards the grounding line of
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Fig.8. S1iding velocity Vg. The computed sliding
velocity as derived from the sliding relation
given by Figure 7 is shown with contours 1, 5,
10, 50, 100 and 500 m a~l. The pattern has a
similar trend of increase towards the grounding
line as the balance velocities but with lower
values inland.

the major ice streams is similar to the pattern for
balance velocities but not so concentrated. The
pattern of basal temperatures could be an important
factor there. Inland, as Zx becomes large, the
s1iding velocity becomes small and considerably
below the deformational velocity.

Finally, the deformational and sliding velocities
are combined to give a total dynamics velocity as in
Equation (4)

d-‘-V-i*V:;.
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Fig.9. Total dynamics velocity, obtained from
Vq=V; + Vg. The resultant pattern has a similar
genera{ form to the pattern of balance velocities
but not so concentrated within the ice streams.
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The resultant pattern is shown in Figure 9. Al-
though details differ considerably between the maps
of Vp and V4, at least the general trend of monotoni-
cally increasing velocities towards the grounding
line, with maxima in the regions of the major ice
streams, is common to each.

5. THE THERMAL REGIME

So far the thermal regime has not been taken into
account for the sliding although it might be expected
that the basal temperature distribution would have a
major influence.

For steady state the heat conduction equation for
a vertical column at distance x along a flow Tine can
be written

2
30 90 90
K — + W, — +11£ == U, =, (14)
az2 3z  pc ax

where p is the ice density, c¢ is the capacitance, «

js the thermal diffusivity (taken as constant here),
wz, Uz are the vertical and horizontal velocities at
depth z, and Q; is the mechanical heat dissipation per
unit volume.

With basal sliding playing such a major role, only
the basal heating by friction is used in which case
the dissipational heating is represented by thV.This
is added to the heating produced by the geothermal
gradient Y% so that the basal temperature gradient

e

is prescribed as
WV
T ™ _T(b— - (15)

where K is the thermal conductivity.

When the basal temperature reaches the pressure
melting point this temperature is then prescribed as
the basal boundary condition and the basal gradient
Yp is used in comparison with the computed base
gradient to calculate the basal melt rate.

The above heat conduction Equation (14) is solved

TT A T I T T T I T T eI T 1
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Fig.10. Basal temperatures. The basal temperatures
(relative to pressure melting as computed from the
balance velocities and a geothermal gradient of
3.0°C 100 m~! are illustrated, Melting zones are
shown hatched. These tend to occur under the thick
inland ice and the major ice streams. Lower tempera-
tures in the ice streams near the grounding 1ine
suggest freezing would take place there.
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along the flow lines by the technique developed by
Jenssen in Budd and others (1971, 1982) and Radok
and others (1982).

In the first instance the horizontal velocity is
taken to equal the balance velocity. The resultant
temperatures are used for the computation of the
deformational velocities. Finally the basal tempera-
tures are recomputed using the total dynamics veloc-
ity. Since the balance and total dynamics velocities
are similar the resultant pattern of basal tempera-
tures are also similar. Of more importance is the
unknown geothermal flux. Hence a number of complete
calculations were carried out varying yg from 2.6
to 3.6°C 100 m~1, At Byrd, for example, the observed
basal gradient is 3.25°C 100 m~! (Ueda and Garfield
1970), of which up to 3.0°C 100 m~! would be expected
to result from geothermal flux for steady state.
Effects of secular changes have been examined by Budd
and-Young (1983); for Antarctic basal temperatures,
they were found to be small by comparison with the
uncertainties of the geothermal heat flux.

The main features of the different basal tempera-
ture maps are similar with a gradual growth in the
region of basal melting with increasing geothermal
flux. An example is shown in Figure 10 for vg =
3.0°C 100 m~1. Here the deep interior basal ice is
found to be at pressure melting with narrow zones of
pressure melting concentrated in ‘the major jce streams
extending to the grounding line. It could be expected
that this would enhance the sliding along the ice
streams, compared to neighbouring regions. If allowed
for in the sliding relation, this could improve the
match between balance and dynamics velocities. This
extension is not explored further here. Instead we
consider a few implications regarding the stability
of the West Antarctic ice sheet.

Budd and others:
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6. ASSESSMENT OF THE STATE OF BALANCE AND STABILITY
OF THE WEST ANTARCTIC ICE SHEET
The three-dimensional modelling of Budd and
Smith (1982) for Antarctica using a sliding relation
of the form
e
Vg = ky 2 (16)
L%

was not very effective in reproducing the low-stress,
high-velocity zone of West Antarctica. That model has,
therefore, been re-run with the sliding relation of
Equation (13), viz.

b
Vg = k2 . -
Lx

This has resulted in a form for the Ross Ice
Shelf basin of West Antarctica much more similar to
the present observed ice sheet for steady state in
spite of the 100 km resolution which is too coarse to
capture the individual ice streams, cf. Figure 11,

The observed velocities on the Ross Ice Shelf
suggest that the West Antarctic ice sheet cannot be
too far from a state of overall zero net mass balance.
Therefore a dynamic relation something 1ike that
derived here is required. With this dynamic relation
it is now possible to examine effects of external
change with the high resolution model. Some prelimin-
ary qualitative indications follow. (1). Direct warm-
ing of the ice has little effect on the flow which
takes a long time to react, as indicated by Young
(1981). (2). Basal melting is more important as it
thins the ice and increases the sliding through the
reduced Zx. (3). A rise of sea-level can accelerate

= e

| | | L

Fig.ll. Whole Antarctic simulation. The three-dimensional model of Budd and
Smith (1982) for the whole of Antarctica with 100 km resolution has been
re-run with the sliding and deformation parameters derived from West
Antarctica. In (b) the sliding parameter ko = 6 x 108 m® bar™l a”! has been
used giving a lTow West Antarctic saddle region more similar to that observed
rather than the large ice sheet which results from low sliding as shown in
(a) with k, = 1 x 108 m® bar™! a™!. Contours are in decametres.
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the flow in a similar way, but must be expected to be
small, especially in the short term. (4). Isostatic-
ally rising bedrock can also decrease the ice sliding
and so could be a counteracting factor to the acceler-
ating effects.

For any external change that is prescribed, a
first approximation to the ice-sheet reaction can be
obtained by running the model forward in time.

Finally, it needs to be emphasized that observed
velocities along the ice streams will be the most
valuable data for both assessing the current state of
balance and finding a sounder basis for the ice
dynamics. In the meantime, the results presented here
represent estimates of the ice velocities that should
guide future field work.
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