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Typically, the extent of floating antarctic ice varies within
the year from a minimum of 2.5 million square kilometers to
a maximum of 20 million square kilometers, or from roughly
1.6 percent of the Southern Hemisphere oceans to roughly 13
percent (Untersteiner, 1975). The ice has a significant
climatic effect, due both to its high albedo relative to that of
water and to its insulation properties. In view of this, a large
scale numerical model has been developed to simulate the
annual cycle of sea ice in the Southern ocean.

The model employs a 41 by 41 rectangular grid with 200-
kilometer horizontal resolution, an 8-hour timestep, and four
vertical layers: ice, snow, ocean, and atmosphere. Both ther-
modynamic and dynamic processes are incorporated and
there is an allowance for leads. The model is run for a 4-year
simulation period, allowing sufficient time for the yearly cycle
to reach an approximate equilibrium.

Ice ablation and accretion are determined by balancing
energy fluxes at the top and bottom surfaces of ice and snow.
A simple linear distribution of temperature is assumed within
both the ice and the snow layers, and the only energy flux
through either layer is the conductive one. This conductive
flux is combined at the top surface with net inputs of short-
wave radiation, longwave radiation, and sensible and latent
heat. The balance is used to calculate the change in surface
temperature, with any excess energy beyond that required to
raise the temperature to the melting point contributing to ice
ablation. Similarly, at the bottom of the ice, the conductive
flux is combined with the heat flux from the ocean, with an
excess or deficit of energy resulting in bottom ablation or ac-
cretion, respectively. Lead percentages are increased by
lateral ice ablation and decreased by lateral accretion, both
based on the net energy input to the lead area.

Determination of ice transport proceeds in two steps. First,
a steady-state velocity of the ice is calculated by balancing
wind stress, water stress, Coriolis force, and the stress from
the tilt of the sea surface. Second, the velocity field produced
by this balance is modified where necessary because of excess
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Figure 1. Simulated contours of sea ice thickness (in meters) in March and August. Shading indicates ice compactness above 90
percent.
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ice convergence. Further details on the model structure can	range 20°W.—lO°E., reaching latitudes of 50-51 0 S. Thick-
be obtained from Parkinson (1978).	 ness varies from about 1.4 meters at its coastal maximum to 

The model produces a reasonable yearly cycle of sea-ice	at the ice edge.
thickness and extent, with the ice expanding from a	Simulated ice concentrations (figure 2) correspond well
minimum in March to a maximum in late August (figure 1).	with the patterns of the U.S. Navy oceanographic atlas (Daniel,
In March the ice reaches a latitude of 640 S. off the coast of	1957) and reveal a broad region of lowered concentrations in
East Antarctica and has its maximum extension from the	the area most noted for large polynyas, to the north of Queen
continent in the Weddell Sea region to the east of the Antarc-	Maud Land at about the Greenwich meridian (Daniel, 1957;
tic Peninsula. Thickness varies from about 1.2 meters in the	Zwally and Gloersen, 1977). The simulated velocity fields
Ross and Weddell Seas to 0 at the ice edge. In August the ice	(figure 3) show westerly motion wherever the ice reaches
extends to the grid boundary over the approximate longitude	northward of about 58° S. Ice velocities tend to be greatest in
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Figure 2. Simulated contours of Ice concentration (percent) In March and August.
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Figure 3. Simulated Ice drift for January and July.
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this region of strong westerly atmospheric flow, with the
weaker velocities near the coast being more variable in direc-
tion but predominantly easterly and with cyclonic curvature.

Although the model produces some satisfactory results on
a large scale, smaller scale features such as the observed ten-
dency for thicker ice at the northern reaches of the Weddell
Sea than at the Weddell Sea coast are generally not
reproduced. Even on the large scale the simulated thicknesses
and extents are dependent on a rather arbitrarily chosen
oceanic heat flux employed in the model (Parkinson, 1978).
Nevertheless, the current results are encouraging and reveal
the feasibility of inserting sea ice into global models of the at-
mosphere and/or oceans.

This work was supported by National Science Foundation
grant ATM 76-08492 and was carried out at the National
Center for Atmospheric Research with the assistance of the
leader of the Global Climate Modeling Group, Warren M
Washington.
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Continuous surface strain
measurements on sea ice and on
Erebus Glacier Tongue, McMurdo

Sound, Antarctica
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We measured the flexural wave energy on the sea ice close
to the Erebus Glacier Tongue (a floating glacier in McMurdo
Sound) and monitored surface strain changes on the glacier
itself. Also, we made continuous surface strain measurements
(in a frequency range between 1 hertz and d.c.) close to the
annual runway on the sea ice close to McMurdo Station as
LC-130 transport planes landed, and vehicles passed along
the ice road to the runway.

Strains were measured continuously, to an accuracy of 1
in 108 strain, over a 5-meter gage length with a geophysical
wire strainmeter (King and Bilham, 1976). Such instruments
have been used to measure flexure of fast ice due to swell
(Goodman et al., 1975; Squire and Allan, 1977), and surface
strain changes on an ice cap, and a valley glacier (Goodman,

1977; Evans et al., 1978). The strainmeter uses a length of IN-
VAR wire held under constant tension as a length standard,
and detects strains with a lever system and a L.V.D.T. The
output, in this case, from the L.V.D.T. was amplified and
recorded on a data logger, and a strip chart recorder. An
automatic rezeroing system allowed the instrument to operate
at a high sensitivity, for long periods, unattended. Six instru-
ments were used in two arrays of three. To avoid temperature
effects the instruments were covered with snow. Care was
taken not to install the instruments across prominent cracks.

Six strainmeters were installed close to the ice road near
the ice runway on 14 December 1977 and removed on 19
December. LC-130s were using the runway throughout this
period, and were landing approximately 1 kilometer from the
site. A typical strain record, from three strainmeters in three
different directions, obtained when an LC-130 weighing
105,000 pounds landed is shown in figure 1. The clear dis-
persion of the waves can be seen. The data collected is in a
much lower frequency range to that previously collected by
Press etal. (1951) or Robinson (1965) as can be seen from the
time bar on the figure. The initial oscillations, which can be
seen on the record before the waves from the plane landing
arrived, are from swell penetrating from the open water. The
fast ice was 3.44 meters thick at the site, which was 35
kilometers from the fast ice edge when the record in the figure
was collected. Static, and dynamic, records of the strain also
were made as vehicles moved along a road close to the array.

On 23 December the first strainmeter was installed on the
ice tongue, approximately 9 kilometers from the snout; data
were collected more or less continously until 22 January 1978
at the initial site. Data were collected at a second site on the
glacier between 11 and 26January 1978. A typical example of
the data obtained is shown in figure 2a; the power spectra of
4048 s of the time series (with a five point Gaussian
smoothing) is shown in figure 2b. The different peaks corres-
pond to the different modes of oscillation of the ice tongue;
the driving force for the oscillation is the swell in the sea.
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