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A sequence of sensitivity studies has been run for a numerical
model of the growth and decay of sea ice in the Weddell Sea and
surrounding regions. The model formulations follow Parkinson
and Washington (1979), and the model grid is a subset of the
Parkinson and Washington grid (see figure 1). Each model run
simulates 14 months, beginning on January 1. Outputs include
(1) contour maps of ice thickness and concentration at the mid-
point of each month, and (2) plots of the following variables as a
function of time: ice thickness and ice concentration at grid
points (5,7) and (9,4); ice thickness and concentration averaged
over the grid squares within the Weddell Sea (figure 1) that
contain some ice (labeled "ice-laden"); the area of ice-laden
waters; and the area of actual ice coverage.

For many of the model inputs, a sufficiently large change in
the input value causes a significant change in the model results.
Of more relevance is whether a significant change in results can
be produced by a "reasonable" change in the input. For the
present studies, a change is considered "reasonable" if it falls
within the variable's current range of uncertainty. For other
studies, "reasonable" changes might be much greater than
those used here (for instance, if the purpose of the study were to
calculate the sea-ice response to a predicted increase in at-
mospheric carbon dioxide, or if it were to determine sea-ice
extents under such changed boundary conditions as might
have existed during a past major glaciation). The table lists the
input variables examined in the current studies and the range
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Figure 1. Grid structure of the model and geographical location. The
dashed lines at 200E and 3000E indicate the boundaries of the region
defined for the analysis as the Weddell Sea.

Ice emissivity	 0.97	 0.95-1.00
Snow emissivity	 0.99	 0.95-1.00
Water emissivity	 0.97	 0.95-1.00
Solar radiation	formulation of Zillman	0.90 x standard-1.10

(1972); varies spa-	x standard
tially and temporally

Drag coefficient	 0.0024	 0.001-0.004
Ice albedo	 0.50	 0.40-0.60
Water albedo	 0.10	 0.05-0.15
Snow albedo	 0.75	 0.60-0.90
Turbulent exchange	0.00175	 0.001-0.003

coefficients
Snowfall rate	0.3 cm per month Feb- 0-30 cm per month

ruary—November
Air temperatures	mean monthly climato-	standard ± 5 Kelvin

logical fields, from
Taljaard et at. (1969)

Winds	 mean monthly climato-	a variety of alternate
logical fields, from	fields
Taljaard et at. (1969)

Ocean heat flux	25 watts/sq meter	0-40 watts/sq meter

used for each. For each set of model runs, only the variable in
question was altered; the other variables were assigned "stan-
dard case" values.

The sensitivity studies establish that the model is almost
entirely insensitive to "reasonable" changes in long-wave emis-
sivities of ice, water, and snow. The effect of increasing emis-
sivities from 0.95 to 1.00 was imperceptible until month 12,
when it increased the ice amount slightly. This increase sug-
gests that increased absorption of long-wave radiation from the
atmosphere, due to higher emissivities, is outweighed by in-
creased emission from the surface to the atmosphere.

The model is somewhat more sensitive to changes in solar
flux, short-wave albedos for ice and water, and drag coefficient.
Increases in solar flux and/or decreases in ice albedo naturally
result in a thinner ice cover, whereas decreases in water albedo
have a stronger effect on lowering ice concentrations. The latter
effect derives from increased absorption of solar radiation in the
ocean and the consequent delay in ice formation and increase in
lateral ice melt. The influence of ice albedo is strong early in the
simulation, leading to central ice thicknesses in mid-February
that are 30 centimeters lower for an albedo of 0.4 than for an
albedo of 0.6. However, this effect is much reduced after March,
when ice begins to acquire a snow cover. Since the drag coeffi-
cient (CD enters the model calculations only through ice ve-
locities, the effect of changing its value is to redistribute the ice;
hence, its effect is not uniform over the grid.

The model is moderately sensitive to changes in snow albedo,
turbulent heat exchange coefficients, and amount of snowfall.
Model sensitivity to snow albedo is nonexistent in the first 2
months due to the absence of a snow cover, weak during the fall
and winter when there is not much incident solar radiation, but
strong during the subsequent melt season. In mid-September,
ice extents are close to identical for snow albedos of 0.6 and 0. 9,
but by the middle of the following January total ice coverage in
the 0.6-albedo case is only half the ice coverage in the 0.9 case.
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Figure 2. Sample results illustrating the sensitivity of the time se-
quences of Ice thicknesses (A) and ice concentrations (B) at grid-
square (9,4) to values of the ocean heat flux ranging from 0 to 40
watts per square meter.

Since the sensible and latent heats are calculated as positive
upward, the effect of decreasing the turbulent exchange coeffi-
cients is to decrease the transfer of heat from the surface to the
atmosphere and thereby to decrease ice thicknesses and con-
centrations. With turbulent heat coefficients of 0.001, ice thick-

nesses at grid point (5,7) are about half their values for turbulent
coefficients of 0.003.

The additional insulation of the ice from the cold winter
atmosphere provided by a thicker snow cover means that high-
er snowfall rates will decrease ice thicknesses. Numerically, the
thicker snow cover increases the calculated snow-ice interface
temperature, in turn reducing the temperature contrast be-
tween the bottom and top of the ice and thereby reducing the
upward conductive flux through the ice. The decreased flux
results in a lower growth rate of ice in winter and a higher decay
rate in spring, as there is more energy available for melt at the
ice/water interface.

The model proved highly sensitive to air temperatures,
winds, and ocean heat flux (figure 2). Thus, it is especially
important to insert proper values for these variables. The large
effect produced by altering the wind fields is of particular con-
cern since these fields can change radically over short time-
spans. For two of the model runs, the mean climatological
winds were replaced by 1974 winds from the Australian Bureau
of Meteorology data sets. For one run, the winds were inserted
as monthly averages and interpolated for each time step; for the
other, they were inserted with 12-hour temporal resolution. The
twice-daily winds produced a much stronger summer/winter
contrast in the simulated ice cover, with almost no ice remaining
in March but with at least a slight ice cover in almost every grid
square by June. The effect of a variety of wind fields on the
modeled Weddell polynya will be described elsewhere (Parkin-
son in preparation), as will the effect of atmospheric tempera-
ture increases on the entire southern ocean (Parkhurst and
Bindschadler in preparation). The model's sensitivity to ocean
heat flux has been detailed by Parkinson and Good (1982).

This work was supported by NASA's Oceanic Processes
Branch in the Environmental Observations Division. I acknowl-
edge with thanks the assistance of Michael R. Good of Compu-
ter Sciences Corporation.
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