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Sea ice

Seasonal variation of total
antarctic sea ice area, 1973-75
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Sea ice concentrations can be derived from 1.55-cen-
timeter microwave brightness temperatures measured
by the electrically scanning microwave radiometer (E5MR)
on the satellite NIMBUS V (e.g., Zwally and Gloersen,
1977). Using such measurements to calculate sea ice con-
centrations for most of the three-day periods in the years
1973 through 1975 and averaging the values for each
month, we have determined the total areal extent of
antarctic sea ice of various concentrations as it varies
seasonally and annually.

Most previous analyses of the seasonal and interan-
nual variations of the sea ice cover have been limited to
studying the maximum extent of ice as determined by
the position of the boundary between open ocean and
the ice pack. Our analysis also takes into account open
water within the ice pack so as to be able to measure the
actual area of ocean covered by ice. This additional in-
formation is more directly related to oceanic and at-
mospheric processes and the climatic effects of the sea
ice cover.

The sea ice concentration (C) is determined by taking
the measured brightness temperature (T B) to be a linear
combination of the sea ice TB and open ocean T8 (plus
background) in proportion to the area covered by each
as described in the following equation (Zwally and
Gloersen, 1977):

- T3 - 135K
- €1T0 - 135K

where T. is the physical temperature of the ice surface
temperature, 135K is the average measured brightness
temperature over seawater, and € is the ice emissivity,
which has a value of 0.92 for first-year sea ice at 1.55-
centimeter wavelength. Because only a small portion of
antarctic sea ice exhibits a multiyear microwave signa-
ture, 0.92 is used as an overall value for the Southern
Ocean. The major unknown variable in the equation is
the ice surface temperature T 0. This is approximated by
weighting climatological air temperatures from Taljaard
et al. (1969) with the sea surface freezing point, using
an empirical weighting factor of 0.75 (e.g., T 0 = 250K
for an air temperature of 243K).

The above equation is used to determine sea ice con-
centration in each of the resolution cells, which are ap-
proximately 30 kilometers square. The area of "ice-
laden" ocean is then calculated by summing the areas
of all resolution cells having at least 15-percent ice cov-
erage. Similarly, the area of ocean covered by "highly
concentrated" ice is determined by summing the areas
of all cells having at least 85-percent coverage. The
yearly sequences of the values obtained are plotted in
the accompanying figure.

MONTH

Areal extent (millions of square kilometers) of antarctic
ocean waters with sea Ice concentration of at least 15 per-
cent and with sea ice concentration at least 85 percent. (Data
missing for March—May and August of 1973 and for June—

August of 1975.)
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This figure indicates that, in accordance with earlier
estimates, the ocean area of the southern hemisphere
affected by ice cover (15-100-percent concentration)
decreases to a minimum of about 4 million square kil-
ometers in February and increases to a maximum of
about 20 million square kilometers in September. Well
over half the reduction of ice extent occurs within the
2-month period from mid-November to mid-January,
and in general this ice decay proceeds more rapidly than
the ice growth from February to September.

The data show a mild trend between 1973 and 1975
toward a smaller extent of sea ice, particularly during
the growth season. However, no similar trend appears
for the area of waters with highly concentrated ice. A
major polynya in the Weddell Sea in 1974, 1975, and
1976 accounts for much of the interannual difference
in total ice extent. It is interesting to note that Kukla
(1978) found a general decrease in arctic ice from 1973
to 1975, following an increase from 1967 to 1973.

In 1973, the maximum antarctic ice extent occurred
in late September or early October, but it was 2 to 4
weeks earlier in 1974 and 1975. The largest decrease in
the area of highly concentrated ice occurred with a dra-
matic 1-month decrease of 6 million square kilometers
from October to November of 1973 and with a slower
2-month decrease of slightly less total magnitude in Oc-
tober-December of 1974 and September-November of
1975. The largest decrease in the area of highly concen-
trated ice precedes by about a month the largest de-
crease in total ice area noted above. This reduction of
highly concentrated ice could be attributable to an in-
crease in ice divergence or more likely to a decrease in
new ice production in newly formed leads.

With data assembled for only a 3-year time period, it
is not possible to draw firm conclusions on the nature

of interannual variability of antarctic ice. There is some
interannual variation in the phase and amplitude of
maxima and minima in the curves and also a slight trend
toward reduced total ice extent from 1973 to 1975.

The southern ocean has been divided into five sec-
tors—the Weddell Sea, Indian Ocean, Pacific Ocean,
Ross Sea, and Bellingshausen-Amundsen Sea sectors—
and similar analysis has been performed on each of these
(Zwally et al., 1979). The individual sectors show much
more variability than the sum. The tendency for an in-
crease of ice in one sector to compensate for a decrease
in another suggests a large-scale interaction among the
sectors requiring further investigation. The different
sectors show varying proportions of highly concentrated
ice, indicating regionally different meteorological and
oceanographic processes.
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A simple parameterization for salt
flux to upper ocean owing to
freezing and melting at the
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As ocean water freezes to ice, its salt content partly
settles to the water underneath and partly becomes en-
trapped in pockets of brine within the ice. The amount
of salt settling to the water below depends on the rate
of freezing, the temperature, and the initial salinity of
the upper ocean. Because the salt collected in brine

pockets slowly diffuses downward as the ice ages, the
salinity of an individual ice floe typically decreases with
time, eventually exhibiting a gradient from very low sal-
inity at the top of the floe to somewhat higher salinity
at the bottom. This yields a salinity structure of sea ice
that is both complicated and variable, as is evident from
actual salinity profiles.

Current limitations in computer time and core space
realistically prevent insertion of elaborate salinity pro-
files into large-scale numerical models. However, the im-
portance to the ocean of the salt fluxes resulting from
the formation and melting of sea ice suggests that an
attempt should be made to parameterize these fluxes,
even if the detailed salt structure of the ice cannot be
included.

To simplify the complicated salinity distribution in sea
ice consistent with the degree of simplification common
in large-scale sea ice and ocean models, a uniform ice
salinity S can be assumed. A reasonable value for S1
would be four parts per thousand, a number suggested
by Weber (1977) as one appropriate for the bulk of sea
ice. The assumption of constant S allows immediate cal-
culation of the average salinity change in the upper layer
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