Antarctic sea ice forecasting
Satellite photography and computer analysis permit fast, accurate prediction
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Since 1970, a division of the U.S. Naval Weather
Service Command has been making antarctic sea
ice forecasts that are helping ships pare thousands
of miles from their southern-ocean itineraries. Taking
nearly all its data from polar-orbiting satellites, the
Fleet Weather Facility, Suitland, Maryland, was
credited with saving one ship—the U.S. Coast Guard
icebreaker Staten Island-5 days and 1,200 to 1,500
miles on her December 1971 transit from Palmer
Station to McMurdo Station. Staten Island's commanding officer Captain Stanley G. Putzke reported,
"With the help of ice routing from the Fleet Weather
Facility, and with consistent ice reconnaissance by
ship's helicopters, we were able to pursue leads and
cut through the outer pack, arriving at McMurdo
Sound on 15 December. This is the earliest any ship
has ever passed through the eastern Ross Sea.
Normally even icebreakers, when making this annual
passage, skirt the vast fields of outer pack ice along
the 65° parallel."
Development
Although Fleet Weather Facility's antarctic sea
ice forecasts and use of satellites began only 2 years
ago, predecessor organizations in the U.S. Navy
have been observing and forecasting sea ice conditions since the early 1950s. The need for these services
first became apparent in the late 1940s, when U.S.
stations were being set up in the Arctic. Ship damage
from sea ice amounted to millions of dollars. The
Naval Oceanographic Office responded with a program that provided sea ice observations and forecasts.
In 1954, the Naval Weather Service began training
aerographers mates to be sea ice observers, and in
1963 short-range operational sea ice forecasting became a Naval Weather Service responsibility.
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For the next 7 years, the Service positioned its ice
forecasters at Fleet Weather Central, Kodiak, Alaska,
and Fleet Weather Facility, Argentia, Newfoundland.
In 1970 the sea ice forecasting program was expanded
to include the Antarctic. At the same time, Fleet
Weather Facility Suitland was designated as the command responsible for implementing the expanded
program. The Suitland site is ideal: the same building houses the National Environmental Satellite
Service and the National Meteorological Center, from
which all satellite imagery and current and forecast
meteorological charts are immediately available. Also
available are the products of the Fleet Numerical
Weather Central, Monterey, California. In addition,
archived in the Washington, D.C., area is satellite
imagery dating to the early 1960s. And when available, Nimbus research satellite imagery is delivered
in real time, from a nearby National Aeronautics and
Space Administration facility.
In the Arctic, the use of satellite imagery has
drastically reduced, though not eliminated, sea ice
reconnaissance by aircraft. For example, U.S. Coast
Guard icebreakers working in the Bering Sea in
winter can be supported almost entirely by the use
of satellite imagery and their on-board helicopters.
Sea ice interpretation by satellite is usually possible in
this area because prevailing winds flowing southward
over the only slightly warmer ice-covered Bering Sea
keep the area relatively cloud free. When the temperature regime reverses, the interaction of warm
air and cold sea water forms massive areas of stratus
and fog that make satellite detection of sea ice
impossible for up to 2 weeks at a time. Then, although
satellite imagery is still of value for detecting weather
and wind patterns, radar-equipped, long-range reconnaissance aircraft flights are made with trained sea
ice observers aboard.
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Drawing on their experience and on years of
recorded data, Fleet Weather Facility forecasters can
predict ice conditions in the Arctic with accuracy,
but the makeup of ridges and general ice thickness
in the Antarctic is not yet completely understood.
When Staten Island transited the antarctic pack in
her voyage from Palmer Station to McMurdo Station,
the forecaster was quite certain of inner-pack ice
concentrations but assumed that the icebreaker would
encounter ice that was older and therefore generally
thicker than that found. Staten Island did report
second-year ice, but not in the amounts expected.
Trained sea ice observers simply have not flown over
much of the antarctic pack. Nor have forecasters
had the opportunity, because of darkness, to watch
its growth and extension northward by means of
meteorological satellites. Aerial reconnaissance by
trained observers is still needed over antarctic ice to
develop a base of information for future predictions.
Forecasting techniques
Until recently, the sea ice forecaster would apply
existing ice edge and inner pack concentrations to

a chart of forecast winds and would then "move"
the ice, depending on ice concentration and roughness, at a rate of 1 to 3 percent of the wind speed,
keeping in mind the effect of current. In the past
year, computer techniques have been used to combine
forecast winds and ocean currents into a single
numerical value for direction and rate of ice movement at selected arctic positions. This method is
reliable for drift, but it does not accommodate sea ice
growth or disintegration (caused by temperature
changes) or erosion (caused by movement). Recently,
the factors of wind and current, temperature, and
erosion have been combined into a single value for
selected positions. This value is applied to satellite
or aerial-reconnaissance information, which is received at least twice weekly. The computer technique
will be applied to the antarctic pack after antarctic
wind and current fields have been developed.
In its first two seasons of making operational sea
ice forecasts for the Antarctic, Fleet Weather Facility
Suitland transmitted forecasts to ships and stations
of Argentina, Chile, France, and Japan as well as
those of the United States. Three types of forecasts
were sent:
1. Once a week—general ice conditions around the
Antarctic Continent.
2. Three times a week, with updates as necessary
—detailed sea ice conditions to individual ships and
stations.
3. Daily—advisories with recommended routes to
ships actually penetrating the ice pack.
In addition to Staten Island, other ships operating
in the Antarctic saved large amounts of time and
distance. The Argentine icebreaker General San
Martin reported that the ice advisories had saved it
approximately 30 days in its 1971-1972 operations.
The following ships advised Fleet Weather Facility
Suitland of the accuracy of its sea ice information:
Goyena (Argentina), Photo Pardo (Chile), Thala
Dan (resupplying the French station Dumont
d'Urville), and Fuji (Japan). Most U.S. ships involved in antarctic research and resupply also had
praise for the new forecasts.
Future improvements

Satellite photograph of the Weddell Sea area taken
January 23, 1972.
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The keys to future sea ice forecasting programs
are satellite imagery and computer techniques. Better
camera resolution, in visual and infrared spectra, and
eventually the ability to penetrate cloud cover, will
enable interpreters to ascertain exactly the position
of all sea ice, to detect narrow leads and fractures,
and to measure reliably the ice thickness. Computer
techniques will improve forecasts of wind and current
and result in even better sea ice forecasts.
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