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Will scientists who model the polar sea ice packs soon be out of a job? After stunning sea ice

losses in the Arctic, one wonders! By the end of the 2007 summer melt season, the Arctic ice

pack had shrunk by nearly 40 percent from its 1979-2000 average extent, and the fabled

Northwest Passage was open to seafarers for the first time in human memory. The sharp

decline of the summer Arctic sea ice pack is probably the most dramatic, large-scale
transformation of the earthés surface which is ap
during the dark, cold, winter months, but will it recede to more record lows in the coming years?

There are too many competing factors to know for certain, but the likelihood of an ice-free Arctic

summer is rising. We donét see such dramatic chan
we? Modeling the complex interactions among the oceans, atmosphere, and cryosphere --
those portions of eart h&ds suneduieseaelotol mahematios,at er i s

computation, and many areas of science



WHAT IS SEA ICE AND HOW DOES IT FORM?

Sea ice is simply frozen ocean
water, which freezes at a
temperature of about -1.8 (, or
28.8 , . Inturbulent conditions
typical of the open ocean, small
crystals called frazil ice form, which
often aggregate near the sea
surface into slick patches of grease
ice. As freezing continues, the
greasy surface congeals into larger,
solid platelets called pancake ice.
The pancakes eventually freeze
together into small ice floes, which
themselves aggregate into pack ice
with floes up to many kilometers
across. When sea ice forms in quiescent conditions, a thin skim of translucent ice called nilas is
seen first, which can eventually thicken through freezing into large, undeformed floes. Under the
influence of winds and currents, sea ice can also thicken through rafting, where ice floes ride up
one on top of another, and ridging, where they crash into each other, breaking apart and
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forming small imountain ranges. 0 Sea ice that mel

sea ice that survives a summer season is called multiyear ice.

The continent of Antarctica sits atop the South Pole, and during the austral winter this land
mass is ringed mostly by seasonal ice on the Southern Ocean, with maximal ice extent in
September. The Arctic is almost the geographical opposite, with an ocean at the North Pole,
surrounded by continents, and covered with both seasonal and multiyear sea ice, of maximal
extent in March. Sea ice should be contrasted with icebergs, glaciers, ice sheets, and ice
shelves, which all originate on land. The great ice sheets covering Antarctica and Greenland are
up to two miles thick, and are composed of glacial ice formed from snow which has been
compressed over thousands or millions of years into ice, somewhat similar in structure to the ice
cubes in your freezer.

As a material, sea ice is quite differentfromthegl aci al i ce in the worl doés
salt water freezes, the result is a composite of pure ice with inclusions of liquid brine, air

pockets, and solid salts. As the temperature of sea ice increases, the porosity or volume fraction

of brine increases. The brine inclusions in sea ice host extensive algal and bacterial

communities which are essential for supporting life like krill in the polar oceans, which supports

fishes, penguins, seals, and Minke whales, and up the food chain to killer whales, leopard seals,

and polar bears. The brine microstructure also facilitates the flow of salt water through sea ice,

which mediates a broad range of processes, such as the growth and decay of seasonal ice, the
evolution of ice pack reflectance, and biomass build-up.
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