TheSouthernOcean’sglobalreach:acrucial

cog in Earth’s heat engine

The ocean influences the Earth’s climate by
storing and transporting vast amounts of heat,
moisture and carbon dioxide. Heat absorbed
by the ocean in one location may be carried

thousands of kilometers before being released
to the atmosphere. This release of heat in
turn drives motions in the atmosphere that
determine the large-scale, slowly evolving
temperature and rainfall patterns that make
up our climate.

The Southern Ocean is a crucial cog in
this global heat engine, in part because of
its unique geography: the Southern Ocean
occupies the only band of latitudes on

Earth where ocean waters circle the globe.
This simple fact turns out to have profound
implications for the global ocean circulation
and the Earth’s climate system.

The circumpolar channel of the Southern
Ocean allows a vast ocean current, the
Antarctic Circumpolar Current (ACC), to
circle from west to east around Antarctica
(Figure I). Because the ocean basins are almost
surrounded by land except at their southern
boundaries, the ACC is the primary means
by which water, heat, and other properties
are exchanged between the ocean basins. For
example, the ACC carries about 145 million
cubic metres of water per second from the
Indian to the Pacific basins south of Australia,
a flow equivalent to about 150 times the flow
of all the world’s rivers combined. The ACC
connects the Atlantic, Pacific and Indian
Oceans to form a global network of ocean
currents that redistributes heat around the
Earth and so influences climate. The inter-
basin connection provided by the ACC also
means that what happens today in the South
Atlantic, for example, may flow downstream
Australian  climate

to influence some

years later.

AUSTRALIAN ANTARCTIC

The flow of the ACC is concentrated
into a number of narrow jets, or fronts. The
two most important fronts, the Subantarctic
and Polar Fronts, are shown in Figure 1.
Water properties like temperature, salinity,
oxygen and nutrients tend to change rapidly
as one passes from north to south across the
ACC fronts. As a result, the fronts coincide
with boundaries between distinct biological
communities. In fact, early oceanographers
could determine which side of the fronts
they were on by the presence or absence of
particular species of krill.

The massive low of the ACC is driven
by some of the strongest winds on the planet.
The persistent westerly winds, punctuated
by frequent gales, led sailors to christen the
southern latitudes the ‘Roaring Forties’ and
‘Furious Fifties.” The strong winds also create
some of the largest waves encountered in the
ocean, as many ANARE expeditioners would
recall all too well.

The circumpolar connection in the
Southern Ocean also permits a global-scale
overturning (or thermohaline) circulation
to exist. The overturning circulation carries
layers of warm near-surface water and cold
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