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The Antarctic Circumpolar Current (ACC) carries about 130 to 150 x 10° m* s™' along a 20 000 km path circling Antarctica, making it
the largest current in the world ocean. The flow of the ACC connects the ocean basins, allowing water, heat, and other properties to be
carried fromone basin to another. The interbasin connection provided by the ACC is a key link in a global ocean circulation, sometimes
called the “great ocean conveyor”, which strongly influences the climate of the Earth on time-scales of years to centuries.

Unlike mostother regions of the ocean, fluctuations of the currents play a central role in the heatand momentum budget of the Southern
Ocean. T he luctuations carry momentum, supplied by the strong winds, down to where pressure forces against seafloor topography can
compensate the wind forcing, and also carry heat poleward to balance the heat lost by the ocean to the cold atmosphere south of the ACC.

While the tircumpolar current is the dominant circulation feature of the Southern Ocean, there are important flows in the north—south
and vertical planes. Deep water shoals as it spreads south across the Southern Ocean, ultimately reaching the sea surface near Antarctica.
Strong interactions with the atmosphere and sea-ice modify the upwelled water where it reaches the surface: some water is made lighter
by warming ind freshening due to rainfall and sea-ice melt, while some is made more dense by cooling and addition of salt rejected during
freezing of sea-ice. The water mass transformations driven by air-sea exchange in the Southern Ocean allow deep water to be converted
to lighter intermediate water, as required to complete the loop of the global conveyor.
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INTRODUCTION

While Douglas Mawson and his men endured consecutive
winters at Commonwealth Bay on the Antarctic coast, the
“Home of the Blizzard” (Mawson 1930), the members of
the expedition who had returned to Hobart were fighting
theirown battlesagainst the elements. Edgar Waite, zoologist
on the 1911-14 expedition, described their attempts to
gather some of the first winter oceanographic observations
in the Subantarctic Zone (Mawson 1940):

We had hoped against hope for weather fine enough to
enable the trawl to be put over, but not a single day
sufficiently favoured us; in fact, the whole tale of the
cruise may be expressed as gales of wind, big seas, rain,
snow and general gloom. On days when the seas were
somewhat less tumultuous, sounding was essayed, but
only three successful records were made. Considerable
property was lost ... and 2,000 feet of sounding wire
went to the bottom in an unorthodox manner.

Gathering oceanographic data from the Southern Ocean
remains a challenging endeavour; log books of recent
Southern Ocean expeditions contain their share of tales of
“gloom” and “unorthodox” deployments of equipment.
The reputation of the Southern Ocean is built on
experiences such as Waite’s: mariners venture south with
the expectation of encountering the strongest winds and
largest waves to be found in the world ocean, but the
Southern Okcean is also unique in the degree to which its
currents affect both regional and global climate. It occupies
the only band of latitudes where ocean waters circle the
globe. This simple geographical fact turns out to have
profound implications for the currents of the Southern
Ocean and for their influence on the Earth’s climate. Within

this circumpolar channel lies the world’s largest current,
the Antarctic Circumpolar Current (ACC), which flows
from west to eastaround the Antarcticcontinent, connecting
the ocean basins to form a network of ocean currents
known as the global overturning circulation, or “ocean
conveyor”. By transportingheat from one region to another,
this global circulation is a vital cog in the heat engine
which controls the Earth’s climate. The link provided by
the ACC allows anomalies formed in one basin to propagate
to distant basins, where they affect regional and global
climate (e.g. White & Peterson 1996, Mikolawejicz &
Maier-Reimer 1990). (For a more complete overview of
the influence of the ocean on global and Australian climate,
see Piexoto & Oort 1992, Rintoul ez 2/, 1996 and Godfrey
& Rintoul 1998.)

Interactions between the ocean, atmosphere and sea-ice
modify surface waters and cause them to sink and spread
into the interior of the ocean. Southern Ocean water masses
formed in this way renew a substantial fraction of the
world ocean volume. Changes in the formation rate or
properties of these water masses will change the rate at
which the ocean stores heat, freshwater and gases such as
carbon dioxide, thus influencing climate.

Southern Ocean currents also play an important role in
the carbon cycle. Somewhat less than half of the carbon
dioxide released to the atmosphere by human activities
(primarily burning of fossil fuels and land clearing) remains
in the atmosphere. The rest is taken up by the ocean or by
land plants and soils, but the relative contributions of
ocean and land are not well known. The Southern Ocean
as a whole acts as a significant net “sink” of atmospheric
carbon dioxide, although the exchange between the
atmosphere and this ocean varies dramatically with location
and season. The physical and biogeochemical processes
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which rontrol this exchange are themselves controlled to a
large degree by ocean currents. While the Southern Ocean
contribution to the oceanic carbon cycle is an important
part of the climate story, this issue will not be addressed
here. Interested readers are referred to Sundquist (1993),
Heimain (1993) and, for an Australian perspective, to
Rintoul ez 2l (2000).

Thispaper reviews recent progress in understanding the
link berween Southern Ocean currents and climate, with
an emphasis on work carried out in the Australian sector.
Australia, and Tasmania in particular, has had a long
historical connection to exploration and scientific
expeditions to the Southern Ocean and Antarctica. For
exam ple, when Cook lowered anchor in what is now
Adventure Bay on Bruny Island, he had already made
several important observations of Southern Ocean currents,
including the presence of a strong current setting his ship
to the east between 40°S and 60°S, and the surprising fact
that water temperatures near Antarctica increased with depth
near 100 fathoms (200 m), in contrast to all lower latitude
oceans. This unusual temperature structure reflects the
circulation of a “global ocean conveyor”, as described in
the final section of the paper.

THE ANTARCTIC CIRCUMPOLAR
CURRENT

A broad-brush view of the mean global ocean circulation is
shown infigure 1. The property plotted is “dynamic height”,
which serves as a streamfunction for ocean currents, much
as pressure contours do for an atmospheric weather map:
where the contour lines are close together, the currents are
strong; where they are far apart, the currents are weak.
Figure lillustrates the strength and circumpolar connection
of the ACC. (Note that some important features of the
ocean circulation such as intense boundary currents along
the western side of the mid-latitude ocean basins are not well
represented in the smoothed mean field shown here.)

90°N

Despite the importance of the ACC to the climate system,
there have been few measurements of the current. Much of
what we know about the ACC is derived from experiments
conducted in Drake Passage in the late 1970s. These
observations showed that the ACC consisted of a number
of deep-reaching fronts or current jers which carried about
134 x 10° m3 sec”’ to the easr (Nowlin & Klinck 1986).
More recently, hydrographic sections at other longitudes
have confirmed the circumpolar extent of the fronts observed
in Drake Passage (e.g. Orsi ez al. 1995). Satellite measure-
ments of sea surface temperature (e.g. Hughes ez /. 1998;
and fig. 2 opposite) and sea surface height (e.g Gille 1994)
have revealed further details of the rich structure of the
ACC fronts. The velocity measurements in Drake Passage
also showed that fluctuations in the ACC, or “eddies”,
were important to the dynamical and thermodynamical
balance of the ACC, as described in more detail below.

Because Drake Passage is the narrowest constriction
through which the current must pass, and so may not be
representative of the current as a whole, measurements
were extended to other parts of the Southern Ocean during
the World Ocean Circulation Experiment (WOCE). In
particular, the most intensive measurements of the ACC
made during WOCE were carried out south of Tasmania.
These studies included ship-based observations, moored
time series measurements, satellite remote sensing, and
numerical experiments.

The centrepiece of the Australian studies of the ACC has
been a hydrographic transect between Tasmania and
Antarctica along roughly 140°E (WOCE line SR3), which
has been occupied six times between 1991 and 1996
(Rintoul & Bullister 1999, Rosenberg et al. 1995a, b,
1996). Upper ocean temperatures have been monitored
along a nearby line from 1993 to the present as part of a
joint Australia—France—USA program known as
SURVOSTRAL (Rintoul ez 2. 1997). To orient the reader
for the following discussion, a description of the major
circulation features and water masses found on the SR3
transect is given here.
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FIG. 1 — Annual mean dynamic height (anomaly of geopotential thickness, 10 m? s2) at the sea surface relative to 2000 m
(from Levitus & Boyer 1994). The arrows indicate the inferred direction of flow; the speed of the flow is inversely proportional

to the spacing between the contours.
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FIG. 2 — Magnitude of the mean sea surface temperature gradient, from 44 months of observations by the Along-Track Scanning
Radiometeron the ERS-1 satellite (Hughes et al. 1998). Superposed are positions of (from north to south) the Subtropical Front
(STF), Subantarctic Front (SAF), Polar Front (PF), Southern ACC Front (SACCF), and southern boundary of the ACC

(SBACC), from Orsi et al. (1995).

Potential temperature along the transect, as measured in
January 1993, is shown in figure 3A. The temperature of
the water column generally decreases from north to south,
reflected in the shoaling of isotherms to the south. The
slope of the isotherms is particularly steep at a number of
fronts, which are labelled at the top of figure 3A. These
fronts circle the globe and separate zones where the water
properties are more or less uniform. (For a discussion of
the criteria used to identify the individual fronts, see Orsi
et al. 1995 and Rintoul & Bullister 1999.) The fronts
correspond to jets of strong flow, which effect most of the
transport by the ACC. The fronts evolve in time and are
not stationary features: the section illustrated in figure 3A,
for example, cuts across a meandering loop of the
Subantarctic Front.

Figure 3A is representative of summer conditions, when
the surface layer has been warmed by the atmosphere.
Below the warm summer mixed layer (pressures > 100 dbar
[1 dbar is approximately equal to 1 m in depth]), remnants
of the deeper winter mixed layers can be seen. The thick
layer of uniform temperature (8-9°C) between the
Subtropical Front (at 46°S) and the Subantarctic Front (at
51°S) is produced by deep (> 500 dbar) convection in
winter. The water mass produced by this deep winter
mixing is known as Subantarctic Mode Water (see below).
A temperature minimum layer is found south of 53°S. This
cold layer is also formed by convection driven by strong
winter cooling. The warmer summer mixed layers are not
as deep, and so a remnant layer of “winter water” is left,
forming a temperature minimum between 100 and
250 dbar.

Salinity from the same transect is shown in figure 3B.
The Subtropical Front separates saline subtropical water
(salinity > 34.8 psu) from fresher subantarctic waters.
Between the Subtropical and Subantarctic Fronts, the
salinity minimum of the Antarctic Intermediate Water is
found between 1000 and 1500 dbar. A salinity maximum,
underlying the intermediate water, marks the Lower

Circumpolar Deep Water layer. The high salinity water
originates in the northern Atlantic and spreads south,
ultimately merging with the eastward flow of the ACC. At
the southern end of the section, the thin layer of fresh, cold
water found over the Anrarctic continental slope is Antarctic
Bottom Water.

As for salinity, the oxygen distribution along the transect
shows a number of extrema which correspond to particular
water masses (fig. 3C). The Subantarctic Mode Water
forms a thick layer of high oxygen, as a result of exchange
with the atmosphere during active convection in winter.
The Antarctic Intermediate Water is also relatively high in
oxygen but not as rich as the overlying mode water. An
oxygen minimum layer indicates deep water which has
been isolated from the sea surface for a long time. It is
formed during long transits of the Indian and Pacific
Oceans, and is known as Upper Circumpolar Deep Water
once it returns to the Southern Ocean. The Antarctic
Bottom Water is high in oxygen, reflecting the fact that
this water has recently sunk from the sea surface.

Measurements of temperature and salinity (from
which density can be calculated) can be used to determine
the velocity at one depth relative to any other depth. If
the velocity relative to the seafloor is integrated along
the section, the mean net transport across the section is
143 x 10 m? sec”! to the east, with a range from 131 to
158 x 10° m? sec! (fig. 4). The amount of water entering the
Pacific basin south of Australia is about 10 x 10 m? sec™!
larger than that leaving the Pacific through Drake Passage.
This extra eastward flow south of Australia is required to
compensate the outflow from the Pacific to the Indian
Ocean via the Indonesian passages. (Note that these
estimates do not include the so-called “barotropic” part of
the flow, which cannot be easily measured using ship-based
instrumentation.)

Careful analysis of water property distributions indicates
the origin of each of the current branches which cross SR3.
By combining this information with recent transects to the
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east and west of SR3, and with climatological averages of
historical {ata, a sketch of the major currents south of
Tasmania @an be constructed (fig. 5). (The current paths in
figure 5 rely in particular on WOCE sections P11S [Sokolov
& Rintoul2000] and P11A along 155°E, the Olbers ez al.
[1992] atlis, and the SR3 repeat transects. The inferred
flow paths are also consistent with the trajectories of
neutrally buoyant floats at 900 m depth [Davis 1999]. See
Rintoul & Sokolov [2000] for more derails.) The mean
transport (1 standard deviation) of each of the currents
crossing, Sk3 is indicated in figure 5.

700530°E 140°E
\
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Some, but not all sections, show a strong westward flow
immediately south of Tasmania. The temperature and salinicy
of this water indicates an origin in the Tasman Sea. Sokolov
& Rintoul (2000) showed that water enters the Tasman
Sea from the south, mixes with subtropical water, and
returns to the south adjacent to the coast of Tasmania. The
transport of this branch (TAS, fig. 5) is 8 + 13 106 m3 s to
the west, the large standard deviation reflecting the highly
variable nature of this flow. Further south, a deep-reaching,
anti-clockwise gyre (SAZ) carries about 22 + 8 10 m3 s~/
The low salinity and high oxygen of the intermediate water

FIG. 5 — A schematic view of the main currents south of Tasmania (see text for a description of the data on which the figure
is based) . The numbers give the mean (+ 1 standard deviation) transport of each current branch, based on the six repeats of SR3.
3000 m isobath is shown.
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in this gyre confirms that this is a local recirculation of
southem-origin (i.e. not subtropical) water. The strongest
currert jet crossing SR3 is the Subantarctic Front, with a
transport of 105 + 7 10° m? s7!. East of SR3, the front
turns to the southeast, roughly parallel to the Southeast
Indian Ridge. The Polar Front consists of two branches on
each of the SR3 sections. The northern branch has a mean
transport of 5 £ 5 10° m3 57!, while the southern branch
carries 22 + 2 10° m’ 5. Between the two expressions of
the Polar Front the flow is weakly toward the west. Summing
the transport in the two branches of the Polar Front and
the westward flow between them gives a transport of 31 (z
6) 10° m? 57!, Both fronts turn north when they encounter
the shallower water over the ridge (as required to conserve
potential vorticity), cross the ridge, and turn back to the
southeast.

In figure 5, the two southernmost fronts associated with
the ACC (the southern ACC front and the southern
boundary of the ACC — Orsi e al. 1995) have been added
together (SF/SB). The transport of the combined fronts is
32 £ 310° m?® s to the east. The small standard deviations
reflect the steadiness of the southern fronts of the ACC.

The repeats of SR3 provide the first detailed look at the
variability of the ACC south of Australia, from the sea
surface to the seafloor. Variability of upper ocean thermal
structure in this region has also been described by Rintoul

et al. (1997).

DYNAMICS OF THE ANTARCTIC
CIRCUMPOLAR CURRENT
AND THE ROLE OF EDDIES

The fact that the ocean is not blocked by land in the latitude
band of Drake Passage hasadditional dynamical implications
for the currents of the Southern Ocean. The fundamental
balance of forces governing most open ocean flows is a
balance between the Coriolis force and the pressure gradient
force. To have net north-south flow in an ocean basin
requires pressure differences in the east—west direction. In
most ocean basins, land boundaries surrounding the ocean
exist to support the required pressure gradients. In the
circumpolar channel of the Southern Ocean, there can be no
net pressure gradient in the east—west direction and, hence,
no net north—south flow (except in thin frictional layers, or
below the depth of bathymetric features like ocean ridges,
which can support the required pressure gradients). The
dynamics of the ACC differ from most other ocean
currents and are still not completely understood. (See e.g.
Warren ez al. 1996, Hughes 1997, Olbers 1998, Warren ez
al. 1998 for a commentary on the on-going debate over
ACC dynamics.)

One way in which the ACC differs from its lower-
latitude counterparts is in the central role that fluctuations
in the current play in the dynamical and thermodynamical
balance. Deviations from the east—west average current,
frequently called “eddies”, transfer the force of the wind
blowing on the sea surface downward to the deep ocean.
The momentum carried to the deep sea drives deep ocean
currents, which establish pressure forces against the seafloor
ridges to balance the momentum supplied by the wind
(Munk & Palmeén 1951). In other words, the driving force
of the wind is compensated by a force exerted by the deep
flow on seafloor topography; the deviations from a steady,
strictly east—west flow act to transfer the momentum

vertically through the water column. (Both variations in
time and large-scale variations in space due to north—south
shifts of the ACC axis contribute to the “eddy” fluxes.)

The eddies are important to the heat balance of the
Southern Ocean, as well as the momentum balance. The
ocean loses heat to the atmosphere south of the ACC bur,
due to the absence of land boundaries to support pressure
gradients, there can be no poleward mean flow of warm
water in the upper ocean to provide this heat (as e.g. the
Gulf Stream does in the Atlantic). The poleward heat
transport required to balance the heat lost to the atmosphere
is instead carried by the eddy heat flux which results from
correlations between velocity and temperature fluctuations.
It turns out that eddies which carry heat poleward
simultaneously carry momentum downward, so that the
heat and momentum balances of the Southern Ocean are
linked (Johnson & Bryden 1989, Wolff ez a/. 1991).

Recently Australian scientists have deployed current meter
moorings in the ACC to directly measure the eddy fluxes
for the first time in this region. The current meter
measurements confirm that the eddy heat flux is poleward,
and that the eddies carry momentum downward through
the water column, as required for the dynamical balance
described above to hold (Phillips & Rintoul 2000). Satellite
measurements of sea surface height variability show clearly
that eddy energy is enhanced along the entire path of the
ACC, and particularly so where the current interacts with
sea floor bathymetry (e.g. Morrow ez al. 1994).

Because of computer limitations, the present generation
of climate models cannot explicitly resolve the small-scale
eddies that play such a significant role in the dynamics and
thermodynamics of the Southern Ocean. Instead, these
eddies need to be parameterised in some way. New
parameterisations of their effect on property transports
dramatically improve the simulation of a number of features
of the Southern Ocean: the temperature and salinity of the
deep ocean, the depth of the mixed layer, and the depth to
which chemical tracers entering from the atmosphere
penetrate into the ocean (Gent & McWilliams 1990,
McDougall ez 2/. 1996, Hirst & McDougall 1996, England
& Hirst, 1997). These improvements result in part because
the parameterisation represents the dynamical instabilities
of ocean currents more realistically, and in part because
artificially large diffusivities are no longer required to keep
the model stable (Hirst & McDougall 1998). Correctly
simulating these aspects of the ocean circulation is crucial
if the model is to properly represent the processes by which
the ocean absorbs, stores and transports heat and carbon
dioxide. Models incorporating this parameterisation are
therefore likely to provide more reliable predictions of
climate change.

THE GLOBAL OVERTURNING
CIRCULATION AND WATER MASS
FORMATION

The strong eastward flow of the ACC carries water, heat and
other properties between each of the Southern Hemisphere
basins. In fact, the interbasin exchange provided by the ACC
is at least an order of magnitude larger than all other
interbasin flows combined. As a result, the ACC is an
important link in the global pattern of ocean currents
known as the “overturning circulation” (or “ocean
conveyor”).



To a larg extent, the properties of a given volume of sea
water are determined when the water is in communicarion
with the atnosphere at the sea surface, and these character-
istic progerties (e.g. temperature, salinity, oxygen
concentraton) are carried with the water parcel when it
sinks irvto the interior of the ocean. Away from the sea
surface, tht properties of sea water are only slowly modified
by mixingwith surrounding waters. The water character-
istics obsewed in the interior of the ocean, therefore, reflect
the properies where the water left the sea surface.

Most of the water in the ocean is cold (75% of the ocean
volume is cooler than 4°C — Worthington 1981) and,
therefore, must have left the sea surface at high latitude,
where coldsurface temperatures are found. The sinking of
cold, denst water at high latitudes of the North Atlantic
and Southern Hemisphere is balanced by a return flow of
warmer, lighter water to resupply the sinking regions. The
flow of light water toward these regions, balanced by cold,
dense water flowing away from them, forms the global
overturning circulation. To close the loop, upwelling of
deep water must occur somewhere to resupply the warm
upper Limb of the overturning circulation. Because the
temperatute difference between the deep and upper ocean
limbs can be large, the overturning circulation can transport
heat very efficiently and, hence, is an important part of the
climate system. The sinking of dense surface water which
has been in contact with the atmosphere also carries oxygen
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to the deep ocean: without sinking of deep and botrom
water, there would be no oxygen in the deep sea.

The Southern Ocean plays several key roles in the over-
turning circulation. First, by connecting the ocean basins,
the ACC allows such a global circulation pattern to exist.
Second, the ACC transports deep water formed in the
sinking regions to remote parts of the ocean. Third, the
Southern Ocean is now believed to be the primary place
where deep water is converted back to lighter water, as
required to complete the loop.

The characteristic properties of about 50% of the world
ocean volume are set through air—sea interaction in the
Southern Ocean. These water masses are produced by an
overturning circulation in the north—south plane (fig. 6).
Relatively saline deep water, which originates in the North
Atlantic, spreads to the south and shoals while being carried
to the east by the strong flow of the ACC. (The presence
of this relatively warm and salty water beneath the cool,
fresh water in direct contact with the high-latitude
atmosphere is responsible for the unexpected temperature
inversion first noted by Captain Cook, as described in the
Introduction.) Winds acting on the sea surface drive a
divergence of surface waters which is balanced by upwelling
of deep water. Some of the upwelled water is converted to
denser bottom water (by cooling, mixing with cold but
fresh water over the shelf, and the addition of salt released
during freezing of sea-ice), while the remainder is converted
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FIG. 6 — A schematic view of the overturning circulation in the north—south plane in the Southern Ocean. Deep water upwells
near Antarctica as a result of divergent wind-driven currents near the surface. Part of the upwelled deep water is driven north
and converred to lighter intermediate and mode water by warming and freshening at the sea surface. The remainder is converted
to denser Antarctic Bottom Water by cooling and addition of salt rejected during sea-ice formation.
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to less dense waters (by warming, and by freshening through
precipitation and ice melt). Once formed, the Southern
Ocean water masses spread to lower latitudes, where their
relatively high oxygen concentrations “renew” the
intermediate and abyssal waters of the world ocean.

This picture of the circulation in the meridional plane is
largely unchanged from that first proposed by Sverdrup in
the 1930s (Sverdrup 1933). Only recently have we been
able to fill in some of the details, including where the deep
and bottom water is formed, where it is converted to less
dense water, and how the water masses participating in this
loop may change with time.

With regard to sinking of dense water near Antarctica,
we have found that the Antarctic coastline between 140°E
and 150°E appears to be a much more significant source of
bottom water than previously appreciated. A re-analysis of
historical data suggests that up to 25% of the global
inventory of Antarctic Bottom Water may be formed in
this sector of the Antarctic coastline (Rintoul 1998); previous
estimates had suggested 0.5% or less of the total is formed
there (e.g. Carmack 1977). Bottom water formed in this
region is high in dissolved gases such as oxygen and CFCs,
and so is an important means of “ventilating” the deep
ocean (Rintoul & Bullister 1999). In particular, the water
which fills the abyssal layers of the eastern Indian and
Pacific Oceans is cold, fresh and high in oxygen, because of
the influence of the bottom water formed between 140°E
and 150°E. (See Bindoff ez a/. [2000] for a more complete
discussion of Antarctic Bottom Water formation.)

Some recent models suggest that most of the conversion
of North Atlantic Deep Water to lighter intermediate water
occurs in the Southern Ocean (e.g. Do6s & Coward,1997),
rather than by upwelling distributed uniformly throughout
the remainder of the world ocean, as traditionally assumed
(e.g. Stommel & Arons 1960). Upwelling of deep water at
high latitude followed by warming and freshening at the
sea surface forms Subantarctic Mode Water (SAMW) and
Antarctic Intermediate Water (AAIW). Both of these water
masses are renewed on decadal time-scales and can change
relatively quickly in response to changes in the atmosphere.
Recent work by Australian investigators has focused on
these water masses in an attempt to document whether the
interior of the ocean shows evidence of climate changes in
recent decades.

Comparisons of recent data collected in the Tasman Sea,
Indian and Southern Oceans with historical data collected
mainly in the 1950s & 1960s show that SAMW originating
in the Southern Ocean has warmed in both the Indian
Ocean and Tasman Sea, with maximum temperature
increases of 0.5°C at 300 m (Bindoff & Church 1992,
Salinger ez al. 1996). This significant warming is consistent
with broad-scale warming of the surface waters where
SAMW is formed (Bindoff & McDougall 1994). Similar
changes have now been observed throughout the Pacific
Ocean (Wong er al. 1999). These analyses also show that
AAIW near 1000 m depth has freshened, implying thac the
surface waters feeding the AAIW are now fresher than in
the early 1960s. This freshening could be caused by an
increase in rainfall between 50°S and 70°S fed by increased
evaporation at low latitudes. The warming and freshening
of the surface layers required to explain the observed
temperature and salinity changes is consistent with the
response of climate models to increasing concentrations of

greenhouse gases (Bindoff & McDougall 1994).

SUMMARY

Southern Ocean currents have a profound impact on the
global ocean circulation, and hence the Earth’s climate. The
massive eastward flow of the ACC carries water, heat, salt
and other properties between the ocean basins. Anomalies
transported by the ACC can therefore influence the climate
of regions remote from the location where the anomaly was
created. Repeat transects between Tasmania and Antarctica
have defined the transport of the main current branches
south of Australia, and their variability, for the first time.

The dynamics of the ACC remain a topic of active
debate. Direct current measurements south of Tasmania
have quantified the rate at which fluctuations of the ACC,
or “eddies”, transport momentum downward and heat
poleward, as anticipated from theory but not previously
observed in the Australian sector. Recent advances in
representing the effects of small-scale eddies on the large-
scale circulation have led to dramatic improvements in the
ability of ocean models to simulate key features of the
Southern Ocean.

The overturning circulation in the north—south plane,
and the associated water mass transformations driven by
air-sea fluxes, also play an important part in the climate
system. Deep water formed in the North Adantic spreads
south and upward across the Southern Ocean, ultimately
reaching the sea surface near Antarctica. The upwelled
deep water is converted to both lighter and denser water
masses which flow north to renew the intermediate and
abyssal layers of the world ocean. In this way the Southern
Ocean is a key link in the global overturning circulation
which strongly influences the evolution of the climate
system on time-scales of years to millennia.
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