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Introduction to special section:

World Ocean Circulation Experiment: South Atlantic results

Arnold L. Gordon, ' Bernard Barnier, > Kevin Speer, 3

Oceanographers are increasingly urged to think globally.
The World Ocean Circulation Experiment (WOCE) organized
and implemented a strategy for a global view of the ocean. Yet
the global ocean and its influence on the climate system
consist of an interlocked array of regions. Heat and freshwater
pass between component oceanic regions which, on coupling
by sea-air fluxes, act in concert with atmosphere fluxes, the
essence of climate. Each ocean basin plays its role, differing by
virtue of its unique geometry and atmospheric coupling. Deep
convection of the saline North Atlantic must balance the
freshwater accumulation within the North Pacific, instilling
global thermohaline circulation. Similarly, deep convection in
the Southern Ocean must somehow be compensated by larger-
scale thermohaline circulation.

What is the role of the South Atlantic in the global
reference frame? WOCE observational (Figures 1 and 2) and
model studies have done much to address this topic. The
subtropical South Atlantic forms varied types of Subtropical
Mode Water; shallow upwelling occurs in the eastern
boundary regions and within the equator belt, as with other
oceans. However, what it does uniquely is that it exposes the
North Atlantic water mass products to the Antarctic
Circumpolar Current, giving it global access. Equally
important is the associated climate issue of the nature of the
upper ocean flow that balances the export of deep water. The
South Atlantic thermocline exchange with the Indian Ocean
thermocline and the injection of Pacific Ocean derived
Antarctic intermediate and mode water masses in Drake
Passage are all part of the hotly debated “warm route, cold
route” subject, echoed in this collection of WOCE based
articles.

At the crux of the debate is that the South Atlantic displays
the most curious feature of the global ocean: oceanic heat flux
toward the equator! Warm upper waters move northward,
compensating southward moving, cooler deep water.
Ultimately, this heat warms the northern climes of the North
Atlantic. Estimates range from 0.2 to 0.9 PW for the northward
heat flux across the subtropical belt, with the error estimated
in excess of 0.2 PW. There appears to be significant north-
south divergence of the meridional heat flux with seasonal
(large) and interannual (weaker) variability, hence a large
range in heat flux estimates is to be expected. Recent attention
to this issue by models and observations has not yet
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narrowed the range, but there is optimism that further analysis
of the diverse WOCE data set will provide better estimates of
the spatial and temporal variability of the meridional heat flux.

The South Atlantic is unique in its collection of diverse
water masses. Within the Argentine Basin of the South
Atlantic one can sample just about all of the major water
masses formed in the world ocean: deep water from the North
Atlantic, deep and intermediate water from the Pacific, locally
derived intermediate water and mode water types, and bottom
and deep water formed in the Weddell Sea. These varied water
masses spread under the constraint of the bottom topography
for the densest waters and vigorously mix within the eddy-
rich environment at the confluence of the Malvinas and Brazil
Currents. The advection of Subtropical Atlantic Water within
the South Atlantic Current contributes both to the Benguela
Current and the Indian Ocean. In the southeastern Atlantic,
Indian Ocean water masses intrude into the South Atlantic.
There a complex circulation is set up in which South Atlantic
and Indian Ocean Waters intermingle. Injection of Indian
Ocean Waters at the Agulhas Retroflection, into the Benguela
Current, make for a unique eastern boundary regime, one where
energetic western boundary eddies are found within the
eastern upwelling environment. Agulhas eddies mix with
surrounding waters, following a track atfected by bottom
topography, and travel across most, if not all of the South
Atlantic.

In the equatorial region a branch of the South Atlantic
South Equatorial Current passes along the coast of Brazil to
enter into the Northern Hemisphere, by what is likely to be a
complex pathway involving eddies and the zonal flow and

Figure 1. World Ocean Circulation Experiment Hydrographic
Program one time and repeat lines within the South Atlantic
Ocean. The special study areas in the western South Atlantic
are shaded. Individual dots indicate conductivity-
temperature-depth (CTD) station locations.
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Figure 2. World Ocean Circulation Experiment current
meters positions within the South Atlantic, with topography
and basin names.

upwelling characteristic of the equatorial belt. Much progress
had been made during the WOCE period in the equatorial
region as direct velocity profiles (Acoustic Doppler Current
Profiler (ADCP) and lowered ADCP (LADCP)) became
operational and provided velocity sections to overcome the
shortcomings of geostrophy at all latitudes, particularly near
the equator. A large cyclonic gyre occupies the eastern
tropical region of the South Atlantic. Variations of the size of
this gyre may represent an Atlantic "El Nifio." In the deep
equatorial Atlantic, southward transport of North Atlantic
Deep Water within the Deep Western Boundary Current
displays large transport variability, recirculation cells, and
branching near the equator, in which part advects eastward
while the major part continues southward as a deep western
boundary current.

The 22 papers in the present collection of WOCE based
South Atlantic articles touch upon all of the topics mentioned
above. They are organized as follows: an overview paper by
Stramma and England; four papers dealing with large-scale
and interactions with adjacent ocean; then, regional topics,
the eastern South Atlantic and Agulhas eddies (five papers,
including that by Beismann et al. [1999], which was
inadvertently published in an carlier issue of Journal of
Geophysical Research-Oceans), the Brazil/Malvinas and
southwest South Atlantic (eight papers), and the tropics (four
papers).

There have been numerous South Atlantic articles
published in JGR and elsewhere in recent years, including the
excellent volume by Wefer et al [1996], most of which are
based on WOCE observational or modeling efforts. The
reference list herein includes many South Atlantic articles
published from 1997 to 1999 [Andrie et al., 1998; Arhan et
al., 1998, 1999; Barnier et al., 1998; Beismann et al., 1999;
Boebel et al., 1997, 1999, De Miranda et al., 1999;
Florenchie and Verron, 1998; Gan et al., 1998; Garzoli et
al, 1997; Glorioso and Flather, 1997; Gon: et al., 1997;
Griindlingh, 1999; Hogg and Owens, 1999; Hogg and Zenk,
1997, Jones et al, 1998; Larque et al, 1997;
Maamaatuaiahutapu et al., 1998; Marchesiello et al., 1998;
Matano et al., 1998, Oudot et al., 1998; Polzin et al., 1997,
Rhein et al., 1998; Schott et al., 1998, Smythe-Wright and
Bosell, 1998, Smythe-Wright et al., 1998; Stramma and
Schott, 1999; Stutzer and Krauss, 1998; Thompson et al.,
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1997; Varn Leeuwen, 1999; Venegas et al., 1997, 1998; You,
1999; Zavialov et al., 1998]. Our South Atlantic collection
does not reflect the total WOCE contributions to the South
Atlantic. One can safely anticipate continued production of
science results stemming from the rich WOCE data set.
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