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Abstract

Abrupt depth changes at the edges of continental shelves leading to important physical
processes in the ocean are described with reviews on the progress in understanding three such
processes: (1) interaction of offshore currents and eddies with the continental margin; (2)
wind-driven upwelling at the shelf break; (3) generation of internal tides and nonlinear waves by
the M. surface tide. Two possible modes of interaction between offshore currents and coastal
waters are contrasted. The first is characterized by eddy exchange created by a current guided
along the shelf edge (as on the Labrador and Newfoundland shelves or in the United States South
Atlantic Bight) while the second involves remote forcing by low-frequency topographic Rossby
waves radiated from offshore meanders and rings to the shelf edge. In addition, wind-driven
upwelling from depths of 400 m or more results from moderate (10-15 m s™') but persistent
alongshore wind. Complex bathymetry of the shelf may cause anomalously high currentsin a fully
three-dimensional circulation. Large-amplitude internal waves driven by the M2 surface tide are a
ubiquitous feature of the shelf edge circulation. The intense vertical mixing associated with these
waves promotes high levels of biological productivity at the shelf edge by continuously supplying

nutrients to the surface layers.

Introduction

Abrupt depth changes which characterize the
edges of continental shelves lead to interesting and
important physical processes in the ocean. Steep bot-
tom slopes are responsible for guiding low-frequency
currents along isobaths, for refracting, reflecting and
scattering of various wave motions, and for promoting
upwelling of deep ocean waters to the shelf (Huth-
nance, 1981). On the western side of major ocean bas-
ins, strong boundary currents, such as the Gulf Stream
orLabrador Current, radiate low-frequency energy that
impinges on, but rarely crosses, the continental margin
because of vorticity constraints associated with the
large change in depth (Smith, 1983).

Other important energy sources for shelf edge pro-
cesses include the barotropic (surface) tide and sur-
face wind stress. In addition, the reduced thermal
capacity of shallow shelf seas relative to the deep
ocean and the input of fresh water runoff to the shelf
may lead to sharp contrasts between coastal and
oceanic water masses at the shelf edge. These strong
gradients, combined with energetic physical pro-
cesses, may lead to enhanced mixing and biological
productivity. Off the southeastern coast of the USA, the
upwelling of deep water at the shelf break, caused by
wind and eddy activity along the inshore edge of the
Gulf Stream, is considered to be the major source of

nutrients to the shelf ecosystem (Atkinson et al., 1982).
Similarly, Fournier et al. (1977) suggest that shelf-
break processes are responsible for the observed max-
ima of biological rates and standing stocks at the edge
of the Scotian Shelf. Even in the absence of forcing by
energetic offshore currents, as on the Northwest Euro-
pean Shelf, eddy activity associated with the shelf-
break front may promote high rates of cross-shelf
mixing (Pingree, 1979) while vertical mixing by internal
waves injects nutrients into the euphotic zone.

In the following sections, attention will be focussed
on three varieties of shelf edge processes:

(1) interaction of offshore currents and eddies with
the topography of the continental margin;

(2) wind-driven upwelling at the shelf break;

(3) generation of internal tides and nonlinear waves by
M surface tide.

Each section will include a brief account of the
historical development of understanding of the particu-
lar phenomenon. As in many areas of oceanographic
research, advancement in understanding shelf edge
processes does not occur steadily but in spurts. The
combination of many factors, such as technological
change and new ideas, creates conditions for rapid
progress followed by slower-paced periods of consoli-
dation of ideas. The past two decades have seen
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Fig. 8. Aninternal soliton on the shelf as seen by a 12-kHz acoustic sounder on a ship drifting at 63°30'W just shoreward of the shelf
break. (The “bucket” is the trace of CTD package traversing the water column.)

and nature of the large amplitude waves. In conjunction
with the field program, theoretical studies of the con-
nection between the internal tide and ocean mixing are
continuing. Much of the recent progress in this work is
possible with towed undulating bodies such as BAT-
FISH (Dessureault, 1976), which are used to survey
hydrographic properties in the surface layer as those
shown in Fig. 7. Acoustic sounding systems using sin-
gle or multiple frequencies have also been used to
provide high resolution images of short internal waves
(Fig. 8) at the shelf break, while rapid sampling turbu-
lence probles (Oakey, 1983) serve to quantify ocean
microstructure and dissipation rates.

Packets of short internal waves have been detected
as far north as Davis Strait (Cummins and LeBlond,
1984) which, in conjunction with theoretical predic-
tions, indicates that they are a ubiquitous feature of the
continental shelf break circulation in the western North
Atlantic.

Conclusions

There has been rapid progress in understanding
three distinct physical processes at the shelf break over
the last two decades. The low-frequency forcing of the
shelf break circulation by strong western boundary
currents and mesoscale eddies occur inthe USA South

Atlantic Bight, where the Gulf Stream itself meanders
onto the shelf, and on the Labrador/Newfoundiand
Shelf, where the Labrador Current flows along the shelf
break. In contrast, WCR and meanders radiate low-
frequency TRWs to the Scotian Shelf break and pro-
mote mixing across the shelf/slope water boundary.
Wind-induced upwelling at the edge of the Scotian
Shelf results in exceptionally strong bottom currents as
a result of the complex topography on the outer banks
while the presence of the Labrador Current front at the
shelf break promotes cross-shelf mixing by wind.
These and advances in our knowledge of the internal
tide and large-amplitude internal waves at the shelf
break promise to lead to a clearer understanding of
oceanic mixing as it relates to biological productivity
on the continental shelf.
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