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Circulation in the eastern North Atlantic

by Peter M. Saunders!

ABSTRACT

Basin-wide geostrophic shear profiles have been computed for several latitudes in the eastern
Atlantic between 32 and 53N. The absolute velocity on each section has been chosen so that
the transport satisfies the Sverdrup relation. It is concluded that the wind-driven currents
are not confined to the upper thermocline but extend to great depth.

The inferred large-scale circulation south of 48N is slow (order 1 cm/s) at all levels and
around 1000 m depth the meridional flow is near zero. Thus, there is very little N-S flow
through the saline Mediterranean plume. Above 850 m a south-going drift develops between
48 and 30N which is fed by flow crossing the mid-Atlantic ridge from west to east principally’
south of 40N. Between 1200 m and 3500 m depth, water enters from the north and crosses
the mid-Atlantic ridge from east to west with a flux approximately uniform with latitude.
Both agreement and disagreement with other studies is noted.

1. Introduction

Leetmaa et al. (1977) compared geostrophic transports across selected latitudes
spanning the North Atlantic Ocean with the transport predicted by the Sverdrup
relation. Within the latitudes 16-32N of the anticyclonic subtropical gyre, geo-
strophic estimates were insensitive to the assumed level of no motion and agreed
with those predicted from the curl of the wind stress. Within the cyclonic subpolar
gyre, to quote the authors “there is a complicated story to tell,” and between
latitudes 32 and 53N no results were presented because “the Gulf Stream extends
to mid-ocean in a series of loops and eddies and the data sections are dominated
by transient features of large amplitude.” However, east of the mid-Atlantic ridge
eddying motions are much less energetic than to its west (Dickson, 1982) and since
application of the Sverdrup relationship does not require full ocean-width sections;
we have carried out a similar investigation employing data solely within the eastern
basin. A map of the study area is shown in Figure 1 and details of the data sources
are presented in Table 1.
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Figure 1. Map of the study area. The data sections are shown, those indicated boldly being
given the greatest weight. The 1000 fathom isobath is shown.

2. The Sverdrup transport and level of no motion

Testing the Sverdrup relationship (not claimed here) requires an assumption
about the level of no meridional motion which is obscure in the work of Leetmaa
et al., (1977). To make the point explicit the discussion begins on familiar ground.
The Sverdrup transport is the sum of two parts, the Ekman transport or the
frictionally determined transport of the upper boundary layer and the inviscid
geostrophic transport within the water column (Stommel, 1965). The work
reported here is concerned entirely with the inviscid component and, because the
Ekman transport is almost always small in comparison, it is Customary to speak
of the Sverdrup transport (as in the heading of this paragraph) when strictly
referring to the geostrophic component.
















































