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ABSTRACT

The separation of western boundary currents from the coast and their eastward extensions into the open
ocean are characterized by the presence of quasi-stationary, large-scale meanders. These meanders result when
the western boundary current overshoots the latitude of zero wind-stress curl. The wavelength and the scale of
decay of those meanders have previously been estimated by considering the superposition of a westward Rossby
wave and an eastward mean flow. While observations indicate that the wavelength of the meanders is in good
agreement with theory, the decay scale is much shorter than that indicated by scaling arguments. The purpose
of this article is to show that the rapid decay of the meanders of eastward currents can be related to the effect

of the meridional shear of the current.

1. Introduction

The separation of western boundary currents from
the coast and their eastward extensions into the open
ocean are characterized by the presence of large-scale,
quasi-stationary meanders. Figure 1 shows examples
associated with two western boundary currents of the
South Atlantic Ocean, the Brazil Current, and the
North Brazilian Coastal Current. Moore (1963) re-
garded such meanders as damped Rossby waves that
match a western boundary current to a Sverdrup in-
terior flow.

In the steady state the wavelength of the stationary
meanders ( Ls) can be estimated to be ( Pedlosky 1987)
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where U is a representative value of the mean flow
velocity and 8 is the meridional gradient of the plan-
etary vorticity. Observations indicate that (1) is a good
estimate of the dominant scales of the meanders shown
in Fig. 1; mean flow speeds of 30-50 cm s~! imply
800-1000-km wavelengths as observed for the mean-
ders (Gordon et al. 1978; Mueller-Karger et al. 1988).
If we assume that the decay of the meanders’ amplitude
is due to friction then the decay scale (Lp) can be es-
timated to be (Pedlosky 1987)
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where C,, is the speed at which the wave energy prop-
agates, {p is a dissipative time scale 1p = (k2A4y) ™', and
Ajy is the coefficient of Laplacian mixing of momen-
tum. If U varies between 30 and 50 cm s™! and A4 is
O(10% cm?s7!), then L varies between 50 000 to
90 000 km. The decay scales predicted by (2) are at
least an order of magnitude larger than those observed
in Fig. 1. Barnier et al. (1991) also noted that the decay
scales observed in numerical simulations of wind
driven gyres are shorter than the values expected from
simple frictional arguments. They attributed the dis-
crepancy to an increase in mixing due to eddy pro-
cesses. While this is a plausible explanation for a highily
nonlinear flow it can be shown that even in the linear
case the scale Ly is far shorter than the value estimated
from (2).

To obtain (2) it is necessary to assume that an east-
ward mean flow exists that has no meridional shear of
velocities. Under this hypothesis and in the linear limit,
the only effect of the mean flow on the westward prop-
agating waves is a Doppler shift of their frequencies.
In a more realistic case, however, the wave propagation
can be inhibited by the presence of critical layers as-
sociated with the shear of the mean flow. The purpose
of this article is to further investigate this possibility as
an explanation for the rapid decay of the meanders of
eastward currents. Following this introduction in sec-
tion 2, we make a WKB analysis of the potential vor-
ticity equation to show that for linear flows Rossby
waves released in an eastward current are trapped near
the source. The analytical results are complemented
in section 3, by numerical experiments using a shallow-
water model. Finally, in section 4 all the results are
summarized and discussed.






