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Why separating ocean currents are not steady
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The majority of open ocean currents originate from separating western or eastern boundary currents. All are
unsteady and show meandering behaviour and/or eddy shedding. This unsteady behaviour is usually attributed
to baroclinic and/or barotropic instability of the flow. However, another candidate for the origin of the unsteady
behaviour is the separation process itself.
It has been argued before by Nof and Pichevin (1996) using the zonal mometum balance that retroflecting currents
cannot be steady. Also, based on a vorticity argument, basin-wide ocean circulations are unlikely to be steady (see
e.g. Pedlosky, 1996). Here, we present an analytic study of the zonal momentum balance integrated over a line
from coast to open ocean and show that this balance is highly unlikely to be fulfilled for any steady separating
current. The argument is based on an information paradox: the zonal momentum flux in the boundary current
is directly related to that in the meandering jet using the steady zonal momentum balance. However, while the
former is not dependent on the details of the separation process, but the latter is to a great extend.

An example is the analytical solution by Moore and Niiler (1974) of a steady subtropical gyre, which is
shown to be inconsistent with the zonal momentum balance. This leads to the important conjecture that a
considerable part of the variability in the World Ocean might be due to the impossibility of a steady separation,
not to instability of a free jet.
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