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ABSTRACT

The rectified flow induced by wind-driven internal seiches in a rotating lake is studied. Friction and
nonlinearity combine to generate a secondary mean flow which is calculated analytically for the case of a \
uniform depth lake and numerically for variable depth.

The theory is applied to Lake Kinneret, the former Sea of Galilee, where the diurnal wind forcing
produces a large internal Kelvin wave and which has a strong cyclonic mean flow. The uniform depth
model reproduces the diurnal response adequately, but variable depth is required to reproduce the mean flow.

1. Introduction and summary

This theory was motivated by Serruya’s (1975)
observation that in summer Lake Kinneret circu-
lates cyclonically. This is commonly observed in
other lakes (Emery and Csanady, 1973) and a
number of mechanisms have been proposed to ex-
plain it. Because Lake Kinneret is small, one would
not expect the simplest mechanism, a wind stress
curl, to be significant. Because it is shallow, it is
not as likely that the spring thermal circulation
would persist long into summer. The presence of
large-amplitude internal Kelvin waves driven by a
predominantly diurpal wind leads us to speculate
that the mean flow is a residual flow due to non-
linearity associated with either the advective terms
or the large fluctuations of the thermocline depth.

One mechanism by which nonlinearity can gener-
ate a mean flow has been advanced by Wunsch
(1973). He found that the Lagrangian mean flow
induced by the first mode internal Kelvin wave is
cyclonic near the surface and bottom, but anti-
cyclonic at mid-depth. The Eulerian mean flow,
however, is assumed zero in his model. As it is
precisely this Eulerian mean flow which is meas-
ured by a fixed current meter, his model cannot
explain Serruya’s observations. The Stokes drift
that he calculated is mostly a kinematic result of
the wave field, but the existence of an Eulerian mean
flow requires a dynamical balance of the second
order. It is this dynamical balance we try to pursue
here. Since the Lagrangian mean is the sum of
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Eulerian mean and Stokes drift (Longuet-Higgins,
1969), Wunsch’s work can be regarded as a comple-
ment to the present work if the Lagrangian mean is
to be calculated.

In a different context, Thompson (1970) studied
the Eulerian mean flow generated by periodic mo-
tions in a rotating cylinder. He found, in the inviscid
interior, that the azimuthal mean flow is indeter-
ministic; itis through the bottom Ekman layer where
friction is important that this degeneracy is removed.

Similarly, for our theory, friction is essential; but
the exact shape of the lake and the exact time and
space variations in the wind are not essential. Thus,
it is sufficient to consider a two-layer circular lake
driven by a uniform wind periodic in time. We will
allow the depth of the lake to be at most a function
of radius and will only use linear bottom and inter-
face friction. The basic equations for this model are
given in Section 2.

In Section 3, before the full model is considered,
a simple analytical example is given to bring out
some of the essentials of the underlying physics with
a minimum of mathematics. This analysis considers
a constant depth, homogeneous ocean bounded on
one side by a straight coast, and driven by a long-
shore wind propagating along the coast. The flow is
assumed to consist of a primary or first-order flow
driven by the wind and obeying the linearized equa-
tions; and a secondary mean flow, averaged in
time or the longshore direction, driven by the non-
linear terms.






