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ABSTRACT

This paper proposes a possible explanation for the mean cyclonic circulation in large stratified lakes. The
condition of no heat flux through the bottom boundary causes the isotherms to dip near the shores to intersect
the sloping bottom orthogonally. This “doming” of the thermocline causes an internal pressure gradient in the
surface layer with higher pressure nearshore and results in a geostrophic cyclonic circulation.

1. Introduction

As reported by Emery and Csanady (1973 ), many
large stratified lakes and semienclosed marginal seas
and estuaries exhibit a persistent cyclonic circulation.
This pattern is most apparent during the period when
the lakes are stratified. This background circulation
is generally small compared to the transient circu-
lation patterns set up by winds. But because of the
persistence of this background circulation, and be-
cause the wind-induced currents are often transitory
and tend to cancel out in the mean, this background
circulation can be responsible for the long-term
movement and redistribution of dissolved and sus-
pended ‘material in the water body, as well as the
temperature structure.

Several explanations for this mean cyclonic circu-
lation in stratified basins have been proposed. Emery
and Csanady (1973) suggested a mean cyclonic curl
in the wind stress field as a possible mechanism. The
cyclonic curl results from the asymmetry of the surface
water temperature field in a stratified lake when it is
exposed to a uniform wind field. Wunsch (1973) pro-
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posed that the Lagrangian drift associated with large
internal Kelvin waves in a stratified lake might account
for the net cyclonic drift, Bennett (1975) also invoked
an asymmetric response of a stratified lake to a uniform
wind to explain the net cyclonic circulation, but in his
proposed mechanism, enhanced vertical stratification
on the downwelling shore decreases vertical mixing and
bottom friction, resulting in stronger currents on that
shore. Bennett (1977) compared all of these mecha-
nisms to results obtained using a three-dimensional
numerical model with variable horizontal grid size. His
conclusion was that higher grid resolution near the
shores was more important than changes in the at-
mospheric forcing or the turbulence formulation in
improving the model’s ability to simulate the long-term
mean flow. Simons (1986 ) discusses how the rectified
effects of nonlinear topographic wave interactions in
a barotropic lake can also be. responsible for a mean
cyclonic circulation.

The purpose of this note is to examine another
mechanism that may contribute significantly to the
mean cyclonic summer circulation in large lakes.
This mechanism arises from the boundary condition
of no heat flux through the bottom of the lake. This
boundary condition requires that there is no tem-
perature gradient normal to the bottom, so that the
isotherms will intersect the bottom orthogonally. The
effect of this boundary condition on a stably stratified
lake with a sloping bottom is to impart a dome-
shaped configuration to the thermocline—that is, the






