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ABSTRACT

A two-layer circular lake model is used to study the mean flow of Lake Ontario during midsummer. By
computing the model only to the second order of amplitude, it is shown that the observed cyclonic
circulation of Lake Ontario during summer is due to the rectified effects of the large, transient, wind-
driven currents. This effect is strongly influenced by model grid resolution and friction.

1. Introduction

Part I of this study (Bennett, 1977) presented a
numerical model which improves the simulation of
Lake Ontario currents. My purposes here are to
analyze the reasons for the improvement and, by
doing so, to determine whether they are unique to
Lake Ontario or not. I will do this by studying a
circular two-layer model that includes the most
essential features of the numerical model but that is
easier to understand. I will only discuss the time-
averaged flow, but I will not assume the flow is
steady. For the two-layer model, the response to a
steady uniform wind is the ‘‘static’’ solution of
thermocline setup. Since this solution only occurs
after many months of steady winds and does not look
like either the observed or the numerical model’s
time-averaged flow, the analysis must be transient.

To summarize the observed flow, Fig. 1 gives the
thermocline depth and longshore volume transport
estimated from Csanady and Scott’s (1974) daily
synoptic surveys for 15 July-15 August 1972.
Except for an upwelling region near the northwest
shore, the thermocline is deeper at the shore than
in mid-lake and there is a cyclonic circulation.
During this period the average wind stress is toward
the east at about 0.15 dyn cm™? and is relatively
uniform over the lake. There are periods of a few
days when the stress is as high as 1 dyn cm™2.

The numerical model reproduces the observed
thermocline shape and currents relatively well if the
shore zones are adequately resolved and friction is
small. However, the simulations were begun with
the shore water warmer than the deep water, a pat-
tern that causes a cyclonic circulation. Thus, the
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simulation with lower friction may be better partly
because the thermal circulation decays slower.

The rectified effect of the large wind-driven up-
wellings and downwellings of the thermocline is
important in causing the cyclonic flow. This is the
most important nonlinearity in the model since
momentum advection is neglected. Cross-sectional
models (Bennett, 1975a,b) have shown that it is the
right sign and magnitude for Lake Ontario. More-
over, Simons (1975) showed that the same is true for
athree-dimensional model. Thus, the questions to be
answered here pertain not to whether or not the
effect occurs but to how it depends on the coeffi-
cients of friction, on the model resolution and on
bottom topography. I want to determine under what
conditions the effect can be increased and whether
it can be explained in simpler terms than before.

I will first examine a very simple model in Section
2. Then, in Sections 3 and 4 I will analyze the circular
model in detail. Finally, in Section 5 I will summarize
both parts of this paper as well as the Bennett and
Lindstrom (1977) paper.

2. A very simple model

To illustrate the mechanism, we suppose 1) fric-
tion is negligible; 2) the lower layer is infinitely deep;
3) all longshore variations are neglected and the
coast is straight; 4) the wind stress is uniform,
parallel to shore and constant in time; and 5) the
longshore component v of the current is geostrophic.

The equations are
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