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ABSTRACT

Observations of Lake Ontario during the International Field Year for the Great Lakes are used to
develop a three-dimensional numerical model for calculating temperature and current. The model has
a variable grid resolution and a horizontal smoothing which filters out small-scale vertical motion caused
by truncation error but has little effect on the strong currents of the coastal boundary layer. Resolution
of the shore zones and reduced horizontal smoothing improve simulation of both long-term mean flow

and current reversals due to low-frequency waves.

1. Introduction

A major reason that verification of lake circulation
theories has been difficult is lack of observations. It is
difficult to find lakes for which both the circulation
and the forcing are known well enough to allow the
separation of mathematical and physical deficiencies.
At present Lake Ontario is one of the best because
of the data collected during the 1972 International
Field Year for the Great Lakes. This paper uses some
of these data to develop a three-dimensional model
of the lake’s circulation. The major result of this
work is that the mathematical deficiencies are the
most important; I found that it is easier to improve
the model by resolving the coastal zone and lowering
friction than by varying the turbulence formulation or
the atmospheric forcing.

By experimenting with a uniform grid version of
the model, I was able to isolate two observations
which it cannot explain. The first is that the mean
flow during mid-summer near the north shore is
toward the west—opposite to the wind. The second is
a large depression of the thermocline along the north
shore and a strong current reversal due to an internal
Kelvin wave. Since the model gives results similar to
those of Simons (1974, 1975, 1976) when similar forcing
and coefficients are used it is logical to look for either
a physical mechanism not allowed in the model or for
a different numerical method.

Several nonlinear mechanisms have been proposed
to explain the flow against the wind:

1) Emery and Csanady (1973) suggested that over
cold upwelled water the reduced wind stress leads to
a cyclonic stress curl.

2) Wunsch (1973) showed that the Lagrange drift
of internal Kelvin waves yields a cyclonic surface
circulation.

3) Bennett (1975a) showed that wind-driven cur-
rents tend to be stronger at a downwelling shore
because the lake static stability is stronger there.

4) Csanady (1975) showed that inertial accelera-
tions in the surface Ekman layer accelerate the shore
water to the right of the wind.

The main objection to the Emery and Csanady
mechanism is that a cyclonic wind stress curl does
not show up in the air; Ching (1974) concluded from
an analysis of wind over Lake Ontario that in early
summer the surface stress over Lake Ontario is slightly
anticyclonic; my own analysis confirms his result.
This is reasonable since the lake is colder than the
surrounding land and should generate a local high-
pressure center.

The Wunsch theory only applies to surface or
bottom circulation of particle motion. It predicts that
at intermediate depths, particles would drift anti-
cyclonically and that a fixed instrument would not
measure a mean flow at any depth. However, the
circulation is cyclonic at all levels measured by fixed
current meters (Pickett and Richards, 1975).

Comparison of the Bennett and Csanady mechanisms
with a cross section model showed that both could
possibly be important but that the inertial accelera-
tions tend to be compensated by bottom friction
(Bennett, 1974, 1975b). Only when the wind is strong
are current speeds much higher at the downwelling
shore; even then the vertically averaged flow was
little affected. For the time-averaged flow, therefore,
it should not be necessary to include the inertial






