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ABSTRACT

An empirical forced wave model of currents and thermocline displacements in the coastal zone of Lake
Ontario is derived from data from the International Field Year for the Great Lakes (1972). The model
consists of three linear wave equations for predicting the depth of the thermocline, its slope and the
longshore volume transport from the wind. The empirical phase speeds are consistent with internal
Kelvin wave and topographic wave theory and the response to a unit longshore wind stress is consistent

with cross-section models of long lakes.

1. Introduction

Currents in the Great Lakes respond to the wind
in a complex manner. While it is generally true that
upwelling tends to occur at the shore to the left of
the wind and that longshore currents tend to follow
the wind direction, exceptions are common. In par-
ticular, during light winds current reversals and large
changes in thermocline depth propagate counterclock-
wise around the shoreline. Striking examples of this
were first documented by Mortimer (1963) for Lakes
Michigan and Leman. Having only temperature and
water level data, he interpreted them as internal
Kelvin waves. The Lake Ontario measurements of
Csanady and ‘Scott (1974), however, show a more
complicated pattern. The depth of the thermocline

agrees with Kelvin wave theory (Clarke, 1977) but
the reversals of the upper and lower layer currents
do not occur simultaneously. Because of this, Csanady
(1976) explained the observations as the sum of an
internal Kelvin wave and a topographic wave.

Little quantitative analysis has been done on these
wayves, largely because of the limitations of Mortimer’s
Lake Michigan data consisting of temperature from
municipal water intakes. The data of Csanady and
Scott, however, are from daily synoptic surveys of
temperature and current in five 10-15 km sections
spaced evenly around the lake. Thus, while there are
sampling errors in both time and longshore direction,
there is considerable vertical and offshore resolution.

We chose the most complete series of their data,
15 July-15 August 1972, and fit it to a forced wave
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F1c. 1. An average shore zone of Lake Ontario (a) and the
positions of the five coastal chains (b).

model to estimate the rate at which the waves are
generated by the wind, the propagation speeds and
the time it takes them to decay. We would like the
forced wave model to complete with lakewide nu-
merical models, and in a later paper will directly
compare it to one. Our main goal is to describe the
motion. However, since we would eventually like to
understand the force balances as well, we will attempt
to physically interpret the coefficients.

2. The model

Many theories of coastal flow can be reduced by
separation of variables to the solution of first-order
wave equations of the form
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The dependent variable 4 will be anything we can
easily estimate from the data. The independent vari-
ables are time ¢ and arc length x; 7 is the longshore
component of the wind stress divided by water den-

NOTES AND CORRESPONDENCE

621

sity. The three parameters ¢, D and v are the phase
velocity of free waves, the decay time and a wind
generation coefficient.

The theories (Bennett, 1973 ; Gill and Clarke, 1974;
Gill and Schumann, 1974; Clarke, 1977) assume that
the frequency is small compared to-the Coriolis pa-
rameter and the offshore scale is much smaller than
the longshore scale; consequently the longshore com-
ponent of the current is geostrophic and the offshore
component of the wind is neglected. While some of
the parameters can be estimated from this theory, it is
easier to regard them as empirical for the moment
and compare them with theory afterward.

To estimate the parameters we computed finite-
difference solutions to the wave equation for y=1
over a range of ¢ and D and the correlation coefficient
between the model and the data. The value of ¥ which
minimizes the mean-square error is then

Y=r——, (2)
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where r is the correlation coefficient, and o and ox
are the standard deviations of the data and the model
solution.

The model was run from the initial condition of zero
at 1 July through 15 August. Since the first data are
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Fic. 2. Five-station averages of thermocline depth at 6.5 km
and 13 km offshore.






