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ABSTRACT

Two simple numerical models have been used to study the low-frequency (<0.6 cpd) current oscillations
observed in Lake Michigan in order to learn more about what really limits our ability to simulate currents in
large lakes. Both are based on the barotropic vorticity equation with the rigid-lid approximation. One model
used observed wind to calculate the time-dependent response of the lake for eight months in 1976. The results
agree reasonably well with observed currents, but only in the frequency range corresponding to the maximum
energy in the forcing function, approximately 0.125-0.3 cpd. Over this frequency range, peaks in the energy
spectrum of the forcing function also occur in both the model response and the observed currents at the same
frequencies. At lower and higher frequencies, the model underestimates the observed kinetic energy of the
currents. The second model calculates the response of the lake to purely oscillatory wind forcing. From 0.125
to 0.3 cpd, the spatial structure of the response is relatively insensitive to changes in forcing frequency. The
response to a north-south oscillatory wind stress resembles a free topographic wave consisting of two coun-
terrotating gyres in the southern basin of the lake, but is more complicated in the northern part. When compared
to previous analytic and numerical studies of steady-state circulation, the steady-state (zero frequency) response
is found to be consistent with Ekman dynamics for realistic values of linearized bottom stress. The results
indicate that the barotropic rigid-lid model can simulate observed current fluctuations only in the 0.125-0.3
cpd frequency range. Over this range, the average response of the lake is nonresonant, showing no peaks in
lakewide average kinetic energy. At higher and lower frequencies, baroclinicity and nonlinear effects may have
to be included in order to improve the model results.
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1. Introduction

Periodic low-frequency (<0.6 cpd) fluctuations in
the currents of southern Lake Michigan have been
described by Saylor et al. (1980) and Huang and Saylor
(1982). Similar phenomena in Lake Ontario have been
described by Marmorino (1979). The spectral energy
density of these oscillations is comparable to the spec-
tral energy density of near-inertial oscillations (Fig. 1).
The low-frequency oscillations were predominantly
barotropic, with currents in phase above and below
the thermocline during the period the lake was strat-
ified. In addition, the rotation of the nearshore currents
tended to be clockwise and that of the offshore coun-
terclockwise. These observations are consistent with
the structure of the lowest barotropic free oscillation
of the second class in a circular paraboloid (Lamb,
1932; Ball, 1965). The observed 90 h oscillation period
is somewhat shorter than the 123 h period of the free
oscillation in a circular paraboloid, but near the 88 h
period for a circular basin with a conical depth profile
(Saylor et al., 1980). Huang and Saylor (1982) went
on to show that both a residual positive vorticity or
the combination of the free mode and a forced to-
pographic wave of higher frequency would tend to
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decrease the observed period of a free mode. As shown
by Allender and Saylor (1979) at very low frequencies
(<0.1 cpd), baroclinic effects are certainly important,
but in the intermediate range (0.125-0.3 cpd), the
barotropic oscillations appear to dominate.

Analytic models of the low-frequency barotropic re-
sponse of lakes have been proposed by Birchfield (1967,
1969, 1972), Csanady (1973, 1976, 1978), Birchfield
and Hickie (1977), and of course the classic works of
Lamb (1932) and Ball (1965) on free oscillations of
the second class in enclosed basins (also known as
topographic Rossby waves or vortex modes). Huang
and Saylor (1982) further investigated the response of
the lowest free mode in an elliptic paraboloid to pe-
riodic forcing. All of these studies have shown that
barotropic current fluctuations at frequencies much
lower than the inertial frequency tend to be basically
nondivergent. The important dynamic variable is po-
tential vorticity, £ = f/D (where f'is the Coriolis pa-
rameter and D is depth), and its gradient determines
the structure and phase of the current oscillations. In
the ocean, the variation of potential vorticity is due
mainly to the variation of the Coriolis parameter with
latitude, but in lakes, it is due mainly to topographic
variations.

Perhaps the first numerical study emphasizing only
the low-frequency barotropic response in lakes was
that by Rao and Murty (1970). They examined the






