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ABSTRACT

Current velocities and water temperatures were observed in southern Lake Michigan with an array
of AMF vector-averaging current meters during late spring, summer and fall 1976. Analyses of the re-
corded current data have revealed that persistent oscillations of nearly-4 days in period were at least as
energetic as inertial oscillations in the kinetic energy spectra and current hodographs. The 4-day oscilla-
tions were present at all stations, including a very clear signal at stations near the center of the lake basin.
This lake-wide oscillation was present during both stratified and unstratified seasons and current vectors
rotated cyclonically near the center of the lake and anticyclonically elsewhere. The observed rotational
oscillations closely fit the characteristics of barotropic second-class motions of a basin with variable
depth first described by Lamb (1932). While such topographic vortex modes are of the same class as low-
frequency shelf waves, their kinematic properties and natural period are governed by the lake shape as
well as the bathymetry. Moreover, the gravest made is unique among these waves in having nonzero
velocity at the lake center. The present observations give clear evidence for the existence of the gravest
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mode of such oscillations in southern Lake Michigan.

1. Introduction

Between May and November 1976, an array of
current meters was maintained in the southern basin
of Lake Michigan (Fig. 1). The array was placed to
study the properties of near-inertial period currents
associated with internal Poincaré waves and to
detect the propagation of either internal Kelvin
waves or barotropic shelf waves along Lake Michi-
gan’s east coast. Also, the measurements provided
estimates of water volume transport into and out of
the southern part of the lake basin across the trans-
verse cross section and information concerning the
spatial distributions of these transports.

As part of an investigation of the propagation of
long, coastally trapped waves, current and water
temperature data from four, perpendicular-to-shore
cross sections were first low-pass filtered to remove
the energetic near-inertial period oscillations. Visual
inspection of the remaining longer period motions
in the coastal water of southern Lake Michigan
revealed a remarkably persistent oscillation with a
period of approximately 4 days. Spectral analyses
of all current recordings revealed that the wave
motions were not confined to the nearshore region,
but in fact dominated the low-frequency end of the
spectra at all offshore stations as well. The wave
forms are therefore quite different from the internal
Kelvin waves that were first reported in southern

Lake Michigan by Mortimer (1963) and later de-
tected along the southern coast of Lake Ontario
by Csanady and Scott (1974).

The purpose of this paper is to report the low-
frequency oscillatory wave phenomena observed in
southern Lake Michigan and to explain dynamically
the mechanisms producing the resultant current
pattern. We found that the oscillations in the off-
shore waters of southern Lake Michigan fit very
closely the characteristics of the classic second-
class motions of a shallow liquid (vortex modes)
studied analytically by Lamb (1932) for a circular
basin and by Ball (1965) for an elliptic basin. In
the better known example of second-class motions,
the gradient of potential vorticity necessary for the
oscillations (Rossby waves) is provided by the lati-
tudinal variation of the vertical component of the
earth’s vorticity. In lakes, as on the continental
shelf, the variation in potential vorticity is pro-
vided by the variation of the local depth, essen-
tially controlled by the topography. As in many such
problems we might expect that the gravest vortex
modes (lowest wavenumber) would be dominant
and, indeed, we will show herein the similarity of
the Lake Michigan observations to the simplest
analytical examples, which provide estimates of
period and kinematical properties for comparison.
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