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Large scale inhomogeneities and mesoscale ocean waves:
a single, stable wave field

by James C. McWilliams*

ABSTRACT

Horizontally propagating wave solution forms are assumed for mid-ocean mesoscale cur-
rents (i.e., those with spatial and temporal cycles of a few hundred kilometers and several
months). The wave environment—defined to include the Coriolis parameter, bottom topog-
raphy, and mean currents—is assumed to be inhomogeneous, but only on much larger scales.
Mutual compatibility between these assumptions is derived. The wave numbers and frequency
for the mesoscale motions evolve in a characteristic coordinate transformation defined by
group velocity propagation; the wave amplitude is determined by a conservation of action
density. Particular focus is placed upon the manner of rectified mesoscale forcing of large
scale currents. The response consists of a combination of f/(depth) contour flow, nondispersive
baroclinic wave propagation, and forced cross-contour currents. All three of these small ampli-
tude laws remain valid at finite amplitude (i.e., a wave steepness of order unity or larger).

1. Modeling motivation

Mesoscale ocean currents are characterized by horizontal eddy diameters of a
few hundred kilometers, periods of a few months, and vertical scales comparable
to the ocean depth. In mid-ocean locations these currents typically are the ones
with the greatest kinetic energy. In the theoretical description of ocean currents (as
elsewhere), the concept of waves has had considerable utility, largely for its near
uniqueness in yielding explicit solutions to the transient equations of motion. For
example, there have been many studies of low frequency, quasigeostrophic waves
(see the summaries of Platzman, 1968, and Lighthill, 1971). Furthermore, these
wave theories have had empirical relevance. The presently completed mid-ocean,
mesoscale experiments, Polygon and MODE, resolved little more than single cycles
in space and time. On these scales, though, linearized waves were shown to be a
successful description of much of the observed variability (McWilliams and Robin-
son, 1974; McWilliams and Flierl, 1975a). Clearly, however, this is a dynamically
incomplete description: to address the generation, evolution, and decay of a meso-
scale wave field requires a greater scope than a single cycle.

For the obvious advantage of mathematical simplicity, the wave environment

1. National Center for Atmospheric Research, P.O. Box 3000, Boulder, Colorado, 80303, U.S.A.
423






































































































