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The gamma plane approximation introduced in this study corresponds to a nonlinear horizontal
shallow flow in a plane where, in addition to the familiar linear variation of f (ie., ), there is a
quadratic variation with latitude. Such a plane may have some application to the mesoscale oceanic
flow in the immediate vicinity of the North Pole because at the pole the linear gradient () vanishes so
that the quadratic variation (y) is the dominant gradient. It is also applicable to the flow near the
center of a rotating (laboratory) tank.

Exact analytical solutions analogous to the stationary barotropic mid-latitude modons (Stern, 1975)
are constructed. First, it is shown that, for a modon situated slightly off the pole (i.e., both § and y are
present) the condition of stationarity (in a resting ocean) takes the form ﬂﬂl//dx dy—2y [y dx 4v=0,
where i is the streamfunction and x and y are Cartesian coordinates pointing eastward and norilivard,
respectively. Secondly, it is shown that due to the presence of y, the cyclonic cell situated to the north
increases in size and engulfs the southern anticyclone which decreases in size. Namely, as the pole is
approached the engulfing cyclone grows whereas the anticyclone shrinks. Ultimately, when the center of
the modon (whose diameter is R) reaches a critical distance from the pole (0.1227 R) the anticyclone
diminishes to merely a point. Modons that are closer than this critical distance to the pole cannot
contain an anticyclone. Far away from the pole our solution reduces to the familiar mid-latitude
B-plane modon as should be the case.

In contrast to these dramatic effects of y on modons, the migration of monopoles (ie., isolated
cyclones or anticyclones) is almost unaffected by y even though y is of the same order of (or larger
than) f. This results from the fact that the y-induced perturbations are symmetrical (with respect to
north and south) whereas those due to § are asymmetrical. It is shown that, as in other eddies, self-
propulsion is primarily caused by asymmetrical perturbations so that disturbances due to y have almost
no influence on the migraticn.
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1. INTRODUCTION

The growing interest in polar oceanography (e.g., SCOR, 1983) requires a closer
look at fundamental processes active in the proximity of the pole. Because so
many mid-latitude processes owe their existence to f, the linear variation of the
Coriolis parameter with latitude which vanishes at the pole, it is useful to examine
what kind of processes could be driven by the quadratic variation (y) which is
dominant near the pole. As a first step to such an examination, two nonlinear
mesoscale processes are examined. The first is the so-called modon and the second
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