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ABSTRACT

We examine the relevance to Jupiter’s atmosphere of the solitary vortices favored at scales intermediate to
those of the quasi-geostrophic (QG) and planetary-geostrophic motions. Horizontal divergence plays a crucial
role in the intermediate-geostrophic (IG) dynamics and leads to asymmetries in vortex behavior; in particular,
anticyclonic vortices are generally more stable than cyclonic vortices when the mean flow is weak or westerly.
The IG vortices always propagate westward at close to the planetary long-wave speed, regardless of the mean
zonal flow. Meridional shear influences only secondary aspects of vortex behavior. Although governed by a
form of the Korteweg-deVries (KdV) equation, vortex encounters produce coalescence not soliton behavior.

Jupiter’s Great Red Spot and Large Ovals appear to be in, or close to, an IG balance while the Small Ovals
lie in a QG balance. The stability of anticyclonic IG vortices may explain why most of Jupiter’s super-eddies
prefer anticyclonic spin. Solutions to the shallow water (SW) equations, using Jovian parameters, show that
an IG vortex with the scale and environment of the Great Red Spot has great longevity and that such a vortex
may originate in a weak barotropic instability of the zonal currents. Strong barotropic instability on the IG
scale differs from its counterpart on the QG scale and produces multiple, steep, isolated vortices resembling
the Large Ovals.

Equations are derived for all forms of geostrophic balance (three basic classes, ten subsets) to investigate the
uniqueness of the IG system. Numerical studies use the IG 8-plane equation to examine basic modal properties
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and the full SW equations to examine the Jovian eddies.

1. Intreduction

Jupiter’s atmosphere displays many forms of motion,
some coherent and long-lived, others irregular and
transient. The ubiquitous waves and turbulence occur
on the smaller scale, the sieady zonal currents on the
larger scale, while the Great Red Spot (GRS), the Large
QOvals, the tropical plumes and the late South Tropical
Disturbance (1901-39) occur on the intermediate scale.
Because of their vasily different sizes, the various eddies
probably lie in different dynamical regimes.? As with
oceanic eddies, motions at the intermediate scale are
the least understood.

Jovian motions are believed to have much in com-
mon with those of the ocean: a strong energy conver-
sion by the small eddies, activity over a wide range of
scales, a weak dissipation, coherent and turbulent
structuring, and similar nondimensional parameter
ranges (Williams, 1978). Differences occur not so much
in the basic modes of motion but rather in their forcing

' Permanent affiliation: Research Institute for Applied Mechanics,
Kyushu University, 87, Kasuga 816, Japan.

2 See Section 3 for a detailed scale analysis and Hunt and Moore
(1981) for a convenient description of the various Jovian phenomena.

mechanisms and boundary conditions. The efficacy of
the ocean-Jupiter analog in understanding the Jovian
planetary circulation and turbulence suggests that it
might also be useful to look for correspondences be-
tween the coherent eddy forms of the two systems.

Three classes of ocean dynamics are known: the
quasi-geostrophic (QG), the planetary-geostrophic®
(PG) and the recently discovered intermediate geo-
strophic (IG) (Charney and Flierl, 1981; Yamagata,
1982). They govern the small, large and medium scales
of motion, respectively. These regimes are more distinct
in the ocean and in Jupiter’s atmosphere than in Earth’s
atmosphere, because a greater scale separation exists
in those systems. The Jovian QG modes have been
discussed with respect to the problems of the generation
of muitiple jets by baroclinic eddies (Williams 1979a;
Williams and Holloway, 1982) and the generation of
planetary solitons by zonal wind shear (Maxworthy
and Redekopp, 1976).

The only IG processes known at present are those
associated with a class of remarkably stable solitary
vortices that are the intrinsic modes of the shallow

3 Called Geostrophy of Type 2 by Phillips (1963).
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