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ABSTRACT

A general geostrophic equation is derived for a shallow layer of fluid on a sphere. This equation
encompasses the planetary, intermediate, and quasi-forms of geostrophy and produces their equations directly
when the appropriate parametric ordering relationships are chosen. The three regimes have proven useful for
defining and describing oceanic and Jovian eddies and currents on the planetary, intermediate and synoptic
scales respectively. The general geostrophic equation may be most useful in describing the interactions among
these three different regimes of motion and between motions in high and low latitudes. The accuracy of the
B-plane version of these equations is also examined in detail.

1. Introduction

Although most planetary motions are governed by
geostrophy, their characteristics can vary widely de-
pending on their scale relative to the deformation
radius Lg. In particular, the so-called Planetary-
Geostrophic (PG), Intermediate-Geostrophic (IG), and
Quasi-Geostrophic (QG) regimes have been identified
for the large, intermediate and synoptic scales of
motion.

In the PG regime, motions are dominated by
nonlinear divergence effects and tend to be steady

and forced (Sverdrup, 1947; Burger, 1958). In the’

QG system, wave dispersion and turbulence generally
prevail (Charney (1984). [However, coherent features
also may occur under special circumstances (Flierl,
1979).] In the IG regime, wave dispersion and non-
linear divergence act in balance to give long-lived,
coherent vortices as the innate forms of motion.
Derivations of the IG equation have been given by
Flierl (1980), Charney and Flierl (1981), Yamagata
(1982), Williams and Yamagata (1984, hereafter
wWY84). _

Connections between the PG and QG regimes are
not apparent in the traditional derivations, where
separate ad hoc scaling arguments are used. However,
a more recent derivation (WY84) has shown that the
three basic regimes, as well as a number of subregimes,
can all be derived in the same systematic manner by
assuming ordering relationships of the form ¢
= EB", § = SB™ (n = 1-4; m = 0-3) for the Rossby
number ¢ and the stratification number § in terms of
the sphericity parameter 8. This derivation also shows
that a more general form of PG system exists than
the one defined by Burger, that the IG system is
unique in parameter space, and that the interaction
between the various regimes is described by a term

common to all of them—the Jacobian for vorticity
advection.

It has been suggested that connections between the
regimes can also be deduced by taking less restrictive
ordering relationships, ones that do not involve dis-
crete powers of 8 (Cushman-Roisin, personal com-
munication, 1984). But it is not clear whether such a
procedure is consistent with the S-plane approxima-
tion where sphericity is expanded a priori in discrete
powers of 3. Doubts have also been raised as to how
accurate the S-plane approximation—which is used
in all the derivations—is for the IG system; for,
unlike the QG and PG equations which occur at
O(B) the main IG equation occurs at O(82). .

To address some of these problems, we will show
in Section 2 that there exists a general geostrophic
(GG) equation that is simpler than the primitive
equations but is parametrically general enough to
contain all three major regimes as elementary sub-
cases. (Such an equation was first derived, in a
different context and in a different form, by Anderson
and Killworth, 1979.) The equations can all be derived
in spherical coordinates, thus avoiding the S-plane
limitations. In addition, in Section 3, we will also
examine the accuracy of the S-plane approximation
in detail for the IG system because of the novelty
and importance of this regime.

The general geostrophic equation should be most
useful for studying the interactions between midlati-
tudes and the tropics and among the various regimes
(i.e., types' of motion), as well as in providing a
uniform derivation of their equation sets. Interactions
between different types of motion are normally studied

! Interactions between different scales of motion within a single
regime can also be studied by other methods, e.g., closure models
for a turbulent regime.






