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ABSTRACT

A numerical model is used to study the evolution of the barotropic point jet instability as it interacts with
the mean flow. The linearized instability solution agrees well with the recent analytical solutions of Lindzen.

Stabilization of the point jet instability occurs as the mean flow is modified by wave vorticity transport.
Assuming stabilization occurs when the meridional gradient of the zonal mean vorticity is no longer negative,
the maximum integrated wave enstrophy can be predicted. In addition, an estimate of the integrated wave
enstrophy at steady state can be made by balancing the generation of vorticity against dissipation. These limits
are found to be in good agreement with the numerical results.

1. Introduction

Barotropic and baroclinic instabilities are the pro-
cesses through which momentum and heat are redis-
tributed within a symmetric vortex by Rossby waves.
The barotropic instability, which propagates horizon-
tally, chiefly transports momentum, while the (pure)
baroclinic instability propagates vertically and trans-
ports heat. The study of these instabilities has been
one of the principle objectives of dynamic meteorology
over the last three decades as the baroclinic instability
is the principle source for midlatitude synoptlc-scale
disturbances.

Although the pure baroclinic and barotropic insta-
bilities have different physical interpretations, they are
mathematically similar as has been demonstrated by
Lindzen and Tung (1978) (hereafter LT) and Lindzen
et al. (1983). The criteria for these instabilities cannot
be derived from local (parcel) arguments like the Ray-
leigh-Taylor or inertial instability. As a result, the con-
ditions describing Rossby wave stability are usually
formulated from fluid integral theorems except for very
special cases (Tung, 1981). The Rayleigh-Kuo and
Fjorteft theorems are examples of such conditions (e.g.,
Charney and Stern, 1962).

For Rossby wave instability, the Rayleigh-Kuo
theorem gives a necessary but not sufficient condition
for instability requiring that dg/dy change sign some-

where within the fluid domain. Here § is the zonal.

mean pseudo-potential vorticity (pv), an approxima-
tion to Ertel’s potential vorticity which is conserved
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on isobaric surfaces rather than potential isotherms;
y is the northward coordinate.

At small amplitudes, unstable Rossby waves produce
a flux of potential vorticity which appears to be re-
distributing g such that dg/dy would obtain the same
sign everywhere. If this tendency continued as the wave
reached finite amplitudes, the system would no longer
be unstable so the wave would stop growing. We refer
to this process as saturation or equilibration of the
instability.

In linear instability studies, the change in § by wave
fluxes is not allowed. However, we hypothesize that if
wave-mean flow interaction is allowed, the system will
proceed toward stabilization as suggested by the linear
results. The final state may be unsteady and have finite
amplitude waves present. (Indeed, they must be present
for the problems posed below.) But, these latter situ-
ations are determined by the details of the posed prob-
lem. Some properties and constraints on the equili-
bration process is the subject of this paper.

Recently, LT and Lindzen ef al. (1980) have inter-
preted the mechanics of Rossby wave instability as a
manifestation of wave overreflection. The overreflec-
tion occurs when the wave, encountering a critical line
(CL), is reflected with more energy than incident. If
the same wave is repeatedly reflected from the CL,
amplification of the disturbance occurs. The evidence
for overreflection is simply that the wave energy flux
is directed away from the CL. If the wave energy flux
is directed toward the CL then the CL is a partial
reflector or absorber. Analytic treatment of Rossby
wave absorbing CL’s in a stable (3g/3y > 0) environ-
ment has been discussed by Dickinson (1968),

Although overreflection is intimately associated with
the CL, it also depends on the propagation properties






