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ABSTRACT

- A simple theoretical - model was developed to investigate the inertial instability of zonally nonuniform, non-
parallel flow near the equator. The basic state was independent of height and time but included cross-equatorial
shear with longitudinal variation, as observed in the tropical mesosphere and elsewhere. Numerical solutions
were obtained for the most unstable modes.

* It is shown that, in addition to previously known “global” (symmetric and nonsymmetric) modes of inertial
instability, there exist “local” modes within regions of anomalous potential vorticity. Local modes may be
exactly stationary or display zonal phase propagation, but are distinguished from global modes by their zero
group velocity and concentration of amplitude within, or downstream from, the region of most unstable flow.
Local stationary instability has the largest growth rate and occurs in strong inhomogeneous shear when the in
situ mean flow is near zero, that is, quasi-stationary with respect to the (stationary) basic-state pattern. This

situation is expected in an equatorial Rossby wave critical layer.

The local mode has properties similar to those of “absolute™ instability of nonparallel flow as discussed
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elsewhere in fluid dynamics.

1. Introduction

Inertial instability may arise in conservative axisym-
metric flow near the equator when there is nonzero
latitudinal shear 4 = #,. In this case potential vorticity
(PV) on one side of the equator is anomalous, satisfying
a necessary condition for centrifugal parcel instability
(Dunkerton 1981). Analytic eigenmodes of symmetric
instability in zonally uniform shear on an equatorial
B plane were obtained by Dunkerton and indepen-
dently by Stevens (1983). Subsequently Boyd and
Christidis (1982) and Dunkerton (1983) found that
low-wavenumber, zonally nonsymmetric instabilities
have larger growth rates than symmetnc instability
when (i) the vertical wavenumber m is near or below
a neutral point of symmetric instability

m ' 4
- (L.1)
(N is static stability and 8 = 2Q/a = 2.29

X 107" m™ s7"), and (ii) nonzero integer zonal
wavenumbers s = ka exist below a short-wave cutoff

kmax = B/+. Although symmetric instability has max-
imum inviscid growth approachmg v/2as |m| - oo,
the nonsymmetnc mode is preferred when second-or-
der viscosity and diffusion are added and conditions
(i) and (ii) are met (Dunkerton 1983). Similar con-
clusions pertain to midlatitude flow containing non-
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symmetric inertial and barotropic instabilities, as
shown by Stevens and Ciesielski (1986).

Anomalous PV exists in the tropical winter meso-
sphere (Dunkerton 1981; Hitchman and Leovy 1986),
upper troposphere between South America and the In-
dian Ocean (Liebmann 1987), lower troposphere near
Indonesia (Krishnamurti et al. 1985, 1988), and Pacific
south equatorial current (Philander 1989, p. 62). In-
ertial instabilities were found in a nearly inviscid 2D
axisymmetric mode! of the troposphere (Held and Hou
1980) and in 3D middle atmosphere GCMs (Hunt
1981; O’Sullivan and Hitchman 1992). This instability
was suggested as a possible explanation of layered
structures in the tropical mesosphere (Hitchman et al.
1987; Fritts et al. 1992) and mesoscale anomalies in
the midlatitude upper troposphere (Ciesielski et al.
1989). Conditional symmetric instability is thought to
explain frontal rainbands according to Bennetts and
Hoskins (1979) and several others.

Unfortunately for the theory, none of the regions of
anomalous PV in atmosphere or ocean is zonally sym-
metric. Observations and numerical models suggest,
for example, that inertial instabilities in the mesosphere
coincide with tropical penetration of planetary Rossby
waves from midlatitudes (Hitchman et al. 1987;
O’Sullivan and Hitchman 1992). For the theory to be
relevant, it must be generalized to a nonparallel or
zonally nonuniform basic state.

The purpose of this paper is to develop a simple
theoretical formalism and thereby to document two
types of inertial instability in nonparallel flow: local
instability (stationary and zonally propagating) and






