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ABSTRACT

Inertial instabilities on the equatorial beta-plane may take the form of a zonally nonsymmetric disturbance
while preserving their centrifugal character. Numerical experiments at finite zonal wavenumber suggest a
preferred mode of instability with zonal wavenumber between the symmetric value and a short-wave cutoff
in linear cross-equatorial shear. Zonal nonsymmetry results in a slight reduction of the marginally stable -

shear in the presence of second-order diffusion.

1. Introduction

The theory of hydrodynamic instability is funda-
mental to the atmospheric and oceanic sciences. As
noted by Lindzen and Tung (1978), onec may, for
qualitative purposes, distinguish “shear instabilities”
and “parcel instabilities” among those instabilities
believed to be relevant to the atmosphere and ocean.
The former instabilities may be interpretable in terms
of wave overreflection, while the latter class of insta-
bilities can be more simply described in terms of
forces acting on individual fluid parcels. Familiar ex-
amples of shear instability are barotropic, baroclinic,
and stratified shear instability. Relevant parcel insta-
bilities are convective and inertial instability.

This distinction between shear and parcel insta-
bility may become somewhat unclear in certain cases,
although the relationships between the two classes
have hardly been explored at all. This may prove to
be the case in the context of a specific problem to be
reported in this note, viz. the instability of linear
cross-equatorial shear. It will be noted that this par-
ticular shear is stable with respect to the overreflecting
barotropic instabilities, as there is zero “curvature”
of the mean flow, i.e., #,, = 0. However, as first noted
by Dunkerton (1981), a linear cross-equatorial shear
is inertially, or centrifugally, unstable in the inviscid
case. (In this context, centrifugally stable refers to the
nonvanishing mean vorticity. Our interest is in an-
gular momentum instabilities not dependent on finite
Richardson numbers for their existence.) The unsta-
ble eigensolutions, which are analytically described

in terms of Hermite functions shifted off the equator,.

strongly resemble the familiar inertial “rolls” between
differentiaily rotating concentric cylinders. However,
in the equatorial case trapping is provided by the beta-
effect, as is true of equatorial waves in general, instead
of cylindrical sidewalls. Large amplitudes exist only

in the unstable region in which the absolute vorticity
changes sign relative to that of the remainder of the
hemisphere in which the instability exists. It is im-
mediately apparent that departures from conservative
motion are not required to bring about the instability,
unlike the initially stable extra-tropical case, since
potential vorticity is a conserved quantity, and cross-
equatorial motion, instead of non-conservative mo-
tion, generates an unstable state. (It will be noted,
however, that nonconservative effects in the far field,
such as high-latitude diabatic heating and cooling,
may ultimately be responsible for the cross-equatorial
flow.)

Kinematically this equatorial inertial instability is
a member of the class of “parcel instabilities.” In the
unstable region, a parcel travelling to the north is
deflected to the west, and then to the north, and so
on, resulting in unstable growth of the parcel dis-
placement instead of a stable inertial oscillation. Con-
straints of mass continuity create vertical divergence
and convergence near the edges of the unstable re-
gion, resulting in overturning and thus adiabatic tem-
perature perturbations. The latter generate hydro-
static pressure perturbations which act to partially
offset the meridional motions, as shown in Fig. 1.

In terms of equatorial wave theory, the inertial or
centrifugal instability belongs to the “gravitational”
class. Another type of wave also belonging to the grav-
itational class 1s the equatorial Kelvin wave. It was
recently demonstrated that the Kelvin wave is unsta-
ble in linear cross-equatorial shear (Boyd and Chris-
tidis, 1982). Unlike the symmetric inertial instability
but more akin to the familiar shear instabilities, the
Kelvin-wave instability contains a “critical latitude,”
or critical surface, at which point the Doppler-shifted
real frequency component vanishes. Judging by the
appearance of the unstable eigenfunction and mean
flow acceleration (see Boyd, 1982), this critical lati-
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