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ABSTRACT

The concept of wave overreflection is reviewed. The physical origin of this effect is discussed as is its
relation to hydrodynamic instability. It is noted that the instabilities associated with overreflection are
likely to be identical to what are commonly called critical layer instabilities.

The bulk of this paper examines baroclinic instability in terms of the overrefiection of vertically
propagating Rossby waves. This approach leads to rapid estimates of growth rates and phase speeds of
unstable modes for arbitrary distributions of zonal velocities in models with and without lids; it also leads
to efficient algorithms for calculating unstable modes ‘‘exactly.””

Among our findings are the following: (i) Charney and Green modes are both essentially critical-layer
instabilities. (ii) When tropospheric shear is brought to zero above some height (one scale height, for
example) so that long waves may radiate to infinity (ignoring for a moment the growth rate), the growth
rates are reduced somewhat, but the modes remain unstable. (iii) Baroclinic instability can be eliminated
by stretching the transition region from zero shear at the ground to the interior shear sufficiently without
altering the shear above this region. Explicit calculations show this depth to be about a quarter of a
scale height.

Consistent with item (iii) above, we show that the potential vorticity flux of baroclinically unstable
modes (a measure of their interaction with the mean flow) is confined primarily to a layer between the
ground and the neighborhood of the steering level—even when the unstable eigenmodes extend to
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much greater heights.

1. Introduction

A wide variety of problems in dynamic meteorology
(and in many other fields) are described in terms of
an equation of the form

¢VH+Q(y!ks---aw)"‘=0’ (1)

where y is some spatial coordinate (north-south
distance or height), k, ... are other parameters
such as wavenumber in some direction orthogonal
to y, static stability, etc., and o is a time fre-
quency. Typically, the same form of Q applies to
both a wave propagation problem and a stability
problem. Among such problem-pairs are the merid-
ional propagation of barotropic Rossby waves and
barotropic instability; the vertical propagation of
internal Rossby waves and baroclinic instability; and
the vertical propagation of internal gravity waves
and the instability of stratified shear flows.

For the wave propagation problems we gen-
erally, have forcing somewhere in the fluid at a
specified frequency w. Eq. (1) then determines the
behavior of the wave away from the forcing. When

! A slightly different version of this paper was presented in July
1978 at the NCAR summer colloquium on the General Circula-
tion of the Atmosphere, and will appear in the proceedings of
the colloquium.
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Q is negative, wave fields vary exponentially and
there is no wave propagation; we will refer to this
as ‘‘trapping.”” When Q is positive and slowly vary-
ing the wave propagates away from the region of
forcing. By slowly varying we mean that
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Eq. (2) is the usual criterion for the WKB approx-
imation (Schiff, 1955). It turns out that when (2)
is violated, the wave may again vary exponentially
(explicit examples are given in Appendix 1). This last
remark has not been generally recognized. Finally,
inhomogeneities in Q lead to wave reflections which
may be partial, total or (as we shall describe shortly)
we can have overreflection where the reflected wave
is stronger than the incoming wave.

For the stability problems, homogeneous bound-
ary conditions are applied to Eq. (1), and o is
treated as an eigenvalue. One seeks conditions
under which @ is complex with the imaginary part
being of such a sign as to lead to exponential
growth (i.e., instability).

The wave solutions and the instabilities will be
shown to be related to each other through the con-
cept of wave overreflection. This concept has arisen






