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ABSTRACT

A formalism is developed for the calculation of baroclinic instability for barotropically stable jets. The formalism
is applied to jet versions of both the Eady and Charney problems. It is found that jets act to confine instabilities
meridionally, thus internally determining meridional wave scales. Once this internally determined merldxonal
scale is taken into account, results correspond plausibly to classical results without a jet.

Consideration of the effect of such instabilities on the mean flow shows that they act to concentrate the jet
barotropically while simultaneously reducing baroclinicity. .

1. Introduction

The problem of baroclinic instability is central to
dynamic meteorology. Early studies (Charney, 1947,
- Eady, 1949) considered what we shall refer to as ho-
mogeneous shears: that is, shears independent of the
cross flow direction. More generally, the basic unper-
turbed state was taken to be a zonal flow, U(z), inde-
pendent of the meridional distance, y. In such problems
the meridional scale was usually taken as infinite, al-
though it could also be arbitrarily specified or set by
boundaries imposed at specific values of y.

For at least two obvious reasons, a less cavalier ap-
proach to meridional structure is called for: (i) observed
cyclonic disturbances are meridionally confined to the
neighborhood of jet streams—indeed the jet streams,
bent and distorted by planetary-scale waves, appear to
determine the paths followed by the storms (Nichaus,
1980, 1981; Fredericksen, 1978); (ii) The observed me-
ridional scales are typically so small as to contribute
significantly to the total horizontal wavenumber, which
in turn plays a major role in determining growth rate
and phase speed for baroclinic instabilities.

It is helpful to illustrate the latter effect immediately
with reference to the Charney problem. In this problem
one considers the stability of a flow consisting in a con-
stant homogeneous shear

U=uy+mz

and a constant static stability (or, more precisely, con-
stant Brunt-Viisild frequency),
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to perturbations of the form
‘p = \b( Z) eik(x—ct) e l'ly.

The solution to this problem (Charney, 1947; Kuo,
1979; Miles, 1964; Lindzen and Rosenthal, 1981; and
many others) yields growth rates, kc; and phase speeds

,c, as functions of « [the total horizontal wavenumber;

= (k* + 12)’/2] An example of such results for (c,
- uo) and ¢; is shown in Fig. 1. The results shown are
dimensional; characteristic values have been chosen
for m and N2 (e, m=205%X103sTand N> = 1.6
X 107* s7?). Commonly one interprets data solely in
terms of zonal wavenumber, k; relatedly, in Fig. 1, one
associates a with k, setting / = 0. This, however, is
unjustified. If meridional structure is determined by
the equator-pole distance, then / ~ 0.3; while if the
wave is confined by the mean jet, / ~ 1.6. Figure 2
shows growth rate, kc;, and relative phase speed, ¢,
— Uy, as functions of k for both these choices of / as
well as for / = 0

We see that the choice of / has a profound effect.
Indeed for the choice corresponding to “jet confine-
ment,” the “neutral point™ separating Charney from
Burger modes disappears and growth rates for small
values of k appear large. This is essentially the situation
described by Hoskins and Revell (1981).

The point of the above discussion is simply to em-
phasize the importance of meridional structure. The
remainder of this paper is devoted to a study of how
the meridional structure of the basic flow helps deter-
mine the meridional structure of the unstable waves.






