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ABSTRACT

The baroclinic instability of a frontal mean state is investigated using the WKBJ approximation. The results
are compared with numerical calculations performed on the same mean state. Excellent agreement ( within 5% )
is found for jets whose half-width is as small as a Rossby radius of deformation. For jets 20% broader, the

agreement is almost perfect.

1. Introduction

With the help of the WKBJ approximation Ioannou
and Lindzen (1986, hereafter IL) investigated the
spectrum and structure of waves growing on two-di-
mensional jets. Although the method presented was
general, it was applied to the stability of symmetric
barotropic jets superimposed, as perturbations, on the
model introduced by Eady (1949) and the model in-
troduced by Charney (1947). With this method it was
possible, with great economy, to determine the growth
rate of the first three meridional modes (first symmet-
ric, first antisymmetric, second symmetric) as well as
their back effect on the mean state. It was found that
the inclusion of a jet confined the instabilities merid-
ionally, thus internally determining the meridional
wave scale. Once this internally determined meridional
scale is taken into consideration, the stability results
correspond plausibly to the classical results without
a jet.

The calculations performed by Lin and Pierrehum-
bert (1988), using a fully numerical scheme confirmed
that the accuracy of the method presented is not limited
to the narrow range of asymptotic validity. The com-
parisons were made with the nonseparable Charney
problem.

Recently, Moore and Peltier (1989, hereafter MP),
in the context of investigations of the stability of frontal
mean states, developed a numerical scheme that makes
it possible to quantitatively establish the ranges of utility
of simpler asymptotic techniques. Specifically, they in-
vestigated techniques developed by Mclntyre (1970)
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and IL. They found good asymptotic accuracy with the
results of Mclntyre. On the other hand, MP claimed
that IL had grossly overestimated the maximal growth
rates. This claim is, in large measure, due to a misprint
in section 3 of IL. The expression for the Y-dependence
of the basic flow should have been

ud(Y) = (1+q¥Y?)7",
and not
u(Y)= (1 +qY»H1,

Moore and Peltier (1989) assumed that we had used
the second expression, which they then employed for
their numerical analysis. Thus, they were comparing
their results with our results for a different profile. In
addition, MP did not use the results of full WKBJ cal-
culations for their comparison; rather, they compared
their numerical results with results we obtained with
a cruder heuristic approximation that we had also in-
troduced. In this note, we present results for the WKBJ
approximation developed in IL applied to the same
profile used by MP, and compare these results for
growth rates with those computed by MP.! It will be
seen that for jets as broad as a Rossby radius of defor-
mation, the two approaches yield results within 5% of
each other. Indeed, for jets 20% broader than this the
results are essentially indistinguishable. For narrower
jets, the WKBJ results become progressively less ac-
curate. From the data analyses in Newell et al. (1972),
it appears that the ratio of the Rossby radius of defor-
mation to the jet half-width (Ros) is characteristically

! To normalize MP’s Egs. 3.1 and 3.3, we must multiply their Eq.
33 by 9/16-






