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ABSTRACT

The question of convective (i.e., spatial) instability of baroclinic waves on an f-plane is studied in the context
of the two-layer model. The viscous and inviscid marginal curves for linear convective instability are obtained.
The finite-amplitude problem shows that when dissipation is O(1) it acts to stabilize the waves that are of Eady
type. For very small dissipation the weakly nonlinear analysis reveals that at low frequencies, contrary to what
is known to occur in the temporal problem, in addition to the baroclinic component a barotropic correction
to the “mean” flow is generated by the nonlinearities, and spatial equilibration occurs provided the ratio of
shear to mean flow does not exceed some critical value. In the same limit, the slightly dissipative nonlinear
dynamics reveals the presence of large spatial vacillations immediately downstream of the source, even if asymp-
totically (i.e., very far away from the source) the amplitudes are found to reach steady values. No case of period
doubling or aperiodic behavior was found. The results obtained seem to be qualitatively independent of the

form chosen to model the dissipation.

1. Introduction

In recent years, much attention has been given to
the question of absolute instability of baroclinic flows.
Thacker (1976) investigated the familiar two-layer
model in the context of Gulf Stream meander growth,
and Merkine (1977) revisited the same problem in
connection with cyclogenesis. More recently, Farrell
(1982, 1983) and Pierrehumbert (1986) have examined
the question for the Charney problem (Charney 1947).

The heart of the matter is the response of a stratified
rotating fluid to a localized source of perturbations. If
the perturbations are found to decay in time, the system
is said to be stable. If the perturbations grow, two sit-
uations are possible. In the case of convective instability
a disturbance will grow as it moves away from the
source but will propagate faster than it spreads so that
at any given point in space the response will vanish
after a long enough time. Alternatively, when the sys-
tem is absolutely unstable, an initial disturbance will,
at any given point, grow faster than it moves away
from that point, with the net result being that the re-
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sponse of the system will amplify with time at every
point in space.

For perturbations that are independent of the me-
ridional coordinate, the two-layer model on an f-plane
was found by Thacker (1976) to possess absolute in-
stability when the ratio of the shear to the mean flow
exceeds the value of 1 /16. Merkine (1977) extended
this result to include disturbances with meridional
variations and derived an approximate condition for
absolute instability. If / is the meridional wavenumber,
F the Froude number of the system and

n=W— V)V + V),

where V| and V), are the dimensional mean zonal ve-
locities in the upper and lower layer respectively, the
two-layer model is absolutely unstable for

7> Q- PR~ (1.1)

However, for the Charney problem, in the case when
the surface velocity is greater or equal to zero, Pierre-
humbert (1986) has shown that no absolute instability
is present. This would suggest that the presence of ab-
solute instability may only be a property of the two-
layer model, and that spatially growing modes, which
are the consequence of convective instability, may in
fact play a more important role than previously
thought. .

In the two-layer model, as Merkine (1977) points
out, the spatial modes possess several properties that
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