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ABSTRACT

The equilibration of two-dimensional baroclinic waves differs fundamentally from equilibration in three
dimensions because two-dimensional eddies cannot develop meridional temperature or velocity structure, It
was shown in an earlier paper that frontogenesis together with diffusive mixing in a two-dimensional Eady wave
brings positive potential vorticity (PV') anomalies deep into the atmosphere from both boundaries and allows
the disturbance to settle into a steady state without meridional gradients. Here we depart from the earlier
explanation of this equilibration and associate the PV intrusions with essentially the same kind of vortex “roll-
up” that characterizes the evolution of barotropic shear layers.

To avoid subgrid turbulence parameterizations and computational diffusion, the analogy is developed using
Eady’s generalized baroclinic instability problem. Eady’s generalized model has two semi-infinite regions of
large PV surrounding a layer of relatively small PV. Without boundaries, frontal collapse, or strong diffusion
the model still produces equilibrated states, with structure similar to the vortex streets that emerge from unstable
barotropic shear layers. The similarity is greatest when the baroclinic development is viewed in isentropic
coordinates. The contrast between the present equilibrated solutions, which exhibit no vertical tilt, and Blumen'’s

diffusive frontogenesis model, which allows the wave to retain its phase tilt, is briefly discussed.

1. Introduction

The finite-amplitude equilibration of two-dimen-
sional baroclinic waves was described and analyzed by
Nakamura and Held (1989, hereafter NH) using a
primitive equation numerical model and Eady’s basic
state. According to semigeostrophic theory (Hoskins
and Bretherton 1972), an unstable Eady wave should
grow exponentially until the time of frontal collapse,
when the standard theory becomes invalid. Thereafter,
according to NH’s numerical solutions, the vertical
phase tilt responsible for growth begins to decrease and
the eddy energy stops growing. To explain this equil-
ibration, NH noted that the net effect of diffusion is to
increase the zonal-mean potential vorticity (PV) at all
levels. In semigeostrophic dynamics, the ambient PV
controls wave growth through its effect on the depth
of influence of boundary anomalies and on the ability
of the anomalies to counterpropagate against the
shear. The analogous dependence on ambient static
stability was invoked by Gall (1976) in his proposed
quasigeostrophic equilibration scenario. Based on the
semigeostrophic dynamics, NH attributed the ter-
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mination of wave growth indirectly to the increase in
zonal-mean PV,

It is clear from NH’s results that the generation of
positive PV anomaly in Eady life-cycle simulations is
due to horizontal diffusion of heat in occluding frontal
zones. The possibility that frontogenesis could be the
primary agency for baroclinic wave equilibration was
mentioned earlier by Orlanski (1986), although his
specific mechanisms involved energy dissipation
through turbulence or nongeostrophic waves, rather
than PV generation. While there is little doubt that PV
generation is involved in the equilibration, we see two
problems with the final part of NH’s explanation. Both
of these are evident in the PV field, shown in Fig. 1,
near the time of maximum eddy energy.! First of all,
the positive PV anomaly has not become homogenized
enough to have produced a global change in the internal
depth scale by the time the wave has begun to equili-
brate. Second, the separation between the rigid bound-
aries is probably dynamically irrelevant once tongues
of large PV extend well inside the domain. By then,
the PV tongues themselves can interact with each other.

A more appropriate—and in many ways simpler—

! The evaluation of Ertel potential vorticity for this figure corrects

‘a quantitative error in NH.






