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Introduction

Juckes raises several points, which we will attempt
to address in turn. It might be helpful to begin with an
overview of the main point of our paper (Polvani et al.
1995, hereinafter PWP).

Following the observational diagnostic work of
Mclntyre and Palmer (1983) and the modeling studies
of Juckes and Mclntyre (1987) and others, we have
come to understand the formation of a sharp poleward
‘‘edge’’ to the stratospheric surf zones as a direct con-
sequence of the termination at those edges of the break-
ing of quasi-stationary Rossby waves. As Mclntyre
(1990) speculated, it seemed likely that there should
be some similar kind of edge in the subtropics since it
is well known that quasi-stationary waves cannot prop-
agate deep into tropical easterlies. Given the now over-
whelming evidence that such an edge—manifested
most clearly in sharp gradients in trace gases and vol-
canic aerosols (Grant et al. 1996, and references
therein) —really does exist in the subtropical strato-
sphere, it was our intention to clarify the underlying
dynamics.

What we found was, at first sight, surprising. In some
circumstances a sharp subtropical edge formed in the
model, in others it did not. In the latter cases, even
though the topographic forcing was (after a brief initial
adjustment) stationary, wave breaking was occurring
throughout the tropical easterlies. ( As Juckes notes, the
model dynamics ensure the development of tropical
easterlies, even if they are not present initially.) What
was happening—this point was emphasized in PWP,
but seems not to have been appreciated by Juckes in
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his comment—is that breaking of quasi-stationary
waves within the surf zone produces secondary, tran-
sient waves, which are then able to propagate into, and
break within, the easterlies. In cases in which a sharp
edge did form, these waves were still present, but did
not break in the Tropics. Similar behavior has recently
been found in a three-dimensional model by O’Sullivan
and Chen (1996).

Dependence on the wind profile

The appearance of the transients complicates theo-
retical analysis of the dynamics of edge formation.
Breaking of small-amplitude waves will concentrate
around the critical line where the mean zonal wind i
= ¢, the wave’s phase speed. Although stratospheric
planetary wave amplitudes are far from small, the ex-
tent of the surf zone is still likely to be determined by
the location of the critical points where the total flow
is stationary with respect to the wave (e.g., Polvani and
Plumb 1992). One therefore expects that the primary,
stationary wave will be sensitive to the mean wind and,
in particular, that breaking will not extend deep into the
tropical easterlies. This is consistent with what we
found in PWP: the subtropical edge of the main surf
zone—the strongly turbulent region dominated by
breaking of the stationary wave-—was located a little
equatorward of the transition from westerlies to east-
erlies in the mean flow.

That, however, was not the main issue in PWP.
Rather, we were concerned with the sharpness of the
subtropical edge and its efficiency as a barrier to trans-
port. While the location of this edge may have been
determined by the primary, stationary wave, it was, as
noted above, the breaking of the secondary transients
that determined the edge sharpness. For such waves, &
- ¢ is not simply a function of the local winds since ¢
(or the range of its values) is likely to be sensitive to






