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ABSTRACT

We use the distribution of Ertel’s potential vorticity (PV) on the 850 K isentropic surface to establish a
climatology for the transient evolution of the planetary scale circulation in the Northern Hemisphere winter
midstratosphere. We compute PV distributions from gridded NMC daily temperature and height maps for the
10 and 30 mb levels, and show that a very good approximation for 850 K PV can be derived from 10 mb
heights and temperatures alone. )

We assume that reversals of the latitudinal gradient of PV, localized in longitude and latitude may be regarded
as signatures of planetary wave breaking. Wave breaking identified by such signatures tends to occur mainly in
the vicinity of the Aleutian anticyclone, with a secondary maximum over Europe. The area of the polar vortex,
defined as the area enclosed by PV contours greater than a certain critical value, is strongly influenced by wave
breaking. Erosion of the polar vortex due to transport and mixing of PV leads to a preconditioned state, when
defined in terms of vortex area, that always occurs prior to major stratospheric warmings.

During winters with little PV transport or mixing, the vortex area evolves rather uniformly in response to
radiative forcing. During winters with major sudden warmings, the wave breaking signature as defined here first
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appears at low values of PV, then rapidly moves toward higher values as the vortex area is reduced and the

“surf-zone” structure becomes well defined.

1. Introduction

Matsuno (1971) showed by numerical experiment
that sudden stratospheric warmings, which occur in
the Northern Hemisphere winter stratosphere, can be
largely explained on the basis of mean zonal flow de-
celerations driven by planetary waves propagating from
the troposphere into the polar stratosphere. Although
Matsuno’s explanation quickly became the accepted
theoretical paradigm for the sudden warming phe-
nomenon, it was recognized that not every case of en-
hanced wave propagation into the stratosphere leads
to a sudden warming, so that relating the occurrence
of warmings to particular tropospheric precursors has
remained a rather elusive goal.

An appealing explanation for the observed weak re-
lationship between enhanced wave propagation into
the stratosphere and the development of sudden
warmings was offered by McIntyre (1982) in a pro-
vocative essay on the nature of sudden warmings,
bringing together suggestions by Quiroz et al. (1975),
Dunkerton et al., 1981, Kanzawa (1982) and Palmer
(1981). MclIntyre suggested that for a reversal of the
mean zonal wind (and related warming) to occur in
the polar region it was necessary not only to have en-
hanced planetary wave propagation into the strato-
sphere, but to have the stratospheric vortex in an
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anomalous “preconditioned” state that would cause
the wave EP flux to be focused into high latitudes. Such
a preconditioned state is characterized by a tight polar
vortex (not necessarily centered on the pole) marked
by strong potential vorticity (PV) gradients, surrounded
by a broad latitudinal belt of weak PV gradients.
MclIntyre also pointed out that the latter could act as
a reflector, as suggested by nonlinear critical layer the-
ory, despite the breakdown of linear Rossby wave the-
ory (and associated concepts like the refractive index).
Such reflection gives rise to the possibility not only of
focusing but also of self-tuning resonant wave ampli-
fication in some ways similar to the mechanism sug-
gested by Plumb (1981). This suggests that analysis of
the distribution of PV and its temporal evolution is a
logical approach to the diagnosis of sudden warmings.

The use of PV as a stratospheric diagnostic is based
mainly on two principles. The first is that PV is a quasi-
conservative tracer of air motion along isentropic sur-
faces and the second is that the global PV distribution,
together with the stipulation of an appropriate basic
static stability, balance conditions and boundary con-
ditions, completely defines the flow. (See Hoskins et
al., 1985, for details.)

Potential vorticity is defined as

=%(VXu+29)-V0 (1)

where V is three-dimensional, p is air density, Q is the
earth’s rotation, and 6 is any function of specific en-






