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ABSTRACT

An idealized primitive equation model is used to determine the factors controlling the dynamics and mainte-
nance of eddy activity in a storm track. The results show that localized regions of enhanced baroclinicity do
not necessarily lead to localization of eddy activity. By studying the energetics of the storm track, it is shown
that while baroclinic conversion does indeed correlate with the region of maximum baroclinicity, it is the
downstream radiation of energy through the ageostrophic geopotential fluxes which acts as a trigger for the
development and maintenance of eddy activity over less baroclinic regions, extending the region of eddy activity
much further downstream from the region of high baroclinicity. Examples of eddy life cycles are given that
show that convergence and divergence of ageostrophic fluxes can dominate baroclinic and barotropic conversion,
especially in regions with weak baroclinicity. Factors that may limit the zonal extent of a storm track are
discussed. Evidence of downstream development over the wintertime Pacific storm track based on analyses of

ECMWEF data is also shown.

1. Introduction

The existence of latitudinally and longitudinally
confined storm tracks in the Northern Hemisphere
winter over the Pacific and Atlantic in the midlatitudes
has been well documented | for example, see Blackmon
(1976); Lau and Wallace (1979); and more recently
Wallace et al. (1988); see also Fig. 13]. Storm fre-
quency maxima occur just downstream of the region
of maximum land-sea contrast off the east coast of the
continents, where diabatic heating by the warm ocean
leads to enhanced baroclinicity in the atmosphere. It
seems reasonable to assume that the existence and lo-
cations of the storm tracks is somehow related to the
existence of these strongly baroclinic regions.

One commonly used measure of the baroclinicity of
the atmosphere is the maximum Eady growth rate
(Eady 1949; Hoskins and Valdes 1990):

opr = 0.31f (1.1)
Using ECMWF data, Hoskins and Valdes (1990)
showed that the location of regions of high baroclinicity
over the mean Northern Hemisphere winter conditions
correlate very well with regions of high eddy activity.
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They thus concluded that the time mean flow is con-
sistent with the existence of the storm track. Using a
model linearized about the zonal flow, Hoskins and
Valdes computed the steady response of the atmosphere
to eddy forcing by eddy heat fluxes, eddy momentum
fluxes, and diabatic heating. From their experiments,
they showed that diabatic heating is essential to the
maintenance of the high baroclinicity over the storm
track region and thus is essential to the maintenance
of the storm track. They further argued that since the
diabatic heating over the storm track regions is caused
by horizontal and vertical displacements associated
with individual storms, the storm tracks can, in that
sense, be considered self-maintaining.

If we examine the results of Hoskins and Valdes
(1990) closely, we can see that while the regions of
maximum diabatic heating are located more or less
over the western boundary currents of the oceans, the
regions of maximum eddy activity actually are located
downstream of those regions and extend quite some
distance downstream into regions of lower baroclin-
icity. While diabatic heating clearly acts to maintain
the baroclinicity of the regions directly over the
boundary currents, the precise reasons for the down-
stream extension of the storm track over less baroclinic
regions is not completely explained.

The problem of baroclinic instability of zonally
varying flows has been studied by Pierrchumbert
(1984) using a linear two-layer quasigeostrophic model.
From his linear studies, he concluded that for infinite






