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ABSTRACT

The energetics of a Southern Hemisphere cyclone wave have been analyzed using ECMWF data and the
results of a limited-area model simulation. An analysis of the energy budget for a storm that developed in the
eastern Pacific on 4-6 September 1987 showed the advection of the geopotential height field by the ageostrophic
wind to be both a significant source and the primary sink of eddy kinetic energy. Air flowing through the wave
gained kinetic energy via this term as it approached the energy maximum and then lost it upon exiting. Energy
removal by diffusion, friction, and Reynolds stresses was found to be small. The most important conclusion
was that, while the wave grew initially by poleward advection of heat as expected from baroclinic theory, the
system evolved only up to the point where this source of eddy energy and the conversion of eddy potential to
eddy kinetic energy (typically denoted “wa’) was compensated for by energy flux divergence (dispersion of
energy), mainly of the ageostrophic geopotential flux, v,¢. Energy exported in this fashion was then available
for the downstream development of a secondary system. This finding seems to differ from the results of studies
of the life cycle of normal-mode-type waves in zonal flows, which have been shown to decay primarily through
transfer of energy to the mean flow via Reynolds stresses. However, this apparent inconsistency can be explained
by the fact that while ageostrophic geopotential fluxes can also be very large in the case of individual normal
modes, the waves export energy downstream at exactly the same rate as they gain from upstream. The group
velocity of the 4-6 September storm, calculated from the ageostrophic geopotential height fluxes, showed
that the energy packet comprising the system had an eastward group velocity slightly larger than the time-mean

flow.

1. Introduction

Strong spring cyclones are common over the open
ocean in the Southern Hemisphere, occurring in several
identifiable active baroclinic zones and accompanied
by large poleward fluxes of heat. Because of the absence
of complicating factors such as topography and land-
sea contrasts, a detailed analysis of these storms could
provide an opportunity to study the life cycle and ener-
getics of wave disturbances from a more nearly ideal-
ized standpoint, particularly in terms of wave activity
and the advection, conversion, and radiation of wave
energy. In early September 1987, a storm over the
South Pacific Ocean developed rapidly into a deep cy-
clone on the periphery of Antarctica and was so intense
that the upward transport of low-ozone air to the tro-
popause on the eastern side of the trough produced a
very pronounced ozone minimum at that level over
the Palmer Peninsula (Orlanski et al. 1989). Orlanski
etal. (1991; hereafter referred to as OKMM ) discussed
the cyclogenesis that occurred when a disturbance in
the subtropics merged with a wave in the polar west-
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erlies. As the storm intensified, the subtropical and po-
lar jets merged, creating some poleward heat transports.
OKMM described this storm using a high-resolution
limited-area numerical simulation and suggested that
both barotropic and baroclinic processes were impor-
tant for development. In the present paper, the relative
importance of these processes in the life cycle of a
Southern Hemisphere cyclone wave is investigated.
Since the classical works by Charney (1947), Eady
(1949), and Kuo (1949) on the development of plan-
etary waves and the growth of cyclone-scale distur-
bances by baroclinic and barotropic instabilities of the
zonal flow, our understanding of the development of
these systems has improved greatly. Although com-
parison with the observed development of large-scale
midlatitude disturbances has unquestionably singled
out baroclinic processes as the most important mech-
anism in the generation of cyclonic disturbances, con-
siderable quantitative differences remain between the

" flows that are observed and the idealized flows used in

theoretical studies. More recently, zonal asymmetries
in the stability of mean flows (e.g., Simmons et al.
1983; Frederiksen 1983), interaction of upper-tropo-
spheric potential vorticity anomalies with preexisting
low-tropospheric cyclones (Hoskins et al. 1985), and
the destabilization of the flow by surface fluxes (Or-






