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ABSTRACT

With the use of a simple primitive equation model, it is demonstrated that the convergence/divergence of
ageostrophic geopotential fluxes can be a major source/sink of kinetic energy for both downstream and upstream
development of baroclinic waves, and can play a dominant role during the early stages of wave development.
It is also shown that both surface friction and 8 effects lead to an asymmetry in the upstream versus downstream
development, with downstream development much stronger. A total group velocity is defined based on ageo-
strophic fluxes, and its relationship to the rate of wave packet spreading and to convective and absolute instability

is discussed.

1. Introduction

Recently, Orlanski and Katzfey (1991, hereafter
OK)) examined the life cycle of a strong cyclone that
developed over the South Pacific in early September
1987. 1t was found that the downstream dispersion of
energy by the ageostrophic geopotential fluxes was the
primary reason that the cyclone ceased to grow, and
that the energy transported downstream acted as a trig-
gering mechanism for the growth of a new downstream
disturbance. This result differed significantly from those
of previous studies on the life cycle of baroclinic waves.
In a study of nonlinear evolution of baroclinic waves

" from normal-mode initial conditions, Simmons and
Hoskins (1978) showed that the waves decayed pri-
marily through transfer of eddy energy to the mean
flow. However, normal-mode studies are not com-
pletely realistic in the sense that they require the si-
multaneous growth and decay of a number of identical
waves over the globe. The complementary, and some-
what more realistic, problem of downstream devel-
opment of baroclinic Rossby waves traveling as a time-
dependent wave packet has received relatively less at-
tention.

Simmons and Hoskins (1979, hereafter SH) studied
the response of a baroclinically unstable atmosphere
to a localized initial perturbation. They found that dis-
turbances grew both downstream and upstream of the
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initial disturbance. They also found that the growth
rate of the downstream disturbances was larger than
that of the fastest-growing normal mode, and that the
upper-level maximum of the disturbances was reached
earlier than the surface maximum, from which they
concluded that there might be some form of down-
stream dispersion of energy. However, they did not
analyze the energetics of the process and did not study
this energy dispersion in detail. In the present study
we will concentrate on the energetics of downstream
and upstream development.

In this paper, we examine further the processes in-
volved in the local transfer of energy, particularly the
role of the ageostrophic fluxes, which are shown to be
important in OK, in an idealized setting using numer-
ical simulations of a simple primitive equation model.
The basic state, the initial perturbation, and the char-
acteristics of the numerical model are described in sec-
tion 2. In section 3, the eddy kinetic energy equation
is derived. Section 4 presents the results of linear ex-
periments for both the Eady case and the jet case on
an fplane, as well as effects of 8. Nonlinear results are
discussed in section 5. The relationship between energy
dispersion and absolute and convective instability is
presented in section 6, and the conclusions are found
in section 7.

2. Experiment description

A numerical model has been used to study the re-
sponse of two basic flows to an initial perturbation, in
both linear and nonlinear simulations, and for both f-
plane and B-plane approximations. This section de-
scribes the characteristics of the model, the basic flows






