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ABSTRACT

The dynamics of the movement of an initially axisymmetric baroclinic vortex embedded in an environment
at rest on a beta plane is investigated with a three-dimensional primitive equation model. The study focuses on
the motion and evolution of an adiabatic vortex and especially the manner in which vertical coupling of a tilted
vortex influences its motion. The authors find that the vortex movement is determined by both the asymmetric
flow over the vortex core associated with beta gyres and the flow associated with vertical projection of the tilted
potential vorticity anomaly. The effects of vortex tilt can be large and complex. The secondary divergent cir-
culation is found to be associated with the development of potential temperature anomalies required to maintain
a balanced state. The processes involved strongly depend on the vertical structure, size, and intensity of the
vortex together with external parameters such as the earth rotation and static stability of the environment. As a
result, simple relationships between vortex motion and the vertical mean relative angular momentum are not

always applicable.

1. Introduction

It is well known that beta drift is a basic component
of tropical cyclone motion. Since this motion arises
from the interaction between the vortex circulation and
the planetary vorticity gradient, its study is of impor-
tance to vortex dynamics in general.

The barotropic dynamics of the beta gyres and beta
drift of tropical cyclone-scale vortices have been ex-
tensively investigated over the past few years (Elsberry
and Abbey 1991). An initially symmetric vortex in an
earth vorticity gradient will develop a pair of counter-
rotating gyres (beta gyres) due to Rossby wave dis-
persion and multiscale interaction (Holland 1983; Chan
and Williams 1987; Shapiro and Ooyama 1990; Smith
et al. 1990). These asymmetric gyres have horizontal
scales on the order of 1000 km and contribute to a
relative flow across the vortex core that causes it to
propagate poleward and westward (Fiorino and Els-
berry 1989a; Carr 1989; Peng and Williams 1990;
Smith and Ulrich 1990; Sutyrin and Flierl 1994). The
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outer vortex structure is instrumental in determining the
amplitude and orientation of the asymmetric gyres, but
there is very little sensitivity to the core region structure
or intensity (Holland 1983; DeMaria 1985; Fiorino and
Elsberry 1989b; Carr and Williams 1989).
Energetically, the beta gyres develop by extracting
kinetic energy from the symmetric circulation of the
vortex (Li and Wang 1994 ). This energy conversion
is associated with momentum advection and meridional
advection of planetary vorticity, with the latter being a
principal process for the generation of the asymmetric
circulation. The rate of asymmetric kinetic energy gen-
eration and gyre development increases with increasing
relative angular momentum of the symmetric circula-
tion. Li and Wang also found that, depending on the
initial vortex structure, vortices may follow a variety
of tracks ranging from a quasi-steady displacement to
an erratic or a cycloidal track. This is due to the evo-
lution of the beta gyres, which is characterized by de-
velopment/decay, gyration, and radial movement.
Simple three-dimensional models with idealized
conditions have recently been applied to the study of
tropical cyclone motion. One purpose is to compare the
motion response of the different layers when the cy-
clone has vertical structure. Considering the structure-
dependent role of the beta effect in the barotropic mod-
els, circulations at different layers of a baroclinic cy-
clone might be expected to propagate with different
velocities. However, Wang and Li (1992) used a 10-
level primitive equation model on a beta plane, with no






