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ABSTRACT

The beta drift of diabatic vortices is investigated with a three-dimensional primitive equation model with
simple physical parameterizations. The vertical coupling mechanism discussed in Part I is extended to include
the effects of diabatic heating and moist processes. The results show that the motion and evolution of the diabatic
vortices can substantially differ from those of adiabatic vortices.

The anticyclone at the upper troposphere tends to propagate equatorward and westward due to the Rossby
wave dispersion. But the continuous regeneration of an anticyclonic PV anomaly by diabatic heating keeps the
upper-level anticyclone in a band stretching from the vortex core to several hundred kilometers equatorward and
westward. Downward penetration of the circulation associated with these anticyclonic PV anomalies reduces the
westward motion of the diabatic vortices by the vertical coupling mechanism discussed in Part L. This also rotates
the lower-level beta-gyres anticyclonically, resulting in a more poleward asymmetric flow over the lower-level
vortex core. As a result, diabatic vortices with a deeper and stronger outflow-layer anticyclone move in a more
poleward direction than do the equivalent adiabatic baroclinic or barotropic vortices.

The asymmetric divergent flow associated with convective asymmetries within the vortex core region deflects
the vortex center toward the region with maximum convection. Evolution of both the asymmetric convection
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and the vertical coupling may result in meandering vortex tracks.

1. Introduction

In part I (Wang and Holland 1996, hereafter referred
to as WH), the motion and the evolution of adiabatic
baroclinic vortices on a beta-plane in an environment
at rest (the so-called beta-drift) have been studied with
a three-dimensional primitive equation model. It has
been found that an initially symmetric baroclinic vortex
first experiences an equatorward vertical tilt due to the
differential beta-effect propagation, which decreases
with height. As soon as the tilt develops, the tilted axis
will rotate cyclonically relative to the surface vortex
center due to the flow associated with the vertical pro-
jection of the circulation associated with the vertically
tilted potential vorticity (PV) anomalies. The resultant
movement of the vortex (the beta drift) is thus deter-
mined not only by the asymmetric flow over the vortex
core due to the beta gyres, but also by the flow asso-
ciated with the vertical projection of the tilted PV
anomalies. These results seem to be applicable to real
tropical cyclones, which tilt in the vertical due to either
vertically sheared environmental flow or loss of con-
vection in the core region.

However, the strong convection that occurs in the
core region of a tropical cyclone can sustain a vertical
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structure against the tilting effects of the external ver-
tical shear. Wang and Li (1992) suggested that vertical
coupling by convective heating might maintain an in-
tegral circulation system with cyclonic vorticity below
and anticyclonic vorticity aloft. In this case, the beta-
drift tendency due to upper anticyclonic circulation
would partially cancel the beta-drift tendency due to
the lower-level cyclonic circulation. The beta drift of
real storms could thus substantially differ from that of
a deep barotropic vortex, or a dry baroclinic vortex.
However, in a three-layer model in which the boundary
drag, convective heating, and momentum transports
were included, Shapiro (1992) found that although the
upper-layer anticyclone developed a pair of counter-
rotating beta-gyres of the opposite sense to those in the
middle layer, which tended to advect the lower portions
of the vortex equatorward, this effect was small com-
pared to the poleward advection by the middle-layer
gyres.

Flatau et al. (1994 ) used a specified heat source fol-
lowing the minimum surface pressure center to ap-
proximate the convective heating in tropical cyclones
in a five-level primitive equation model. The motion of
the diabatic vortex was compared with that of an adi-
abatic vortex. In contrast to Wang and Li’s (1992) sug-
gestion, the coupling caused by diabatic heating
slightly increased the poleward speed. Flatau et al. con-
cluded that the interaction between the upper and lower
layers of the vortex reduced the westward speed of a
cyclone, rather than the meridional speed.






