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ABSTRACT

The 48 h evolution of an observed cold front is simulated by a three-dimensional mesoscale-numeric_al
mode! for a typical springtime synoptic situation over the southeastern United States. The mgdcl !Jsed in
this study employs anelastic equations of motion on a limited-area domain with locally determined inflow/
outflow side boundaries.

Both the observed and simulated characteristics of the weather system indicate a mature front which
intensifies and then weakens over the 48 h period. Moist convection occurs in the form of intermittent squall
lines in the observed case; in the numerical simulation, convection develops above and somewhat ahead of
the surface front after 24 h as an ensemble of convective cells.

An investigation is made of the mesoscale and subsynoptic-scale features of this solution to determine
their sensitivity to the inclusion of moisture and to the magnitude of the eddy viscosity used in the numerical
simulation. The primary effect of increased eddy viscosity is to reduce somewhat the propagation speed of
the front. The major changes due to moisture inclusion occur when convection develops along the cold front;
these convective effects, which are apparent in the subsynoptic as well as the mesoscale features of the
solution, include increased low-level convergence, reduced surface pressure due to diabatic heating, and the
deflection of winds due to upper-level divergence. In addition, small temperature changes occur in the middle
troposphere between the jet stream and the surface front when either viscosity or moisture is varied; these
disturbances are a clear manifestation of the effect which changes in the cross-stream circulation intensity
have upon the frontal system.

A fundamental feature of the mesoscale structure of the front in all cases is the tendency of the line of
maximum horizontal convergence at the surface to move ahead of the line of maximum vertical vorticity.
This phase shift appears to be related to the propagation characteristics of the frontal system. Also, the
mesoscale moist convection develops a cellular structure throughout the convective zone in the low-viscosity
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solution; the use of higher viscosity tends to suppress these cells, particularly near the surface.

1. Introduction

Since the early 1970’s, major advances have been
made in our understanding of frontogenetic processes
in baroclinic waves, largely through the work of
Hoskins (1971), Williams (1967), and others. At the
same time, however, only limited progress has been
achieved in describing the dynamic balances. which
characterize mature fronts. The fundamental ques-
tion to be considered regarding the dynamics of such
fronts is, what changes in the developing cold front
inhibit further frontogenesis and produce a balanced,
steady-state condition?

Simplified dynamic models with idealized initial
conditions indicate that dissipation and surface fric-
tion are required to offset frontogenetic terms such
as the vertical stretching of vorticity near the surface
and thereby to produce a balanced state. In partic-
ular, Hoskins and West (1979) rely upon dissipative
effects to limit frontal development in their three-
dimensional simulations of cold and warm fronts
using a semi-geostrophic system of equations. As the
work of McWilliams and Gent (1980) and Blumen

(1980) suggests, these semi-geostrophic equations
may fail to simulate certain ageostrophic effects in
the frontal dynamics. These effects may be as im-
portant as dissipation in balancing frontogenetic pro-
cesses during the later stages of cold-frontal devel-
opment. For example, Orlanski and Ross (1977) have
shown in a two-dimensional numerical solution that
the cross-stream circulation within the frontal system
may also retard further frontal intensification when
this circulation reaches a finite amplitude. It there-
fore seems appropriate to use a primitive-equation,
three-dimensional numerical model to simulate an
observed cold front case in order to determine
whether other ageostrophic mechanisms besides dis-
sipation act to balance frontogenetic effects.

Proper representation of the ageostrophic circu-
lation is important not only because of its signifi-
cance to the dynamic balance of the mature front
but also because of its relevance to the development
of prefrontal moist convection (Ross and Orlanski,
1978, referred to hereafter as RO). In particular,
this circulation may imply when and where frontal
rainbands occur within the frontal system. Recent






