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ABSTRACT

The transient behavior of an idealized dry frontal system is investigated using a two-dimensional numeri-
cal model. The development of a cross-stream circulation within stationary and moving cold fronts is
determined for various frontal and synoptic conditions. In the stationary front, a circulation is generated by
symmetric baroclinic instability, but nonlinear effects restrict this circulation to remain very weak. In the
moving cold front, the vertical shear of the synoptic wind which advects the front produces an ageostrophic
residue as a result of the differential advection of the vertical shear of the frontal jet and the horizontal
temperature gradient across the front. This residue, which depends upon the vertical synoptic shear and the
thermal wind structure of the frontal system, will generate a cross-stream circulation which maintains the
cold front in a quasi-steady state. The resulting motion field is described well by the streamfunction balance
equation. The lifting produced by the cross-stream circulation in the moving cold front system may be
sufficient to trigger deep convection under favorable conditions in the moisture and synoptic wind fields.

1. Introduction

After the enlightening papers of Bjerknes and his
collaborators (1919, 1936) on the theory of polar fronts,
many investigations have been published which deal
with frontal structure and evolution, including observa-
tional, theoretical and numerical studies (e.g., Sanders,
1955 ; Hoskins and Bretherton, 1972; Williams, 1967).
Most theoretical and numerical work has concentrated
on problems of frontogenesis. In these cases, solutions
are achieved in which initially smooth baroclinic zones
are distorted to form a frontal zone through an imposed
synoptic deformation field. However, although these
frontogenesis investigations are successful in explaining
frontal formation, they do not provide a complete pic-
ture of the circulation within a fully developed front
after frontogenesis has occurred. Williams (1974) con-
siders the generation of such a steady-state circulation
by including diffusion effects in a numerical model of a
developing front which was produced by a deformation
field. An understanding of such cross-stream frontal
circulation is important, not only because of its rele-
vance to the basic dynamics of the frontal system, but
also because of its role as a triggering mechanism for
mesoscale convective phenomena such as prefrontal
squall lines.

In the present paper, we will not be concerned with
the formation of fronts but rather will assume that a
mature frontal system has already formed with the
associated jet initially in geostrophic balance with the
temperature field. We will then study the influence of
cross-stream (directed perpendicular to the jet) hori-
zontal advection upon the dynamics of this front.

Our interests will be somewhat similar to those of
Sawyer (1956) and Eliassen (1962) in that we will seek
to determine a quasi-steady circulation which develops
within the frontal system, but our analysis will differ
from theirs in that we will employ an unsteady, non-
geostrophic numerical model which does not assume
time invariance or quasigeostrophy.

Our treatment of this problem as an initial value
problem will allow inertial-gravity waves to be gener-
ated as the model responds to the given initial condi-
tions. However, the use of open boundary conditions
on the side boundaries of the model will permit propa-
gating waves to escape from the numerical domain. This
will then allow the frontal system to evolve to an
approximate steady state (reasons for expecting such
a steady-state solution will be given in Section 4) with
transitory motions superimposed upon it which are
maintained by ageostrophic effects within the front.
Such oscillations will not necessarily be correlated with
the initial conditions.

Unsteady numerical solutions will be presented and
discussed for different initial frontal conditions, includ-
ing the intensity and configuration of the frontal jet
wind field, and for different initial profiles of the
synoptic wind directed across the front. The evolution
of the frontal systems will then be investigated for these
different cases in order to relate the characteristic
circulation within the front to these synoptic and
frontal features.

The numerical model as well as the boundary and
initial conditions used will be described in Section 2.
The numerical solutions obtained for different synoptic






