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ABSTRACT 

Upper-level frontogenesis in an inviscid, dry and adiabatic fluid forced by confluence is 
investigated by means of a two-dimensional semi-geostrophic model using the specific volume 
as· an isentropic vertical coordinate. The initial conditions are specified given an analytical 
continuous potential vorticity field in the presence of a temperature contrast at the ground, the 
lower boundary condition requiring an appropriate treatment because the ground intersects the 
first levels of the model. The paper has concentrated on the role of the horizontal variations of 
low and middle tropospheric potential vorticity in the intensification of the upper-level jet-front 
system. Destabilization of the cold air mass relative to the warm air mass yields an appreciable 
increase of the strength of the upper-level jet. Several meteorological situations characterized by 
such variations of static stabilities have been described elsewhere. 

1. Introduction 

Much theoretical work has been done using the 
geostrophic momentum approximation on some 
idealized atmospheric states to study surface as 
well as upper-level frontogenesis. From the work 
of Hoskins and Bretherton ( 1972) , Ertel potential 
vorticity (PV) appeared as the key ingredient of a 
semi-geostrophic description of frontogenesis. In 
the earliest models (Hoskins,1971 ), frontogenesis 
occurred in a constant PV fluid and in a two-layer 
fluid. Further idealized PV fields taking into 
account the presence of a deformable tropopause, 
the continuity of PV distribution between tropo­
sphere and stratosphere and ground-surface 
temperature contrasts, were proposed to obtain 
more realistic descriptions of upper-level fronto­
genesis. Restricting ourselves to two-dimensional 
dry frontogenesis, it appears that pure confluence 
models (Hoskins, 1971; Hoskins and Bretherton, 
1972; Gidel and Shapiro, 1979; Buzzi et al., 1981; 
Moore, 1987), characterized by large-scale time­
independent height-independent hyperbolic defor­
mation flow, yield moderate upper-level fronts and 
a direct circulation in the neighborhood. Moore 
(1987) showed that the inclusion of an appropriate 
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localized perturbation in the region of the jet 
results in the intensification of the upper-level 
front. Recently, Fulton and Schubert ( 1991 ), using 
an isentropic coordinate model, produced a quite 
realistic upper-level front as well as the beginning 
of tropopause folding. in a second class of models, 
referred to as horizontal shear models, the large 
scale forcing proceeds by means of the vertical 
component of vorticity rotating the along-front 
temperature gradient. Using a hierarchy of 
numerical models, Reeder and Keyser (1988) 
showed that, in the presence of a strong shear, 
either the anelastic approximation or the 
geostrophic momentum approximation models 
lead to reinforced upper-level fronts and locate 
the maximum of subsidence in the neighborhood 
of the upper-level front on the warm side of the 
vorticity maximum. These results are in agreement 
with the arguments developed by Shapiro (1981). 
The same conclusions were drawn from a primitive 
equation model by Keyser and Pecnick (1985). 

In this paper, we shall consider the frontal zone 
resulting from a continuous distribution of poten­
tial vorticity, including a variable depth of the 
tropopause and a surface temperature gradient on 
the ground, here assumed horizontal. We shall be 


















