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ABSTRACT 

A two-layer semigeostrophic model is developed for cold fronts passing over a quasi-two­
dimensional mesoscale mountain ridge oriented north-south. A constant potential vorticity is 
assumed for the cold air in the lower layer, while a steady-state geostrophic flow is specified in 
the upper layer. A hyperbolic differential equation is derived for the movement of the surface 
cold front. As long as the topographic slope is not as steep as the frontal slope on the lee side 
of the mountain, this equation remains valid and can be integrated by following the character­
istic velocity which is expressed analytically in terms of the frontal position and the topography 
underlying the cold air. Solutions are obtained for two cases of different upper-layer geostrophic 
wind: southwesterly in case 1, and northwesterly in case 2. The topographic effects on the frontal 
evolution are examined in detail from a kinematic viewpoint in connection with the character­
istic velocity and from a dynamic viewpoint in connection with the geostrophic and ageostrophic 
components of the perturbation wind field in the cold air. It is shown that the frontal evolution 
can be roughly divided into two stages: the upslope stage and the downslope stage. During the 
upslope stage, the surface front moves on the upstream side of the mountain, the cold air layer 
becomes shallower over the mountain, and the perturbation geostrophic flow is curved anticyc­
lonically under the constraint of potential vorticity conservation. During the downslope stage, 
the surface front moves on the lee side of the mountain, the front becomes steep, and the 
perturbation geostrophic flow becomes strong and fairly parallel to the distorted front. As the 
frontal-wave propagates further downstream, leaving behind an· anticyclone associated perman­
ently with the topography, the transient and long-term effects of the topography on the flow 
field are essentially decoupled. Noticeable differences in the frontal evolution between the two 
cases are revealed. 

1. Introduction 

In recent years, much research has focused on 
issues related to front movement over complex 
terrain. Observations of cold fronts passing the 
Alps have been analyzed by many authors (Buzzi 
and Tibaldi, 1978; Steinacker, 1981, 1983; Davies, 
1986; Hoinka, 1986). More recently, Hoinka and 
Heimann (1988) described the channeling effect of 
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the Pyrenees on a cold front using high resolution 
surface data, and showed that the surface front is 
trapped significantly in the vicinity of the moun­
tains. In addition, the southerly buster, a unique 
phenomenon in the coastal regions of south east­
ern Australia, seems to be associated with the 
deformation of a cold front interacting with local 
mountains (Baines, 1980; Colquhoun et al., 1985; 
Garratt et al., 1989). 

There have also been considerable theoretical 
and numerical studies concerning topographic 
effects on cold fronts (Bannon, 1984; Davies, 1984; 




































