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ABSTRACT 

This paper presents simulations of a front which passed the coast between the North Sea and 
northern Germany and thereby experienced some modifications of its mesoscale characteristics. 
The event was observed during the field experiment FRONTEX'89. The two-dimensional non­
hydrostatic simulations presented in this paper resemble some of the observed characteristics 
and yield a detailed description of the evolution of the surface front. Over the sea several narrow 
frontal rain bands develop in the boundary layer which becomes unstable due to the increasing 
sea surface temperature near the coast. The rain bands move forward relative to the the front due 
to the cross frontal circulation which is enhanced by the release of latent heat in the ascending 
warm air and by the cooling of the cold air below by evaporating precipitation. Over the heated 
land surface a sea-breeze front develops ahead of the synoptic-scale cold front. The strong frontal 
gradients of the sea-breeze front mask the broader frontal zone of the cold front at the ground. 
The sea-breeze front triggers deep convection ahead of the cold front in the afternoon and takes 
over all characteristics of the synoptic-scale front in the evening. The simulations show the 
mechanisms that caused the observed evolution and modification of the synoptic-scale cold 
front. They emphasize the strong influence of the surface heat fluxes on the characteristics of 
fronts on the mesoscale. The most important feature of the numerical model, necessary for the 
proper representation of the frontal characteristics on the mesoscale, is its high resolution. The 
simulations are restricted by the difficulties of finding an initial state and appropriate boundary 
conditions so that the results fit the observations for a long time period and that spin-up 
problems are avoided. 

1. Introduction 

The evolution of sharp surface fronts from 
large-scale baroclinic zones is. described by the 
semigeostrophic theory (Hoskins and Bretherton, 
1971 ). The theory predicts the generation of dis­
continuities at the ground by the frontogenetic 
cross-front ageostrophic flow caused by the distur­
bance of the thermal balance by a geostrophic 
deformation or shear field. Strong surface fronts 
are observed with a scale of 1 km or less (Shapiro 
et al., 1985 ), but there remain a lot of questions 
regarding the mechanisms responsible for specific 
mesoscale features. 
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The generation of strong surface fronts forced by 
a geostrophic deformation field has been obtained 
in high-resolution numerical simulations based on 
the primitive equations. (Gall et al., 1987). This 
simulations do not show any limitation in the 
development of the frontal zone to a discontinuity 
besides the grid size of the numerical model. Yet 
the simulated frontal patterns are not very similar 
to observed ones. It was proposed that turbulent 
mixing should be an important process that limits 
the cross-front scale of the surface front (Emanuel, 
1985 ). Indeed numerical simulations of fronts 
driven by a geostrophic shear field with a param­
eterization of the turbulent fluxes in the boundary 
layer show more realistic features (Keyser and 
Anthes, 1982 ), but these simulations cannot 
resolve the scale of observed sharp surface fronts of 
1 km or less due to the grid size of 40 km. Strong 




































