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ABSTRACT 

On 9 May 1989, during the field experiment FRONTEX, a synoptic-scale cold front was 
observed which moved from the North Sea to Northern Germany and interacted with a sea­
breeze front. The modification of the cold front is documented by satellite images and measure­
ments over the sea, at the coast and further inland. The synoptic-scale front was characterized 
by weak frontal gradients over the sea. It was aligned approximately parallel to the coast as was 
approximately the wind ahead of it. While the synoptic-scale front approached the coast during 
the forenoon hours, a strong temperature contrast developed between sea and land due to solar 
heating of the land surface. This led to the formation of a sea-breeze front associated with a 
stronger temperature gradient than the synoptic-scale front. At about noon, when the synoptic­
scale front almost reached the coast, the sea-breeze front began to move inland. The onshore 
wind behind the sea-breeze front and ahead of the synoptic-scale front was so large that the 
wind field at the synoptic-scale front changed from confluence to difluence. This process was 
supported by a shallow inversion ahead of the synoptic-scale front which confined the vertical 
depth of the sea-breeze. The former sea-breeze front overtook the main frontal characteristics, 
continued its inland propagation and was the only frontal event observed over the land. As a 
result of the interaction, the synoptic-scale front was significantly intensified in the boundary 
layer. 

1. Introduction land (Rhodin, 1991) due to the nearly constant 
sea-surface temperature and the reduced frictional 
convergence. Although vigorous fronts are also 
observed over the oceans (Bond and Fleagle, 1985; 
Bond and Shapiro, 1991) the temperature contrast 
in the lower part of the boundary layer is small. 
This is confirmed by recent observations of cold 
fronts over the English Channel during the 
experiment Fronts '87 (Lagouvardos et al., 1992, 
their Fig. 3 ). Over land the low-level temperature 
contrast at cold fronts can be enhanced by diabatic 
processes such as prefrontal heating by insola­
tion (Kurz, 1982; Brummer, 1988). Numerical 
simulations of cold fronts made by Rhodin ( 1991 ) 
demonstrate that the low-level frontal convergence 
over land depends on the time of the day and is 
generally maximum in the afternoon, a conse­
quence of solar radiation. 

Atmospheric fronts are influenced dynamically 
and thermodynamically by the underlying surface. 
Surface friction modifies the cross-frontal circu­
lation and the shape of the frontal surface in the 
boundary layer (Ball, 1960; Egger, 1988; Dunst 
and Rhodin, 1990 ). Different surface heat and 
moisture fluxes on both sides of the front may act 
frontogenetically or frontolytically (Kurz, 1982; 
Koch, 1984 ). Land and sea surfaces with their dif­
ferences in roughness, temperature, heat capacity, 
heat conductivity, moisture and albedo influence 
the surface layer of the front in different ways. 

The frontal temperature contrast in the surface 
layer is generally weaker over the sea than over 
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