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ABSTRACT 

The free surface version of the GFDL model is used to study inflow and outflow through the 
Danish Straits, which connect the Baltic with the North Sea. Three problems are addressed: 
(i) the piling up of inflowing water in the Arkona basin; (ii) the transport ratios between Belt 
and Sound; (iii) the dominance of hydraulic or geostrophic control. Model results show that a 
cyclonic eddy (dome) is formed by the inflowing saline water that prevents this water from 
passing rapidly into the Bornholm basin. This eddy is enforced with increasing inflow due to a 
sea level difference between Kattegat and western Baltic. If density gradients along the straits are 
weak and the flow is dominantly driven by sea level differences between Kattegat and Baltic, the 
well-known ratio of 70 % : 30 % for the transports through Belt and Sound are confirmed. 
Strong density gradients can change this ratio considerably, especially in the outflow case, when 
the light water of the Baltic flows against the heavier water of the Kattegat. Under variable wind 
conditions, no fixed ratio is found. The flow in the Straits is geostrophically controlled; however, 
the strong baroclinic density field does not allow us to derive the transport simply from sea level 
inclination. 

1. Introduction 

The Danish Straits are narrow and shallow 
channels that connect the Baltic Sea and the 
Kattegat. They are of fundamental importance for 
the water exchange between both areas (Fig. 1 ). 

The Kattegat is a shallow area with a mean 
depth of only 23 m, which is open to the North 
Sea. In the upper 15 m, the water is partly of Baltic 
origin with salinities between 15 and 30 units. 
Below that layer, salinity increases to 30-35 units 
and forms a strong contrast to the western Baltic. 
The Samso Sill (26 m) separates the Kattegat from 
the Belts. The Belt Sea with its deep channels, the 
Great Belt and the Fehmarnbelt, is 13 m deep on 
the average. The Great Belt is only 8 km wide 
at its narrowest part yielding a cross section of 
255000 m2

. Darss Sill ( 18 m) separates the Belt Sea 
from the Arkona Basin, where depth reaches 45 m. 
Salinity in the upper 30 min the Arkona Basin is 
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typically 8 units and increases to about 16 units 
near the bottom. 

The second connection between the Kattegat 
and the Arkona Basin is the Sound. It consists 
of two narrow channels east of Copenhagen, the 
western one, Drogden, has a sill depth of 8 m and 
the cross-section is approximately 80000 m2

• 

The third channel between Kattegat and Western 
Baltic is the Little Belt, having a cross section of 
only 16000 m2

. This strait will not be considered in 
this paper. 

The water and salt exchange through these 
straits has been studied by many oceanographers 
in the past. A good review, both on measure­
ments and models up to the late 70's, was given 
by Jacobsen (1980); the most recent modelling 
development may be found in Lehmann ( 1995 ). 
Generally, during periods of weak and moderate 
winds, a two-layer system of currents prevails in 
the Belt, with outflow from the Baltic in the upper 
and inflow in the deeper layer. This bi-directional 
flow is density-driven, by the contrast in salinity: 
30-35 units in the deeper layers of the Kattegat 
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