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ABSTRACT 

Deep water renewal in the Baltic basins is a consequence of gravitationally driven bottom 
currents, transporting water from the North Sea area towards the deeper parts of the estuary. 
The dense currents have to pass several topographic constrictions, one of them being the 
Bornholm Channel. In this study, a numerical two-layer, limited area model has been applied 
to the southern Baltic Proper, in which the Bornholm Channel is located. The mathematical 
problem was solved as an initial value problem with rigid boundaries. The results were used to 
obtain a simplified formula, determining the dense bottom water flow as a function of the 
stratification in the upstream Arkona Basin. This relation makes it possible to calculate the deep 
water inflow in detail, since hydrographic observations are frequent, whereas direct transport 
measurements are scarce in the area. The calculated flow characteristics in the Bornholm 
Channel are in accordance with observations. The volume flow was found to vary between 
0.9 x 104 and 2.9 x 104 m 3 s -1, using upstream basin values of density differences and pycnocline 
depths close to the observed mean magnitudes. The model indicates that inertia, Coriolis and 
frictional forces along with the upstream stratification and topography control the channel flow. 
Quasi-steady state is obtained within 24 h, whereas the time-scale for a water volume to pass the 
channel is approximately 2.3 days. 

1. Introduction 

Gravitationally driven bottom currents have a 
great impact on the transport of properties within 
the sea. For example salinity, temperature and 
oxygen may change considerably in the deeper 
layers due to these currents. Dense bottom 
currents exist in many basins which exchange 
water with surrounding areas, such as the 
Mediterranean outflow, the flow through the 
Denmark Strait and the Faroe-Shetland Channel. 
Also the deep water in the Black and Baltic Seas 
are renewed by dense inflowing water from the 
Mediterranean and the North Sea, respectively. 
Although several physical factors (as density, 
topography, friction, rotation and mixing) may 
influence the flow characteristics, estimates of the 
flow often rely on the assumption of a dynamic 
control at the constriction. This implies that the 

*Present affiliation is lndic, P.O. Box 1514, S-600 45 
Norrkoping, Sweden. 

flow rate can be determined from the upstream 
conditions. For narrow sounds the flow might be 
controlled in the same way as a dam spilling water 
over a barrier (cf. Whitham, 197 4 ), where as in 
wider sounds the Coriolis force will influence the 
transport capacity. Models based on hydraulic 
controls at topographic constrictions has been 
investigated by Whitehead et al. ( 1974) and Gill 
( 1977 ), using a rectangular cross section in the 
channel and by Boreniis and Lundberg (1988) 
with a parabolic cross section. For relatively long 
constrictions, friction may also be important as a 
controlling factor of the flow (cf. Pratt, 1986 ). 
In these models, the flow rate is uniquely deter­
mined by the upstream stratification and the 
topography of the channel. This state of affairs 
simplifies the estimation of volume flow and trans­
port of substances, sil)ce hydrographic conditions 
in upstream basins are known in many cases (for 
example, there exists a large amount of observa­
tions on the hydrographic state of the Baltic Sea, 
discussed, among others, by Fonselius (1967) and 
Matthiius ( 1984) & ( 1985) ). Similar transport 
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