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Abstract 
 
Changes due to failed hydrological-agricultural engineering following the 1960's have lead to 
dramatic shrinkage and salinisation of the Aral Sea, and desertification and pollution of the 
region at large, accompanied by detrimental changes in its ecosystem. The Aral Sea is not 
expected to come back to its former natural state. From a scientific viewpoint, the large and 
clear changes in and subsequent impacts on the hydrological balance of the Aral Sea provide 
useful field data for our general understanding of large-scale, long-term hydrological cause-
and-effect relationships, regarding freshwater and seawater interactions. 
 
We address a dramatic example of freshwater – seawater interactions provided by the Aral 
Sea region. In particular, we investigate two manifestations of such interactions that are 
important for the local ecosystem as well as for the possible use of coastal aquifers as 
drinking water supply, namely salt water intrusion into aquifers and so-called submarine 
groundwater discharge (SGD). The SGD consists of both a freshwater and a saltwater 
component, since the originally fresh groundwater, derived from land drainage, during its 
flow into the sea is mixed with and diluted by the intruding saltwater that is freely connected 
to the sea. The resulting dynamic mixing zone between fresh groundwater and intruding 
seawater constitutes a zone of salinity transition, from fresh groundwater to pure seawater. 
The definition of SGD from this salinity transition zone into the sea, however, has been 
ambiguous and led to yet un-resolved discussions in the scientific literature about the actual 
magnitude of SGD and its appropriate quantification. We perform numerical simulations of 
density-driven flow in a 3 km section of the Aral Sea. During the 5 year simulation time, the 
boundary conditions change considerably due to the rapidly decreasing sea level and the 
increasing salinity of the sea. The resulting flow patterns in the groundwater – seawater 
transition zone are evaluated in the light of these highly dynamic boundary conditions. 


