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The Caspian Sea has undergone significant environmental changes driven by climate
change, declining water levels, and human activities. This study examines future
hydrodynamic behavior and salinity distribution under different climate scenarios
while assessing the impacts of seawater desalination. A Delft3D-based numerical
model was applied using SSP126—-SSP585 scenarios. Results show that climate change
alters circulation, water levels, and salinity patterns, while desalination causes
localized salinity increases near discharge zones that diminish offshore due to mixing.
The study supports sustainable coastal and desalination planning.
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63 Caspian Sea, the world's largest encl@

inland water body, plays a vital role in the
environmental and economic development of the
surrounding countries. In recent decades,
climate change, declining water levels, and
increasing freshwater demand have raised
concerns about future hydrodynamic conditions
and water quality. Moreover, the expansion of
seawater desalination projects may alter local

salinity and circulation patterns. Therefore,
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Under high-emission climate scenarios, the Caspian Sea basin is projected to
experience increased air temperature and evaporation, accompanied by reduced
precipitation, leading to an intensified freshwater deficit and greater hydrological
stress. These climatic changes significantly influence the basin's hydrodynamics,
resulting in more pronounced water level fluctuations and spatial variations in salinity.
Model simulations indicate localized salinity increases in coastal areas and around
desalination brine discharge points, while hydrodynamic mixing gradually reduces
salinity anomalies offshore. Overall, the impacts are considerably more pronounced
under the pessimistic scenario (SSP585) than under the optimistic scenario (SSP126).
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/T he results demonstrate that future climate change and desalination development can \
substantially influence the hydrodynamic regime and salinity structure of the Caspian
Sea. The integrated numerical modeling approach provides valuable insights for
evaluating environmental impacts and supports sustainable planning of coastal water
resources. These findings can assist decision-makers in selecting environmentally
\appropriate desalination strategies under future climate conditions.
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