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The Black Sea is a landlocked basin with the exception of the relatively small flux of water and 
materials exchanged at the Bosphorus. The closed basin geometry of the Black Sea has important 
impacts on the  regional hydrological cycle. The flow is constrained by the exchange at the Turkish 
Straits System, and the catchment of large rivers covers almost half of the European continent from 
where they derive the fresh water and pollutant inputs to the Black Sea. Air-sea exchange of a 
landlocked basin of continental/marine climate is all too significant in a climate sensitive region. 
Fine-scale features such as upwelling systems, boundary currents, jets and eddies represent high 
levels of dynamical variability. The ice covered north-western shelf and shallow Azov Sea in winter, 
and a river dominated regime competing with the Mediterranean influence, with all the interesting 
biological interactions make up a sensitive ecosystem. (Sur et al., 1996, Özsoy, E. and Ü. Ünlüata 
(1997, 1998).  

The Etesian wind regime dominates the Aegean Sea in summer, often with gale force winds, fed by the north to northeasterly winds over 
the Balkan gap and the Black Sea. This seasonal wind regime, with inter-annual modulations connected with spatial and temporal climatic 
patterns intensifies during the months of July and August, and its steady pattern over the entire region has important consequences in 
the Aegean and Black Seas. In the Aegean the effects are well known: the persistent upwelling along the eastern shores and jet-like 
boundary currents on the western shores. Alignment of the winds parallel to the coast along the southwestern Black Sea in summer leads 
to persistent  upwelling with some intermittency under changing winds. A case is in September 2012, is demonstrated below 

A forecast model of the Black sea including the Azov Sea, including riverine, Bosphorus and surface fluxes is developed using the NEMO 3.5 
version, at 2.5km horizontal horizontal resolution and 60 z-levels. Runoff from Danube, Dniestr, Dniepr and Don have been imposed. Open 
boundary condition at the Bosphorus is imposed by specifying a compensating net flow  and vertical profiles of temperature and salinity. 
 
Wind stress, surface temperature and total surface heat flux plots for the studied case of September 2012 reveal strong upwelling resulting 
from coast-parallel winds. 

The circulation of the Black Sea is mainly wind an buoyancy driven, and surface intensified, with a strong stratification that has 
evolved by great amounts of fresh water supplied by rivers such as the Danube, Dniepr, Dniester in the northwest, which form 
a coastal flow of low salinity water along with the rim current. There is a strong horizontal stratification across the front, both 
due to salinity, as well as temperature in the winter months when ice is formed in the northwest. 
 
A boundary or rim current runs cyclonically around the Black Sea, and the jet currents along the southwest often become 
unstable, triggered by the sharp topographical changes (see bathymetry), leading to progression of meanders and a jet that is 
separated from the coast, with upwelling on the coastal side of the jet (Özsoy and Ünlüata, 1997, 1998). Etesian winds parallel 
to the coast appear 
responsible for the upwelling and separation of the jet from the coast, as well as the basic instability caused by strong 
topography. 
 
The case for 10-12 September 2012 is used to demonstrate the case, but circulation models and observations indicate very 
frequent and persistent upwelling during repeated episodes in summer, when the temperature drops to 11oC as a result of the 
cold intermediate water (CIW) surfacing at the coast.  
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The satellite SST image for the Septemberr 12, 2012 case studied above verifies the model results, showing strong upwelling along the western Anatolian coast, but also along the western coast of Crimea and 
south of the Azov Sea, in agreement with the model results. 
The most intense and continuous upwelling occurs along the southwest coast of the Black Sea, where the upwelled waters have surface temperatures of about 11°C coming from the subsurface layer of cold 
intermediate water, CIW, in July-August, in contrast to the warm waters of up to 28°C elsewhere, leading to shocks to living fish which are then founded stranded on the coast.  
Here we present time series of sea water temperature measured at İnebolu, on the coast where the upwelling occurs. The data clearly reveals frequent upwellings repeated every year in summer. 
The upwelling has significant effects on the fish which cannot take the shock, and dizzied fish are then collected at night by the coastal population as shown in the pictures.  
The upwelling also has serious effect on bigger fish, especially bonito (Palamut) which are caught only when there is no upwelling, while other fish are caught during upwelling. 

The other effect of 
the upwelling is the 
creation of a typical  
‘marine boundary 
layer’ by feedback 
in the shallow 
atmosphere as 
shown here during 
an upwelling event 
at İnebolu on the 
Black Sea coast. 

The same winds are of course are much strenghtened 
in the Aegean Sea and form the well-known Etesian 
regime there. The Etesians reach gale force in the 
southern Aegean and their interaction with surface 
features and sharp corners such as the elevated island 
of Crete sharpen its wind distribution. The gale force 
winds are then heard to result in fires every year 
causing a lot of damage. A typical case in August 2012 
is shown. The same event has been reported to cause 
extensive floods on the Black Sea. 

Returning to the Black Sea, for the same event for which fires are reported in the Aegean in August 2012, we can see 
that upwelling still persists in the southwest coasts (not shown), but at the same time as the fires in the Aegean and 
upwelling in the southwest coast,  a flood is building up along the southeastern Black Sea coast. While the winds 
typically still are northeasterly in the west, there is a small scale cyclone developed in the east which brings cold air 
from the north over the warm sea surface, collecting moisture on its path for few days and precipitating  along the 
high mountains on the southwestern shores, as indicated by three day forecasts of excessive rainfall and moisture. 

The Etesian ais a northerly wind regime  blowing from the nothern steppes toward the 
warm Black Sea and Mediterranean, bringing cold dry air over warm water, enhancing both 
heat and water fluxes from the sea surface to the atmosphere in summer, creating fires 
upwelling and floods all at the same time, but in different regions. 
A winter analogue of the extensive transport of heat and moisture from the warm sea 
surface to the cold and dry atmosphere affected by north winds is also noteworthy. A winter 
case with lines of clouds formed along the northern winds evidence this event, 
which are often responsible for heavy ‘sea effect’ snow flurries threatening İstanbul and the 
southern coast. See more at www.havadelisi.com.    
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