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GENERAL CIRCULATION 


Analysis of temperature and salinity distribution and corresponding dynamic height fields 


since Knipovich (1932), Neumann (1942), Filippov (1968), Blatov et al. (1984) established the 


concept of basinwide cyclonic water circulation in the upper 500-m of the Black Sea (fig. 1). 


Their basic component is basinwide circulation gyre (named in many studies as the Main Rim 


Current – MRC). Inside a rim of MRC there are at least two quasi-permanent subbasin cyclonic 


gyres in its eastern and western parts called "Knipovich's spectacles". In nine areas between 


MRC and shore there are quasi-permanent mesoscale anticyclonic eddies, which are often 


regarded as the elements of the Black Sea general circulation (Ogus et al., 1993). 


 


Fig. 1 –General water circulation scheme in the upper 500-m layer of the Black Sea; solid lines 


indicate quasi-permanent flows, dashed lines – recurrent features of general circulation. After 


Oguz et al. (1993). 


 


In climatic (multiannual average) regime the core of MRC flow does not penetrate the 


southeastern comer of the Black Sea (fig. 2a) with the exception of winter (fig. 2b). It crosses the 


eastern part of the Black Sea from Cham cape on the Anatolian coast to Pitzunda cape on the 


coast of the Caucasus. In spring it proceeds to the east of this line, and in the autumn west of it. 


Along the Caucasus MRC interacts with the slope relief and induces 3-4 anticyclonic vortexes 


(often named as eddies) at its shore side. Approaching the Crimean coast MRC intensively 


meanders south of the Kerch strait outlet, often forming here the east Crimean anticyclonic eddy 


(fig. 1). At southwrstern tip of Crimea MRC bifurcates into two branches. The northern MRC 


branch supports with energy the Sevastopol anticyclonic eddy (fig 1). The southern MRC branch 
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proceeds along the Black Sea nort-western slope edge, where forms 2-3 large amplitude 


meanders. Then the basic MRC turns to the Anatolian coast, where interacts with a complex 


relief of Sakarya canion area, thus forming 3-4 well pronounced meanders. The interior of both 


central cyclonic eddies comprises several – up to 3 to 5 recurrent mesoscale cyclonic vortexes. 


 


Fig. 2 – Climatic fields of the Black Sea surface circulation at August (a) and at March (b), 


simulated by numerical adaptation model. After Trukhchev et al. (1995).  


The MRC is identified by a distinct thermohaline frontal zone between fresher (less 


dense) coastal/shelf water and saltier (denser) interior water. The salinity signature of this frontal 


zone becomes more dominant during the summer at the times of increased river runoff, whereas 


the temperature signal governs the thermohaline structure during the winter corresponding to the 


period of cold water mass formation. 


According to direct current measurements mean velocity of MRC core at depths 0 to 100 


m ranges between 0.2 to 0.6 m s-1 (fig. 3-5). During strong favorable winds in cold seasons (late 


autumn, winter, early spring) it might reach 1.0 m s-1 as in April 1993 (Oguz et al., 1998b).  
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Fig. 3 – Vertical profile of directly measured zonal component (positive on west) of MRC 
velocity (10-2 m s-1) along Crymean coast in spring 1991: solid line – mean current velocity, 
dashed lines – standard deviations whithin 20 day period of obxervations. After Titov et al. 
(1992). 


 


Fig. 4 – Vertical profile of directly measured zonal component (positive on west) of MRC 
velocity (10-2 m s-1) along Caucasian coast opposite Gelendzhik: current recorders level indicated 
by arrows. After Titov (1993). 
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Fig. 5 – Vertical section of directly (by ADCP) measured zonal component (positive on east) of 
MRC velocity (10-2 m s-1) along Anatolian coast opposite Bosphorus. After Oguz et al. (1998b). 


 


The upper layer MRC velocity maximum followed by a relatively sharp change across 


the pycnocline (between 100 and 200 m). Beneath it in spring 1993 the sub-pycnocline currents 


of 0.20 m s-1 (maximum value ~ 0.40 m s-1) observed up to the depth of ~ 350 m (fig. 5). At 


other cases the sub-pycnocline current velocities was much lesser (fig. 3 and 4). 


The cross-stream velocity structure exhibits a narrow MRC core region (~ 30 km), 


flanked by a narrow zone of anticyclonic shear on its coastal side typically 0.30-0.50 m s-1 per 10 


km and a broader region of cyclonic shear on its offshore side, which can still attain a value of 


about 0.10-0.20 m s-1 per 10 km (fig. 5).  


The current velocity in the central cyclonic gyres is usually 0.05 to 0.20 m s-1 (Fig. 6) 


with no pronounced vertical shift. 
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Fig. 6 – Vertical profile of directly measured zonal component (positive on west) of current 
velocity (10-2 m s-1) in the Black Sea eastern central gyre in spring 1991: solid line – mean 
current velocity, dashed lines – standard deviations whithin 23 day period of obxervations. After 
Titov et al. (1992). 


 


The current system in the Black Sea, are characterized by a high level of multiscale 


temporal variability. It is classified as: a) long-term (interannual), induced by migrations of 


active atmospheric centers and by changes of main cyclonic trajectories; b) seasonal, caused by 


annual change of momentum, heat and freshwater flux at the sea surface; c) synoptic, with 


periodicity of several days, which are directed mainly by local dynamics of cyclonic and 


anticyclonic vorticity in the sea, and d) mesoscale, with periods less than 24 h, created by diurnal 


changes of solar radition, by breeze effects, by inertial water movements, and by internal waves 


(Blatov et al., 1984; Titov, 1992).  


According to long-term (5.5 year) continuous current measurements from a buoy station 


located near Caucasian coast opposite Gelendzhik an average partition of seasonal, synoptic and 


mesoscale variability modes into the common current variability evaluated, al 71%, 22% and 7% 


(Titov, 1992). Thus, seasonal variability is evidently dominating. The temporal variability of 


hydrophysical fields is most pronounced in the upper 20-30 m layer. Below a depth of 100 m 


their variability declines and their structure acquires a more monotonous character. 
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The MRC as well as the quasi-permanent central cyclonic eddies are most intense during 


the second half of winter-early spring (Fig. 2). The causes of this rise are enhanced wind stress 


and heat exchange between sea and atmosphere (Blatov et al., 1984). 


In August-September, during prolonged calms and decreased riverine discharge, the 


MRC does not encircle the whole periphery, especially in its north-western, western and eastern 


segments (Fig. 7). Its flow declines to the open sea and dissipates into variously directing 


streams and vortexes. In the central cyclonic gyres during those periods the current speed drops 


to 0.02-0.03 m s-1. 


The comprehensive observations during 1991-1995 international programm 


(CoMSBlack) documented high year-to-year variability of Black Sea general circulation at a 


whole. So during summer (September) 1991survey  there are intense meander and offshore 


filaments along all MRC frontal zone (fig. 7). The latter have interrupted character at least in 


several segments (north-western, Bulgarian, Anatolian).  


 


Fig. 7 – Dynamic topography of 25 dbar level relative 900 dbar during September 1991. After 


Oguz et al., 1994. 


 


During summer (July) 1992 survey the surface as well as deeper level circulation have 


generally more uniform interior structure and smoother onshore/ofshore MRC meandering (fig. 
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8). The MRC frontal zone have much more coherent character. Direct measurements of RMC 


reveal the strongest velocity of 0.50 m s-1 at 20 m, vertical shift 0.25 m s-1 per 50 m between 75 


and 125 m levels, and anticyclonic shear on its coastal side 0.10-0.20 m s-1 per 10 km and about 


0.05 m s-1 per 10 km on its offshore side. 


 


Fig. 8 – Dynamic topography of 4 dbar level relative 500 dbar during July 1992. After Oguz et 


al., 1998. 


 


Contrary to the jet-like flow structure over the continental slope, the currents over the 


northwestern shelf (NWS) are generally less than 0.10 m s-1 (fig. 2). The relative weakness of the 


shelf currents is consistent with the fact that the continental slope acts as an insulator on the shelf 


circulation protecting it from the influence of the deep. NWS is not much affected by the onshore 


meanders of the Rim Current, which extends only to the shelf break zone. Accordingly, apart 


from the contribution of river runoff, the NWS circulation is essentially wind-driven. The wind 


and coastal buoyancy forcing tend to generate quite complicated mesoscale circulation over the 


shelf.  


The principal driving forces of the Black Sea circulation are the cumulative action of a) 


the forces of dominating winds and its vorticity; b) the bending of isopycnal surfaces caused by a 


large inflow of fresh waters from rivers and low saline waters via the Kertch strait; c) the bottom 


relief. It acquires additional energy from local cyclonic formations due late winter-early spring 


water cooling and subsequent refreshing. It enhances the temperature and salinity gradients 


between coastal shelf and deep sea separated by MRC, thus giving additional energy to the local 


cyclonic vorticities (Eremeev et al., 1991; Titov et al., 1992; Trukhchev et al., 1995). The 


important significance of bottom topography for the Black Sea general circulation and its large-
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scale and mesoscale variability is emphasized in many model studies (e.g. Rachev, Stanev, 


1997). 


The mean current velocity measured instrumentally between 500 to 1,000 m depth was 


usually close to 0.02-0.05 m s-1 (figs. 3, 4, 6). The general direction of this flow under the MRC 


has a cyclonic orientation. Its periodical pulses attain speeds of 0.10-0.15 cm s-1 (Fig. 2.43). 


Sometimes the current velocity of these pulses reaches 0.15 m s-1 even at a depth of 1500 m.  


In the vicinity of peripheric anticyclonic eddies, like the Sevastopol or Sinop ones, the 


current direction follows the anticyclonic vorticity of a given gyre down to 700-1000 m depth. 


However, deeper than 1000 m, the current under the gyre often turns opposite to the cyclonic 


direction. But this hardly might be a consequence of the existence of a kind of compensation 


current. Most probably it happens because of a tilt of the lower part of the anlicyclonic axis 


(Oguz et al., 1993). 


Wide-scale instrumental measurements of deep sea circulation in the 1970s (at about 180 


moored buoy stations - MBS) demonstrated the domination of cyclonic circulation even in 


abyssal depths (Blatov et al., 1984).  


Continuous recording of deep circulation during 6 months under the MRC flow were 


accomplished in 1978 at several ABS to the south of Crimea. They confirmed that the water 


column down lo 1600 m moves mainly in north-western direction, corresponding to the MRC 


flow. Below, at depths of 1,850 m the current becomes unstable and does not display a definite 


direction (Titov, 1982). 


The same measurements were accomplished later at four MBS in the northeastern part of 


the Black Sea up the abyssal plain (Titov et al., 1992) during 25 days do not prove the existence 


of stable anticyclonic circulation even at depths over 1,000 m. At all MBS the current had a 


cyclonic orientation, the more pronounced the closer the station was situated to the MRC flow. 


The same situation was observed in the western Black Sea. At the MBS fixed close to 


MRC (Fig. 3) the mean zonal component of the current had a western direction down to 1,500 m 


depth. No definite anticyclonic flow was recorded. Close to the central areas of western and 


eastern central gyres the mean current speed below 1,000 m was 0.02-0.03 m s-1 with pulses 


0.05-0.10 m s-1 having different directions (Fig. 6). These data demonstrate an instability of 


current at abyssal depths and also the absence there of a definitely established anticyclonic 


circulation. 


However, in another set of instrumental observations in areas situated to the SW off 


Crimea close to Bulgakov and Golubev (1990) recorded a quite definite turn of mean current 
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vector to the east. This observation they accept as evidence for a deep compensation anticyclonic 


current under the MRC along the northern continental slope (fig. 9). 


 


Fig. 9 – Mean velocity and direction of current, measured at 100 m depth (1) and at 1,000 m 
depth (2) at five MBS in the MRC zone southwestern off Crimea (position of MBS shown at 
accesory map). After Bulgkov and Golubev (1990). 


 


These contradictions seem to have an explanation in the position of the observation areas, 


which were close to the area of the Sevastopol deep quasi permanent anticyclonic eddy. As 


mentioned above, its axis could tilt to the south at its abyssal end (Qquz et al., 1993a). Thus the 


buoy rope at its deep end could intercept anticyclonic flow even if at the surface the buoy itself 


was situated outside of this eddy. It is obvious that these results still cannot be accepted as 


sufficient to prove a deep compensation anticyclonic circulation in abyssal water. 
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