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Comparative analysis of two simulations of the Black Sea hydrophysical fields’ long-term variability 
in 1993–2012 is performed. Two reanalyses are done using various methods of parametrizing the 
vertical turbulent exchange in the circulation model. The first variant implies a simple 
parameterization including the constant coefficient of vertical turbulent viscosity and the coefficient 
of vertical turbulent diffusion in a form of climatic profiles. The second simulation includes the 
turbulence model of the Mellor-Yamada type to parametrize the vertical exchange processes. Having 
been compared, the reanalysis results and the measurement data show that application of the turbulent 
model for parametrizing the vertical exchange yields a better description of the Black Sea water 
thermohaline structure. In particular, structure of the summer seasonal thermocline and location of the 
main halocline (in both of them maximum deviations of the model temperature and salinity from the 
in-situ measurement data are observed) are reproduced more accurately. Different methods of 
parametrizing the momentum vertical exchange influence the horizontal circulation vertical structure. 
The first variant of simulation shows that a significant part of the currents’ kinetic energy is 
concentrated in the thin 10-m layer, and this fact affects the circulation features of shallow water on 
the northwestern shelf; whereas the simulation based on the turbulent model implies more intensive 
transfer of the kinetic energy to the lower layers. The carried out investigation shows that the results 
of the hydrophysical fields’ reanalysis depend on accurate description of the thermodynamic 
processes in the sea upper layer and the vertical turbulent exchange ones, in particular.  
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Introduction 
In order to study the processes in the atmosphere, the World Ocean and the 

seas, the method of retrospective analysis (reanalysis) is widely used. One of the 
main advantages of the reanalysis is the possibility of obtaining long continuous 
spatial and temporal arrays of marine environment parameters. The analysis 
provides the investigation of the trends in the seasonal and interannual variability 
of the thermohaline characteristics and the kinetic energy of the current velocity for 
the whole basin, which is of scientific and practical interest. The reanalysis results 
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are periodically updated based on the use of new or improved models, assimilation 
methods for measuring data and atmospheric effect parameters. 

Thus, for the Black Sea a series of hydrophysical field reanalyses were carried 
out. They differed in the considered periods, circulation patterns and sets of 
measurement data assimilated in the models. In [1–3], the reanalysis was carried 
out on the basis of data assimilation of hydrological survey of temperature and 
salinity and covered the period from early 70s to early 90s. In [4, 5] the Black Sea 
dynamics over 20 years (1993–2012) was studied on the basis of satellite data 
assimilation. During these years, a small amount of hydrological survey was 
performed in the Black Sea, but remote sensing data such as sea level elevation 
anomalies and surface temperature became available. 

The quality of physical reanalysis results depends on a number of factors: the 
applied circulation model, atmospheric effect that determines the boundary 
conditions on the sea surface and the assimilated measurement data. In [6] a study 
of reanalysis results sensitivity to the selection of atmospheric fields in the near-
water area for specifying the boundary conditions was performed. For this purpose 
two calculations were carried out, in which the same hydrodynamic model and 
similar data arrays for assimilation were used. Only the atmospheric effect fields 
determining the boundary conditions on the sea surface were different. 
Comparative analysis revealed that the results of two calculations are close to each 
other, i. e. the validity of the assimilated data is rather high. At the same time, 
a series of differences arising from different sets of atmospheric effect was 
identified. 

As it was mentioned above, along with the assimilated data and atmospheric 
effect, the quality of performed physical reanalysis also depends on the applied 
hydrodynamic model. For correct reproduction of long-term evolution of the Black 
Sea hydrodynamics, which also includes both seasonal and interannual variability, 
high demands to the quality of the applied model are required. A number of 
circulation models that differ in their spatial resolution and methods for describing 
hydrodynamic processes, including the parameterization of vertical turbulent fluxes 
of heat, momentum, and salt, were developed for the Black Sea. In addition to the 
models used in the abovementioned reanalyses, we should mention the numerical 
experiments described in other works aimed at simulating the dynamics of the 
entire basin of the Black and Azov Seas and its separate regions, including the ones 
with the measurement data assimilation [7–12]. 

The purpose of the present work is to study the dependence of the Black Sea 
hydrophysical field reanalysis results on the selection of vertical turbulent 
exchange parameterization method which plays an important role when modeling 
the processes in the sea upper layer. 

 
Research method 

To solve the problem, the reanalysis of the Black Sea hydrophysical fields 
(1993–2012) on the basis of circulation model variant previously used in [4] was 
performed. For more accurate description of thermodynamic processes in the active 
sea layer, especially the vertical exchange processes, a turbulent model was added 
to the abovementioned circulation one. 
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The Black Sea circulation model was developed in Marine Hydrophysical 
Institute [13] to describe the large-scale variability of the Black Sea basin dynamic 
characteristics. Later, this z-level model based on approximation of a system of 
primitive ocean dynamics equations was modified and used in current nowcast – 
forecast system of the Black Sea hydrophysical model [14]. 

Spatial step of the model used in this work is 4.8 km which provides rather 
accurate description of synoptic processes. The model contains 40 vertical 
computational levels condensing towards the sea surface. Time step was 5 min. An 
optical model for calculating the penetrating short-wave radiation was included to 
the circulation model. For the parameterization of vertical fluxes of momentum, 
heat and salt, a turbulent model is used. This is a QETE quasi-equilibrium turbulent 
energy model [15], which is part of the Mellor–Yamada models family [16] and 
consists of two equations –turbulent energy evolution q2/2 and the turbulence scale 
l. This variant of circulation model was described in detail in [17] and was applied 
for the modeling of the Black Sea long-term dynamics evolution with no data 
assimilation. 

At side boundaries in the places of river estuaries and straits the values of 
normal velocity component (different from zero) were set as boundary conditions. 
They were determined by climatic values of water discharge. The velocity of lower 
Bosphorus current in the described calculations had a constant value which 
provided total water balance over the considered period (the discharge of rivers and 
straits, evaporation and precipitation). In the river estuaries at the computational 
area boundary low salinity values (3‰) were set, and in the lower Bosphorus 
current – the salinity value (36‰) corresponding to the Mediterranean Sea water. 
At rigid boundaries of the computational area the salt fluxes were equal to zero. 
Heat fluxes at side boundaries were assumed to be equal to zero. 

At upper undisturbed sea boundary for the equations of circulation model and 
turbulent one the atmosphere parameters obtained by the results of ERA-Interim 
(European Center for Medium-range Weather Forecasts) atmosphere reanalysis 
[18] are used as boundary conditions. 

For assimilation in the circulation model remote sensing data were used: sea 
surface temperature (SST) and anomalies of free surface elevation. Moreover, at 
the horizons below 200 m average temperature and salinity values at a given 
horizon were corrected according to annual average temperature and salinity 
profiles on which climate seasonal variation was imposed. Annual average 
temperature and salinity profiles were prepared by V.N. Belokopytov according to 
the results of hydrologic survey carried out that year and drifter data. Sea surface 
temperature for 1993–2009 period was taken from GHRSST and NODC archive. 
For the latest reanalysis period (2010–2012) the SST data were taken from OSI 
TAC archive. For assimilating the data on sea level anomaly all available satellite 
altimetry data over the reanalysis period from NASA, AVISO and SL TAC archives 
were used. Assimilation procedures in this work completely correspond to the ones 
applied before in [4]. These methods are based on optimal interpolation and 
relaxation of model fields to the existing measurement data. 

The obtained results were compared with the reanalysis performed by the 
model containing 35 computational levels. In this model vertical turbulent 
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diffusion was parameterized by the coefficients depending on the depth and time, 
and vertical viscosity – by a constant coefficient of turbulent viscosity [4, 5]. 

In what follows, for brevity, we will denote reanalysis, the results of which are 
described in [4, 5], as P1, and reanalysis in the circulation model into which 
a turbulent model is added, as P2. 

 
The analysis of results 

We consider the characteristics of the Black Sea thermohaline structure, 
velocities of currents and kinetic energy obtained using two circulation models. 

Temperature. Let us carry out the analysis of temperature regime of the Black Sea 
upper layer according to the results of two calculations. The difference of temperatures in 
different layers of the Black Sea (Fig. 1, a – d) has a pronounced interseasonal variability. 
Interannual variability is also noticeable, especially in two lower layers. Sea surface 
temperature (Fig. 1, a) from P1 calculation, as a rule, is higher at the end of the year and 
at the beginning of the next one. The duration of periods with positive values of the 
temperature difference is about 3 months. In the remaining seasons, the temperature for 
P2 calculation is higher for all years. The maximum values of negative deviations are 
always observed in the middle of summer. It should be noted that in both calculations the 
SST assimilation is carried out. However, the assimilated satellite data have gaps caused 
by cloudiness, therefore the surface temperature values obtained in two calculations by 
different models do not coincide. 

The curve for the variability of the temperature difference in 0–30 m layer 
(Fig. 1, b) is qualitatively close to the temperature behavior at the surface. The 
difference between them consists in the occurrence of additional peaks for periods 
with both positive and negative values of the temperature difference throughout the 
year. The range of fluctuations significantly varies from year to year. The 
maximum fluctuation range for the difference of temperatures at the surface and in 
the upper 30-m layer reaches 1°С. Just like at the sea surface, the maximum 
difference in 0–30 m layer is observed in summer when the water temperature in 
this layer is higher according to P2 calculation. This fact is confirmed by the 
graphs of the temperature climatic profiles for August (Fig. 1, e), where the 
summer thermocline (the middle of which is located at about 20 m depth) is 
situated deeper according to the calculation of P2. 

In 30–100 m layer there is other character of temperature differences 
distribution (Fig. 1, c). Annual average temperatures are, in general, higher for P1 
calculation, except for several years. The maximum deviations for the periods with 
negative values of temperature differences are observed at the beginning of the 
year. During the summer season, the water temperature in this layer in P1 
calculation is either higher, or close to the temperature from P2 calculation. It is 
known that cold intermediate layer (CIL) is mainly located in 30–100 m layer in 
the Black Sea and its waters are renewed during the winter season [19, 20]. 
According to the performed analysis, in winter the temperature of surface waters is 
lower in P2 calculation and, correspondingly, in spring and summer the CIL 
temperature will be lower for this calculation. In 100–200 m layer (Fig. 1, d) water 
temperature in P1 calculation is always lower than in P2. 
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Fig. 1. Evolution of the monthly average (solid lines) temperature differences (averaged over the basin 
area) (P1-P2) on the sea surface and in the layers 0–30, 30–100 and 100–200 m (a – d), respectively, 
(dash lines denote the annual average temperature differences); the temperature climatic profiles for four 
months (solid lines correspond to P1 calculation and dashed lines – to P2 calculation) (e)  

 
According to the climatic profiles (Fig. 1, e), in February the temperature from 

Р2 calculation is lower down to 40 m depth. In spring and summer, when the 
heating takes place, water temperature near the sea surface is higher for P2 
calculation. In autumn and winter, when the cooling occurs, water temperature the 
sea surface from P1 calculation is higher. It means that heating and cooling 
processes in the sea upper layer occur faster in P2 calculation as a result of more 
intensive vertical mixing processes. Moreover, in August and November seasonal 
thermocline from P2 calculation is located lower. 
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For more detailed illustration of seasonal temperature variation in the upper 
200 m layer we consider the diagrams of monthly average climatic temperature 
distributions and their differences (Fig. 2, a – c). In these diagrams it can be seen 
that in P2 calculation the CIL core looks more powerful, it is located deeper and 
remains longer in time. In the diagram of differences this is manifested in the fact 
that the temperature from P2 calculation is lower during the entire year at the depth 
corresponding to the CIL core. Below 130 m it is always higher. In the upper 50-m 
layer the water temperature from P1 calculation is usually lower. The maximum 
values of negative deviations are located at 20–30 m depth in summer-autumn 
season. As it was mentioned above, this is related with the fact that seasonal 
thermocline from P2 calculation is located lower. 

 

 
 

Fig. 2. Temporal evolution of the averaged over the basin area monthly average temperature values in 
the upper 200 m layer based on the reanalyses P1 (a) and P2 (b), and their difference (Р1-Р2) (c); the 
charts of the monthly average climatic distributions of temperature difference (Р1-Р2) on the sea 
surface (d) and in the 0–30 m layer (e) for February 

 
The examples of maps of temperature difference spatial distribution obtained 

according to the results of two calculations are given in Fig. 2, d, e. At both 
horizons average over the area temperature difference is positive but at north-
western shelf near the Danube mouth the temperature from P1 calculation is lower. 
Further, this negative anomaly extends along the entire western and eastern coasts 
of the Black Sea. 

It was assumed above that higher (in general) temperature in 30–100 m layer is 
associated with weaker CIL from P1 calculation. The quantitative characteristic of 
CIL can be average thickness over its area. In Fig. 3 annual average values of CIL 
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thickness are represented. The CIL thickness in each point of the grid was 
calculated as a distance between the upper and lower isotherms of 8°С. If the sea 
surface temperature was below 8°С (winter season) then the distance was measured 
from the surface. Then the average values over the basin area were determined and 
on their basis – annual average values. These values significantly change from year 
to year. The range of fluctuations is almost 60 m for both calculations. Annual 
average values of CIL thickness according to P2 calculation are higher for all years 
of the period under consideration, which proves the temperature behavior in 30–
100 m layer (Fig. 1, c). The correlation of CIL thickness with winter sea surface 
temperature is also can be seen in the graphs: the lower is winter temperature, the 
thicker is CIL, and vice versa. 

 

 
 

Fig. 3. Annual average values of the cold intermediate layer thickness based on the results of two 
reanalyses (solid lines correspond to simulation P1 and dash lines – to P2 calculation), and winter-
average sea surface temperature (line with circles) 

 
Salinity. The structure of salinity fields in the Black Sea upper layer is formed 

by a series of factors: a flux of fresh water through the free surface and in the areas 
of river runoffs, as well as the water exchange through the straits. Taking into 
account the fact that atmospheric effect fields and river discharges in the both 
considered calculations were the same, we may assume that in the formation of 
salinity fields, other things being equal, the circulation, both horizontal and 
vertical, is decisive. 

In order to analyze the differences in the salinity fields we are to consider, as 
well as for the temperature fields, monthly averaged values and annual average 
ones. 

At the surface, in 0–30 and 30–100 m layers (Fig. 4, a – c) annual average 
salinity values from P1 calculation are higher for all the years, while in 100–200 m 
layer they are always lower (Fig. 4, d). This means that the main halocline in P2 
calculation is sharper than in P1. In the seasonal variability the greatest difference in 
subsurface layer (Fig. 4, a, b) is observed at the beginning of the year when average 
salinity value from P1 calculation exceeds the corresponding one from P2 by 0.1‰ 
and higher. In summer season surface salinity in P1 calculation is lower and in entire 
0–30 m layer it is usually higher, while the difference reaches the maximum. In 30–
100 m layer the maximum of difference is observed at the end of the year, mini-
mum – in spring. In 100–200 m layer seasonal variability is poorly manifested. As it 
can be seen in Fig. 4, e, in the upper 200m layer the salinity from P1 calculation is 
for all seasons down to the depth of about 120 m, except for 50 m horizon in 
February. 
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Fig. 4. The same as in Fig. 1, for salinity 
 
Another illustration of seasonal variability in the upper 200 m layer of the 

Black Sea are time diagrams of climatic seasonal variation of salinity according to 
the data of P1 and P2 reanalyses, as well as a difference between them (Fig. 5, a – 
c). Minimum salinity of surface waters is observed at the beginning of summer 
after the spring flood of the rivers that inflow into the Black Sea basin. After this 
value salinity values begin to grow and reach their maximum in early winter which 
corresponds to the general understandings of the Black Sea thermohaline structure. 
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In the diagram of the salinity difference it can be seen that in summer on the 
surface and at 0–20 m depth the salinity is higher by P2 calculation. Negative 
deviations are also detected at 50 m depth during the winter season. Then, down to 
approximately 125 m depth according to P1 calculation salinity is higher for all 
seasons. The maximum positive deviations are recorded in the layer with a center 
at 65 m horizon, which corresponds to the halocline position depth. Thus, the 
determination of halocline position has significant effect on the accuracy of 
obtaining results. 

 

 
 

Fig. 5. The same as on Fig. 2, for salinity 
 
Spatial distribution of salinity value difference at the sea surface and on 30 m 

horizon (Fig. 5, d, e) shows that (except for the river estuaries) salinity is higher by 
P1 calculation. These results correspond to the graphs in Fig. 4, a, b. 

 
Circulation. The main element of circulation in the upper layer of the Black 

sea is the Rim Current (RC). It encircles the sea along the continental slope and 
forms a large-scale cyclonic gyre. In winter, the main cycle is divided into two 
cycles of a smaller scale in the western and eastern parts of the basin [21–23]. In 
addition to the Black Sea Rim Current, it is observed an intensive synoptic 
variability that distorts simple structure of the cycles: for example, intensive 
meandering of the RC occurs, on the right from the jet quasi-stationary mesoscale 
anticyclones, which (in statistical sense) are the elements of seasonal cycle, appear 
[24–26]. 
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Fig. 6. Charts of the Black Sea mean currents in the upper 30 m layer (a) and in the 30–100 m layer 
(b) for January 15, 1995 and for July 15, 2011 (c), (d). To the left – the results of reanalysis P1, to the 
right – the results of reanalysis P2 

 
As examples of two-dimensional circulation in the sea upper layer, the maps of 

currents for winter and summer, obtained according to the results of two 
calculations, are represented in Fig. 6. On the map for January 15, 1995 (Fig. 6, a, 
b) more intensive circulation according to P2 model in both considered layers, 
when the RC features and eddy structures are well-manifested, is observed. In 30 m 
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surface layer significant differences are observed in north-eastern and south-
western parts of the Black Sea. The Black Sea Rim Current also remains in 30–
100 m layer according to the results of two models. However, in this layer the 
differences are more obvious than in the upper layer. By the results of P2, the 
currents are much more intensive. 

Circulation patter for July 15, 2011 (Fig. 6, c, d) is typical for summer – the 
pronounce RC jet is absent, separated eddy structures are observed. Batumi 
anticyclone is one of the largest formations. As it can be seen, in the sea upper layer 
the circulations are very close according to both calculations. In 30–100 m layer they 
are also similar but the circulation obtained from P2 calculation is significantly 
stronger. Moreover, in P2 the chain of anticyclones along the south-eastern Black 
Sea coast is more pronounced. 

Cyclonic character of the Black Sea upper layer circulation is mainly determined 
by positive value of vertical component of the wind field vorticity above the region. 
Since in both calculations the same fields of atmospheric effect (including the wind 
field) were used as boundary conditions on the sea surface and the same altimetry data 
were assimilated, the differences in circulation by the results of two reanalyses can be 
due only to the properties of the applied model. 

For a quantitative comparison of the results for horizontal circulation we 
consider the behavior of the monthly average density of the kinetic energy of 
currents (averaged over the basin area) in the upper 30-m layer and in 30–100 m 
one according to two reanalyses, as well as their difference. 

Interannual and interseasonal variability of kinetic energy density is represent-
ted in the graphs in Fig. 7, a – d. From year to year the range of fluctuations can 
differ by times. The maximum values are observed in winter season. The intensity 
of currents in deeper layer is weaker than in the surface one. In the sea surface 
layer kinetic energy density is mainly higher according to P2 calculation. 
Exceptions are the winters of 2003 and 2006 and the summer of 1997. In 30–100 m 
layer kinetic energy density is higher according to P2 reanalysis in all years and 
seasons (except for the winter of 2006). 

For more detailed analysis of current intensity dependence on the depth we 
consider the profiles of kinetic energy density distribution for different seasons 
(Fig. 7, e). The profiles are constructed on the basis of monthly average climatic 
values of velocity by averaging over the basin area. 

According to the given graphs, kinetic energy density by the results of P1 
significantly exceeds the corresponding values of P2 in the upper 10-m layer for all 
seasons except for a spring. Down to the depth of approximately 100 m kinetic 
energy of currents from P2 calculation is higher (see Fig. 6). Below 100 m depth 
kinetic energy becomes small, while it is higher by P1 calculation. Thus, we can 
say that in upper 100 m sea layer kinetic energy density is distributed more 
uniformly by the depth in P2 calculation. As is known, kinetic energy of currents is 
mainly generated by the wind at the sea surface. In P1 calculation its significant 
part is concentrated in thin 10 m layer, while in P2 calculation it is transferred to 
the lower layers more intensively. Such difference in kinetic energy density 
variation with depth is explained by the applied vertical exchange models. In P2 the 
momentum flux from the surface to the deeper layers is more intensive than in P1 
calculation due to the use of Mellor – Yamada type model. 
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Fig. 7. Evolution of the averaged over the basin area monthly average kinetic energy density of 
currents in the layers 0–30 m (a) and 30–100 m (c); difference between the kinetic energy densities of 
currents (Р1-Р2) in the layers 0–30 m (b) and 30–100 m (d); climatic profiles of the kinetic energy 
density (e). Solid lines on the fragments a, c and e correspond to P1 calculation, and dashed lines – to 
P2 calculation 
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Fig. 8. Charts of climatic monthly average current velocities in the upper layer of the northwestern 
shelf in the Black Sea based on the reanalyses P1 (a) and P2 (b) 

 
Higher kinetic energy density in thin surface layer in P1 calculation affects the 

features of circulations at a shallow-water part of the north-western shelf (NWS). 
In Fig. 8 the fragments of monthly average climatic circulation at the NWS in 
February for two considered calculations are given. The RC jet is stronger at these 
fragments than in P1 calculation. Moreover, in this calculation at the NWS 
a surface current directed to the south-west and forming rather intensive alongshore 
current can be noticed. This current transports the water from the shelf into the 
deepwater part of the basin where it is taken by the RC and transferred further. In 
P2 calculation this current is also observed, but it is significantly weaker. The 
existence of such current explains a configuration of the area of negative 
differences of temperatures in Fig. 2, d, e. Cold surface water from the shelf is 
spreading more intensively along the western and partly the southern coast of the 
Black Sea in P1 calculation. This also explains the range of negative salinity values 
at the upper horizons (Figure 5, d, e), although the salinity distribution in the 
coastal zone is also affected by the parameterization of the fresh water runoff at the 
places of river inflow, which somewhat differs for these calculations. 

 
Comparison with the data of observations 

The data of hydrographic measurements allow one to carry out the validation 
of numerical modeling results. To assess the quality of the reanalysis products 
obtained in [4], temperature and salinity measurements performed in the Black Sea 
since 1993 were used. In the present work we carried out the same validation of the 
results of P2 calculations and compared them with the previously obtained ones. 
The fields of temperature and salinity obtained by the modeling results were 
interpolated with respect to space and time in those points and time moments in 
which the measured profiles were. After this, average profiles of mean and root-
mean-square deviations of modeling results from the measurements were 
constructed for each season and for entire array. 

The profiles of temperature model value deviations from the measured ones 
for both calculations are shown in Fig. 9, a. In winter the highest deviations are 
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observed at approximately 50 m depth. Root-mean-square deviations are similar 
for both calculations and systematic error is higher for P2 calculation. The 
difference between the measured and model values is also noticeable in 0–10 m 
surface layer. This error must be caused by the fact that in winter season satellite 
measurements have numerous gaps due to the cloudiness and, correspondingly, the 
effect surface temperature assimilation is insignificant. 

 

 
 

Fig. 9. Average (solid lines) and root-mean-square (dash lines) deviations of the measurement data 
from the results of reanalyses P1 (red curves) and P2 (blue curves) for temperature (a) and salinity (b) 

 
In summer and autumn the greatest deviations in both calculations are 

observed at 20–30 m depths corresponding to the seasonal thermocline location. 
The highest temperature gradients are noted there. Therefore, even a small error in 
the depth determination results in significant error in temperature value. 
Nevertheless, P2 calculation provides lower root-mean-square and systematic 
errors, i. e. in this case the model reproduces seasonal thermocline location more 
accurately. Significant difference of measured temperature from the model one is 
also observed in these seasons in 30–60 m layer, which approximately corresponds 
to the CIL location. This indicates the fact that water temperature in in the CIL is 
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according to the reanalyses results somewhat higher than according to the ones of 
the measurements. 

If we consider the behavior of mean and root-mean-square deviation profiles 
obtained over the entire data array, then we can say that the greatest deviations are 
observed at 25 m depth, which corresponds to the position of the summer seasonal 
thermocline. The error in temperature determination from P2 calculation is smaller 
than in P1. Apparently, this is due to higher vertical resolution in the circulation 
model and the use of the turbulent model to describe vertical exchange processes. 

The maximum root-mean-square deviations between the measured and model 
salinity fields for both calculations are observed in all seasons within 50–100 m 
layer. It corresponds to the depth of halocline location which is an area of the most 
significant natural variability of salinity field as the maximum vertical gradients are 
observed there (Fig. 9, b). The maximum root-mean-square deviations reach 0.4‰. 
Near the sea surface root-mean-square deviations are 0.2‰ for the both calcula-
tions. Systematic error in P2 calculation is insignificant and is far lower than in P1, 
except for the winter season when model salinity is lower than the measured one 
from approximately 50 m depth. In P1 calculation the greatest systematic error is 
determined at approximately 65 m depth corresponding to the location of the main 
halocline center. In general, the salinity values obtained from P2 calculation are in 
better agreement with the data of observations. This indicates that P2 model 
describes the Black Sea water salinity vertical structure more accurately. 

 
Conclusion 

A comparison of the results of two reanalyses of the Black Sea hydrophysical 
fields over 1993–2012 obtained using different variants of circulation model was 
carried out in this work. When performing the calculations, the data of ERA-
Interim atmospheric reanalysis were chosen as boundary conditions at the sea 
surface. Assimilation data and the algorithms of their assimilation were similar, the 
methods of parameterization of vertical exchange processes and the model vertical 
resolution were different. In P1 calculation rather simple parameterization with 
constant coefficient of vertical turbulent viscosity and vertical turbulent diffusion 
coefficient in the form of climatic profiles was applied. In P2 calculation a turbu-
lent model of Mellor – Yamada model type was used to parameterize the vertical 
exchange processes. Thus, an impact of a selection of vertical exchange process 
method on the obtained results of the Black Sea hydrophysical field reanalyses was 
studied in this work. 

A comparison with hydrographic measurement data revealed that the results of 
P2 calculation describe the thermohaline structure of the Black Sea waters better. 
Particularly, they reproduce with the structure of summer seasonal thermocline, in 
which the maximum deviations of model values from in-situ measurements are 
observed, with higher accuracy. The main halocline position is also reproduced 
better. 

The temperature in the layer where the CIL is located is somewhat higher 
according to the results of both calculations than according to measurement data. 
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At the same time, average CIL thickness is higher according to P2 which 
corresponds to greater sea surface temperature from P1 calculation in winter season 
when the renewal of CIL waters takes place. 

The character of the Black Sea surface water circulation has some differences 
for two calculations. According to the maps of currents, the circulation from P2 
calculation is more intensive in both winter and summer periods except for thin 
10 m near-surface layer. This fact affects the behavior of kinetic energy density. 

Thus, the use of circulation model with higher vertical resolution and 
parameterization of vertical exchange processes by the turbulent model provided 
more accurate reproduction of the main features of thermohaline structure and 
water circulation trend of the Black Sea. 
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