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ABSTRACT

In this paper the main stages in the history of the Black Sea oceanography are briefly described from the
middle ages to the present. It is shown that modern knowledge on the Black Sea and our understanding of
hydrophysical and biochemical processes of this unique sea basin is reached as a result of hard research
activity of a lot of researcher-oceanographers during last centuries. Significant attention is paid to the
modern operative oceanography using modern data-computing technologies and satellite remote sensing
methods.
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1. Introduction

The Black Sea, which is located at the border of Europe and Asia, played a connecting role between
the West and the East since ancient times. The Black Sea was one of the most important link of the great silk
road and played a crucial role in economic and trade relations of the old Georgia with Greek world and other
countries [1, 2], that in the legendary form is reflected in the myth of the Argonauts. The Black Sea has
many times become an object of attention not only to researcher-oceanographers, but also to the general
public. Hundreds of articles and monographs are devoted to the Black Sea, since the XIX century many
scientific expeditions have been carried out. Modern knowledge of the physical and biochemical processes in
the Black Sea was formed over several hundred years as a result of tireless work and scientific activity of
many researchers. The oceanography achieved the great successes especially in recent decades, which is the
result of rapid scientific and technological progress.

In this paper the main facts and milestones in the development of the Black Sea oceanography from
the middle ages to the present including the achievements of the modern Black Sea operative oceanography
are shortly considered.

2. The Black Sea oceanography in XVI11-XIX centuries

The modern configuration and morphometric parameters of the Black Sea formed approximately 7600
years ago, when the connection between the Black Sea and the World Ocean was restored through the
Bosporus Strait [3, 4]. The main specific features of the Black Sea are due to the weak water exchange with
the Mediterranean Sea, existence of hydrogen sulphide layer below depth of 150-200 m and a powerful river
runoff. The ancient Greeks knew the Black Sea and Georgia very well, which is reflected in their myths and
written monuments [5, 6]. Especially the great interest of the ancient Greeks belongs to the 7th century BC,
when the Greeks began founding of Greek colonies on the eastern coast of the Black Sea.

Despite the fact that since ancient times the Black Sea has been a place of intensive navigation,
knowledge of the processes taking place in the Black Sea practically did not advance until the XVII century.
The first significant discovery in the history of the Black Sea oceanography belongs to the famous Italian
diplomat, military man and oceanographer Luigi Ferdinando Marsili (1658-1730). In 1679, during his
journey from Venice to Istanbul, the 21-year-old Marsili discovered the lower and upper currents in the
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Bosporus [7-11]. In the history of the Black Sea oceanography it was the first most important investigation
conducted by the direct measurements in the sea. On the basis of direct measurements of water densities and
scientific analysis Marsili established the Bosporus exchange currents between the Black Sea and the sea of
Marmara. His measurements in the Bosporus showed the surface water of Black Sea origin to be
significantly lighter than the water samples from the undercurrent, which had weight consistent with the
Mediterranean water [9]. Based on these initial observations, Marsili reached a good understanding of the
pattern of circulation of the Strait of Bosporus and successfully constructed the first theoretical explanation
of its hydrodynamics [9].

In order to confirm his discovery - the Bosporus water exchange, Marsili carried out a laboratory
simulation of the Bosporus Currents. He demonstrated this density difference by building a physical model
that captured the salient features of the phenomenon (Fig.1). Marsili made a two-compartment box with the
divider connected by two openings at top and bottom, and showed that waters of different densities in the
two compartments would flow to the opposite side in a manner consistent with his with his observations.
Marsili understood that the Bosporus currents were a simple consequence of the different water densities in
the Black and Mediterranean Seas.

Fig.1. Luigi Ferdinando Marsili’s physical model of Bosporus two-layer flow
(Marsili’s box) [7, 9].

The observations and experiments were published in the 1681 book by Luigi Ferdinando Marsili,
originally published in Italian [7-10]. Thus the foundations of modern oceanography have been laid in
Istanbul by Marsili, based on a series of first-time measurements in the Bosporus [11]. Subsequent studies
have shown an important role of the Bosporus currents in the formation of the hydrological structure of the
Black Sea.

In the XVIII century Russian sailors began a hydrographic description of the Azov and Black Seas
[12]. These works continued in the XIX century. During the expedition (1825-1836) organized by a Russian
military officer and hydrographer E. P. Manganary (1796-1868) mapping of the Black Sea and Azov coasts
was carried out, resulting in the issuance of a map of the Black Sea atlas in 1842,

Systematic study of the Black Sea began in the second half of the XIX century, when it launched
large-scale scientific expeditions. As D. M. Fillipov notes in his famous monograph [13], three stages in the
Black Sea study are indicated in the manuscript of the famous Russian oceanographer N. I. Chigirin. The
first stage - since the middle of the XIX century until 1890 was characterized by accidental hydrological
observations conducted by Russian Black Sea Fleet Officers. As the beginning of the second stage should be
considered the first Black Sea depth-measuring expedition led by Russian oceanographer and meteorologist
I. B. Shpindler (1848-1919) in 1890-1891. The third stage begins since 1922, when the Azov-Black Sea
research fishery expedition was organized under the leadership of N. M. Knipovich. At the same time a
multi-year oceanographic expedition led by Russian scientist and oceanographer Yu. M. Shokalskiy (1856-
1940) was organized. As the beginning of the modern stage can be considered 70-80s of the XX Century
[14], The characteristic feature of this phase is the wide use of mathematical modeling methods and
computing techniques in studying the Black Sea processes and developing modern remote (satellite) sensing
and contact measurement methods.
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At the first stage, as a result of the scientific works of F. F. Wrangell (1879), V. V. Maidel (1884), S.
0. Makarov (1850), certain opinions were created on the surface circulation of the Black Sea, but at the same
time a wrong opinion was formed about the great contribution of the rivers to the Black Sea circulation.

In 1885 famous oceanographer and the vice-admiral of the Russian fleet S. O. Makarov (1849-1904)
has carried out detailed hydrological research of Bosporus two-layer current and thoroughly has established
that less salty water of the Black Sea by the upper current enters into the sea of Marmara, and more salty
water of the sea of Marmara by the deep current enters into the Black Sea. To conduct his research, Makarov
used the Russian military vessel “Taman”, which was at the disposal of the Russian embassy in Istanbul. S.
O. Makarov conducted detailed observations in the Bosporus Strait, including measurements of water
temperature, salinity, velocity and direction of currents. Although the upper and lower currents of the
Bosporus were known as a result of research conducted by Marsili, Makarov's merit should be considered a
detailed hydrological study of the Bosporus flows and the substantiation for the hypothesis associated with
the Bosporus two-layer current. He published the results of the researches conducted in the Bosporus Strait
in the book "On the exchange of waters of the Black and Mediterranean Seas" awarded the prize of the
Russian Academy of Sciences [12, 15].

Thus, researches carried out by L. F. Marsili and S. O. Makarov is an important event in the history of
the Black Sea Hydrology, which strongly showed the existence of the Bosporus water exchange currents.

In 1870s started studies in the Black Sea biology. In this respect a major event was the establishment
of the first marine biological station in Odessa (Soon the institute was transferred to Sevastopol) on the
initiative of outstanding traveler, ethnographer and geographer Miklukho-Maclay (1846-1888). Its first
director was Academician A. O. Kovalevsky. Nowadays it is a widely known institute of biology of the
southern seas [12]. After the organization of the Sevastopol biological station, the study of the fauna and
flora of the Black Sea became systematic. In the early XX century, based on the researches conducted in the
biological station, the main knowledge of the Black Sea organic world were created. The absence of life was
discovered in the deep Sea layers of the Black Sea Contaminated with hydrogen sulphide.
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Fig.2. Spinldler’s expedition route in the Black Sea [16].

An important step forward in the study of the hydrology of the Black Sea was a complex depth-
measuring oceanographic expedition during 1890-1891 led by 1. B. Shpindler [4, 16, 17] by vessels
“Chernomorec”, “ “Donec” and “Zaporotzec”. Hydrograph F. F. Wrangell, geologist N. I. Andrusov and
chemist A. A. Lebedintsev participated in the expedition. In Fig. 2 the expedition route in the Black Sea is
shown [16]. This expedition made a great contribution to the study of the Black Sea Hydropogy. During the
expedition were made great discoveries, such as: 1) the cold intermediate layer at a temperature below 8°C,
2) contamination of deep layers of the Black Sea by hydrogen sulfide and the absence of fauna, 3) waters
with high salinity (34%o0) at the Bosporus, which flowed into the Black Sea with deep flow from the Sea of
Marmara. With this, it became clear that the deep layers of the Black Sea are a mixture of waters of the
Marmara and Black Seas, 4) it has been proven that the bottom of the central part of the sea like a flat bowl
is with the greatest depth of up to 2245 m, 5) monotonous growth of temperature and salinity from the depth
of 200 m to the bottom up to 9°C and 22,3%o0, respectively.
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One of the main results of the expedition was the discovery of a hydrogen sulfide zone below 200 m,
but as is noted in [4], it was not the first discovery of hydrogen sulfide contamination in the Black Sea. In
1968 the exploratory expedition organized by the Hydrographic Department of the Maritime Ministry of the
Russia, planned to investigate the routes of the international telegraph cable in the Feodosiya-Sukhumi
section. During this expedition there was observed a difference between the surface and deep waters of the
Black Sea, which was caused by the presence of hydrogen sulfide in deep layers. The great merit of the
Shpindlers’s expedition is that for the first time in the history of the Black Sea Oceanography the
contamination of deep layers by hydrogen sulfide detailed and thoroughly investigated.

As a result of researches conducted during the expedition Shpindler came to the conclusion that the
main cause of the sea surface circulation is wind. On the basis of the data received during the expedition he
erroneously concluded that the Black Sea can be represented as a water body consisting of two parts - the
surface and deep layers between which water exchange does not occur and deep layers of the sea are in a
stagnant state. Such an opinion in the Black Sea Oceanography existed up to 30-40s of XX century [4].
Further studies have shown the incorrectness of such opinion. It turned out that the Black Sea is one whole
system, where the water circulation occurs throughout the vertical from the sea surface to the bottom. In this
respect there is very important the scientific article published by the famous marine biologist V. A.
Vodianitskii, where on the basis of hydrobiological studies is formulated the scheme of vertical structure of
the Black Sea general circulation [12, 18]. The principal provision of the author is that the whole thickness of
the Black Sea represents one whole where the vertical and horizontal movements take place from the sea
surface to the bottom, but the water exchange between the surface and deeper layers is slowly.

The expeditions led by Shpindler in 1890-1891 were the beginning of a systematic study of the Black
Sea Hydrology, which essentially enriched the knowledge of the Black Sea and contributed to the study of
general hydrology of the Black Sea. It should be noted that in 1892 the Russian Geographical Society
awarded I. B. Shpindler and F. F. Wrangell with small gold medals for the successful expeditions and the
great contribution to the Black Sea oceanography [4].

Up to the 20s of the XX century, large-scale complex oceanographic studies were no longer carried
out, but in this period there were experimental studies of small scales. For example, in 1892 by A. A.
Lebedintsev was carried hydrobiological and hydrological studies of the Black Sea from Odessa to Batumi
section.

3. The Black Sea oceanography in XX century and at the beginning of XXI century

Since 1920s study of the structure and dynamics of the Black Sea have received very widespread
development. In 1923-1935 a large oceanographic expedition was carried out, which was led by famous
Russian scientist and oceanographer Yu. M. Shokalskiy (1856-1940). Since 1932 V. V. Shuleikin has
become the leader of the expedition. The expedition work program was extensive and it consisted of
standard hydrological examination to great depths, study of bottom and bottom sediments, hydrochemical
studies, biologic studies of plankton and benthos, bacteriological investigations [12, 17, 19].

During the expedition, large-scale studies of the hydrochemical, biological and hydrological processes
of the Black Sea were carried out. During the whole operation of the expedition 53 cruises were performed
on various vessels, in which about 1600 oceanographic stations were made, more than 2000 biological and
geological samples were collected. Most of the observations were made at the maximum depths of the sea
(2000-2200 m). During the expedition, the first map of the Black Sea relief was drawn up, the general
cyclonic nature of the Black Sea was established, the results obtained in previous studies about
contamination of deep waters by hydrogen sulfides and the absence of living organisms were confirmed.
Biological studies have shown the seasonal change of plankton and peculiarities of distribution of Benthos at
the depth .

The ground samples taken under the expedition have become an important basis for geologists to
study the history of the construction of the Black Sea Pavement and Development [12, 20].

The study of the vertical hydrological structure showed that the mixing process is carried out between
the upper oxygen content and lower hydrogen sulfide layers, but with small intensity. Thus, the hypothesis of
the existence of a standing zone in deep layers was refuted. It was found that in the open part of the Black
Sea contaminated layer with hydrogen sulfide is up to 125 m depth, and close to the shores - up to 200 m.

It is interesting to note that Shokalskiy was a witness of a strong earthquake in Yalta on September 12,
1927, the epicenter of which was in the Black Sea close to the seashores. Despite the fact that he was not a
seismologist, he gave a detailed description of this event and created a more complete picture of the Yalta
earthquake [21].
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The expeditions carried out in 1923-1935 were of great importancein the study of hydrophysical and
biochemical processes. It should be noted that the works envisaged in the framework of the expeditions were
entered into the second International Polar Year (1932-1933) Scientific Program.

Almost at the same time one of the most significant expedition in the history of the Black Sea
oceanography was carried out in 1922-1928 — Azov-Black Sea research fishery expedition under the
leadership of N. M. Knipovich. The main tasks planned in this expedition were biological, but the expedition
plan included also hydrological observations [22]. The area of research and experimental activities of the
expedition included the Azov Sea, the Kerch Strait and the coastal waters of the eastern part of the Black
Sea.

By the expedition was obtained very extensive material covering the relief of the bottom, sea water
temperature, salinity and the gas regime, the composition and distribution of plankton and benthos.The first
monograph on the Black Sea hydrology belongs to N. M. Knipovich [23]. In his monograph the scheme of
the surface circulation of the Black Sea is given, according to which the main elements of the surface
circulation are the main cyclonic current, which surrounds the Black Sea on the periphery (the Rim Current),
and two cyclonic eddies in the open part of the sea basin (so-called “Knipovich’s glasses”). The cupola-
shaped form of salinity and density fields at the centers of these eddies were established. The subsequent
researches have confirmed the basic conclusions given by Knipovich.

It should be noted that as a result of performed oceanographic expeditions at the end of XIX century
and in the 20-30s of the XX century the Black Sea became one of the most studied seas in the World.

It is necessary to note the great contribution of the Academician V. V. Shuleikin (1895-1979) to the
many spheres of the Black Sea oceanography. In 1929 he has based the Black Sea hydrophysical station in
Kaciveli (Crimea). Further, on the basis of this station the Marine Hydrophysical Institute was based
(Sevastopol) and the station itself became an experimental division of this institution. Currently, the Marine
Hydrophysical Institute is a research organization of international importance, where the studies of the Black
Sea hydrophysical processes actively and at a high scientific level take place using modern experimental and
theoretical methods. The works in Kaciveli hydrophysical station under the guidance of V. V. Shuleikin
included a wide range of oceanographic tasks: dynamics of sea currents, dynamics of tidal waves, dynamics
of surface and internal waves, physical basis of climate and weather, sea optics, sea acoustics, etc [17]. It is
interested to note that in 1938 by Shuleikin was elaborated the method, which provided physical modeling of
generation and evolution of wind driven waves in laboratory conditions in an aerodynamic circular channel.
V. V. Shuleikin made a major contribution to the study of the heat balance of the Black Sea, which laid the
basis for the modern theory of the Heat Balance of the oceans and seas. The scientific results obtained in the
Hydrophysical Station during the nearly ten years are generalized in his fundamental monograph "Physics of
the sea" [24]. The scientific results obtained by Academician V.V. Shuleikin received high recognition,
which was confirmed by the fact that in 1942 he was awarded the title of laureate of the Stalin Prize for the
major contribution to oceanography.

The leading role in the study of the Black Sea in the former Soviet Union played Scientific-research
institutes in Sevastopol — Marine Hydrophysical Institute and the Institute of Biology of South Seas, that
were equipped with scientific-research vessels "Mikhail Lomonosov", "Academician Vernadskiy",
“Professor Vodianitskiy", etc. Significant scientific and research works also were carried out by the State
Oceanographic Institute (Moskow) and M. Lomonosov Moscow State University, research vessels of which
were based in Sevastopol. In the sea city of Gelendzhik the south branch of Shirshov Inctitute of Oceanology
of the Academy of Sciences of USSR was functioning, which carried out the scientific expeditions by the
research vessels “Academician Shirshov” and “Academician S.Vavilov”.

The knowledge acquired for the 60s of the XX century about the Black Sea is reflected in the book
“Regional Oceanography “ by A. K. Leonov [25] and in the monograph “Circulationand structure of waters
of the Black Sea“ by D. M. Fillipov [13].

Since 50-60s of the last century, the study of the Black Sea has become deeper and more completed.
In 1957-1959, in the framework of the International Geophysical Year Program, oceanographic expeditions
were carried out in the former Soviet Union where the observations were conducted on the polygons. This
made it possible to study the mesoscale variability of the Black Sea thermochaline structure and flows [12].

In the former USSR in 1976-1978, a joint program of Black Sea Complex Studies (SKOICH) was
implemented. A wide range of rich scientific materials collected, analyzed and theoretical generalized in the
scope of this program were published in a number of publications. First of all it should be noted the
monograph by A. S. Blatov, N. P. Bulgakov, et al [26], where a broad spectrum of hydrophysical processes
of the Black Sea is discussed. Here are the peculiarities of the average multi-year season changeability of the
main hydrophysical fields - temperature, salinity, density and flow.
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It is very important the contribution of the Bulgarian scientists to the study of Black Sea
Oceanography, which carries out at the Institute of Fish Resources and the Institute of Oceanology of the
Academy of Sciences of Bulgaria in Varna. Studies are mainly focused on the oceanography of the western
part of the sea and the Bosporus region. The resulting findings are reflected in the collective work of
Bulgarian scientists [27].

Research in Black Sea Oceanography in Romania carries out at Grigol Antipa Institute of Sea Studies
in Constanta. The main attention is paid to the shelf zone and the Danube river delta.

Turkey's scientific and educational centers - the Center for Sea Science and Technology (Izmir), the
Middle East Technical University (Ankara) and others have a major role in the study of hydrology and
ecosystem of the Black Sea Anatolian coast.

The interest of American scientists with the Black Sea is very high. By the end of the 60s and in 70s-
80s of the last century, they conducted a number of oceanographic experiments on the Black Sea, mainly
related to the geological problems of the Black Sea [12]. A lot of publications of American scientists are
devoted to mathematical modeling of the Black Sea dynamics (for example, [ 28-30]).

Obviously, it is not possible to receive the quantitative characteristics of the dynamics of the entire
Black Sea basin only by observations. In this case it is necessary to apply the theoretical analysis methods.

Since 40-50s of the last century wide use of physical and mathematical methods in study of the Black
Sea dynamics began, but fast development of computer facilities considerably has promoted numerical
modeling of hydrophysical processes since 60-70s.

The modern stage of the study of the Black Sea, beginning since 70s of the last century, is
distinguished with applying both the experimental and theoretical methods. The numerical modeling of the
physical processes of the Black Sea, based on the full equation system of ocean hydrothermodynamics, was
initially started in the former USSR during this period, particularly, at the Computing Center of the Siberian
Branch of the Academy of Sciences of USSR (Novosibirsk, Akademgorodok) under the guidance of
Academician G. I. Marchuk.

The method of mathematical modeling implies the description of the study object or process through
differential equations that can be solved using appropriate boundary and initial conditions. This method
enables to simulate processes and events ongoing in the nature (numerical experiments on a personal
computer), evaluate various factors impact on the development of the study process and, finally, to predict it.

There are a lot of number of publications dedicated to mathematical modeling of physical processes in
the Black Sea. The review and analysis of these publications are given in monographs [31, 32], which reflect
the state of the problem for the 80s of the last century. There were developed two types of numerical models:
diagnostic and prognostic. Among them diagnostic models are relatively simple in which the density field is
determined based on the observation data. This allows simplification of the equation system, as it is not
necessary to consider the equations of heat and salinity transfer. As input data for the diagnostic models the
average multi-year seasonal sea density fields and atmospheric pressure above the sea were used. The first
calculations were carried out using a diagnostic model on the basis of a stationary barotropic model for the
north-western part of the Black Sea [33]. The calculations for the whole Black Sea Basin using the
diagnostic models are also presented in [34-37]. A review and analysis of such models are in the monograph
[38]. Calculations carried out by the diagnostic method have shown that movement of water in the Black Sea
takes place throughout the thickness of the sea from the surface to the bottom. Vertical velocity received on
the basis of the continuity equation demonstrated the rise of water masses above the central areas of the sea
and lowering in the peripheral part of the sea at a rate of 10* cm /s [34].

diagnostic models are limited to explain the main features of the sea dynamics. In this respect
prognostic models are very promising, in which the density field is given not on the basis of observational
data, but is determined in the process of integrating the model equations. Prognostic models are divided into
one-component and two-component models. One-component models were proposed in [39-42]. In [39],
instead of the equations of heat and salinity, the equation for the density was used, and in [40-42] the density
was determined only by the temperature field. For the Black Sea, such an assumption is rather crude, since,
as is well known, the formation of a density field in the Black Sea basically depends on the salinity field.

Two-component prognostic models are more complete. They are based on a full system of ocean
hydrothermodynamics equations. In this case the density field is determined by temperature and salinity
fields. The first works in this direction were made at the Computing Center of the Siberian Branch of the
Academy of Sciences of USSR (Novosibirsk, Academgorodok) in [32, 43-46]. In these works, the model
equation system is formulated for deviations of thermodynamic values from the standard vertical
distribution. For solution of the equation system the two-cycle splitting method with respect to physical
processes, coordinate lines and planes is used proposed by Academician G. I. Marchuk to solve the dynamics
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and ecological tasks of the ocean and atmosphere [47, 48]. This was the first prognostic model of the Black
Sea dynamics based on a full system of ocean hydrothermodynamics equations, the results of which
confirmed the general cyclonic nature of the Black Sea circulation and showed a significant role of the
bottom relief in circulation, particularly in the north-west part of the Black Sea. The maximum concentration
of salinity was obtained in the central part of the sea, while the peripherals were relatively small, giving
evidence of saline deeper water in the central areas of cyclonic rotation. It was also shown that the density
and salinity fields in the Black Sea are in good correlation with each other.

The level of computing techniques of the 70s of the last century did not provide realization of non-
stationary spatial tasks with the desired resolution. Therefore, the Black Sea dynamics prognostic baroclinic
model was realized for the Black Sea basin with a horizontal grid step of 37 km, while 13 calculated levels
were taken on a vertical [32, 43-46].

The two-component prognostic models of the Black Sea dynamics were also proposed in [49-51]. As a
result of realization of the model [49] using Bryan's numerical scheme [52] the average annual and seasonal
fields of hydrophysical characteristics were calculated. Comparison of model fields with observation data
showed that the model satisfactorily reflected the peculiarities of hydrophysical fields. It should be noted that
the Rim current was well reflected in the average annual picture of the calculated flow, but at the same time
the internal cyclone eddies in the open part of the basin practically did not observed.

In [50-51] the model system of equations was solved using the two-cycle splitting method, as well as
in [32, 43-46]. Numerous numerical experiments showed that the model well reflected the general features of
the general circulation of the Black Sea.

In 70-80s of the last century large horizontal spacing applied in the numerical models did not allow
description of small coastal eddies. The modern observations show existence of mesoscale and submesoscale
eddies in coastal waters [53, 54], whose identification require very high resolution of mathematical models.
The fast development of computational facilities since 1990s gave the opportunities for computer realization
of these models with higher resolution, which have allowed reproducing dynamic processes in the Black Sea
by the great adequacy.

Since 1990s at M. Nodia Institute of Geophysics of the National Academy of Sciences of Georgia the
perfection of the Black Sea dynamics model [32, 43-46] was carried out by considering the main physical
factors and simultaneously increasing the horizontal resolution of the model as in the horizontal (5 km
horizontal), as well as in vertical direction (32 calculated level). The modern version of the model [55-57]
provides the following key factors:

» quasi-real sea bottom relief and configuration of the sea basin,

« atmospheric wind and thermohaline impacts,

» solar radiation absorption by the upper layer of the sea,

« water exchange through the Bosporus Strait with Mediterranean Sea,

* Danube river runoff,

« space-temporal Changeability of turbulent viscosity and diffusion coefficients.

Performed numerical experiments in conditions of alternation of climatic wind fields typical for the
Black Sea basin showed that surface circulation is constantly changing throughout the year. Strong
atmospheric winds over the Black Sea have a smoothing effect on the surface sea circulation and the
processes of vortex formations are less intense. In such cases, the speed of the sea current may exceed 100
cm/s. Later this basin-scale model was adapted to the easternmost water area of the Black Sea (including
Georgian coastal zone) with increasing space resolution to 1 km.

The numerical modeling of the Black Sea dynamics is particularly intensively developing in the last
20 years and the number of publications devoted to this problem increases (for example, [58-65]). The
results of mathematical modeling, hydrological observations and satellite remote sensing data clarified the
traditional picture of the Black Sea circulation, obtained by N. M. Knipovich [23], and improved our
knowledge of the dynamic processes taking place in the Black Sea. The Black Sea circulation is one of the
major factors determining distribution of thermohaline fields and some substances of anthropogenic and
natural origins. On the basis of modern research it became possible to establish the main regularities of the
Black Sea circulation, which can be characterized as follows: the circulation of the Black Sea as a whole is
cyclonic, the main element of which is the main Black Sea current (the Rim Current) by a cyclonic ring,
which covers the Black Sea basin on the periphery over the continental slope and represents a jet flow with
width about 40-80 m. Along the Rim Current jet around the basin flow speeds are about 25-30 cm/s, but the
maximum speed of the flow at a strong atmospheric wind can exceed 100 cm/s. The Rim Current is observed
throughout the year and is strengthened and stabilized during the autumn-winter period. The essential feature
of the Black Sea surface circulation is also formation of some interior cyclone eddies in the western and
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eastern open parts of the Black Sea. the Rim current is hydrodynamically unstable and as a result of
interaction with the relief it experiences meandering, especially during the warm period from April to
November. This event is due to the weakening of the atmospheric winds and a number of calm situations
during the warm period of the year. The meandering promotes generation of coastal anticyclonic eddies
between the Rim Current and the coast over the entire perimeter of the seaside line. Such coastal eddies are:
Bosporus, Sevastopol, Crimea, Caucasus, Sakaria, Sinop, Batumi eddies, etc. Among these eddies Batumi
anticyclonic eddy is more intensive and stable formation, especially in the warm season. The coastal
anticyclonic eddies and interior cyclonic eddies schematically are presented in Fig. 3 [66]. Characteristic
sizes of coastal eddies are in a wide range about within 20 - 200 km, which play an important role in
ventilation of coastal waters [67].

44"

Fig. 3. A schematic structure of the Black Sea upper layer circulation [66] by showing of the Rim
Current and cyclonic and anticyclonic eddies. By blue color cyclonic eddies are shown and by yellowish-
reddish color - coastal anticyclonic eddies.

Approximately during last two decades the Black Sea oceanography achieved significant successes.
Development of in-situ and remote sensing methods and effective data-computing technologies promoted
creation of the Black Sea Nowcasting/Forecasting system, which is the large scientific and technical
achievement of the Black Sea operative oceanography [68-72]. Such system allows to carrying out
continuous control over the current state of the Black Sea and its change for some days forward. At present
the Black Sea nowcasting/forecasting system is functioning in the near-real time and provides the short-
range forecast of basic hydrophysical fields — the current, temperature, salinity and sea level. The main
components of this system are basin-scale model of the Black Sea dynamics of MHI and some high-
resolution models of coastal dynamics. In Fig. 4 the regional water areas of Bulgaria, Romania, Ukraine,
Russia and Georgia are presented, where calculation of regional forecasts are carried out [70]. One of them
is an easternmost water area including Georgian coastal zone. For this area operates the regional forecasting
system developed at M. Nodia Institute of Geophysics of I. Javakhishvili Thilisi State University [73-78]
within EU international scientific projects ARENA and ECOOP. The regional forecasting system, which is
one of the main components of the Black Sea nowcasting/forecasting system, consists of hydrodynamic and
ecological blocks. The hydrodynamic block includes M. Nodia Institute of Geophysics high-resolution 3D
regional model of the Black Sea dynamics with 1 km resolution which is nested in the basin-scale model of
the Black Sea dynamics with 5 km resolution of Marine Hydrophysical Institute (MHI, Sevastopol) [62]. The
ecological block includes 2D and 3D transport models of polluting substances.
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Fig.4. Black Sea coastal regions where are calculated regional forecasts with high-Resolution [70].

The regional forecasting system provides 3 days’ forecast of main hydrophysical fields - the current,
temperature and salinity with 1 km spacing in the Georgian sector of the Black Sea and surrounding water
area, but in accidental situations — also the forecast of spreading oil and other polluting substances.

4. Conclusions

The Black Sea, which is typical inland water body, since ancient time was in focus by geographers and
travelers, but its systematic and intense scientific study began in the second half of the XIX century. Though
the first significant discovery occurred in the XVII century, when the famous Italian diplomat, military man
and oceanographer Luigi Ferdinando Marsili in 1679 discovered the lower and upper currents in the
Bosporus Strait.

The largest contribution to the Black Sea oceanography was made by expeditions led by I. B.
Shpindler (1890-1891), Yu. M. Shokalskiy (1928-1935), N. M. Knipovich (1922-1928). the results obtained
in these expeditions made the Black Sea the most studied sea in the World.

The development of remote sensing from artificial earth satellites, the elaboration of high-resolution
mathematical models and assimilation methods of observational data in the last two decades have provided
the creation of the Black Sea nowcasting/forecasting system, which is a large achievement of the modern
Black Sea oceanography.
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OcHoOBHBIE ITANIBI B UCTOPUH OKeaHOrpaduu YepHoro Mmops

IA. Kopazanze|, /1. JlemerpamBuiu

Pe3rome

B nmaHHOW cTaThe KpaTKO OIMCBHIBAIOTCS OCHOBHBIE JITallbl B MCTOPUHM OKeaHorpaduu UepHOTO MOpsS €O
CpelHUX BEKOB JI0 HacTosimero. [lokazaHo, 4To coBpeMeHHOe 3HaHue o UepHoM Mope U THAPOPHU3HIECKHUX U
OMOXMMHUYECKUX MPOIECCax, MPOUCXOAIMNX B 3TOM YHHKAIEHOM MOPCKOM OacceliHe, JOCTHTHYTO B
pe3ynbTaTe YHOpPHOW JesSTeNbHOCTH WCCIEAO0BaTENeH-OKEaHOIOTOB B TEYEHHE IOCIEIHUX HECKOJIBKIX
BEKOB. 3HAYHUTEIILHOEC BHUMAHKE YIAJSeTCsl COBPEMEHHOM ONEpPaTUBHON OKeaHOrpaduu ¢ MCIOIb30BaHUEM
COBPEMEHHBIX MH()OPMAIMOHHO-BBIYUCIUTENBHBIX TEUHOJIOTUH U CIYTHUKOBBIX JUCTAHIIMOHHBIX METOJIOB
30HANPOBAHMS.
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