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Abstract  

On the basis of numerical modeling using the 3D barotropic linear Felsenbaum model,  

regularities of the structure of currents local system in Kruglaya Bay depending on the wind 

was revealed. It is established that, regardless of the wind flow direction, a number of gen-

eral properties are inherent in the system of wind currents, and for each specific wind situa-

tion it has its own characteristics. It is shown that in the deep-water part of the investigated 

bay, the system of currents is two-layer, and in the shallow apex area, it is one-layer. 

Regardless of the wind situation, a topographic eddy cell is observed in the center of 

the bay in the area of extensive bottom uplift. The northern quarter winds cause a surge 

effect, developed circulation and ensure good water exchange with the open sea. 

The southern quarter winds are responsible for a weakly pronounced surge effect. 

Zonal winds generate weak zonal currents that impede water exchange between the bay 

and the sea. The simulation result is compared with the instrumental observations data of 

currents in Kruglaya Bay in northern quarter wind conditions. A good similarity is shown 

between the calculated system of currents and the flow scheme obtained from observational 

data. 

Keywords :  wind, currents, modeling, surge phenomena, Kruglaya Bay, Crimea 

Acknowledgements :  the research is performed under state task on topic  

no. 0555-2021-0005 “Complex interdisciplinary research of oceanologic processes, 

which determine functioning and evolution of the Black and Azov Sea coastal ecosys-

tems”. 

For citat ion :  Lomakin, P.D. and Ryabtsev, Yu.N., 2022. Current System in Kruglaya 

Bay (Crimea) Based on Numerical Simulation and Observation Data. Ecological Safety of 

Coastal and Shelf Zones of Sea, (4), pp. 79–89. doi:10.22449/2413-5577-2022-4-79-89 

©   Lomakin P .  D. ,  Ryabtsev Yu.  N. ,  2022  

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 
International (CC BY-NC 4.0) License 



80  Ecological Safety of Coastal and Shelf Zones of Sea. No. 4. 2022 
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Аннотация  
На основе численного моделирования с использованием трехмерной баротропной 
линейной модели Фельзенбаума выявлены закономерности структуры локальной 
системы течений в зависимости от ветра в бухте Круглой. Установлено, что, незави-
симо от направления ветрового потока, системе ветровых течений в целом присущ 
ряд общих свойств, а для каждой конкретной ветровой ситуации она отличается 
собственными признаками. Показано, что в глубоководной части исследуемой бухты 
система течений двухслойная, а в мелководной кутовой области – однослойная. 
Независимо от ветровой ситуации в центре бухты, в районе обширного поднятия дна 
наблюдается топографическая вихревая ячейка. Ветры северной четверти вызывают 
нагонный эффект, развитую циркуляцию и обеспечивают хороший водообмен с от-
крытой частью моря. Ветры южной четверти обусловливают слабо выраженный 
сгонный эффект. Зональные ветры генерируют слабые зональные течения, препятст-
вующие водообмену между бухтой и морем. Результат моделирования сопоставлен 
с данными инструментальных наблюдений за течениями в бухте Круглой в условиях 
ветра северной четверти. Показано хорошее соответствие расчетной системы течений 
и схемы течений, полученной по данным наблюдений.  
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Introduction 
Kruglaya Bay (also known as Omega Bay) is situated on the southwestern 

coast of the Crimean Peninsula, in the southern part of the Sevastopol seashore, 
between Abramov Bay and Streletskaya Bay. The bay is meridionally oriented and 
freely communicates with the sea. The length of its axial line is about a mile, 
the width of the mouth area of the bay is ~ 0.3 miles, and the sea depth at the inlet 
is 13–17 m. The apex of the bay, with a horizontal scale of 150–200 m and a depth 
of 0.5–1.2 m, is bounded from the central area by two capes (Fig. 1). 

One of the morphometric features of the studied bay, which determines 
the dynamics of water and suspended matter, as well as the structure of the fields of 
oceanological quantities, is a vast stony and partially covered with sand bottom 
uplift located in the central area, which is clearly distinguishable on satellite im-
ages in the visible range (Fig. 1, b). In stormy conditions and in the event of a large 
swell, its top emerges on the sea surface [1]. 
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F i g .  1 .  Geographic position of Kruglaya Bay with the oceanologic survey station map 

(a); satellite image of the bay (b) 
 
 

Kruglyaya is one of the few bays of the Sevastopol seaside where city beaches 

are located. It is of interest from a recreational point of view, especially in modern 

conditions of increasing anthropogenic load, therefore, information about the hy-

drological regime of the bay, in particular about the regularities of the current sys-

tem, seems to be very relevant. 

Comprehensive oceanological studies are currently being carried out in this 

bay and adjacent seaside areas. For example, during the past three years, a number 

of surveys and a series of shore-based observations of the main hydrophysical 

and hydrochemical parameters of the environment have been carried out here. 

On the basis of the analysis of the data obtained, an understanding of currents, 

structure and temporal variability of the fields of the main oceanological quantities, 

sources of pollution, volumes of waste water, chemical composition of pollutants 

has been formed [1–5]. In [6], numerical modelling of the spreading process of 

suspended matter from a real-life source was carried out. In this article, the existing 

knowledge is expanded and supplemented by the result of numerical simulation of 

the local system of currents. 

The aim of the work is to reveal regularities of the local current system de-

pending on wind conditions in Kruglaya Bay on the basis of numerical simulation 

and to compare the obtained result with the data of instrumental observations of 

currents. 

Initial data and research methods 

The three-dimensional barotropic linear Felsenbaum model [7, 8], generalized 

for the case of taking into account Rayleigh friction, was used to calculate currents. 

It should be noted that numerical modelling of hydrological processes in similar 

basins is traditionally used to understand the regularities identified on the basis of 

field observations [9, 10].  
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In such models, the solution to the three-dimensional problem of flows is re-

duced to the solution to the two-dimensional problem for an integral current func-

tion. The current velocity components are calculated using analytical formulas that 

allow calculations to be made on a relatively fine grid and describe the characteris-

tics of coastal currents and currents in bays. The details of the algorithm and 

the parameters used are described in the paper [8].  

The numerical experiments were carried out for eight main winds of 8 m/s 

for 2 days. The currents were calculated layer by layer, from the upper to the bot-

tom layer, under real bottom topography conditions. 

The simulation result was compared with flow vector schemes obtained from 

two oceanological surveys conducted in August and November 2019 [1, 2].  

Discussion of the results 

The result of numerical simulation of the current system in the upper and bot-

tom layers of the bay is demonstrated for meridional (Fig. 2, 3) and zonal (Fig. 4) 

winds. 

The analysis of vector fields (Figs. 2–4) showed that regardless of the wind 

situation, the system of wind currents as a whole in Kruglaya Bay is characterized 

by a number of common features. At the same time, meridional and zonal winds 

determine their own features of the kinematic structure of waters. 

Two qualitatively different kinematic structures of waters are observed 

in the bay under any wind direction. A two-layer structure – in the deep (central 

and open) area and a one-layer structure – in the shallow apex area. In the deep 

water, in the upper water layer the current vectors are oriented downwind, while 

in the bottom layer the current vectors are in the opposite direction. In the shallow 

apex area, both on the sea surface and near the bottom the current vectors are 

oriented downwind. 

In each calculated wind situation in the area of the bottom uplift, an eddy cell 

with a predominantly anticyclonic component is observed in the field of current 

vectors in the entire water column. This topographic quasi-stationary eddy forma-

tion is formed as a result of the interaction of currents with the bottom uplift 

and prevents meridional exchange between the bay and the open water area of 

the Sevastopol seaside (Fig. 2–4). 

It is shown below that winds of all directions (except the east) generate surge 

phenomena in the bay under consideration, the nature of which is determined 

by the direction of the wind flow, and the intensity is determined by the wind acce-

leration. 

The northern and southern quarter winds cause, respectively, the upsurge 

and downsurge effects over the entire bay area. Zonal winds cause upsurge along 

the windward shore of the bay and downsurge – along the opposite leeward shore. 

The northern quarter winds (northern, northwestern, northeastern) are charac-

terized by maximum acceleration and cause an upsurge effect in Kruglaya Bay. 

Due to the acceleration of these winds, the current system in the bay is the most 

developed. The calculated current velocity is the highest, 10–17 cm/s at the surface 

and 5–12 cm/s near the bottom, compared to the situations caused by other winds. 

Northern winds provide ventilation for the entire bay and the best water exchange 

with the open part of the sea (Fig. 2). 
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F i g .  2 . Vector field of currents generated in Kruglaya Bay by northern quarter 

winds in the upper (left) and bottom (right) layers: a, b – situation under north 

wind; c, d – under north-west wind; e, f – under north-east wind 
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The winds in the southern quarter (southern, southwestern, southeastern) cause 

a downsurge effect. However, due to limited wind acceleration, this effect is usual-

ly weakly expressed. According to episodic observations in the beach zone, 

the downsurge south winds in the studied bay do not cause more or less significant 

fluctuations in water temperature, their range is within 1°С.The calculated current 

velocity in the bay under south quarter winds is 7–15 cm/s in the upper layer 

and 3–7 cm/s near the bottom (Fig. 3). 

The zonal (west and east) winds are characterized by minimal acceleration. 

The west wind causes a downsurge near the western shore of the bay and an up-

surge near the eastern shore. The east wind causes a downsurge near the eastern 

shore and an upsurge near the western one. With zonal winds the calculated current 

velocity is minimal: 5–12 cm/s on the surface and 2–3 cm/s near the bottom; 

the zonal currents prevail and, consequently, the limited water exchange between 

the bay and the sea (Fig. 4). 

Let us note an interesting, typical for Sevastopol, local atmospheric synoptic 

situation. When east winds blow over the Crimea near Sevastopol, an orographic 

effect leads to calm and windless weather, with east wind speeds not exceeding 

3 m/s, as a rule. This phenomenon, well known to local meteorologists, has re-

ceived the name of the eastern position.Therefore, in the city and in the area of 

the studied bay, there is never a moderate and strong east wind. The real weak 

wind flow observed at the eastern position is hardly capable of generating a more 

or less stable system of currents, and the calculation variant in Fig. 4, c, d – a pure-

ly theoretical situation that does not exist in nature. 

All available empirical data confirm the known position [11] about predomi-

nantly wind driven nature of the currents in Sevastopol bays. 

Fig. 5 shows diagrams of current vectors plotted from the results of two expe-

ditions to Kruglaya Bay, which were carried out in August and November 2019. 

The first survey was carried out under weak northeast wind conditions, the second 

– under weak northwest wind conditions. 

Before proceeding to the analysis of the local current system in the bay under 

study based on actual observations, the following should be taken into account. 

The current generated by a weak wind is unstable. Its characteristics change in ac-

cordance with variations in wind flow parameters, which were necessarily present 

during each survey (~10 hours). 

Therefore, the time-differentiated vectors may refer to different fragments of 

the kinematic structure changed during the surveys, and not correspond to the real 

water circulation. 

Judging by the current vectors directed along the normal to the shore at the sta-

tions that were located directly near the shoreline, the currents in the studied bay 

have a rather pronounced seiche component. A significant random component is 

also probable. In other words, vector diagrams obtained from the data of instru-

mental observations of currents (Fig. 5) do not constitute a complete picture but 

only give an approximate idea of real water circulation in Kruglaya Bay under 

conditions of a weak northern quarter wind. Only the information on current veloc-

ity appears to be reliable. 
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F i g .  3 .  Vector field of currents generated in Kruglaya Bay by southern quar-

ter winds in the upper (left) and bottom (right) layers: a, b – situation under south 

wind; c, d – under south-west wind; e, f – under south-east wind 
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F i g .  4 .  Vector field of currents generated in Kruglaya Bay by zonal winds 

in the upper (left) and bottom (right) layers: a, b – situation under west wind; c, 

d – under east wind 

 
The articles [1, 2] carried out a detailed study of instrumental observations of 

currents in Kruglaya Bay using an indirect method based on an analysis of 

the structure of the fields of oceanological quantities. The structure of the thermo-

haline field and the fields of concentration of total suspended matter and dissolved 

organic matter were analyzed together with the vector schemes. 

As a result, the properties of the local current system generated by the northern 

quarter wind in Kruglaya Bay were confirmed. These properties were identified 

by numerical modelling and are shown in Fig. 2. 

In particular, they are two-layer kinematic structure in the deep part of the bay; 

intensive upsurge effect; well-developed meridional circulation in the deep part 

with current velocity of 15–40 cm/s in the upper layer and 10–15 cm/s near the bot-

tom and about 5 cm/s in the apex area. During both surveys in the area of bottom  
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F i g .  5 .  Current vectors in Kruglaya Bay: on 28 August (a) and 14 November (b) 2019 

uplift in the field of vectors of currents and in the structure of actual fields of ocea-

nological values, distinct eddy formation was recorded (Fig. 5), which presence 

was shown by all variants of model experiment (Fig. 2–4). 

On the whole, the longshore anticyclonic circulation of water and suspended 

matter prevails in the studied bay. This is confirmed by the depth distribution along 

the three piers located on the western shore of the bay, as well as the specific shore 

properties at the base of these structures. The piers intercept the north-oriented 

alongshore flow of suspended matter, washing the western shore of the bay. 

The water depth along the southern side of the piers is significantly shallower than 

along the northern side. At the base of the piers the shore is scoured from the south 

while to the north there is a pronounced zone of downstream erosion. 

Conclusion 

Numerical modeling method has been used to reveal regularities in the struc-

ture of the local current system in Kruglaya Bay determined by the eight main 

types of wind. 

It is established that regardless of the wind flow direction, the system of wind 

currents in the studied bay has the following properties: a two-layer structure 

in the deep-water region and a one-layer structure in the shallow apex area. 

In the upper water layer of the deep water, the current vectors are oriented down-

wind, in the bottom layer – the current vectors are oriented against the wind. 

In the shallow apex area on the sea surface and near the bottom, the current vectors 

are oriented downwind. In the central part of the bay, in the area of bottom uplift, 

a quasi-stationary topographic eddy formation is observed.  
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The northern, southern and zonal winds form fields of current vectors with spe-

cific features. The northern quarter winds cause an upsurge effect in Kruglaya Bay. 
Due to maximum acceleration under these winds, the current system in the bay is 

most developed and ensures good water exchange with the open sea area. The south-
ern quarter winds determine the downsurge effect, which is weakly pronounced 

due to limited acceleration. The zonal winds have minimal acceleration and generate 
weak zonal currents that impede water exchange between the bay and the sea. 

The result of simulations of the current system in the bay generated by the north-
ern quarter winds is confirmed by data from expedition surveys. In particular, such 

properties as two-layer kinematic structure in the deep-water area of the bay and 

one-layer structure in the apex area, developed meridional circulation, intensive up-
surge effect, formation of an eddy cell in the area of bottom uplift were confirmed. 

An anticyclonic longshore circulation of water and suspended matter prevails 
in the studied bay. 
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