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Abstract 
Purpose. The purpose of the study is to analyse the spectral structure of fluctuations in current velocities 
and sea level elevations in the Sea of Azov over a climatic period, to reveal the spatial and seasonal 
features of these fluctuations in the mesoscale and synoptic ranges (from hours to dozens of days), as 
well as to assess the intra-annual variability of current velocities in the central part of the sea. 
Methods and Results. The primary research method consisted of numerical modeling which involved 
a unified hydrodynamic model taking into account the interrelationships between wind waves, currents, 
and sea level under shallow water conditions. The model was previously verified using the 
experimentally obtained sea state parameters. The required hydrodynamic parameters were calculated 
for a 46-year climatic period (1979–2024). The output data consisted of three-dimensional spatial fields 
of current velocity components and sea level in the Sea of Azov at a 1 h resolution. The main periods 
of hydrodynamic parameter oscillations – 0.5, 1, 3.6–4.2, 5.6–7.1, and 13.6–14.8 days – were identified 
based on spectral analysis. The energy of fluctuations increased with the period; two-week fluctuations 
were the most intense. The power of current velocity fluctuations in the surface layer was 2–3 times 
higher than that in the bottom layer. At periods exceeding one day, the velocity fluctuations of surface 
and bottom currents slightly dominated in spring, whereas sea level fluctuations at periods of 5.6–7.1 
and 13.6–14.8 days were maximal in autumn, and those at periods of 3.6–4.2 days were maximal in 
spring. For all the parameters, diurnal fluctuations were maximal in summer, and semidiurnal ones in 
autumn. The spatial distribution of sea level fluctuations exhibited clear zonality: the highest amplitudes 
at periods exceeding 3 days were observed in the northeastern and southwestern parts of the sea, at 
diurnal periods in the eastern and western parts, and at semidiurnal periods in the southeastern and 
northwestern parts. In the central part of the sea, two peaks were well pronounced in the spectrum of 
the meridional velocity component: the annual (dominant) and semi-annual ones; in the zonal 
component, a 0.7-year period (~ 260 days) was added to them. In the frequency spectra, the low-
frequency fluctuations (~ 2 and 4 years) were weakly pronounced. 
Conclusions. The obtained spectral characteristics demonstrate the response of the shallow Sea of Azov 
to atmospheric forcing. The spatial and seasonal variability of fluctuations can be used both for 
verifying the hydrodynamic models and for assessing the climatic variability of currents in the region. 
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Introduction 
The hydrodynamic regime of any sea area is primarily determined by currents, 

wind waves, and sea level fluctuations, which are formed under the influence 
of the geographical location of the area, bathymetric features, and atmospheric 
conditions. For the Sea of Azov, free surface fluctuations have been studied most 
extensively, facilitated by a wide network of coastal hydrometeorological stations 
that conduct continuous monitoring of sea level. The body of literature on this issue 
is large; without diminishing the contribution of other authors, we note the works 
[1–12]. Owing to the development of spectral wave models, the wave regime 
of the sea has also been studied quite well [13–18]. 

As a rule, studies of currents in the Sea of Azov were devoted to specific 
problems, such as the analysis of particular conditions for the formation 
of the current field under the influence of winds from certain directions or individual 
storms 1 [19–23]. In [24] the results of in situ observations performed in 2023–2024 
are summarized, several hydrodynamic situations characterising the circulation 
features of the Sea of Azov are described, and tidal components in the spectra 
of current velocity fluctuations are identified. 

Given the lack of data from direct instrumental measurements of current 
parameters, numerical modeling serves as a natural alternative, allowing 
for the acquisition of long and continuous series of current characteristics across 
the entire sea area. In [25], the results of calculating current parameters over 
a 45-year climatic period (1979–2023) are presented, and the three-dimensional 
spatial structure of currents in the Sea of Azov is established. 

The principal purpose of the present study is to analyse the spectral structure 
of fluctuations in current velocities and sea level elevations in the mesoscale 
and synoptic ranges of variability (from hours to dozens of days), to reveal the spatial 
and seasonal features of fluctuations in these hydrodynamic parameters, as well 
as to assess the possible intra-annual and interannual variability of current velocities 
in the central part of the sea. 

 
Materials and methods 

Model and materials used 
Two key morphological and hydrological features of the Sea of Azov that 

directly affect the accuracy of numerical modeling results should be highlighted: 
1) extensive shallow-water areas, for which the calculated sea level values are 
comparable to local depths; 2) the possibility of the formation of an ice cover in 
winter. 

The former circumstance leads to the interdependence of the parameters 
of currents, sea level elevations, and wind waves, which is accounted for through 
a unified hydrodynamic model. Current characteristics are calculated using 
the 5-layer σ-coordinate hydrodynamic model ADCIRC, and wind waves are 
calculated using the spectral wave model MIKE 21 SW. In this approach, wind wave 
parameters are determined taking into account the current velocities and directions, 

                                                           
1 Popov, S.K., 2018. [Modeling and Prediction of Changes in Sea Level and Current Velocities 

in the Russian Seas]. DSc. Dissertation in Physics and Mathematics. Moscow, 300 p. (in Russian).  
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as well as sea level elevations; the current fields are corrected for the radiation 
stresses arising from wave breaking. The initial meteorological fields (wind speed, 
surface atmospheric pressure, and ice concentration) are obtained by sampling 
the ERA5 global reanalysis dataset. The spatial step in latitude and longitude 
is 0.125°, the temporal step is 3 h for wind speed and pressure, and 1 day for ice 
concentration. 

The model was previously verified using the available observational data 
on the parameters of currents, sea level, and wind waves obtained from instrumental 
measurements (pressure sensors, ADCPs, and Vector-2 current meters), as well 
as from satellite observations. The verification stages are detailed in [26]. 

 
Accounting for ice cover 
The problem of ice cover requires more detailed consideration, as it significantly 

affects currents and wave fields. Climatic aspects of ice formation have been 
considered in numerous studies [27–31]. In particular, these studies have shown that: 

1) The maps of the spatial distribution of ice over the sea area differ (sometimes 
significantly) depending on the method of obtaining and analysing satellite 
information. In other words, the choice of the database used in modeling current 
fields is inevitably subjective, since it is impossible to compare data, for example, 
from reanalyses for a specific period with observations that could be regarded 
as reference data (especially in the open sea). It should be noted that at least daily 
fields of ice cover are needed for modeling; 

2) For the Sea of Azov, the frequency of severe winters, determined by the sum 
of sub-zero air temperatures, is 17% [28]. During such winters, almost the entire sea 
area is covered with ice of varying concentration. In moderate (frequency: 46%) 
and mild (frequency: 37%) winters, the ice cover is concentrated, as a rule, 
in Taganrog Bay and in shallow-water areas along the perimeter of the sea. Thus, ice 
is almost always present in Taganrog Bay in winter. 

The procedures for averaging current fields over a long period are less sensitive 
to the accuracy of the input data and can accommodate gaps and missing data over 
certain periods more readily than can spectral analysis, which requires continuous 
time series of current velocities. Since errors in the input ice-cover fields are most 
significant for the shallow Taganrog Bay, and because of possible uncertainties 
in satellite reanalyses, the spectral analysis of fluctuations in current velocities and 
sea level elevations was carried out only for points within the main body of the sea 
for the nominally ice-free period from March to November. 

 
Selection of calculation points and data processing 
The hydrodynamic parameters of the Sea of Azov were calculated for a 46-year 

climatic period (1979–2024). The output data consisted of three-dimensional spatial 
fields of current velocity components and sea level elevations in the Sea of Azov at 
a 1 h resolution. 

Across the sea area, 155 calculation points were selected (Fig. 1); their locations 
correspond to depths equal to or exceeding 4 m. For each of these points, 46 annual 
time series of current velocities in the surface and bottom layers, as well as sea level 
elevations, were formed for the entire period from March to November and separately 
for each season (spring, summer, and autumn) in each year from 1979 to 2024. 
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F i g.  1. Location of calculation points in the Sea of Azov 

Spectral analysis 
Spectral estimates were obtained using Welch’s periodogram method, 

implemented in the Matlab environment. This method uses a weighting function to 
prevent spectral leakage and reduce the bias of the resulting estimate of spectral 
components, and splits the original signal into overlapping segments, which 
increases the total number of segments and reduces the variance of the estimate. 

The 46 spectra obtained for each point were then averaged over the entire ice-
free period, as well as for each season, yielding climatic mean annual estimates of the 
spectral density of fluctuations in current velocities and sea level elevations. 

It should also be noted that, as a rule, it is not the velocity magnitude itself 
that is subjected to spectral analysis, but its components – either geographic 
(northward and eastward) or projections onto the alongshore and cross-shore axes. 
For local applications involving specific coasts, such an approach is fully justified, 
but in our case, when considering the entire sea area, it is preferable to analyse 
the velocity magnitudes themselves for ease of interpretation. 

Hereinafter, the term ‘frequency spectra’ refers to the mean annual (i.e. climatic) 
spectra of fluctuations in hydrodynamic parameters, obtained by averaging over 
46 years. 

Results and discussion 
Fig. 2 and 3 show the spectra of fluctuations in current velocities in the two 

layers under consideration, respectively, as well as the spectra of fluctuations in sea 
level elevations, all averaged over the 155 points across the sea. 
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F i g.  2. Frequency spectra of current velocity fluctuations in the surface (a) and bottom (b) layers, as 
well as sea level fluctuations (c). Gray shading shows the 95% confidence intervals 

F i g.  3. Interannual statistical characteristics of spectral densities of hydrodynamic parameter 
fluctuations  
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As revealed by the spectral analysis, the mesoscale and synoptic variability was 
characterised by the main peaks in oscillations of current velocities and sea level 
elevations at periods of 0.5, 1, 3.6–4.2, 5.6–7.1, and 13.6–14.8 days (Figs. 2 and 3). 
The energy of fluctuations increased with the period: two-week fluctuations were the 
most intense, and semidiurnal ones were the least intense, although they were still 
clearly pronounced. The power of current velocity fluctuations in the surface layer 
was 2–3 times higher than that in the bottom layer. 

The diurnal and semidiurnal harmonics are well pronounced 
in the experimental spectra of sea level fluctuations in the Sea of Azov [12, 24]. The 
same fluctuations have been found in the Baltic Sea [32] and the Black Sea [33]. 
Worldwide, the spectra of current velocities have been studied to a much lesser 
extent, which is primarily due to the technical difficulties involved in conducting 
long-term experiments. Two hydrophysical test sites have played an important role 
in the history of experimental studies of currents: that of the Shirshov Institute 
of Oceanology, Russian Academy of Sciences (on the northeastern shelf of the Black 
Sea near Gelendzhik) and that of Marine Hydrophysical Institute (Katsiveli, 
Crimea). Observations conducted by the Shirshov Institute of Oceanology in 2016–
2023 established that the characteristic periods of coastal current velocity 
fluctuations were 1, 2.2, and 5 days [34]. The processing of data obtained by Marine 
Hydrophysical Institute in 2002–2023 allowed the following periods of velocity 
fluctuations to be identified: 0.5, 1, 3.5, 6, and 12 days [35, 36]. In Lake Ontario, 
USA (characteristic dimensions of 300 × 90 km), the analysis of data from a bottom-
mounted ADCP for April–October 2018 revealed current velocity fluctuations 
at periods of 1, 5.2, 6.8, and 10.5 days [37]. Analysis of ADCP data from 
the southern part of the Caspian Sea for 2017–2018 revealed velocity fluctuations 
with periods of ~ 0.5, 1, ~ 2, and ~ 7 days [38]. Thus, the periodicities of fluctuations 
in hydrodynamic parameters identified for the Sea of Azov by numerical methods 
are common to many water bodies worldwide. 

Fluctuations in current velocities and sea level have pronounced seasonal 
features. Fig. 3 presents box-and-whisker plots characterising the interannual 
variations in the spectral densities of fluctuations at the main periods of variability 
for each season.  

The plots were constructed based on the statistical processing of 46 spectra, each 
of which was obtained by averaging the spectra for a specific year over 
the 155 points. The plots show the mean annual values, as well as the 10th, 25th, 
75th, and 90th percentiles of the distributions. 

The main features of seasonal fluctuations in the mesoscale and synoptic ranges 
of variability are as follows (Fig. 3): 

− In spring, fluctuations in surface and bottom current velocities are slightly
more pronounced at periods exceeding 1 day (3.6–4.2, 5.6–7.1, and 13.6–14.8 days); 

− In autumn, sea level fluctuations are strongest at periods of 5.6–7.1
and 13.6–14.8 days, and in spring at periods of 3.6–4.2 days; 

− For both current velocities and sea level, diurnal fluctuations are maximal
in summer, whereas semidiurnal ones are maximal in autumn. 

It should be clarified that the box plots characterise the interannual variability 
of the fluctuations: the coloured rectangles in Fig. 3 contain 50% of the sample, 
whereas the interval between the extreme percentiles contains 80%. A substantial 
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interannual range of fluctuations in spring and autumn is clearly visible across 
the entire range of periods considered. In summer, the largest interannual range 
is observed for diurnal fluctuations. 

The spatial distributions of mean annual (over 46 years) spectral density values 
at the main periods of fluctuations in current velocities in the surface and bottom 
layers, as well as in sea level elevations, are shown in Fig. 4. These distributions 
show that the strongest current velocity fluctuations at periods of one day or more 
are observed along the northern and southern coasts, as well as in the band passing 
through the centre of the sea. This band corresponds to the western periphery 
(for surface currents) and eastern periphery (for bottom currents) of a large cyclonic 
gyre, which is a key feature of the climatic water circulation in the Sea of Azov. 
The pattern of semidiurnal fluctuations in current velocities is more spatially 
heterogeneous and primarily reflects the response of the marine environment to rapid 
changes in external conditions. The spatial distributions of sea level fluctuations 
reveal clear zonality. The highest amplitudes at synoptic periods (greater than three 
days) are observed in the northeastern and southwestern parts of the sea; those 
of diurnal fluctuations are observed in the eastern and western parts, and those 
of semidiurnal fluctuations are observed in the southeastern and northwestern parts. 
The angle between the notional axes separating these areas for the periods of 13.6–
14.8 and 0.5 days is ~ 70°. Thus, significant differences are observed between 
the synoptic and mesoscale responses of the Sea of Azov water area to external 
forcing. 

F i g.  4. Annual average values (normalized to maximum ones) of the energy of spectral fluctuations 
of current velocities in the surface (a) and bottom (b) layers and sea level (c) 

Under the shallow-water conditions of the Sea of Azov, the elements 
of three-dimensional water circulation (mean and wave-induced currents, storm 
surges, and seiche oscillations) are formed mainly under the influence 
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of atmospheric conditions, namely wind parameters and surface atmospheric 
pressure. Other forcing factors (river runoff, water stratification, etc.) also contribute, 
but accounting for them would require a broader problem formulation and is beyond 
the scope of the present study. 

Wind characteristics (speed and direction) and pressure very among regions 
of the Sea of Azov. Nevertheless, to assess the climatic variability of meteorological 
fields, it is acceptable to use data from a single point in the centre of the sea. 

Fig. 5 shows the wind roses for the centre of the sea for the ice-free period from 
1979 to 2024, as well as for individual seasons. The roses are plotted using data from 
the ERA5 reanalysis. As shown in Fig. 5, from March to November, north-easterly 
winds prevail (25%); winds from the south-east and south are observed quite rarely 
(4 and 8%, respectively); and the frequency of winds from each of the remaining 
directions is ~12–13%. In spring, the frequency of southerly and south-westerly 
winds increases (17 and 13%, respectively). In summer, north-easterly winds 
dominate (almost 30%), while the frequency of winds from the north (19%) and north-
west (14%) increases, and that of winds from the east decreases (to 7%). The main 
feature of the wind regime in autumn is an increase in the frequency of winds from 
the east (to 18%) and a high frequency of strong westerly and north-westerly winds 
(with speeds exceeding 15 m/s). These results are consistent with the conclusions 
presented in study 2 and are based on NCEP/NCAR reanalysis data. 

Thus, the dominant wind forcing over the Sea of Azov acts along the NE–SW 
and NW–SE axes. Based on the obtained spatial distribution maps of sea level 
fluctuation energy (see Fig. 4, c), the mean frequency spectra of the two wind 
velocity components were constructed, together with the spectrum of surface 
atmospheric pressure fluctuations in the centre of the sea (Fig. 6). 

As the data in Fig. 6 show, all the previously identified oscillation periods 
are present in the spectra of wind velocity and atmospheric pressure, including 
the diurnal and semidiurnal cycles; the powers of atmospheric pressure fluctuations 
at periods of 1 and 0.5 days are similar. The diurnal and semidiurnal harmonics 
are also clearly apparent in the wind velocity spectra for the southern coast of Crimea 
[35]. A comparison of the oscillation energy along the 60–240° and 310–130° axes 
is presented in Fig. 7, which shows the ratios of the mean annual spectral powers 
of fluctuations in the wind components V_r and U_r. 

As shown in Fig. 7, at synoptic timescales (periods greater than 2–3 days), 
the power of wind velocity fluctuations along the 60–240° axis, extending from 
the Dolgaya Spit in the northeastern part of the sea to the Arabat Spit 
in the southwestern part, significantly exceeds. At periods shorter than 2 days, 
the oscillation energy along the 60–240° and 310–130° axes is comparable, except 
for the diurnal cycle. In spring and summer, the diurnal fluctuations are determined 
almost entirely by airflow from NE to SW (Fig. 7, b, c); in autumn, this dominance 
is less noticeable (Fig. 7, d). The contribution of winds oriented along the NW–SE 
axis (310–130°) to the semidiurnal harmonics is dominant both throughout the entire 
ice-free period from March to November (Fig. 7, a) and in spring and autumn 
separately (Fig. 7, b, d); in summer, the contribution of these winds slightly 

2 Lopatoukhin, L.I., Boukhanovsky, A.V., Ivanov, S.V., and Chernysheva, E.S., 2006. Reference 
Data on Wind and Wave Regime of the Baltic, North, Black, Azov and Mediterranean Seas. Saint 
Petersburg: Russian Maritime Register of Shipping, 451 p. (in Russian). 
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decreases. Thus, the characteristics of wind velocity fluctuations in the frequency 
domain can serve as a basis for interpreting the spatial maps of the spectral energy 
of sea level fluctuations (see Fig. 4, c) and current velocity fluctuations (see Fig. 4, 
a, b). In general, the hydrodynamic response to external forcing is determined 
not only by atmospheric conditions but also by the coastline configuration and local 
bathymetry. 

F i g.  5. Climatic wind roses for the central sea: а – the whole period; b – spring; c – summer; d – 
autumn 

The accumulated array of calculated hydrodynamic parameters of the Sea 
of Azov over an extended period makes it possible to assess the intra-annual 
and interannual variability of current velocities. For this purpose, a point in the centre 
of the sea was selected, and time series of the daily mean eastward and northward 
components of surface current velocity were constructed for 1970–2024. As already 
mentioned, severe winters with ice cover of varying intensity in the central part of the 
sea are relatively infrequent. Daily averaging and autoregressive gap filling made 
it possible to obtain continuous velocity time series, albeit with some uncertainty. 
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In our opinion, the limitations of this approach are offset by the opportunity to obtain 
a broader perspective on the climatic variability of currents. It is also useful 
to complement the study with an analysis of the time–frequency variability 
of selected characteristics of global atmospheric circulation. Since 
these characteristics describe the state of the same system, namely the atmosphere, 
they are often interrelated. Accordingly, two indices characterising large-scale 
atmospheric circulation in the Northern Hemisphere were selected: The North 
Atlantic Oscillation (NAO) and the Scandinavian pattern (SCAND). Their daily 
values are available from the NOAA Climate Prediction Centre (available 
at: http://www.cpc.ncep.noaa.gov). These indices were selected because 
they characterise the prevailing meridional (NAO) and zonal (SCAND) air mass 
flows over the Sea of Azov. 

F i g.  6. Annual average frequency spectra of fluctuations of wind speed components: projections onto 
the axes 60–240° (V_r) (a) and 310–130° (U_r) (b), as well as atmospheric pressure (c). Gray shading 
shows 95% confidence intervals 

Fig. 8 presents the frequency spectra of the U- and V-components of velocity, 
the wavelet spectra (scalograms) of the velocity components and atmospheric 
circulation indices, and, in schematic form, the position of high (H) and low (L) 
atmospheric pressure systems during the positive and negative phases of the large-
scale oscillations. The following points should be noted: 1) the pronounced 
non-stationarity of the index time series makes their conventional frequency spectra 
highly sensitive to spectral-analysis settings (segment length, degree of window 
overlap, etc.); in other words, the frequency spectra of the index fluctuations provide 
little useful information and are therefore not presented; 2) the scalograms display 

http://www.cpc.ncep.noaa.gov/
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the continuous wavelet power, with the colour scale representing its magnitude; 3) 
the grey area in Fig. 8, b–e, denotes the so-called cone of influence, i.e. the region 
affected by edge effects of the transform, within which the results may be unreliable. 

F i g.  7. Ratio of the amplitudes of wind speed component fluctuations: a – the whole period; b – 
spring; c – summer; d – autumn 

As shown in Fig. 8, two distinct peaks are present in the spectrum 
of the northward (meridional) velocity component: the dominant annual peak and 
a semi-annual peak. The spectrum of fluctuations in the eastward (zonal) component 
contains three maxima with comparable oscillation energies: in addition 
to the annual and semi-annual periods, a peak occurs at 0.7 years (~ 260 days). 
Lower-frequency fluctuations (~ 2 and 4 years) are only weakly apparent 
in the frequency spectra but are clearly evident in the wavelet spectra during certain 
periods, for example, in the U-component in 1982–1992 (Fig. 8, b), 
and in the V-component in 2015–2020 (Fig. 8, c). 

Large-scale changes in atmospheric circulation are too complex for a strong 
relationship to be expected between atmospheric circulation indices and fluctuations 
in current velocity within a relatively small individual water body. For example, 
study [39] considers a correlation coefficient of 0.4 between maximum wave heights 
in the Black Sea and selected atmospheric circulation indices to be reasonably strong. 
Nevertheless, in the present study, the NAO index exhibits a relatively stable annual 
cycle (Fig. 8, e), which corresponds to the annual harmonic of the meridional current 
velocity component (Fig. 8, c), particularly during 2010–2020. In the interpretation 
adopted here, for the Sea of Azov, fluctuations in the NAO index are associated 
with the transport of air masses from north to south during its positive phase 
and in the opposite direction during its negative phase (this represents a generalized 
picture rather than a strict regularity). In the case of a pronounced zonal transport, 
for which fluctuations in the SCAND index are used as a relative indicator, 
fluctuations in the eastward velocity component intensify, as observed, for example, 
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in the periods 1983–1987 and 2017–2023 (Fig. 8, b, d). Thus, the existence 
of an annual cycle in current velocities in the Sea of Azov, despite the simplifying 
assumptions involved, can be considered reasonably well supported. 

F i g.  8. Frequency spectra of fluctuations of current velocity components in the center of the sea 
(translucent colored areas correspond to the 95% confidence intervals) (a), wavelet spectra of U- (b) 
and V-components (c) of current velocity and atmospheric circulation indices SCAND (d) and NAO (e); 
schematic representation of the positive (f, h) and negative (g, i) phases of SCAND (f, g) and NAO (h, i). 
Letters “H” and “L” indicate the areas of high and low values, respectively 

Conclusions 
Among the hydrodynamic characteristics of the seas of the World Ocean, 

the most studied from a climatic point of view are sea level (owing to the wide 
network of in situ observations) and wind waves (due to the relative simplicity 
of their numerical modeling). Sea currents are formed under the influence 
of a complex of factors, and their study (experimental and numerical) involves many 
difficulties. In this regard, the semi-enclosed shallow Sea of Azov represents 
a convenient object of study. The unified hydrodynamic model used in the present 
work has made it possible to calculate the current parameters over a long period – 
from 1979 to 2024. We are not aware of similar results obtained for other seas. Let 
us note an important circumstance: the model does not guarantee absolute 
correspondence, for example, between the instantaneous velocity value at a specific 
point and the measured value. It is a question of statistical (generalized) similarity. 
As previous studies have shown, even in the presence of uncertainties (unaccounted-
for river runoff, for example, and errors in the input data on ice concentration), 
the obtained results can be interpreted quite well from a physical viewpoint. 
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The principal purpose of the work was to analyse the periods of fluctuations 
in current velocities and sea level elevations in the mesoscale and synoptic ranges 
of variability, as well as to assess the possible intra-annual variability in current 
velocities in the centre of the sea. 

The main results are described below: 
1. The mesoscale and synoptic variability is characterised by major peaks

in the fluctuations of current velocities and sea level elevations at periods of 0.5, 1, 
3.6–4.2, 5.6–7.1, and 13.6–14.8 days. 

2. The energy of fluctuations increases significantly as the period increases.
Two-week fluctuations are the most intense, whereas semidiurnal ones 
are the weakest. 

3. The power of current velocity fluctuations in the surface layer is 2–3 times
higher than that in the bottom layer. 

4. At periods exceeding 1 day, fluctuations in surface and bottom current
velocities are slightly more pronounced in spring. 

5. At periods of 5.6–7.1 and 13.6–14.8 days, sea level fluctuations are strongest
in autumn; at periods of 3.6–4.2 days, they are strongest in spring. 

6. Diurnal fluctuations of both current velocities and sea level elevations
are maximal in summer, whereas semidiurnal ones are maximal in autumn. 

7. Maximum current velocity fluctuations at periods of one day or more
are observed along the northern and southern coasts, as well as in the band of mean 
currents passing through the centre of the sea, which corresponds to the western 
periphery (for surface currents) and eastern periphery (for bottom currents) of a large 
cyclonic gyre – a key feature of the climatic water circulation in the Sea of Azov. 

8. The spatial distributions of sea level fluctuations exhibit clear zonality.
The highest amplitudes are observed in opposite parts of the sea: at synoptic periods 
(greater than 3 days) – in the northeast and southwest of the sea; at diurnal periods – 
in the east and west; at semidiurnal periods – in the southeast and northwest. 

9. In the centre of the sea, two peaks stand out in the spectrum of the meridional
velocity component: the dominant annual peak and a semi-annual peak; 
in the spectrum of the zonal component, an additional peak occurs at 0.7 years 
(~ 260 days). Low-frequency fluctuations (~ 2 and 4 years) are weakly expressed 
in the frequency spectra. 
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