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Certain results of investigating dangerous phenomena and potential natural disasters in the Azov–
Black Sea basin are represented. The decrease of storm activity in the Black Sea observed in the end 
of the XX century is due to diminution of total amount and intensity of the passing cyclones. Accord-
ing to long-term tendencies of the North Atlantic Oscillation and the East Atlantic Oscillation atmos-
phere indices, future increase of the storm amount in the Black Sea would be expected. The effective 
sources of storm surges in the Sea of Azov are the atmospheric cyclones spreading with the 20–40 
km/h velocity. The decrease of a cyclone movement velocity results in a storm surge intensification 
in the Gulf of Taganrog and increase of the flooded area in the Don delta. When the Don discharge 
becomes lower than the threshold value ~1600 m3/s, the wind surge exerts a blocking impact upon the 
river water that promotes the sea level rise in the branches and the delta lowland. The highest poten-
tial tsunami hazard for the Black Sea northern coast is represented by the earthquake epicenters locat-
ed in the Crimea – Caucasus seismic zone. Noticeable sea level oscillations can arise in some loca-
tions of the Crimea Southern Coast as a result of the trapped waves propagating to the northwest, 
north and northeast from the seismic centers nearby the southern coast of the sea. 
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Introduction. One of directions of scientific activities towards which 

S.F. Dotsenko fruitfully worked was the study of natural disasters in the Azov–Black 
Sea basin. For a long time he led the projects on complex research of different natu-
ral phenomena. During these studies a wide variety of methods (from field observa-
tion data analysis to the mathematic modeling) was used. Among different types of 
natural disasters (geophysical, geological, meteorological, hydrological, biological, 
cosmic, etc.) the catastrophes of hydrometeorological type occur most frequently. 
Taking into account this fact and the specificity of FSBSI “Marine Hydrophysical 
Institute of RAS”, when studying natural disasters the attention was focused on ex-
treme events occurring in the marine environment. The range of issues under study 
[1] was quite wide: storm winds and waves [2, 3], surge fluctuations [4], tsunamis 
[5], seiches [6], harbor seiche and abnormal waves [7], risk of hydrogen sulphide 
contamination, etc. The aim of these research was not to duplicate regularly per-
formed assessments of hazardous hydrometeorological phenomena based on tradi-
tional methods of hydrometeorological network data analysis, but to expand and 
supplement them. Some results of the work in this direction, which were discussed 
with S.F. Dotsenko repeatedly and in detail, are summarized below. 

  
Storm winds over the Black Sea open part. The characteristics of the Black 

Sea coast storm winds have been studied well enough from the data of coastal hy-
drometeorological stations in the northern part of the sea [2, 8]. The assessments of 
wind field characteristics over the open part of the sea are much more uncertain 
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due to the lack of regular direct measurements. Satellite scatterometry is a promis-
ing type of observation but the length of measurement series with the increased 
accuracy is still insufficient for climatic assessments. Therefore, the main sources 
of information for the analysis of the wind over the sea are global and regional at-
mospheric reanalyses. 

Despite the quantitative differences, the patterns of the spatial distribution of 
the storm wind (> 15 m/s) frequency over the Black Sea water area (obtained from 
different sources) have similar qualitative features (Fig. 1). In the western and 
northeastern parts of the sea storm situations occur most frequently, southeastern 
part is least subjected to the storms. 

 

 
 

Fig. 1. Average probability (%) of storm winds (>15 m/s) according to different sources: a – synoptic 
maps [9]; b – ERA-40; c – OAI MHI [10]; d – MERRA 

 
Storm wind velocity increase over the Black Sea is mainly due to cyclonic 

activity. Localization of the maximum storm activity values near the Kerch 
Strait is related to frequent passage of Mediterranean cyclones through the Asia 
Minor and the southern part of the Black Sea. Storm winds are of northern and 
northeastern directions at that weather pattern. In the western part of the sea 
several types of synoptic situation development lead to the massive storms. 
If the Mediterranean cyclones move the west part of the Black Sea or the cy-
clones from the Scandinavian region move to the Balkans, then the storms of 
the southern and southwestern directions occur. When the Atlantic cyclones move 
to the south of Ukraine, western and northwestern directions of the storm winds be-
come the dominant ones. It should be pointed out that there are the processes of 
strong wind occurrence which are not registered at the synoptic maps and are not 
realized in the atmospheric models. In the first instance this applies to the Caucasian 
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coast where (according to the remote probing) a narrow zone of coastal storm winds 
(like mountain-valley circulation) may occur. 

Annual average cycle of storms in the Black Sea can be divided into three sea-
sons: autumn-winter season from October to March when the number of days with 
storm wind reaches its maximum (6–9 per month) and the northern and northeast-
ern wind directions are the dominant ones (20–25% of the total number of storms); 
summer season from May to August with a minimum number of days with storm 
wind (0.5–1 per month) and the western wind direction is the dominant one (20%); 
transition period in April and September, when the number of days with a storm 
wind is 2–4 ones per month and the winds of the northern sector prevail. For all 
seasons the lowest frequency (repeatability) remains for storm winds of southeast-
ern direction (< 2%) which is due to the prevailing trajectories of cyclones. Despite 
the fact that the storm activity in the region is subjected to significant inter-annual 
variability, there are no obvious changes in the seasonal variability structure of 
storms for the Black Sea, except for seasonal course amplitude decrease. 

It should be pointed out that the coastline configuration leads to the fact that 
climatic characteristics of the storm wind and sea heaving often do not correspond 
to each other. Particularly, the most frequently occurring storms of the northern and 
northeastern directions cause the maximum sea heaving near the coasts of Bulgaria 
and Turkey. The storms of southwestern direction (such as the ones that took place 
in November 1981 and 2007) pose the greatest danger for navigation near the 
northern coast of the sea. Significant sea heaving develops near the Southern coast 
of the Crimea at the storm winds of the southern and southeastern directions. 

The trends of the long-term storm activity variability (according to the data 
from coastal stations) indicate a general trend of storm activity decrease in the 
Black Sea over the past 50 years, when strong and storm wind probability has de-
creased, on average, by two times. The overall wind velocity decrease was accom-
panied by a reduction in the probability of moderate (6–9 m/s) and strong (≥ 10 
m/s) winds and a significant increase in the frequency of weak (2–5 m/s) winds. 
Since the beginning of the XXI century in certain areas of the sea and the coast the 
wind velocity increase has begun again. 

For data obtained in the open part of the sea long-term trends are not as pro-
nounced as for the coastal stations. The graph of annual average storm wind fre-
quency is given in Fig. 2, a separated vertical axis corresponds to each source of 
information. Strong wind probability decrease after the 1970s is most pronounced 
in ERA-40 reanalysis and in the array of synoptic maps [9]. The decrease of num-
ber of storms in this period is mostly due to reduction of northern and northeastern 
winds. If we consider the seasonal component of inter-annual wind velocity varia-
bility, the key role in it is played by sustainable reduction in the number of storms 
in winter. In other seasons the decrease of average wind velocity and strong wind 
probability is not so obvious and often it is statistically insignificant. 

  

PHYSICAL OCEANOGRAPHY NO. 3  (2017) 30 



 

 
 

Fig. 2. Annual average values of storm wind (> 15 m/s) frequency over the Black Sea according to 
different sources: 1 – synoptic maps [9]; 2 – ERA-40; 3 – OAI MHI / ERA-40 [10]; 4 – OAI MHI / 
ERA-interim 

 
The decrease of storm activity in the Black Sea which took place in 1960–

1990s was due to reduction of total amount and intensity of the passing cyclones. It 
was also accompanied by well pronounced increase of the North Atlantic and East 
Atlantic Oscillations. After the 1990s the mentioned indices of large-scale atmos-
pheric circulation have a negative trend and in this relation one may expect the in-
crease of number of storms in the Black Sea. 

 
Modeling of the surge processes in the Azov Sea. In [11, 12], on the basis of 

ADCIRC numerical hydrodynamic model [13] surge oscillations the Azov Sea lev-
el and associated processes of flooding and drainage of the Don delta were studied. 
Particularly, it was found that the most intensive delta flooding occurs at the west-
ern and southwestern winds. Flooding process begins at wind velocities of at least 
15 m/s. 

Some new results concerning the features of water level surge oscillations in 
the Don delta generated by the moving cyclones and the comparison of river runoff 
and wind surge contributions to the Don delta flooding are represented below. The 
modeling was carried out on unstructured grid which includes the Azov Sea and 
the Kerch Strait. Free passage condition was applied on the southern boundary of 
the strait. Grid characteristics and selection of ADCIRC model parameters are de-
scribed in [11, 12]. 

At first the generation of surge oscillations of level and the processes of the 
Don delta flooding-drainage by moving anticyclone with no regard to the river 
runoff were studied. Wind velocity in the cyclone was determined by the gradient 
wind formula 
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Here P0 is a background value of atmospheric pressure; δPA is a pressure drop be-
tween the center and periphery of cyclone; R is a radius of cyclone. According to 
the assessments given in [14], R = 300 km, δPA =15 hPa. 

Taking into account the expressions (1), (2) the components of wind velocity 
vector in the near-ground atmospheric layer were determined by the following 
formulas (α = 90° + γ): 
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In the formulas (3) it is assumed that in the near-water layer the wind deviates 
from the tangent lines to the isobars by γ angle (which makes up 20°) counter-
clockwise due to the friction and its velocity is lower than the one of gradient wind. 
This fact is taken into account by the coefficient μ = 0.7. 

In order to assess the flooded area of the delta (FI) and mean sea level in the 
delta (SL) the following expressions were used: 
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Here S(t) value is the land area in t moment of time; S(0) is the land area in the ini-
tial moment of time; H = h(x, y) + η(x, y, t)  is a dynamic depth of the basin; h is 
sea depth; η is sea level deviation from the unperturbed state; Hmin = 0.1 m is the 
minimum depth in the flooding-draining algorithm of ADCIRC model. In the ex-
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pressions (4) the integration is performed over a rectangular region Ω = {39.0°E ≤ 
x ≤ 39.63458°E; 46.5°E ≤ y ≤ 47.28910°N} which includes the Don delta. 

In the first cycle of numerical experiments it was assumed that the cyclone 
moves along the zonal trajectory: xc = x0 + ct; yc = y0, where x0 = 29.25° E, y0 = 
= 46.25° N. The velocity of the cyclone movement c took the following values: с1 
= 20 km/h; с2 = 30 km/h; с3 = 40 km/h. Total integrating time made up 72 h. 

The dependencies of 




 += 22

yx WWW velocity and (D) wind direction on time 

in the point (which is located at the external boundary of the Don delta) with (xd, yd) 
= (39.375° E, 47.175° N) coordinates are given in Fig. 3, a b. D values are counted 
off from x axis which is directed to the east counterclockwise. Wind velocity 
curves have two maximums: the first occurs when the cyclone comes to the delta 
and the second – when the cyclone leaves its limits. The total time of the cyclone 
effect on the delta (td) is a time interval during which in (xd, yd) point W > 0 condi-
tion is satisfied. As it can be seen, td decreases with the cyclone movement velocity 
increase and its value makes up 27 h for с = с1; 18 h for c = с2; 14 h for c = с3. As 
the cyclone passes over the delta the wind subsequently changes its direction from 
the southeastern to the eastern and then to the northern one. Such wind direction 
changes result in the mean level decrease which can be observed at SL curves (Fig. 
3, c). The maximum level decreases reach the following values: –1.05 m for с = с1; 

–0.74 m for с = с2; –0.69 m for с = с3. According to Fig. 3, d, the delta drainage 
due to total level decrease reaches 16–27%. 

In the next cycle of calculations the point has y0 = 47.50° N coordinate (the 
center of the cyclone moves along the Gulf of Taganrog). In the case under consid-
eration, the wind velocity difference between the maxima and minima makes up ~ 
10 m/s (Fig. 4, a). Wind direction changes from the southern and southwestern to 
the northwestern one (Fig. 4, b). In the delta level elevations (rises) generated by 
the cyclone make up ~ 0.9 m (Fig. 4, c) and FI value does not exceed 3.5% (Fig. 4, 
d). This means that at such cyclone trajectory the flooding of the delta is insignifi-
cant. 

The results of calculations at y0 = 48.50°N showed that surge height in the delta 
increased by 1.5–2 times (Fig. 5) in comparison with the previous calculation (at y0 = 
47.50°N). Moreover, at с = с1 significant delta flooding took place (FI ~ 70%). Thus, 
the most favorable conditions for the occurrence of extreme storm surges in the Gulf 
of Taganrog (resulting in significant flooding of the Don delta) occur in those cases 
when the cyclone affects the sea basin by its southern periphery. 
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Fig. 3. Dependences of wind velocity and direction, mean water level and the Don delta flooded area 
on the time at R = 300 km, δPA =15 hPa, x0  = 29.25° E, y0 = 46.25° N. Red curves – c = 20 km/h; 
blue curves – c = 30 km/h; black curves – c = 40km/h 
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Fig. 4. Dependences of wind velocity and direction, mean water level and the Don delta flooded area 
on the time at R = 300 km, δPA = 15 hPa, x0 = 29.25° E, y0 = 47.50° N. The correspondence of the 
curve colors is the same as in Fig. 3 
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Fig. 5. Dependences of wind velocity and direction, mean water level and the Don delta flooded area 
on the time at R = 300 km, δPA = 15 hPa, x0 = 29.25° E, y0 = 48.50° N. The correspondence of the 
curve colors is the same as in Fig. 3 
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It is of interest to obtain the assessments of river runoff contributions and 
wind surge to the Don delta flooding. It should be pointed out that two differ-
ently directed mechanisms exist in the delta. On the one hand, river runoff in-
creases the overall water level in the delta. On the other hand, river discharge 
directed to the west reduces the velocity of surge currents. Therefore, it is quite 
difficult to present even a qualitative picture of the processes taking place in the 
delta. 

In the first cycle of numerical experiments an objective was to assess the value 
of Don water discharge at which a significant flooding of its delta occurs. 
The calculations were carried out with different values of Q water discharge as-
suming the absence of the wind. Water discharge for the first 12 h linearly in-
creased from zero to its maximum value and then it remained constant. Total inte-
grating time made up 168 h. 

 

 
 

Fig. 6. Dependence of the Don delta flooded area on time at different water discharges: а – with no 
regard to wind surge: green curve – Q =1600 m3/s, blue curve – Q =1700 m3/s, red curve – 
Q =1800 m3/s, black curve – Q = 2000 m3/s; b – taking into account the wind surge: green curve – 
Q =1600 m3/s, blue curve – Q =1700 m3/s, red curve – Q =1800 m3/s, black curve – Q = 2000 m3/s; 
c – taking into account the wind surge: green curve – Q = 400 m3/s, blue curve – Q = 700 m3/s, red 
curve – Q = 1000 m3/s, black curve – Q = 1400 m3/s  
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As is shown by the results of FI parameter (Fig. 6, а) calculation, the process 

of the delta flooding at a high water (with the absence of wind surge) have a non-
uniform stepped character. Avalanche-like increase of the flooded area begins 
from FI > 30% values. Total flooding (FI > 80%) takes place at Q values that 
exceed Q* = 1600 m3/s. This is about twice as much as the value of the Don mean 
discharge in a warm season [15]. For the overall delta flooding Q > Q* condition 
should be satisfied for at least 4–6 days. 

In the next series of numerical experiments wind-induced surge was taken into 
account in addition to Q. The calculations were carried out according to the follow-
ing scenario. During the first 12 h Q value linearly increased from 0 to its maxi-
mum and then remained constant. After 3 days of river runoff effect the wind with 
D = 30° direction was included. At 72–84 h time interval W wind velocity in-
creased from 0 to 15 m/s and then remained constant. 

The graphs of the Don delta flooded area at W = 15 m/s for Q ≥ Q* typical val-
ues are given in Fig. 6, b. As is obvious, after including the wind (t > 72 h) at Q = 
Q* the increase of flooding area from 6% to 70% occurs in four days. At Q > Q* the 
decrease of the delta flooding area by 8–14% compared to the case with no wind 
surge takes place. The graphs of the Don delta flooding area at W = 15 m/s for the 
Q < Q*  typical  values are given in Fig. 6, c. It can be seen in this figure that with 
Q value increase from 400 to 1400 m3/s the delta flooding area monotonically in-
creases from 37 to 64%. 

It is possible to provide the following interpretation of the obtained modeling 
results. There is a certain threshold value Q ~ Q* depending on the bottom and the 
Don delta land morphometry features. At Q < Q* wind surge exerts a blocking ef-
fect on the river waters which promotes a more rapid water level increase in the 
delta arms and its spreading over the delta lowlands. At Q > Q* a part of river wa-
ters flows from the delta into the sea (due to the higher velocity of discharge cur-
rents) which causes a certain water level reduction in the delta and the decrease of 
its flooding area. 

The results of numerical modeling showed that atmospheric cyclones propa-
gating with 20–40 km/h velocity are the effective generators of storm surges in the 
Azov Sea. The intensity of surges is largely determined by the trajectory of the cy-
clones. Significant level rises in the Gulf of Taganrog and the Don delta occur in 
those cases when the trajectory of the cyclone center is above the northern bounda-
ry of the sea by ~ 2.5–3°, i.e. when the cyclone affects the sea water area by its 
southern periphery generating an intensive wind of western and southwestern di-
rections. 

All other things being equal, the decrease of the cyclone movement velocity 
causes an intensification of storm surges in the Gulf of Taganrog and the increase 
of delta flooded area. With a decrease in the cyclone movement velocity from 40 to 
20 km/h, the flooded area increases by ~ 1.5–2 times. 
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The contribution of river runoff and wind surges to the flooding of the Don delta 
has been studied. A certain threshold value of the Don discharge Q* ~ 1600 m3/s is re-
vealed. When the water discharge is Q ≤ Q* wind surge exerts a blocking impact on the 
river waters which promotes the water level rise in the arms and its spreading over the 
delta lowlands. If Q > Q* , a part of the river waters flows to the sea from the delta due 
to intensive discharge. This results in a certain decrease of water level in the delta and 
reduction of flooded area. 

 
The system for the tsunami wave evolution forecasting in the Black Sea 

basin. Tsunami is a dangerous natural phenomenon which is a system of long sur-
face gravity waves caused by relatively short-term external disturbances of natural 
and technogenic origin. Earthquakes, underwater earthquakes, explosions of volca-
noes, collapses of rocks, underwater landslides and atmospheric effects (meteotsu-
nami) are the natural sources of such waves. The coastal and island regions of the 
Pacific and Indian Oceans, the Mediterranean Sea, the Eastern Atlantic, the Carib-
bean and some other areas of the World Ocean are the most exposed to strong tsu-
namis. The frequency and intensity of tsunami-type waves in the Black Sea is 
much lower but, according to historical reports, these waves were observed along 
the entire coast of the Black Sea. Most of the events were caused by the earth-
quakes with an epicenter in the sea; some were generated by the earthquakes at the 
land; meteotsunamis were also observed (for example, an event that took place 
near Odessa on June 27, 2014). Over the past two thousand years 22 events were 
recorded in the region [16, 17], eight of them were of catastrophic character and 
were accompanied with 2–3 m height waves. Only four of them were recorded in-
strumentally: June 26, 1927 and September 11, 1927 the events located to the 
southwest and to the south from the Southern Coast of the Crimea, December 26, 
1939 with the epicenter at the land (150 km from the northeastern coast of Turkey) 
and July 12, 1966 in the Anapa region near the Black Sea eastern coast. With such 
a small amount of observational data, numerical modeling becomes the only in-
strument for tsunami research in the region. 

The first version of the system for tsunami evolution forecast in the Black Sea 
was developed for the preliminary assessment of the tsunami hazard of the Black 
Sea coast, extreme sea level rises and decreases in the coastal zone, to study the 
tsunami characteristics and features of their distribution. The basis of this system is 
the computer implementation of barotropic nonlinear evolutionary model of long 
waves with regard to the quadratic bottom friction [18, 19]. The computational grid 
with 1000 m spatial step was applied in the system. Simulation foci of elliptical 
tsunami were located in high-risk earthquake zones (Fig. 7). Initial level shift was 
set to be of constant sign. The parameters of seismic sources were determined de-
pending on the earthquake magnitude M: the dimensions of the elliptical generation 
zone were determined by generalized empirical relationships for the Eurasian re-
gion [20] and the maximum sea level shift in the epicenter – by the empirical for-
mula given in [21]. 
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Fig. 7. Computational domain and location scheme of model seismic sources 
 
Particularly, for M = 7 magnitude the length of the major axis of the ellipse is 

50.1 km, the one of the minor axis is 29.5 km; the maximum sea level shift in the 
seismic source is 1 m. Figures 3–10 (Fig. 7) denote the groups of three seismic 
sources with a different distance from the coast. The centers of these sources are 
located on 200, 1000 and 1800 m isobaths, respectively. The calculations were car-
ried out down to 5 m depth. The examples of tsunami wave evolution maps from 
the generation zone 3 for different moments of time are represented in Fig. 8. 

 

 

 
 

Fig. 8. The examples of tsunami evolution maps from the seismic source 3 for different moments of 
time: a – 15 min, b – 30 min, c – 45 min, d – 60 min 
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Recording of sea level oscillations was carried out in the computational grid 
cells located near 5 meter isobaths and forming a continuous boundary (Fig. 9, a). 
According to the results of the calculation extreme sea level rises and decreases 
were assessed and their distributions along this boundary (on the basis of which 
preliminary conclusions about the tsunami hazard of various sections of the Black 
Sea coast were drawn) were constructed. The conducted research showed that loca-
tion of tsunami generation zones significantly affects the distribution of wave 
heights along the coast. At the initial stage the greatest wave heights and wave ve-
locities are recorded in that direction which is perpendicular to the major axis of 
the elliptical generation zone. Further, the basin bathymetry significantly affects 
the wave propagation. The considered seismic sources of tsunamis are located at 
the continental slope, therefore in the majority of cases the most intensive waves 
are formed in the direction of the closest coastline section. The closer generation 
zone is to the shore, the more manifested is this wave feature. 

 

 
Fig. 9. Assessments of extreme sea level rises and decreases, ζmin, ζmax: a – the boundary formed by 
the computational domain cells in which the sea level oscillations are registered; b, c – distribution of 
the maximum sea level rises and decreases along the boundary for the sources 3 and 10, respectively; 
d – distribution of the maximum sea level rises and decreases along the section of AB boundary for all 
seismic sources 

  
As a rule, a wave propagating towards the abyssal part of the sea causes no-

ticeable sea level oscillations at the opposite part of the coast (taking into account 
the wave refraction) (Fig. 9, b, c) which is a consequence of the fact that the basin 
is an enclosed one. In rare cases, the amplitude of the oscillations on the opposite 
sea shore and in the coastal points, which are the closest to the generation zone, can 
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be commensurable. From all the considered seismic sources (Fig. 9) tsunami foci 
located in the northeastern part of the Black Sea constitute the greatest potential 
danger for AB section of the Black Sea coast (Fig. 9, a) (Crimean-Caucasian seis-
mically active area). The northwestern part of the sea is characterized by lower tsu-
nami hazard. For the northwestern part of the coast extreme sea level rises and de-
creases (by the absolute magnitude) are significantly smaller than the maximum 
level shift in the tsunami generation zone. The greatest wave intensification was 
recorded at the section from the Southern Coast of the Crimea to B point (Fig. 9, 
a). Significant sea level oscillations in a series of points of the Southern Coast of 
the Crimea are also possible due to the capture of waves propagating from 13–17 
foci towards northwest, north and northeast. 

The works on the Black Sea coast tsunami hazard are continued, certain coast-
line sections are considered using the grids with higher resolution, the features of 
tsunami wave propagation in the Black Sea bays and gulfs [22, 23] are studied (al-
so with regard for the wave uprush onto a shore). 

 
Conclusion. Storm situations occur most often in the western and northeastern 

parts of the Black Sea in autumn-winter season from October to March with the 
predominance of winds of northern and northeastern directions. The decrease of 
storm activity in the Black Sea that took place observed in the end of the 
XX century was due to diminution of total amount and intensity of the passing cy-
clones. Due to long-term tendencies of the North Atlantic Oscillation and the East 
Atlantic Oscillation atmosphere indices, future increase of the storm amount in the 
Black Sea would be expected. 

The effective sources of storm surges in the Sea of Azov are the atmospheric 
cyclones spreading with 20–40 km/h velocity. Cyclone movement velocity de-
crease results in a storm surge intensification in the Gulf of Taganrog and increase 
of the flooded area in the Don delta. When the Don discharge becomes lower than 
the threshold value ~1600 m3/s, the wind surge exerts a blocking impact upon the 
river water that promotes the sea level rise in the delta arms and lowlands. 

The highest potential tsunami hazard for the Black Sea northern coast is repre-
sented by the earthquake epicenters located in the Crimea – Caucasus seismic zone. 
Tsunami hazard in the northwestern part of the sea is significantly lower. 
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