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HAZARDOUS PHENOMENA IN THE SLIDES ZONE
OF THE UKRAINIAN SECTION IN AZOV SEA
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Problem statement. According long-term data
analyses under the slides zone in Ukrainian part of
the Azov sea sustainable processes had been
marked. Landslides are most active in autumn and
spring. The activation of landslides occurs under the
influence of man-made and natural factors. The
most significant factor is coastal abrasion [1]. As a
result of landslide processes, the infrastructure of
the sea coast, civil buildings and port facilities are
destroyed, and the recreational zone is degraded.

The essence of the work is to evaluate the fac-
tors responsible for changing the coastal zone of the
Azov Sea in the modern period, therefore, the pur-
pose of the work is to determine the reasons for the

formation of dynamically unstable sectors and the
possibility of protecting the shores, the subject is
landslide processes, as the result of the abrasion of
the shores, the object is the variability of the natural
and anthropogenic conditions of the Ukrainian coast
of the Azov Sea in the area of interaction between
the sea and land, or, using ecological and biological
terminology, the so-called interstitial area of the sea,
which is also very important from the point of view
of preserving the native hydrobionts and the devel-
opment of hydrobiological processes.

The study of the current state of the Ukrainian
coast of the Sea of Azov is absolutely necessary. At
present, negative trends are developing in the pro-
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cess of deformation of the coastal part of the sea.
Understanding of their causes will prevent signifi-
cant damage to the infrastructure of the region by
natural factors, in particular climatic, and possible
man-made impacts. It is an important condition for
the development of the economy, the recreational
potential of the region and increasing the social lev-
el of the population.

Review of previous publications. The scien-
tific literature notes modern climate changes in the
atmosphere, which have led to changes in the ocean
climate also. These changes affected not only the air
temperature and precipitation, the temperature and
salinity of sea waters, but also the hydrometeorolog-
ical regime of the coastal zone and the water balance
in the Black and Azov Seas. The rise in sea level has
intensified over the past decades. All these changes
found a response in the coastal zone, which reacted
to them and acquired the corresponding trends. The
impact of anthropogenic and natural factors affected
to the composition of sea water of Ukraine and ul-
timately influenced to the nature of the flora and
fauna on the coastal zone. The native characteristics
of the coastal zone as an integral part of the World
Ocean and its subdivisions, including the Black and
Azov Seas, began to change. At the same time, long-
term observations of landslide processes in Ukraine
indicate to the development of stable landslide pro-
cesses on the coast of the Black and Azov Seas with
their activation in the autumn-spring period [1-4].

Since 2011 the annual reports "National Report
on Technogenic and Natural Safety in Ukraine" of
State Service of Ukraine for Emergency Situations
is published by landslides in the coastal zone of the
Azov Sea, the analysis of which was used in the
present work. In addition, the expeditionary studies
of the Black and Azov seas coastal zone are made
by the staff of the Department of Physical Geogra-
phy and Natural Management of the Odessa Nation-
al University and researchers of the Institute of Sci-
ences of the Earth of the Southern Federal Universi-
ty of Rostov on Don. The results of observations
indicate the need to seriously attract attention to the
problem of safety and rational use of the coastal
zone of the sea, in particular partial decision with
the help of artificial coastal hydroconstructions.

Previously unresolved parts of a common
problem. Methods. It should be noted that there has
been a sharp decline in thematic studies of the sea
coast in the last five years. This is most likely due to
economic reasons, i.e. reduction of targeted funding
and, and lack of modern equipment in local research
centers. In fact, this work is the first attempting to
analyze the available retrospective material using
modern satellite monitoring data to assess the pro-
spects for the development of special nodes on the
coast of the Azov Sea. To restore this gap, the physi-

co-geographical and geomorphological data of the
studying area were used, that including the adjacent
coast, which is under the direct influence of the
Azov Sea. A comparative analysis of modern hy-
drometeorological conditions, including the domi-
nant influence of wind activity and sea level fluctua-
tions, has been carried out. Images from Digital
Globe's Earth remote sensing satellites and GNSS
observations on the geodetic network were studied.
Retrospective data of bathymetric surveys, using
GIS technologies, standard methods of statistical
data processing and national reports on the state of
technogenic and natural safety in Ukraine were
used. For the analysis of sea level, data from the tide
gauge of the State Emergency Service of Ukraine
installed in the port of Mariupol were used. The
monitoring under the dynamics of landslides, a geo-
detic network was developed (points were laid for
centering the GNSS receivers) in order to identify
the exact values of the soil displacement.

Results and discussing. Among the techno-
genic factors influencing to the processes of sedi-
mentation in the Azov Sea at the present stage, it is
necessary to highlight the regulation of river runoff
and emissions of pollutants, which cause the restruc-
turing of the ecosystem of the reservoir. Industrial
and agricultural production, the activities of port
services, shipping and dredging, dumping, and rec-
reational using of the coastline also determine the
diverse and intensive input of man-made material
into the water area (fig. 1). The volumes of the in-
coming technogenic material are comparable to the
volumes of modern natural sedimentation, and
sometimes exceed it [5]. At the same time, the mod-
ern state of the shores of the Azov Sea, as well as
the Black Sea, is characterized by the predominance
of abrasion processes. The shores, which are com-
posed mainly of loess-like loams, underlain by
Scythian clays, Khaprovsky and Tanais sands, are
subject to destruction.

This is how the balance of flow and sedimenta-
tion is formed at present, an acute deficit of sedi-
ments, which developed during the Holocene, is be-
coming more and more evident [6-9]. As a result,
the main amount of wind-wave energy is spent not
on sediment movement, but on changing the abra-
sion forms of the coastal-sea relief.

On the other hand, the shores of Ukraine are
mainly composed of sedimentary rocks of the Neo-
gene-Paleogene age. They are represented by clayey
rocks, clays, loams and sandy loams, which noticea-
bly react to moisture, undergo disintegration and
dissolution. Some of the rocks are represented by
rock varieties, mainly limestones (shell, bryozoan,
oolitic), partially — sandstones, shales and igneous
rocks. They are subject to abrasion and dissolution.
In many areas, the rock layers are crumpled, diluvial
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Fig. 1. Zones of erosion, transit and accumulation of bottom sediments, according to [7]

deposits are widespread [6, 7]. Therefore, it is nec-
essary to take into account that the strength of rocks
of IV-V classes prevails in terms of the degree of
abrasion resistance, on which not only the abrasion
rate depends, but also the lithodynamic abrasion
ability. In this regard, in reality, it was a typical nat-
ural process during the Holocene period of the for-
mation of the modern coastal zone (fig. 2). The
transgression was reflected unevenly along the sea
coast. Sea waters moved faster into river valleys and
into the bottoms of folds of the earth's crust. As a
result, ingression bays were formed, which later

turned into estuaries and lagoons. The watersheds
between them stood on the path of transgression and
were subjected to abrasion shear. In the Upper Hol-
ocene, an active leveling of the coast began due to
the cutting off of bays, estuaries and lagoons by bar-
rows, as well as due to the abrasion of cliffs. Such a
general abrasion cut mobilized a significant amount
of sedimentary material, which was spent on the
formation of barrows, spits and terraces of coastal-
marine origin. In some areas, these forms are com-
posed of shell material, in particular, the majority —
on the Azov Sea (Arabat Strelka, "Azov type" spits).

SHORE TYPES
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Fig. 2. Types of banks. According to [7]
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The dynamics of the waters of the Azov Sea
forms marine accumulative landforms as a result of
the accumulation process, i.e. accumulation and sed-
imentation of suspended matter. These formations
include numerous spits of the Azov Sea. On the
coast, on the slopes of the valleys, detachment and
movement of rock masses occur, causing rock falls,
talus and landslides, which form gravitational land-
forms. They are typical for places where a large
height difference and the presence of an aquifer, as
well as mechanical loads, are combined. Landslides
lead to significant destruction and costs in the resto-
ration of various objects. By origin, the basin of the
Sea of Azov is a neotectonic depression on the bor-
der of the East European platform and the Mediter-
ranean mobile belt. Therefore, the relief of the bot-
tom of the sea and its bays is monotonous: the slope,
steep enough for the coast, turns into a flat bottom,
in the center of which the greatest depths are ob-
served. The strata of rocks prone to the development
of exogenous geological processes in them is com-
posed of Paleogene, Neogene and Quaternary de-
posits [9]. A large number of spits is a characteristic
feature of the shores of the Azov Sea. All braids of
this region are located in the zone of faults in the
earth's crust, and their direction coincides with the
direction of these faults. The zones of deep faults
were an important belief-forming factor, since they
contributed to the braking of the flow of the nanos
and the formation of accumulative forms. There are
braids in the east and south. However, there are spits
oriented deep into the Sea of Azov only on the
northern coast, this is the result of the long-term op-
eration of sea waves and currents that have washed
up shell rock along the coast (fig. 3). The velocities
of currents in the bottom layer of the sea, caused by
the action of storm winds, reaching values of 0.59
m's’!, can cause intense lithodynamic processes in
the coastal zone of the Sea of Azov (fig. 4) [10, 11].

Sea level rising from 1977 to 2002 was linked
with an increasing of the western component of the
winds, which led to an increase in the frequency of
surges, both in the Taganrog Bay and in the Azov
Sea itself, as well as an increase of the amount of
precipitation brought by western winds from the At-
lantic [13]. At the same time, the average annual
level of the Azov Sea tended to increase. The maxi-
mum average monthly levels were observed in June-
July, the minimum — in October-November. In the
coastal zone for the whole Azov Sea, a cyclicity of
varying degrees of abrasion rate from 1 to 4 m high
rates of coastal destruction were recorded in the pe-
riods of 2004-2005 and 2013-2014, which is linked
with an increasing of the frequency of surge winds
and waves, catastrophic level rises in the Southern
part of the Sea and level drops in the Northern one
[14, 15].

Fluctuations of the level of the Azov Sea are
caused by many factors acting simultaneously and,
in turn, are often reflected in abrasion processes. At
the Sea, two main types of level fluctuations can be
distinguished — volumetric perennial and displace-
ment (surge and seiche). The largest range of fluctu-
ations is linked with the upwelling and down well-
ing phenomena. Strong Westerly and Southwesterly
winds bring water from the Sea of Azov to the Ta-
ganrog Bay and create backwaters at the mouth of
the Don. Eastern and Northeastern winds, the most
likely in the Taganrog Bay, on the contrary, drive the
water away, reducing its volume in the bay. With
significant level rises, the flooding of ports, in par-
ticular, berths, destruction of hydraulic structures,
storage facilities, and residential buildings is possi-
ble. With a significant decreasing of the Sea level,
the depth in the approach channels decreases, which
disrupts the operation of the fleet. Oscillations near
the shores of the Taganrog Bay are the largest for
the entire Azov Sea. Strong wind surges disrupt the
normal operation of a number of industrial facili-
ties and sometimes they take on the character of
formidable natural disasters. As an example, private
landslides in the Donetsk region should be noted:
Mangush and Novoazovsky districts, Priazovsky
district in Zaporozhye region. It has become cata-
strophic phenomena in the area of the Azov Sea
coast in the last 10-12 years.

The average long-term sea level in the port of
Mariupol, calculated from 1923 to 2007, is 471 cm.
The average long-term level for the last 30 years
(1977-2007) is 480 cm. The registered maximum
level — 600 cm was 07/06/1985, and the minimum —
324 cm 11/11/1993 According to the Navigation of
the Black and Azov Seas: 540 cm — critical during
the water surge; 560 cm — dangerous during surge;
601 cm - spontaneous during the surge; 430 cm —
critical when water driving; 411 cm — dangerous
when water driven; 351 cm — spontaneous when wa-
ter driven. When considering monthly average lev-
els in the port of Mariupol from 1985 to 2016 and
plotting a trend line, an increasing in sea level in the
coastal area was noted (fig. 5).

In the figure 5, the value of the vertical axis is
referred to November 2010, when, according to the
State Emergency Service of Ukraine, the landslide
process intensified and a new landslide block was
formed. At the same time, from January to August
2010, an average monthly elevated sea level was
recorded from 486 to 508 cm, and in February and
March 2010, the maximum values of the level of
551 and 538 cm, respectively, were recorded, which
is practically a critical level during a surge wind.
Unfortunately, in the 80-90s of the last century,
modern, profile observations were not carried out,
and the geodetic network created in this research
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area and fixed on the ground by laying centers was
absent at that time, which does not allow studying
the dependence of processes in the previous terms.

As an example of the practical using and rele-
vance of research, analysis of direct measurements
data and graphic material in 2014 showed the sus-
tainable development of landslides, in particular in
the area of the village Melekino. At the same time,
no direct statistical relationship between surface
displacement and coastline erosion was noted. It is
quite obvious that the main influence on the devel-
opment of landslide processes in this area is deter-
mined by the erosion of the coastline, including by
wind waves with an increasing of the average sea
level, where the geodetic network of the Krymge-
ologiya enterprise was used. But after the events of
2014, these data were lost.

During the studying the images of Earth remote
sensing satellites by DigitalGlobe, USGS LandLook
and Sentinel, the following places with pronounced
coastal dynamic processes (fig. 6) on the Ukrainian
coast of the Sea of Azov can be identified, which
require special attention: 1). The mouth of the Ton-
kaya channel (Genichesk, Kherson region); 2). Head
of the Biryuchiy Island spit (Kherson region); 3).
Mouth of the Molochny liman (Zaporozhye region);
4). Orlovka coastal region (Zaporozhye region); 5).
Head of the Obitochnaya spit (Zaporozhye region);
6). Coastal region of Primorsk (Zaporozhye region);
7). Coastal region of Lunacharsky (Zaporozhye re-
gion); 8). Coastal region Babakh-Tarama (Donetsk
region); 9). Coastal region of Yuryevka (Donetsk
region); 10). Coastal region Melekino (Donetsk re-
gion); 11). Coastal region Bezymennoe (Donetsk
region).

Analyzing of satellite images in the region of
both branches (Tonky and Arabatsky), one can no-

tice a sharp increase of sediment input after 2014.
One of the possible reasons is the termination of ir-
rigated agriculture in Crimea since 2014 due to the
cancellation of water supply to Crimea through the
North Crimean Canal, as a result of which water
discharges into the

Sivash bay sharply decreased.

As for the Western Ukrainian coast, one should
pay attention to the Genichesky Strait, which con-
sists of two branches — Tonky and Arabatsky. In re-
cent years, there has been a stable shallowing of the
approach channel with the formation of a sediment
island along the channel. The depths in the area of
the Genichesk port are supported by the runoff from
the Sivash.

The decreasing of depths in the area of the
Genichesk and Arabat Strait began to be observed
after March 1970, since the formation of the Arabat
Strait. The current regime in the Genichesk Strait is
determined mainly by the longitudinal pressure gra-
dient due to the level difference at its boundaries
and the prevailing winds in the region. A feature of
the currents in the strait is their unidirectionality. An
analysis of the field observations data [17-20]
showed that the predominant water transport in the
strait is observed from the Azov Sea to the Sivash
bay. In April-May period characterized by elevated
sea level values, due to the flood of the Don and
Kuban, as well as fairly high average monthly wind
speeds, the frequency of the Azov currents for 1939-
2008 amounted to 61-67%, at average speeds of 23-
24 cms™! and water flow rates of 58-62 m*s™. Si-
vash currents are observed in the Tonkiy Strait under
the influence of winds from the West. For the period
1939-2008 their repeatability was 36% at an average
speed of 16 cm's™'. From 2007 to the present, the
average annual values of the sea level rise of the
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Fig. 6. Locations of pronounced coastal dynamic processes

Azov Sea over the Sivash bay have increased to 10-
13 cm. The termination of irrigated agriculture in
Crimea after 2014 led to the salinization of the Si-
vash bay and its shallowing. The increasing of the
frequency of currents from the Azov Sea to the Si-
vash bay links with the transport of sediments in the
coastal zone. At the same time the morphology of
the shores and straits maintains the natural depths
for the given water area in the channel of the water-
course. East and North-east winds prevail for the
coast and the open part of the Azov Sea. In the ini-
tial period, under the action of a moderate North-
eastern direction of wind, the direction of the cur-
rents coincides with the direction of the wind
throughout the sea area. Then, with a prolonged
Northeastern wind near the Arabat Spit, a surge of
water is noted and two different flow patterns are
formed in the sea area. If over the whole Sea the
speed of the northeastern wind is uniform or in the
Northern part of the Sea it is higher than in the
Southern part, then in the Western part of the Sea a
cyclonic is formed. Observation of the coastline dy-
namic in the area of the head of the Biryuchiy Os-
trov spit also shows the growth of coastal sediments
because of the accumulation of shell rock.

Conclusions.

1. In the eastern regions of the Azov coast of
Ukraine, there is a deficit of sediment and a high
degree of variability of the abrasion form of the

coastal-sea relief is noted, and in the western and
north-western regions, an excess of sediment is
formed.

2. Sediments are formed by wind-wave currents
from the Taganrog Bay towards to the Arabat Spit
and then move counterclockwise to the Utlyutsky
Liman.

3. The increasing of the frequency of currents
from the Azov Sea to the Sivash Bay links with the
transport and deposition of sediments in the coastal
zone, where the morphology of the shores and
straits is a concomitant factor, i.e. maintains natural
depths in the stream bed for a given water area. Ob-
servation of the coastline dynamic in the area of the
head of the Biryuchiy Ostrov spit also shows the
growth of coastal sediments because of the accumu-
lation of shell rock.

4. Since 2007 to the present, the average annual
values of the sea level rise in the Azov Sea of over
the gulf Sivash increased to 10-13 cm, except for the
termination of the irrigated agriculture in Crimea
after 2014, the gulf became salinized and shallowed.

As for recommendations, one should take into
account the possibility of adjusting the regulated
factors of anthropogenic impact, dredging and
dumping, the expediency of which is based on the
materials of seasonal, after the flood wave, monitor-
ing of the investigated area.
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HAZARDOUS PHENOMENA IN THE SLIDES ZONE
OF THE UKRAINIAN SECTION IN AZOV SEA

Formulation of the problem. According long- term data analyses under the slides zone in Ukrainian
part of the Azov sea sustainable processes had been marked. Landslides are most active in autumn and
spring. The activation of landslides occurs under the influence of man-made and natural factors. The most
significant factor is coastal abrasion.

Review of previous publications. It was established that the air temperature and precipitation, the tem-
perature and salinity of sea waters and the hydrometeorological regime of the coastal zone and the water bal-
ance of the Black and Azov seas as well depends on climatic changes. The rising of the sea level has intensi-
fied over the past decades. These changes found a response in the coastal zone that reacted to them and ac-
quired corresponding trends.

Purpose is to determine the reasons for the formation of dynamically unstable sectors and the possibil-
ity of protecting the shores on the Ukrainian coast in the Azov Sea, the subject is landslide processes, as the
result of the abrasion of the shores, the object is the variability of the natural and anthropogenic conditions
of the Ukrainian coast of the Azov Sea in the area of interaction between the sea and land.

Methods. Analyses of images space and temporal dynamic of Earth remote sensing satellites by Digi-
talGlobe, USGS LandLook and Sentinel were used and also retrospective long term of hydrometeorological
data and standard statistical methods.

Results. The places (areas) with pronounced coastal dynamic processes on the Ukrainian coast of the
Azov Sea were identified, that require special attention: two in the Kherson region, five in the Zaporozhye
region and four in Donetsk. In the coastal zone of the Azov Sea the rate of abrasion from 1 to 4 m per year
(in exceptional cases up to 15 m per year) was marked. In a period of significant level rises, the flooding of
ports, berths, the destruction of hydraulic engineering structures, storage facilities, and residential buildings
is possible. Also, during the period of the significant decreasing of the sea level, the already limited depth of
the approach channels decreases again, that disrupts the operation of the fleet. Conclusions. Investigations of
the current state of the Ukrainian coastal zone of the Azov Sea, that is significant importance for the sustain-
able the economy development, the recreational region’s potential and the social level of the population.

It has been established that in the eastern regions of the Azov coast of Ukraine there are a deficit of sed-
iments and a high degree of variability of the abrasion form of the coastal-sea relief is noted, and an excess
of sediments are formed in the western and northwestern regions.

Keywords: Sea of Azov, landslide zone, abrasion and sedimentation, sea level variability.
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