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Abstract – To assess the current state of the coastal zone of the 

Sea of Azov, we made an analysis of socio-economic and 
environmental consequences of hazardous coastal processes, a 
comprehensive environmental and economic assessment, which 
includes the study of the main natural, economic, social and 
environmental factors of the coastal zone. In the process of 
assessment, the following were determined: natural resources, 
economic and demographic potentials, living standards and 
quality of life of the population, and environmental conditions. In 
order to compare heterogeneous socio-economic and 
environmental indicators, a five-point system was used, in which 
the numerical values of the indicators were ranked using certain 
criteria. The assessment in the coastal zone of the Sea of Azov 
identified five groups of cities and areas with different levels of 
development, ecological and economic balance. Emergency areas 
with a high rate of bank destruction (more than 2-4 m/year) are 
located in the Neklinovsky, Shcherbinovsky, Yeiskiy, Primorsko-
Akhtarsky districts and account for 33% of the coast. Ecological 
and economic assessment of the coastal zone of the Azov Sea is the 
basis for further analysis of socio-economic and environmental 
consequences of dangerous coastal processes and development of 
recommendations for their prevention.  

Key words – coastal zone; ecological and economic assessment; 
demographic potential; living standards; ecological situation; 
dangerous coastal processes; Azov Sea. 

I. INTRODUCTION 

The length of the coastline of the Azov Sea within Russia is 
more than 1000 km, with about 2.3 million people living in the 
coastal zone. The coast lines of the Sea of Azov are subject to 
dangerous natural processes: landslide and abrasion destruction 
of banks, erosion of accumulative spits and beaches, inundation 
of coastal areas with surging water level rise [1]. Natural and 
anthropogenic factors contribute to the development and 
activation of these processes. 

In the coastal zone of the sea all forms of human activity are 
represented: settlements, port facilities, industrial, social and 
recreational objects, regulation of river flow, extraction of 
minerals from the bottom of the sea, dredging works. Economic 
activity significantly increases the risk of dangerous 
anthropogenic processes and emergencies, both at sea and in the 
coastal zone.  
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Dangerous natural and man-made processes in the coastal 
zone are characterized by significant scale, rapid, difficult to 
predict manifestations and threaten to destroy residential and 
economic buildings, industrial and social facilities. 

In this regard, the assessment of the current state of the 
coastal zone, the analysis of socio-economic and environmental 
consequences of dangerous coastal processes and the 
development of a set of measures to ensure safety in the coastal 
zone are of great importance. 

II. STUDY OBJECTIVE 

Ecological and economic assessment of the coastal zone of 
the Azov Sea for further analysis of socio-economic and 
environmental consequences of hazardous coastal processes 
and development of recommendations for their prevention.  

The coastal zone is an area including cities and 
administrative districts of the Rostov region, Krasnodar 
Territory, and the Republic of Crimea, adjacent to the shore of 
the Azov Sea. 

To identify the current state of the coastal zone of the Azov 
sea and subsequent analysis of socio-economic and 
environmental consequences of dangerous coastal processes we 
conducted a comprehensive environmental and economic 
assessment, which includes the study of the main natural, 
economic, social and environmental factors, the determination 
of the relationship between them and their contribution to the 
development of the coastal zone [2, 3]. 

III. RESEARCH MATERIAL AND METHODS 

The main factors and indicators of urban and district 
development were used for the implementation of the integrated 
ecological and economic assessment. The main development 
factors are natural resources, economic and demographic 
potentials, living standards and quality of life of the population, 
as well as the state of the environment. Indicators characterizing 
the main parameters of natural resources, economy, 
demography, social sphere and environment of cities and 
districts of the Azov Sea coastal zone are presented in Table 1.  

The quantitative values of the indicators are determined on 
the basis of the data of the state statistics and other available 
information. Integral values of the main factors are the scores 
of the relevant indicators [4–7].  

In order to compare heterogeneous socio-economic and 
environmental indicators, a five-point system was used, in 
which numerical values of different indicators were ranked 
using certain criteria. The integral indicator was defined as the 
sum of points of individual indicators. 

The sum of points for all integral indicators to some extent 
reflects the relative level of development of cities and 
administrative regions of the coastal zone, and the ratio of 
integral indicators - the nature of the environmental and 
economic balance. The relative level of development is divided 
into five categories: low, below average, medium, above 
average, high. 

 

TABLE 1.  MAIN PARAMETERS OF ENVIRONMENTAL AND ECONOMIC 

ASSESSMENT OF THE DEVELOPMENT OF THE COASTAL ZONE OF THE AZOV SEA 

Assessment 

elements 

Assessment indices Assessment 

results  

Assessment 

of natural 

conditions 
and resources 

1. Benefitability of EGP 

2. Mineral ressources 

3. Agroclimatic resources 
4. Mineral ressources 

5. Land resources 

6. Plant resources 
7. Recreational resources 

8. Wildlife resources 

Natural 

resource 

potential of 
territory 

development 

Economical 
developmant’ 

assessment 

1. Industrial production volume 
2. Agricultural production volume 

3. Retail volume 

4. Volume of paid services 
5. Volume of construction works 

6. Investments in fixed assets  

Economic 
potential of 

regional 

development 

Assessment 

of 

demographic 

development 

1 Population 

2. Natural population growth 

3. Migration of the population 

4. Number of employees 

5. Number of retirees 

Demographic 

potential of 

territory 

development 

Assessment 

of social 

conditions  

1. Average monthly wage 

2. Living space per resident 

3. Availability of doctors 
4. Unemployment rate 

5. Child mortality rate 

Standard of 

living and 

quality of life of 
the population 

of the territories 

Integrated 
environmenta

l assessment 

1. Anthropogenic load 
2. Air pollution 

3. Surface water pollution 

4. Potable water pollution 
5. Soil contamination 

State of the 
environment in 

the regions 

Determining 

the 

relationship 
between 

development 

factors  

Natural resources, economic, 

demographic potential, social and 

environmental aspects of development  
urban districts 

Ecological and 

economic 

balance of 
territory 

development 

 

IV. RESULTS AND DISCUSSION 

Analysis of the results of environmental and economic 
assessment (Tables 2-7, Fig. 2) allows to reveal the following 
features of socio-economic and environmental development of 
the coastal zone of the Azov Sea.  

A. Natural resource potential 

Five natural-resource areas are distinguished within the 
coastal zone in terms of their geographical location, 
combination of individual types of natural resources, their 
absolute size and quality characteristics (Table 2). The highest 
indicators of natural-resource security are the coastal zone of 
the Taganrog Bay. The coastal zone within the Krasnodar 
Territory is characterized by average and satisfactory values of 
indicators. The least natural and resource potential is 
established in the coastal zone of the Kerch Peninsula.  

B. Economic potential 

According to the totality of the considered indicators, the 
highest level of economic development is typical for the largest 
industrial and administrative center of the southern region - 
Rostov-on-Don, which accounts for 55% of the financial 
turnover of the regions under consideration (Table 3). 
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The cities of Taganrog and Azov, as well as Azov and 
Neklinovsky districts of Rostov agglomeration are 
distinguished by rather high total value of economic indicators. 
High natural resource potential and proximity to a large 
industrial center provide them with average values of economic 
indicators. 

In the Krasnodar Region, the favourable economic situation 
in the Temryuk Region is determined by the large-scale 
infusion of public and private investments into the 
implementation of the National Project - the construction of the 
Crimean Bridge and related transport and social infrastructure. 
Kanevskaya and Slavyansky districts have high economic 
indicators due to the developed agrarian and industrial sector. 

The least favorable situation has developed in 
Shcherbinovsky and Primorsko-Akhtarsky districts. The 
economic lag of the Leninsky district in the near future can be 
overcome after the completion of the stages of construction of 
the bridge in the district. 

C. Demographic potential 

At present, due to the decline in the population, the Rostov 
region is experiencing a demographic crisis that poses a serious 
threat to socio-economic development. Decrease in the 
population in the majority of cities and districts of the Rostov 
region is not able to compensate for active external migration. 

Rostov-on-Don is not only 4 times larger than the nearest 
city in terms of population - Taganrog, but is also the only 
territory where, in addition to high mechanical inflow, there is 
a natural population growth (Table 4). 

Demographic indicators are quite good in the Kanevsky, 
Slavsky and Temryuksky districts of the Krasnodar Territory. 

The satisfactory demographic situation is noted in Taganrog, 
Azov and Azov district, in other territories (Shcherbinovsky, 
Yeiskiy and Leninsky districts) the situation is unfavorable: the 
small number of labor resources is aggravated by the increased 
share of pensioners, constant natural and mechanical outflow of 
population. 

D. Social sphere 

In the social sphere, there are good indicators in urban 
districts with developed economies. According to the indicators 
considered, the city of Rostov-on-Don retains its leadership in 
terms of the most developed and diverse social infrastructure 
and creates the highest standard of living among the reviewed 
territories for its residents (Table 5). 

Average values of social indicators are characterized by the 
cities of Taganrog and Azov. Relatively favorable social 
situation is observed in Temryuk, Kanevsk and Slavic regions. 
Social infrastructure facilities in the Primorsko-Akhtarsky 
District are the least developed. 

E. Ecological situation 

The results of a comprehensive environmental assessment 
of urban districts (Table 6) show that a critical environmental 
situation has emerged in Rostov-on-Don. The maximum values 
of all types of anthropogenic load, high level of pollution of the 
majority of environments are noted here. Atmosphere, soils, 
waters constantly contain many contaminants in concentrations 
up to 5 MPC. 

 

TABLE 2.   NATURAL-RESOURCE INDICATORS OF THE COASTAL ZONE OF THE SEA OF AZOV, POINTS 
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Taganrog Bay (Rostov-on-Don, Azov, Taganrog, 
Azov, Neklinovsky districts) 

5 4 5 4 4 4 5 5 36 5 

Yeisky estuary (Yeisky, Shcherbinovsky districts) 4 3 5 3 3 4 4 4 30 4 

Beisugsky estuary (Kanevskaya, Primorsko-

Akhtarsky, Slavyansky districts) 

3 4 3 5 4 4 2 4 29 4 

The Kubani Delta (Temruxian region) 4 3 4 5 4 4 4 4 32 4 

Kerch Peninsula (Leninsky Raion) 4 4 4 3 3 3 3 4 28 3 
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TABLE 3.   INDICATORS OF ECONOMIC DEVELOPMENT OF THE COASTAL ZONE OF THE AZOV SEA, MILLION RUBLES 

Cities and regions in 

the coastal area 
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r
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%
 

P
o

in
t 

T
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p
o
in
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R
a
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Rostov-on-Don, Russia 31.9 5 25.7 4 74.7 5 4.8 4 0.8 5 23 5 

Taganrog 25.4 3 25.9 4 35.5 4 5.0 3 1.5 4 17 4 

Azov  23.3 2 23.3 3 40.2 4 3.9 4 1.3 5 18 4 

Azov region 22.2 2 20.2 2 17.6 1 7.9 3 1.5 4 12 2 

Neklinovsky district 19.9 1 22.8 3 14.5 1 5.9 3 2.4 4 12 2 

Shcherbinovsky region 24.9 3 26.5 5 22.3 2 13.0 1 3.6 2 13 2 

Yeisky  24.5 3 21.4 2 22.4 2 5.5 3 3.6 2 12 2 

Kanevskii 26.0 3 24.5 4 19.3 1 4.5 4 2.1 4 16 3 

Primorsko-Akhtarsky 22.4 2 20.7 2 15.6 1 7.1 3 5.0 1 9 1 

Slavic 26.3 3 23.1 3 20.5 2 2.4 4 1.9 4 16 3 

Temriukskii 32.7 5 25.1 4 18.4 1 1.3 5 1.3 5 20 4 

Leninskii 21.6 2 18.3 1 44.2 4 5.2 3 1.4 5 15 3 

TABLE 4.    INDICATORS OF THE DEMOGRAPHIC SITUATION OF THE COASTAL ZONE OF THE SEA OF AZOV 
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Rostov-on-Don, Russia 326568.1 1861.7 86684.5 442735.8 121350.8 102081.8 1 081 283.0 5 

Taganrog 68571.3 596. 8 5727.4 43222.9 10411.9 11733.9 140 264.2 4 

Azov  28331.5 328.8 1185.2 11308.0 3549.0 5806.1 50 508.7 3 

Azov region 8263.4 14893.6 4567.3 7782.2 1431.8 9179.6 46 117.9 2 

Neklinovsky district 1136.3 10660.5 138.1 5522.7 1452.1 2597.4 21 507.2 2 

Shcherbinovsky region 107.5 10310.2 30.0 823.6 93.1 1234 12 598.4 1 

Yeisky 859.7 10279. 8 173.0 6293.5 184.4 1262 19 052.4 2 

Kanevskii 230.9 18400.0 227.0 4371.5 170.6 2144 25 544.0 2 

Primorsko-Akhtarsky 154.2 7638.4 145.0 1835.3 103.3 235 10111.2 1 

Slavic 627.0 11108.6 120.0 8916.2 146.6 4285 25203.4 2 

Temriukskii 339.4 7354.6 29286.0 7461.2 138.7 54093 98672.9 3 

Leninskii 466.5 4564.0 - 273.9 88.9 298.954 5 692.3 1 

TABLE 5.  SOCIAL INDICATORS OF THE COASTAL ZONE OF THE AZOV SEA 
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Rostov-on-Don, Russia 1122.6 5 0.7 5 8.0 4 406.1 5 26.5 5 24 5 

Taganrog 250.7 4 -3.8 3 9.9 4 79.9 4 36.9 1 16 3 

Azov  81.6 2 -2.2 4 9.5 4 23.2 3 34.0 2 15 3 

Azov region 96.9 2 -1.9 4 4.1 3 12.6 3 28.8 4 16 3 

Neklinovsky district 86.2 2 -5.6 2 2.3 3 10.9 3 31.6 3 13 2 

Shcherbinovsky region 35.9 1 -5.2 2 -1.2 2 6.4 2 31.9 3 10 2 

Yeisky 135.2 3 -5.4 2 -3.5 2 20.7 3 31.3 3 13 2 

Kanevskii 103.5 3 -2.7 4 6.5 4 18.4 3 28.4 4 18 4 

Primorsko-Akhtarsky 59.5 2 -6.5 1 5.1 4 7.1 2 30.3 3 12 2 

Slavic 132.6 3 -1.6 4 3.8 4 22.1 3 28.9 4 18 4 

Temriukskii 124.7 3 -1.5 4 10.8 5 25.3 3 29.0 4 19 4 

Leninskii 60.5 2 -5.7 2 -6,8 1 4.9 1 28.7 4 10 2 
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TABLE 6.  CHARACTERISTICS OF ANTHROPOGENIC IMPACT AND 

ENVIRONMENTAL CONDITIONS IN THE COASTAL ZONE OF THE SEA OF AZOV  

(on a five-point scale) 
 

Cities and 

regions in the 

coastal area 

Anthropogen

ic load 

Pollution 

rate* 
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ct
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S
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Rostov-on-Don, 

Russia 

5 5 1 5 4 4 4 28 Critical 

Taganrog 3 3 1 4 4 4 5 24 Critical 

Azov 2 3 1 3 3 4 3 19 Intense 

Azov region 2 3 4 2 2 4 2 19 Intense 

Neklinovsky 

district 

2 3 3 2 2 4 2 18 Intense 

Shcherbinovsky 

region 

1 2 3 2 1 3 1 13 Satisfactory 

Yeisky  2 2 3 2 1 3 2 15 Intense 

Kanevskii 2 2 3 2 1 3 1 14 Intense 

Primorsko-

Akhtarsky 

1 2 2 2 1 3 1 12 Satisfactory 

Slavic 2 2 3 2 1 3 2 15 Intense 

Temriukskii 2 2 2 3 1 3 1 14 Intense 

Leninskii 1 2 2 2 1 3 2 13 Satisfactory 

a. *Level of pollution and degradation of individual environmental components 

 

A critical environmental situation is identified in Taganrog. 
High and average values of anthropogenic load and level of 
environmental pollution are observed here. Air and soil 
pollution in Taganrog is related to the activities of industrial 
enterprises and the constant growth of motorization of the 
population.  

The city of Azov, Azov, Neklinov, Yeiskiy, Kanevskaya, 
Slavyanskiy, Temryukskiy districts are characterized by a tense 
ecological situation. In Azov there is an increased level of 
pollution of water bodies and atmospheric air. In rural areas, the 
tense environmental situation is due to the increased 
agricultural pressure and high level of pollution of water bodies. 

Satisfactory ecological situation was revealed in 
Shcherbinovsky, Primorsko-Akhtarsky and Leninsky districts. 
These areas are dominated by relatively low anthropogenic 
pressure and low levels of air and soil pollution. 

F. Integrated environmental and economic assessment of the 

coastal zone of the Azov sea 

The analysis of the data obtained (Table 7) allows us to 
identify several groups of cities and areas with different levels 
of development and ecological and economic balance in the 
coastal zone of the Sea of Azov.  

1. Rostov-on-Don is a major industrial centre with the 
largest amount of integrated indicators and the highest 
development potential. Here the maximum and high values of 
practically all integral indices are established, except for an 

environment condition. The imbalance in the city is caused by 
the critical environmental situation.  

TABLE 7.  INTEGRATED ENVIRONMENTAL AND ECONOMIC ASSESSMENT OF 

CITIES AND DISTRICTS OF THE COASTAL ZONE OF THE SEA OF AZOV. 
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Rostov-on-Don, 

Russia 

5 5 5 5 2 22 

Taganrog 5 4 3 4 3 19 

Azov 5 3 3 4 4 19 

Azov district  5 2 3 2 4 16 

Neklinovsky 

district  

5 2 2 2 4 15 

Shcherbinovsky 

region 

4 1 2 2 5 14 

Yeisky 4 2 2 2 4 14 

Kanevskii 4 2 4 3 4 17 

Primorsko-
Akhtarsky 

4 1 2 1 5 13 

Slavic 4 2 4 3 4 17 

Temriukskii 4 3 4 4 4 19 

Leninskii 3 1 2 3 5 14 

 

2. Mid-sized industrial cities: Taganrog and Azov form the 
next group in terms of development. In this group, the natural 
resource potential is high, while other integral indicators are 
characterized by average values. The sustainable development 
of these cities is hindered by high natural population decline 
and a tense environmental situation.  

3. Intensive development area - Temryuki region is 
distinguished by high volumes of investments and construction 
works, in which along with the development of the port 
complex and access roads to it, there is the construction of 
transport infrastructure to the Kerch bridge. Temryuk district 
accounts for 27.7% of the total investment in the coastal zone. 
The area is characterized by a relatively favourable 
demographic, social and environmental situation.  

4. Developing agrarian and industrial areas: Azovsky, 
Neklinovsky, Kanevsky, and Slavsky have the largest sum of 
integral indices among rural administrative regions. Using the 
high natural resource potential and advantageous economic and 
geographical location, these areas are developing intensively, 
maintain high socio-economic indicators. However, as a result 
of anthropogenic impact in these areas there is a tense 
ecological situation. 

5. The Shcherbinovsky, Primorsko-Akhtarsky and 
Leninsky districts are among the agrarian districts with 
relatively low socio-economic indicators and a satisfactory 
environmental situation. 
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G. Dangerous natural processes in the coastal zone of the Sea 

of Azov 

According to the activity of manifestation of dangerous 
abrasion and landslide processes, the Azov Sea coast is divided 
into zones with weak (less than 1 m/year), medium (1-2 
m/year), strong (2-4 m/year) and very strong abrasion (more 
than 4 m/year) [8-10]. Approximately 30% of the coastline is 
highly abrasive, and 33% of the coastline is very abrasion-
prone. 

The share of banks with severe abrasion increased from 
33% in 2010-2012 to 60% in 2013-2014. Emergency areas with 
a high rate of bank destruction exceeding 2-4 m/year are located 
in the Neklinovsky, Shcherbinovsky, Yeiskiy, Primorsko-
Akhtarsky districts, accounting for 33% of the coast. Sites with 
an average rate of bank destruction of more than 1-2 m/year are 
located in the Neklinovsky, Azovsky, Yeiskiy and Leninsky 
districts. In the remaining areas, the average rate of bank 
destruction does not exceed 1 m/year or bank destruction does 
not occur. 

V. CONCLUSION 

1. A comprehensive environmental and economic 
assessment of the coastal zone of the Sea of Azov was carried 
out, which made it possible to identify the territorial features of 
socio-economic and environmental development, cities and 
districts located there. 

2. According to the peculiarities of geographical location, 
natural conditions and resources, the level of socio-economic 
development, demographic and environmental situation, five 
groups of cities and districts have been singled out: large 
industrial center - Rostov-on-Don; medium industrial cities - 
Taganrog and Azov; intensive development region - Temryuk; 
developing agrarian-industrial regions - Azov, Neklinov, 
Kanevskaya, Slavyansky; agrarian regions with relatively low 
levels of development - Shcherbinovsky, Primorsko-Ahtarsky 
and Leninsky.  Translated with www.DeepL.com/Translator 

3. Emergency areas with a high rate of bank destruction 
(more than 2-4 m/year) are located in the Neklinovsky, 
Shcherbinovsky, Yeiskiy, Primorsko-Akhtarsky districts 
account for 33% of the coast. 

4. Ecological and economic assessment of the coastal zone 
of the Azov Sea is the basis for further analysis of socio-
economic and environmental consequences of dangerous 
coastal processes and development of recommendations for 
their prevention. 
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