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Coastal zones are a strategic area for achieving sustainable expansion of economic space. Assessment of the
state and dominant trends of demographic, environmental and social development is one of the stages of
forming a strategy for sustainable development of territories. The object of the study is the coastal zone of the
Azov Sea (Rostov region and Krasnodar Territory). The research is based on methodological approaches and
methods of assessing the sustainable development of the territory and mapping. It is proposed to use the
transport infrastructure development index as one of the factors of sustainable development of the territory.
The level of development and technical condition of the road network have a significant and diverse impact
on the economic and social development of both the state as a whole and individual regions. The subject of
the study is the assessment of the development of transport infrastructure as a factor of sustainable
development of the coastal zone of the Azov Sea. A method of measuring the "economic™ load on the transport
infrastructure is proposed, an indicator is proposed that takes into account the area of the territory, the
population, the length of public roads of local significance, the shipment of goods of own production, works
and services on its own. The analysis of the state of the transport infrastructure of the coastal zone regions for
the period from 2015 to 2021 was carried out.

1 INTRODUCTION

The study area includes eight municipal districts and
two urban districts located on the coast of the Azov
Sea (Taganrog, Azov, Azovsky, Neklinovsky,
Shcherbinovsky, Yeysk, Kanevsky, Primorsko-
Akhtarsky, Slavyansky, Temryuksky). Port and
industrial  complexes,  recreational  facilities,
agriculture and other types of activities operate in the
territories under consideration, which creates an
increased and diverse load on the coast (Kropyanko
etal., 2015).

The Rostov region (Neklinovsky, Azov, Azovsky,
Taganrog) accounts for 36.7% of the area, 49.6% of
the population of the coastal territory of the Azov Sea.
On the territory of the Azovsky, Shcherbinovsky,
Yeysk, Kanevsky, Temryuksky districts (12029.2
km2, or 45% of the total area of the coast), 581.1
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thousand people live, the population density of the
zone is 48 people /km?.

The zone has a low anthropogenic load, there are
no large industrial enterprises here. There are three
major ports in the Temryuksky district (Caucasus,
Taman, Temryuk), the total cargo turnover is 5.4
million tons. From an ecological point of view, there
is a high degree of pollution of soils and surface water
bodies in the coastal zone, which is associated with
the intense activity of the agricultural complex and oil
production. Atmospheric emissions are below
average for the studied coast. The shores of these
areas are mainly of the abrasive-landslide type, where
the rates of abrasion can reach from 1 to 10 m per
year, which can lead to the loss of valuable fertile
agricultural land. These factors may limit the
development of the main branch of specialization -
agricultural production — cultivation of grain and
leguminous crops, as a result, large areas are allocated



for arable land, which causes a low population density
and roads.

Despite the low demographic, industrial, and
transport load, the main factor in the disruption of the
natural landscapes of the coast is agricultural
production - first of all, a high degree of plowing of
territories (60-80%). These territories with favorable
natural conditions are promising for the development
of various sectors of the economy, as they contain
untapped potential. The territories are promising for
the development of aquaculture, recreation areas, and
the creation of protected areas.

This work is devoted to the assessment of one of
the indicators of economic development of the region,
in  particular, the assessment of transport
infrastructure. The intensity of economic activity is
due to the development of infrastructure, which is a
factor in the connectivity of the economic space. The
effective implementation of transport services is of
strategic importance for the development of the
economy and ensuring economic security, meeting
the needs of economic entities and the population in
freight and passenger transportation. At the same
time, the most important link in the transport and
logistics system is roads. The level of development
and technical condition of the road network have a
significant and diverse impact on the economic and
social development of both the state as a whole and
individual regions (Ermoshin et al., 2022).
Researchers note (Yu et al., 2016) that improving the
highway network reduces transportation costs and
can lead to both a higher degree of geographical
agglomeration of economic activity and its spatial
dispersion, spreading the effects from megacities to
medium-sized cities. The spatial organization of the
transport network affects the settlement system, the
placement of industrial facilities.

2 MATERIALS AND RESEARCH
METHODS

The empirical sources of the study were the materials
of the state statistics of the Rostov region and the
Krasnodar Territory, the database of the Territorial
Body of the Federal State Statistics Service for the
Rostov Region and the Krasnodar Territory for the
period (2015-2021) "Indicators of municipalities of
the Rostov region”, "Indicators of municipalities of
the Krasnodar Territory". The basis of the study is the
database "Indicators of municipalities” of the unified
Internet portal of Rosstat.

2.1 Research Methods

Methodological approaches, applied methods for
assessing the sustainable development of the territory
and mapping in relation to the conditions of the Azov
coast are based on a methodology based on methods
of system analysis, mathematical modeling, GIS
technologies (Arkhipova et al., 2021). The powerful
tools offered by GIS for integrating heterogeneous
data, their spatial analysis, modeling and graphic
visualization help to provide comprehensive support
for the tasks being solved, expand the range of
research performed and present their results in a
cartographic form convenient for further work and
understanding.

The transport system acts as a carrier of
connections that affect the degree of propagation or
attenuation of impulses of socio-economic
development of the region (Myslyakova, 2021).
Various coefficients are used to assess the level of
development of the transport infrastructure of the
territory. The most common of them are the
coefficients of Engel, Goltz, Uspensky, Vasilevsky.

The Engel coefficient is calculated using the
following formula (Dabiev, Dabieva, 2015):
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where L is the total length of transport routes; S —
area of the territory; H — population size.

The Vasilevsky coefficient is calculated as
(Dabiev, Dabieva, 2015):

L )
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where Q is the total weight of the products
produced.

d =

The formula used by us for calculating the
indicator of the level of development of transport
infrastructure for municipalities (TI(i,t)) is a
modification of the calculation of the Engel
coefficient and the Vasilevsky coefficient. To assess
the development of road infrastructure (TI)
(hereinafter referred to as the Transport Infrastructure
Development Index, or Index) of the territories under
consideration, an indicator is calculated that takes
into account the area of the territory, the population,
the length of public roads of local significance, the
shipment of goods of own production, works and
services performed on its own.



Since there are no statistics on the volume of
goods shipped in the context of municipalities, the
indicator Prod(i,t) was chosen to measure the
"economic" load on the transport infrastructure —
goods of own production were shipped, works and
services were performed on their own (without small
businesses), million rubles. To be able to compare the
calculated values of TI(i,t) by year, the values of
Prod(i,t), since 2016, have been adjusted for the price
index of manufacturers of industrial goods of the
Rostov region or Krasnodar Territory, depending on
the affiliation of the municipality to a particular
region.

Let's explain the method of its calculation (3):

L.
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where L i; is the length of public roads of local
significance with a hard surface of the i-th
municipality for a period of time t, km;

S i —area of the i-th municipality, sg. km;

P it - the population of the i-th municipality for
the period of time t; people;

Prod i - goods of own production shipped, works
and services performed on their own (without small
businesses), million rubles.

The values of Prod i for 2016 adjusted to the price
index of producers of industrial goods of the Rostov
region or Krasnodar Territory, depending on the
affiliation of the municipality to a particular region.

Thus, the transport infrastructure index is a
synthetic indicator directly dependent on economic
(Prod;;, L; ) and demographic indicators (P iy).

The decision-making process is often associated
with the analysis of a large number of alternative
solutions, while the main difficulty in choosing one
of them is the fact that criteria, or attributes, can be
both qualitative and quantitative, can have different
scales and units of measurement, and finally, not the
least role is played by determining the significance of
criteria relative to each other (Demidovsky, 2020). To
rank regions according to the transport infrastructure
indicator, a set of attributes corresponding to the
balanced development of the region was selected as
the optimal criterion, when the development of the
transport network corresponds to the volume of cargo
transportation in the region, with a constant value of
the parameters of the area of the region and the
population. Mapping is based on attribute values or
ranked attributes. If there is more than one input
object to map, the attributes for all objects are
averaged to create a composite target object to be
used in the mapping process. The use of the above
methods makes it possible to assess the development

of the territory according to the selected groups of
indicators for the period under study.

3 RESULTS AND DISCUSSION

Based on data from open sources for the period from
2015 to 2021, the values of the main indicators for the
regions of the coastal zone of the Rostov region
(Taganrog, Azov, Azovsky, Neklinovsky districts)
and Krasnodar Krai (Shcherbinovsky, Yeysk,
Kanevsky,  Primorsko-Akhtarsky,  Slavyansky,
Temryuksky districts) were calculated. The
assessment of changes in the main factors influencing
the indicator of transport infrastructure, namely, the
population, shipped products and the length of roads,
was carried out. Figure 1 shows the calculations of the
Index for 2015 and 2021 and the dynamics of the

Index for the same period (Figure 2).

Calculations for the period 2015-2021 showed that
the largest increase in the Index was recorded in the
Azovsky, Neklinovsky district (Fig. 1, Fig. 2),
provided by a significant increase in the length of the
road network (threefold growth for Azovsky and
fivefold for Neklinovsky) in conditions of high
economic activity (growth of 2.4 and 1.6 times for the
considered areas) with a slight increase in population
(+2.2% and +1.8%, respectively) (Fig. 3). The decline
in the Index for Azov and Taganrog is due to a more
than twofold increase in the shipment of goods (+2.3
and 2.9 times, respectively) with the same length of
roads (Fig. 3).

Kanevsky and Primorsko-Akhtarsky districts are
characterized by a moderate increase in infrastructure
provision. In Shcherbinovsky and Yeysk districts, the
Index value has practically not changed (0.028 and
0.023 in 2015 and 0.028 and 0.022 in 2021). In the
Slavyansky district, its decline was observed (-
12.2%), which is caused by an increase in the volume
of shipped products (+20%), in contrast to the
Temryuksky district, the process is more balanced,
since the growth of economic activity (+51%) is
accompanied by the development of transport
infrastructure (+48%).

4 CONCLUSION

During the period under review, the availability of the
road network in the coastal zones of the Rostov region
increased to a greater extent than for the Krasnodar
Territory: for the first region, TI increased on average
from 0.027 to 0.041, for the second — from 0.029 to



0.031. With a comparable outflow of permanent
residents, in the municipalities of the Rostov region
under consideration, road construction proceeded at a
more active growth rate (2.6 times) than in the
neighboring region (1.2 times) and higher rates of
economic activity (+2.3 times for the Rostov Region
and 1.5 times for the Krasnodar Territory). The
additional burden was exerted by the port economy:
the total cargo turnover of the ports of Taganrog,
Rostov-on-Don, Azov increased by 17.8%, the ports
of Caucasus, Temryuk, Yeysk — by 13.9% (Fig. 4).

The analysis of the dynamics of cargo turnover
suggests a further increase in transportation,
including multimodal. In this regard, the construction
and modernization of transport and logistics
infrastructure are a prerequisite for the development
of multimodal logistics.

The attraction of these municipalities of the
Neklinovsky and Azovsky districts to the Rostov
agglomeration, the strengthening of social, trade and
infrastructure contacts with megacities will lead to a
further increase in the anthropogenic load on the
territory.

Yeysk, Kanevsky, Shcherbinovsky districts
belong to the Northern Economic Zone of the
Krasnodar Territory — a territory with a diversified
economy: a developed agro-industrial complex with
multi-stage processing of agricultural products within
the framework of inter-municipal cooperation with
sales to domestic and foreign markets, effectively
implemented trade, transport, logistics and tourism
and recreational potential, characterized by cross-
border ties with neighboring regions.

Temryuksky district belongs to the Black Sea
Economic Zone. The most developed and promising
branches of economic activity of the district are the
agro-industrial sector, transport and sanatorium-
resort complex. The population growth of 4% during
the period under review indicates the economic
prospects of the territory and the attractiveness of
living.

Primorsko-Akhtarsky,  Slavyansky  districts
belong to the Central Economic Zone. These
territories with a developed agro-industrial complex
are characterized by high transport accessibility, form
the transport, logistics and economic basis of the
Krasnodar Belt. Due to the access of the districts to
the Azov Sea, the sanatorium-resort complex is
actively developing. The decline in the Transport
Infrastructure Development Index in the Slavyansky
district is due to the lagging pace of expansion of the
road network relative to the growth rate of the
economy.

However, a significant burden on the coastal
territories is created by tourist flows, which were not
taken into account in the indicator under
consideration. Further research will be aimed at
forming an integral indicator that takes into account,
among other things, the influence of the recreational
component.
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Fig. 4 Dynamics of cargo turnover of the Azov Sea ports
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1 INTRODUCTION

The study area includes eight municipal districts and two urban districts of the Rostov region, located on the
coast of the Azov Sea (Taganrog, Azov, Azovsky, Neklinovsky, Shcherbinovsky, Yeysk, Kanevsky, Primorsko-
Akhtarsky, Slavyansky, Temryuksky). Port and industrial complexes, recreational facilities, agriculture and other
types of activities operate in the territories under consideration, which creates an increased and diverse load on
the coast (Kropyanko et al., 2015).

The Rostov region (Neklinovsky, Azovsky, Azov, Taganrog) accounts for 36.7% of the area and 49.6% of
the population of the coastal territory of the Azov Sea. On the territory of the Azov, Shcherbinovsky, Yeysk,
Kanevsky, Temryuksky districts (12029.2 km2, or 45% of the total coastal area), 581.1 thousand people live, the
population density of the zone is 48 people/km?.

The zone has a low anthropogenic load; there are no large industrial enterprises here. There are three major
ports in the Temryuksky district (Caucasus, Taman, Temryuk), the total cargo turnover is 5.4 million tons. From
an environmental point of view, in the coastal zone there is a high degree of pollution of soils and surface water
bodies, which is associated with the active activity of the agricultural complex and oil production. Atmospheric
emissions are below average for the studied coast. The shores of these areas are mainly of the abrasive-landslide
type, where the rates of abrasion can reach from 1 to 10 m per year, which can lead to the loss of valuable fertile
agricultural land. These factors may limit the development of the main branch of specialization - agricultural
production — cultivation of grain and leguminous crops, as a result, large areas are allocated for arable land, which
causes a low population density and roads.

Despite the low demographic, industrial, and transport load, the main factor in the disruption of the natural
landscapes of the coast is agricultural production - first of all, a high degree of plowing of territories (60-80%).
These territories with favorable natural conditions are promising for the development of various sectors of the
economy, as they contain untapped potential. The territories are promising for the development of aquaculture,
recreation areas, and the creation of protected areas.

This work is devoted to assessing one of the indicators of economic development of the region, in particular
the assessment of transport infrastructure. The intensity of economic activity is due to the development of
infrastructure, which is a factor in the connectivity of the economic space. The effective implementation of
transport services is of strategic importance for economic development and ensuring economic security, meeting
the needs of business entities and the population in freight and passenger transportation. At the same time, the
most important link in the transport and logistics system is roads. The level of development and technical
condition of the road network have a significant and varied impact on the economic and social development of
both the state as a whole and individual regions (Ermoshin et al., 2022). Researchers note (Yu et al., 2016) that
improving the highway network reduces transportation costs and can lead to both a higher degree of geographical
agglomeration of economic activity and its spatial dispersion, spreading the effects from megacities to medium-
sized cities. The spatial organization of the transport network affects the settlement system and the location of
industrial facilities.

2 MATERIALS AND RESEARCH METHODS

The empirical sources of the study were the materials of the state statistics of the Rostov region and the
Krasnodar Territory, the database of the Territorial Body of the Federal State Statistics Service for the Rostov
Region and the Krasnodar Territory for the period (2015-2021) "Indicators of municipalities of the Rostov
region”, "Indicators of municipalities of the Krasnodar Territory”. The basis of the study is the database
"Indicators of municipalities” of the unified Internet portal of Rosstat.

2.1 RESEARCH METHODS

Methodological approaches, applied methods for assessing the sustainable development of the territory and
mapping in relation to the conditions of the Azov coast are based on a methodology based on methods of system
analysis, mathematical modeling, GIS technologies (Arkhipova et al., 2021). The powerful tools offered by GIS



for integrating heterogeneous data, their spatial analysis, modeling and graphic visualization help to provide
comprehensive support for the tasks being solved, expand the range of research performed and present their
results in a cartographic form convenient for further work and understanding.

The transport system acts as a carrier of connections that affect the degree of propagation or attenuation of
impulses of socio-economic development of the region (Myslyakova, 2021). To assess the level of development
of a territory's transport infrastructure, various coefficients are used. The most common of them are the Engel,
Goltz, Uspensky, and Vasilevsky coefficients.

The Engel coefficient is calculated using the following formula (Dabiev, Dabieva, 2015):

L oy

 VSH
where L is the total length of transport routes; S — area of the territory; H — population size.
The Vasilevsky coefficient is calculated as (Dabiev, Dabieva, 2015):

d= L (2)
3[SHQ

where Q is the total weight of the products produced.

The formula we use for calculating the indicator of the level of development of transport infrastructure for
municipalities (TI(i,t)) is a modification of the calculation of the Engel coefficient and the Vasilevsky coefficient.
To assess the development of road infrastructure (T1) (hereinafter referred to as the Transport Infrastructure
Development Index, or Index) of the territories under consideration, an indicator is calculated that takes into
account the area of the territory, the population, the length of public roads of local significance, the shipment of
goods of own production, works and services performed on its own. Since there are no statistics on the volume
of goods shipped in the context of municipalities, the indicator Prod(i,t) was chosen to measure the "economic"
load on the transport infrastructure — goods of own production were shipped, works and services were performed
on their own (without small businesses), million rubles.

Let's explain the method of its calculation (3):

L.
Tl = Lt )

31151- - Pi,t . PT‘Odth

where L;: is the length of public roads of local importance with hard surface of the i-th municipality for a

period t, km;

Si — area of the i-th municipality, sg. km;

Pit- population of the i-th municipality for the period t;

Prodi: - goods of own production shipped, works and services performed on their own (without small
businesses), million rubles.

Prod;i; for 2016 adjusted to the price index of producers of industrial goods of the Rostov region or Krasnodar
Territory, depending on the affiliation of the municipality to a particular region.

Thus, the transport infrastructure index is a synthetic indicator directly dependent on economic (Prod;, L;,
) and demographic indicators (Pi.).

The decision-making process is often associated with the analysis of many alternative solutions, while the
main difficulty in choosing one of them is the fact that the criteria, or attributes, can be both qualitative and
quantitative, can have different scales and units of measurement, and finally , not the least role is played by
determining the significance of the criteria relative to each other (Demidovsky, 2020). To rank regions according
to the transport infrastructure indicator, a set of attributes corresponding to the balanced development of the
region was selected as the optimal criterion, when the development of the transport network corresponds to the
volume of cargo transportation in the region, with a constant value of the parameters of the area of the region and
the population. Mapping is based on attribute values or ranked attributes. If there is more than one input object
to map, the attributes for all objects are averaged to create a composite target object to be used in the mapping
process. The use of the above methods allows us to assess the development of the territory according to selected
groups of indicators for the period under study.

3 RESULTS AND DISCUSSION



Based on data from open sources for the period from 2015 to 2021, the values of the main indicators were
calculated for the regions of the coastal zone of the Rostov region (Taganrog, Azov, Azovsky, Neklinovsky
districts) and the Krasnodar Territory (Shcherbinovsky, Yeysk, Kanevsky, Primorsko-Akhtarsky, Slavyansky,
Temryuksky districts). An assessment was made of changes in the main factors influencing the transport
infrastructure indicator, namely, population size, shipped products and the length of roads. Figure 1 shows the
Index calculations for 2015 and 2021 and the dynamics of the Index for the same period (Fig. 2).

Calculations for the period 2015-2021 showed that the largest increase in the Index was recorded in the
Azovsky, Neklinovsky district (Fig. 1, Fig. 2), provided by a significant increase in the length of the road network
(threefold growth for Azovsky and fivefold for Neklinovsky) in conditions of high economic activity (growth of
2.4 and 1.6 times for the considered areas) with a slight increase in population (+2.2% and +1.8%, respectively)
(Fig. 3). The decline in the Index for Azov and Taganrog is due to a more than twofold increase in the shipment
of goods (+2.3 and 2.9 times, respectively) with the same length of roads (Fig. 3).

Kanevsky and Primorsko-Akhtarsky districts are characterized by a moderate increase in infrastructure
provision. In Shcherbinovsky and Yeysk districts, the Index value has practically not changed (0.028 and 0.023
in 2015 and 0.028 and 0.022 in 2021). In the Slavyansky district, its decline was observed (-12.2%), which is
caused by an increase in the volume of shipped products (+20%), in contrast to the Temryuksky district, the
process is more balanced, since the growth of economic activity (+51%) is accompanied by the development of
transport infrastructure (+48%).

4  CONCLUSION

Over the selected period from 2015 to 2021, the provision of a road network in the coastal zones of the Rostov
region increased to a greater extent than for the Krasnodar Territory: for the first region, T1 on average increased
from 0.027 to 0.041, for the second - from 0.029 to 0.031. With a comparable outflow of permanent residents, in
the municipalities of the Rostov region under consideration, road construction proceeded at a more active growth
rate (2.6 times) than in the neighboring region (1.2 times) and higher rates of economic activity (+2.3 times for
the Rostov Region and 1.5 times for the Krasnodar Territory). The additional burden was exerted by the port
economy: the total cargo turnover of the ports of Taganrog, Rostov-on-Don, Azov increased by 17.8%, the ports
of Caucasus, Temryuk, Yeysk — by 13.9% (Fig. 4).

The analysis of the dynamics of cargo turnover suggests a further increase in transportation, including
multimodal. In this regard, the construction and modernization of transport and logistics infrastructure are a
prerequisite for the development of multimodal logistics.

The attraction of these municipalities of the Neklinovsky and Azovsky districts to the Rostov agglomeration,
the strengthening of social, trade and infrastructure contacts with megacities will lead to a further increase in the
anthropogenic load on the territory.

Yeysk, Kanevsky, Shcherbinovsky districts belong to the Northern Economic Zone of the Krasnodar
Territory — a territory with a diversified economy: a developed agro-industrial complex with multi-stage
processing of agricultural products within the framework of inter-municipal cooperation with sales to domestic
and foreign markets, effectively implemented trade, transport, logistics and tourism and recreational potential,
characterized by cross-border ties with neighboring regions.

Temryuksky district belongs to the Black Sea Economic Zone. The most developed and promising branches
of economic activity of the district are the agro-industrial sector, transport and sanatorium-resort complex. The
population growth of 4% during the period under review indicates the economic prospects of the territory and
the attractiveness of living.

Primorsko-Akhtarsky and Slavyansky districts belong to the Central Economic Zone. These territories with
a developed agro-industrial complex are characterized by high transport accessibility, form the transport, logistics
and economic basis of the Krasnodar Belt. Due to the access of the districts to the Azov Sea, the sanatorium-
resort complex is actively developing. The decline in the Transport Infrastructure Development Index in the
Slavyansky district is due to the lagging pace of expansion of the road network relative to the growth rate of the
economy.

However, a significant burden on the coastal territories is created by tourist flows, which were not taken into
account in the indicator under consideration. Further research will be aimed at forming an integral indicator that
takes into account, among other things, the influence of the recreational component.
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Figure 1-Transport infrastructure development index by municipal districts and cities in 2015 and 2021
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Fig. 2: Growth in the Transport Infrastructure Index for the period from 2015 to 2021
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Fig.3 Dynamics of the Index and its components for 2015-2021

39 43

o

336
30.8
46 I I 2
26 29
m H
2 3

m2015 w2021 1

219

97 102

171
5 6

1- YEYSK, 2 - TEMRYUK, 3 - CAUCASUS, 4 - TAGANROG, 5 - ROSTOV-ON-DON, 6 - AZOV
Fig. 4 Dynamics of cargo turnover of the Azov Sea ports






