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Abstract The article is devoted to the research of ecological clusters as a tool of
improving the ecological safety in developing countries. The authors offer to use a
specifically developed methodology for determining the level of ecological security in
developing countries. Formation of a city skeleton on the basis of ecological clusters,
generated on the basis of biologically active natural complex, is offered. We offer the
methodology of introduction of the cluster organization of the city environment with
introduction models on the example of the city of Volgograd of the Russian Federation.
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1 Introduction

The state of the environment has considerably worsened since the beginning of the
twentieth century, and anthropogenous influence on natural landscapes has increased
(Paderewski et al. 2011; Pan et al. 2011; Pierson 2011; Korolyuk and Yamalov 2015;
Ravanbakhsh et al. 2015; Gillett et al. 2015; Bolsunovskaya and Bolsunovskaya 2015).
Ecology infringement has affected the quality of the environment and the comfort of
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residing both in a city and in rural settlements (Ivanova 2014). It is expressed in the
exhaustion of superficial and underground water sources that is especially actual for
developing countries where the problem of maintenance of drinking and technical water is
especially sharp. Many developing countries have vital issues with water supply, and in
some countries, there are even restrictions on water use.

The issue of the territory water supply is a complex problem demanding town-planning
and engineering approaches (Popkova et al. 2013b). Nevertheless, in spite of the fact that
the issue of water delivery and land improvement is very urgent, today water resources are
used extremely irrationally. It is especially important for the uses of rain water in the
boundary regions of territories of settlements.

The current approach to the accomplishment of urban and rural territories is based on
the notion of rain water’s negative influence on the territory. The superficial drain will be
neutralized by means of the storm water drain and system of the open or closed drainage,
storm pump stations, and storm treatment facilities (Xie 2013).

There is also another approach: understanding the value of rain water as a natural
resource, which can be accumulated and used for needs of a settlement. Special programs,
which are a part of the plan of surface water pollution prevention, are developed to realize
this approach and are obligatory to execution. The example of this is the control directive
storm streams in the State of New York (Popkova et al. 2013a). Instead of the storm water
drain, there is a concept management of storm streams, where a number of principles and
receptions have already developed and justified themselves in work.

2 Materials and methods

The article uses the methods of structure analysis for determining the components of
ecological infrastructure and relations between notions of ecological cluster, ecological
infrastructure, and city infrastructure. Also, methods of systemic analysis and synergetics
are used for revealing the process of formation of ecological cluster, and modeling
method—for creating the model of ecological cluster. The article uses the proprietary
methodology of determining the level of ecological security of territory in developing
countries on the basis of determining the ratio of pollution of atmosphere and water and
cleaning possibilities of forest and water treatment works, as well as determining the
reserves of increasing the cleaning possibilities and minimizing the volumes of polluting
emissions into environment.

3 Results

The analysis of the organization of building and accomplishment of territory with the use
of storm drains has shown that creation of an ecological skeleton of the city territory should
become a basis for revision of the developed principles. The city infrastructure is insep-
arably linked to a landscape which, in turn, can function as its component or, on the
contrary, promote engineering and accomplishment destruction (Volosatova et al. 2014).
Development of an ecological skeleton as a component of a city infrastructure is especially
essential for cities and settlements in the southern part of Russia. The development of an
ecological skeleton by reconstruction of the territories of the settlement on the basis of
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introduction of ecological clusters is offered. In this article, an ecological skeleton of the
territory is viewed as a spatially organized infrastructure, which supports ecological sta-
bility of territory, preventing the loss of biodiversity and landscape degradation (Boonstra
and Hanh 2014).

Ecological clusters are a part of a city territory which consists of one or several bio-
logically active kernels of a natural complex (Jia et al. 2014). A biologically active kernel
provides a healthy and comfortable city environment at the expense of maintenance of a
favorable microclimate (humidity, temperature, mobility of air masses), loading decrease
on a city infrastructure and restoration of gardening of inhabited territories (Chakraborty
and Roy 2014). Besides, the kernels of ecological clusters are a fine material for landscape
architecture and they create conditions for green building (Dinica 2014). Peripheral
building in the structure of the cluster also receives new impulses for modern city for-
mation, including introduction of new types of buildings with the use of ecologically
protecting technologies and the spatial solution for inhabited groups and plan the orga-
nization of the built up territories (Leathwick et al. 2010) (Fig. 1).

Formation of ecological clusters kernels as an element of a city infrastructure will allow
restoring and keeping ecological well-being of the city environment (Snelder et al. 2009).
The ability of kernel active elements for accumulation, recycling, and transformation of
many substances is irreplaceable in the general process of self-cleaning of city territories
(Begossi 2014).

3.1 Instrumentarium of monitoring and analysis of the system
of management of ecological security in developing countries

It should be noted that monitoring and analysis of the system of management of ecological
system in developing countries is a necessary condition for acquiring information on
ecological situation in the country, prevention of natural disasters, and determination of
perspectives of their elimination (Chen 2009). This is especially topical due to increase in
influence on the environment in developing countries which are centers of global industrial
production.

The system of monitoring of the state of ecological security in developing countries
should be a place for collection, systematization, and analysis of the following data which
characterize (Zeng et al. 2014; Ludwig 2012; Giindiiz et al. 2011; Zhou et al. 2010):

ecological state of territory;
possible aggravation of ecological situation as a result of damage to environment;

Ecological cluster

Biologically
active core

Biologically

active core Active
. Cgelements of
Active Active * the core
elements of &elements of
the core the core /oo

Biologically
active core

Fig. 1 Model of ecological cluster. Source: self-summarized
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e limits of damage to environment;
e ccological reserves.

In order to determine the level of ecological security in developing countries, this
research offers using the following methodology, which supposes the analysis of water and
air pollution. Within this methodology, the level of ecological security of the territory is
evaluated the following way:

ES = (ENair + ENwater) - (EFair + EFWater) (1)

where ES—Ilevel of ecological security of territory; EN—current ecological state of ter-
ritory; EF—perspectives of aggravation of ecological situation as a result of damage to
environment.

Evaluation of ecological state of territory requires the evaluation of the level of air and
water pollution according to the following scale:

Interval 1-15 % 15-30 % 30-50 % 50-70 % >70 %

EN 5 4 3 2 1

In order to analyze the perspectives of possible aggravation of ecological situation as a
result of damage to environment, it is necessary to evaluate the volume of water and
atmosphere emissions. Then, the ratio of total volume of emissions into atmosphere on the
given territory to the volume of emissions into atmosphere which the forests of this
territory are capable to process is calculated. Depending on certain interval, the level of
future air pollution will have a value from 1 to 5, according to the following table:

Interval <1 1-1.04 1.05-1.09 1.1-1.19 1.2-1.29 >1.3

EFair 0 1 2 3 4 5

In the same way, the ratio of total volume of emissions into water on the given territory
to the volume of emissions into water which the water treatment works are capable of
processing is calculated. Depending on certain interval, the level of future water pollution
will have a value from 1 to 5, according to the following table:

Interval <1 1-1.04 1.05-1.09 1.1-1.19 1.2-1.29 >1.3

EFyaier 0 1 2 3 4 5

Calculation of the level of ecological security according to this methodology allows
comparing developing countries to each other and to developed countries. The maximum
possible value of the level of ecological security in the country within this methodology is
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“10,” and the minimum possible value is “8.” In order to preserve the normal ecological
situation in the country, it is necessary for ES indicator to be more than 0.

As an additional tool of monitoring and analysis of the system of management of
ecological security of territory, this research offers to use the indicator of ecological
reserves (Es), which is calculated according to the following formula:

E.s = [(PLair + Af)/Dmin (f) + (PLwater + AW)/Dmin (W)]/Z (2)

where PL,;; waer—pollution level of air and water; Af—absolute value of unused reserves
of forest expansion; Aw—absolute value of unused reserves of water treatment works;
D in(f,w)—minimal possible (potential) damage to environment (air and water) in the
process of industrial production during full use of all technical and technological possi-
bilities of country.

Potential damage to environment in the process of industrial production during full use
of all technical and technological possibilities of countries is determined as volume of
polluting emissions of all industrial enterprises of country, according to the formula:

Liin = Z Lenter (3)

=1k

where Lqne,—Vvolume of polluting emissions of all industrial enterprises of country; k—
total quantity of enterprises of region.

In order to find a mode of city territories functioning, a landscape zoning is conducted;
the following landscape zones are distinguished (Hortal et al. 2009): built up, built up
planted trees and shrubs, vacant, vacant planted trees and shrubs, planted trees and shrubs,
natural (Sanseverino-Godfrin 2015). Recommendations about percentage parity of the
areas of building, coverings, and gardening are developed for each zone (Ogunbode 2013).
Based on such recommendations, the specified design quantity of industrial enterprises and
the scheme of the organization ecological cluster and lowering factors are accepted. The
process of formation of ecological cluster is shown in Fig. 2.

The main problem of an architect is the delimitation of clusters within a self-cleared city
landscape (Popkova et al. 2014). The following stage, after the definition of capacity and
the area of water objects, estimates the area of a firm surface, which carries out a role of a
buffer zone of kernel ecological clusters (Ji and Gunasekaran 2014). The organization of a
buffer zone can be executed by means and methods of landscape architecture (Eastwood
et al. 2014).

~
*Determining the cluster limits within self-cleaning urban landscape
Stage 1
J
N
*Evaluation of territory of firm surface, which performs the role of buffer area for
ecological cluster core.
Stage 2 )
N
*Organizing the buffer area with the use of means and methods of landscape architecture.
Stage 3
J

Fig. 2 Process of forming the ecological cluster. Source: self-summarized

@ Springer



1054 E. G. Popkova et al.

3.2 Example of calculation of the demanded area of kernel ecological clusters
with a small city (source: self-summarized)

Let us evaluate the level of ecological security in the Russian city of Volgograd, using the
proprietary methodology. The level of air pollution is 25 %. This value is in the second
interval of the developed scale, so the indicator EN,;; is assigned the value 4. The level of
water pollution is 40 %, so the indicator ENy,, is assigned the value 3.

Total volume of polluting emissions into atmosphere on the given territory constituted
29.8 million tons in 2014. The volume of polluting emissions into atmosphere which the
forests of the given territory are capable of processing constitutes 25.6 million tons. The
value of the level of future pollution of air constitutes EF,;, = 29.8/25.6 = 1.16; it goes
into the fourth interval and is assigned the value 3.

Total volume of polluting emissions into waters of Volgograd constituted 75.5 mil-
lion m? in 2014. The volume of polluting emissions into waters which the water treatment
works of the given territory are capable of processing constitutes 66.8 million m>. The
value of the level of future water pollution constitutes EF,,., = 75.5/66.8 = 1.13; it goes
into the fourth interval and is assigned the value 3.

The level of ecological security of Volgograd is the following: ES = (4 + 3)
— (34 3) =7 — 6 = 1. The received value of ES is above zero, which proves the normal
ecological situation in Volgograd. However, this level is critically close to zero, so it is
necessary to reduce the volume of polluting emissions into water and atmosphere.

Absolute value of unused reserves of forest expansion (Af) constitutes 11.6 million tons.
Absolute value of unused reserves of water treatment works (Aw) constitutes 12.3 mil-
lion m®. Potential damage to water environment in the process of industrial production
during full use of all technical and technological possibilities of Volgograd constitutes
25.4 million tons.

Potential damage to air environment in the process of industrial production during full use
of all technical and technological possibilities of Volgograd constitutes 69.4 million m’.
Indicator of ecological reserves constitutes E, = (25.6 + 11.6)/25.4 4+ (66.8 + 12.3)/
69.4 = 37.2/25.4 4 79.1/69.4 = (1.46 4 1.13)/2 = 1.29. Consequently, Volgograd pos-
sesses 30 % reserve of improvement in ecological situation in the city.

4 Discussion

Ecological clusters allow effective settling and solving the problems of land tenure,
industry, agriculture, transport, etc., according to the requirements of environmental pro-
tection. Ecological clusters open following possibilities for developing countries (Dolev
and Carmel 2009):

1. Rational use of natural resources on the basis of plans of economic and environmental
protection development;

2. The land tenure organization for preventing pollution and creating healthy
environment;

3. Preservation of the industry development balance and ecological safety;

4. Extraction and use of ecologically safe energy, etc.

In this regard, ecological clusters represent practical interest—first, from the point of
view of viable spatial planning and secondly, for sustainable development (Fig. 3).
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Possibilities for developing countries opened by Effective settling and solving
ecological clusters the problems of land tenure,
1. Rational use of natural resources on the basis of industry, agriculture, transport
plans of economic and environmental protection etc.
development;

2. The land tenure organization for preventing
pollution and creating healthy environment;

3. Preservation of the industry development balance
and ecological safety; Viable spatial planning and

4. Extraction and use of ecologically-safe energy etc. sustainable development

Fig. 3 Possibilities for developing countries opened by ecological clusters. Source: self-summarized

As a result of successful creation of ecological clusters, there is expected synergetic
effect, expressed in well-balanced development of economy and ecology of developing
countries (Kannan et al. 2014). This effect will increase the level of ecological security in
developing countries, as it allows forming the system of management of ecological
security, oriented at rational use, restoration, and development of air and water resources of
the country (Snelder et al. 2008).

The further researches in the sphere of creation and development of ecological clusters
can be conducted in following perspective directions (Zhang et al. 2014):

Development of ecosystems including the serene rivers;

Creation of green zones, allowing to counterbalance city and suburban growth;
Efficient use of resources;

Planning of manufacture considering the prevention of acts of nature;
Reduction in energy consumption,etc. (Arponen et al. 2008).

These questions can be effectively solved by means of ecological clusters, created in
developing countries (Vellend et al. 2008; Kilroy et al. 2008; Rodrigues and Brooks 2007).
Reconstruction of the city environment, accomplishment, and engineering preparation of
the territory should be developed as a unified complex of actions with the obligatory use of
resources of the internal development put in a natural complex of the settlement (Nica
2010; Guisan and CanceloM 2014). The formation of ecologically steady city structures is
a perspective direction of the development of the territories in developing countries (Sun
2014; Chen and Bian 2014; Luo et al. 2014; Walther et al. 2012; Bando et al. 2012).
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