q

Check for
updates

Tools for Sustainability Management
of Socio-ecological Systems in the Globalizing
World

Aleksey F. Rogachevl(m) , Viktoria N. Ostrovskaya®,

Alexandr S. Natsubidze3, Tatiana N. Litvinova!,
and Elena A. Yakovleva®

' Volgograd State Agrarian University, Volgograd, Russia

rafr@mail. ru, litvinoval3b8@yandex. ru

2 North-Caucasus Federal University, Stavropol, Russia
ostrovskayav@mail. ru

3 Moscow Institute of State and Corporate Governance, Moscow, Russia
* Voronezh State Forestry Engineering University Named After G. F. Morozov,

Voronezh, Russian Federation
elena-12-27@mail. ru

Abstract. The article is devoted to solving the following problem: further
development of human society with preservation of current rate of production
volumes growth and increase of the number of population may lead to the global
catastrophe. The purpose of the work is to develop effective tools of sustain-
ability management of socio-ecological systems in the conditions of globaliza-
tion. The methods of the research include modeling and multi-criterial
optimization, with the help of which the authors formulate the task of provision
of socio-ecological systems sustainability in the conditions of globalization and
offer a managerial model for solving it. The basis of the sustainability man-
agement tools of socio-ecological systems in the globalizing world should be
economic & mathematical model of multi-criterial optimization of sustainability
of economic and ecological development of modern global economic system.
The authors denote three directions of solving this optimization task and develop
the corresponding instrumentarium and the proprietary model of sustainability
management of socio-ecological systems in the globalizing world.
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1 Introduction

Striving for satisfying various interests of various economic agents under the condi-
tions of limitation of resources and possibilities of the environment over the whole
history of humankind led to aggravation of the ecological situation in the world. The
key problem consists in the fact that further development of humanity with preservation
of the current rate of increase of production volumes and increase of population might
lead to the global catastrophe.
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Modern culture of consumption dictates need for increase of volumes of
GDP. Quick growth of population in combination with the idea of humanity also
causes growth of total needs of humankind. All this does not allow refusing from the
plans of economic development. However, it is impossible to ignore the ecological
consequences of intensive development of economy.

Over the recent decades, developed countries actively use such tool of sustain-
ability management of socio-ecological systems as transfer of hazardous production on
the territory of other countries. It does not allow solving ecological problems in the
global scale but only improves the position of certain countries as compared to others.
At that, development of the global socio-ecological system is still unsustainable.

In the conditions of globalization, all countries of the world are in close interde-
pendence, and the idea that lies in the basis of modern approach to sustainability
management of socio-ecological systems, which consists in striving for solving the
ecological mpo6iem by means of other countries without significant limitations from
their side, is false. This is reflected by ineffectiveness of existing and necessity for
development of a new instrumentarium of sustainability management of
socio-ecological systems in the conditions of globalization — which is viewed in this
article.

2 Methods

Sustainable development supposes combination of interests of development of pro-
duction — primarily, industrial (Grincheva 2016) — and environment protection (Hak
et al. 2016). Unsustainable development of socio-economic and ecological systems
leads to crises (Kopnina 2016), which could be manifested in the sphere of economy
and in the sphere of ecology (Aznar-Marquez and Ruiz-Tamarit 2016).

Management of socio-ecological and economic systems supposes state interference
with market processes (Moussiopoulos et al. 2010) for limiting the development of
economy for the purpose of minimizing the damage to the environment (Ferrao et al.
2014; Frolov et al. 2015; Popkova et al. 2015; Nadtochey 2010).

In the conditions of globalization, the process of managing the socio-economic and
ecological systems becomes complicated (Ren 2012), as it is influenced by more
factors (Cheng et al. 2015), and it is necessary to take into account interests of a large
number of interested parties (Sturn 2013; Marsh 2012).

Based on the performed literature overview on the topic of the research, it is
possible to conclude that despite a high level of elaboration of certain aspects of the
solved problem, modern authors study it primarily at the theoretical level.

At that, practical tools of sustainability management of socio-ecological systems in
the conditions of globalization remain beyond the limits of the performed studies. It
causes the necessity for development of empirical and methodological basis of man-
agement sustainability.

The research methods include modeling and multi-criterial optimization, with the
help of which the authors formulated the task of provision of sustainability of
socio-ecological systems in the conditions of globalization and offer a managerial
model for its solution.
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3 Results

The authors offer that the tools of sustainability management of socio-ecological sys-
tems in the conditions of globalization be based on the proprietary economic &
mathematical model of multi-criterial optimization:

S = (GDP/NP)/DE — max;
GDP — max;

NP — max;

DE — min.

where S — sustainability of socio-ecological system;

GDP - volume of GDP within system;

NP — number of system’s population;

DE — damage to ecology of system;

In the formula (1), the sought variables are volume of GDP, number of population,
and damage to the ecology of environment. The targeted function supposes that sus-
tainability of socio-ecological system, determined as ration of GDP per capita to the
damage to environment, should strive to maximum with the following limitations: GDP
and number of population should strive to maximum, and loss to environment — to the
minimum.

These limitations are dictated by the very idea of sustainable development of the
socio-ecological system, according to which the number of population constantly
grows, which leads to increase of needs and necessity for satisfying them, by growth of
GDP. At that, provision of this level and living standards of the population requires
preservation of favorable environment and minimization of the damage to ecology from
production activities.

Obviously, the limitations set in the optimization task contradict each other —
increase of GDP inevitable leads to increase of damage to the environment. This task
could be solved in the global, national, and regional scales. With the help of modern
software (for example, MathCad program), it is possible to obtain Pareto limit for
non-dominating solutions (series of optimal solutions each of which corresponds to the
given limitations).

While selecting the best solution, depending on the socio-economic, cultural, and
political peculiarities of the viewed system, it is necessary to determine priority of each
of the limitations. Thus, interests of the growth of population might prevail over the
purposes of provision of favorable conditions of life. Then the number of population
and GDP will increase, and the state of ecology will aggravate.

Or, quite on the contrary, the system might be interested in provision of maximally
comfortable conditions for life. Then, either GDP per capita will decrease, or the
number of population will reduce. In either case, there are three directions for solving
this optimization task within sustainability management of socio-ecological systems in
the conditions of globalization.

The first direction supposes reduction of each human’s needs within change of
GDP/NP ratio. At the first glance, this might seem unreal, as it is considered that needs
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are unlimited and the possibilities of their satisfaction with the help of GDP growth are
limited by existing resources and production capacities.

However, with more detailed analysis of this problem, it is possible to see that with
improvement of technologies of production, the very product changes — and it can
satisfy more needs, i.e., there is increase of feedback from production in the sphere of
satisfaction of needs. Thus, while preserving the volume of production, it is possible to
increase the level of satisfaction of society’s needs. Within this direction, it is possible
to offer the following tools:

— Modernization of technologies and equipment. This will allow increasing feedback
from production and labor efficiency;

— Application of marketing for management of needs. With the help of marketing
tools it is possible to create new needs and reduce the old ones;

— Implementation of innovations and creation of new types of products. Development
of new products, which can satisfy more needs, will allow reducing the production
volume with preservation of the level of need satisfaction.

The second direction is oriented at adaptation to new, less favorable conditions of
the environment within the change of NP/DE ratio. This could be conducted within the
evolution. As is known, human society differs from animals by the fact that it does not
adapt to the environment but changes the environment. However, human can also adapt
to the new ecology.

This supposes artificial creation of special closed areas with favorable environment
for special groups of population, improvement of medical and biotechnologies for
curing new types of diseases that emerge in the conditions of life in unfavorable
environment, conquering space for relocation of part of the population, etc. The fol-
lowing tools could be offered within this direction:

— Development of innovations. Development of new technologies will allow creating
and restoring favorable environment;

— Reduction of requirements to the environment. Within adaptation to new ecological
conditions, it is possible to change a human’s body with the newest technologies;

— Refusal from hazardous production. This tool supposes import of products manu-
facture of which supposes serious damage to the environment, or full refusal from
consumption of such products.

The third direction is based on minimization of the damage done to the environ-
ment in the process of production activities within changing the GDP/DE ratio. This
direction is the most realistic and perspective. It supposes development of innovational
technologies for reduction of production wastes with preservation of its scales. The
following tools could be offered within this direction:

— Attraction of investments. Implementation of the latest production technologies
requires significant financial resources;

— Toughening of ecological standards. This measure is aimed at state stimulation of
the process of business ecologization;

— Growth of demand for ecological responsibility of business. This allows the whole
society to motivate business for increase of ecological compatibility of production.
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In practice, it is possible to realize all the given directions simultaneously or some
of them that fit the socio-economic system. Together, they form the model of sus-
tainability management of socio-ecological systems in the conditions of globalization

(Fig. 1).

Goal: sustainable development of socio-economic systems in the conditions of globalization.
Tasks: - maximization of volumes of the global GDP;

- increase of population;

- preservation or improvement of the state of environment.

y

Management subjects:
— state;
— society.

management

motivation, stimulation, regulation

Management objects:
— society;
— private business.

J

Direction of sustainability management of socio-ecological systems:

y

v

v

Reduction of needs

Tools:

— Modernization of
technologies and
equipment;

— application of
marketing for
managing needs;

— implementing
innovations and
creation of new types
of products.

Adaptation to new
conditions

Tools:

— development of
innovations for
adaptation to the new
environment;

— reduction of
requirements to the
environment;

— refusal from hazardous
production.

Minimization of damage
Tools:

— attracting investments
for modernization;

— toughening of
ecological standards;

— increase of demand for
ecological
compatibility of
business.

A

Planned results:
— reduction of GDP per capita with preservation of society’s satisfaction level,
— adaptation, change of criteria of favorable environment;
— reduction of production waste with preservation of volume of GDP.

Fig. 1. Model of sustainability management of socio-ecological systems in the conditions of
globalization

As is seen from Fig. 1, subjects of management in the offered model are state,
which can regulate and stimulate society and business for increase of sustainability, and
society, which can motivate private business for realization of the sustainability
practice. As a result of realization of the model, GDP per capita should be reduced with
preservation of society’s satisfaction level, criteria of favorable environment should be
adapted and changed, and volume of hazardous waste of production should be reduced
with preservation of the GDP volume.
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4 Discussion

Realization of the determined directions and the offered tools of sustainability man-
agement of socio-ecological systems will allow regulating the contradiction between
socio-economic and ecological interests in the modern global economic system. At the
national level — depending on the unique peculiarities of a specific country — it is
possible to select and realize the best fitting direction of sustainability management
depending on the set criteria of optimization.

5 Conclusion

It should be concluded that sustainable development of socio-ecological systems could
be ensured by joint efforts of all economic agents. In the conditions of globalization,
the problem of provision of sustainable development of socio-ecological systems
should be solved by all members of international economic relations.

To a certain extent, a limitation of the results of this research is the full character of
the offered tools and the model of sustainability management of socio-ecological
systems in the conditions of globalization, as well as non-domination of solutions on
Pareto limit for the developed model of multi-criterial optimization.

In the process of further research in the sphere of sustainable development, the
attention should be paid to development of the mechanism of prioritization of opti-
mality criteria for various socio-economic and ecological systems.
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