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Abstract. A comprehensive analysis of the relationship between
centralized, market-based, and self-organizing management mechanisms in
the context of contemporary environmental challenges has been conducted.
The relevance of this study is due to the deepening global environmental
crisis, which highlights the limitations of traditional models of public
governance based on hierarchical coordination and the logic of economic
growth. The study substantiates that the formal functioning of democratic
institutions does not ensure an adequate level of citizen participation in
making significant decisions of environmental management, which
undermines the effectiveness of sustainable development policy. Based on
an analysis of the principles of self-organization inherent in natural systems,
this study demonstrates the potential of decentralized forms of social
interaction to enhance the adaptability and resilience of socio-ecological
systems. The study examines the controversial role of centralized
management models, which, while enabling the implementation of large-
scale environmental strategies, simultaneously limit the initiative of local
communities and contribute to the bureaucratization of management
processes. The concept of post-industrial development is critically analyzed,
and it is proven that the “greening” of the economy within the framework
of an unchanging logic of growth does not eliminate the systemic reasons
for the ecological crisis, but merely transforms the forms in which it
manifests itself. Particular attention is paid to the analysis of the market
economy, which, through the mechanisms of externalities, the
commercialization of natural resources, and the dominance of the profit
motive, reproduces environmental instability. It has been shown that
existing models for integrating market forces with social and environmental
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goals have limited potential for resolving the fundamental tensions between
economic growth and environmental limitations. The conclusions justify
that the prospects for civilizational development are linked to the emergence
of hybrid environmental management models that combine elements of
centralized coordination with mechanisms of social self-organization,
guided by the principles of environmental sustainability, social
responsibility, and the balanced use of natural resources.

1 Introduction

In today’s world of global transformation, the issue of effective public management is
particularly relevant in the context of growing environmental challenges. Climate change,
the deterioration of natural ecosystems, the depletion of natural resources, and the growing
environmental risks point to a crisis in traditional management models, which rely primarily
on centralized decision-making mechanisms. At the same time, while most modern states
formally declare democratic principles, this is not always accompanied by the real
involvement of citizens in the process of developing environmental management, which
reduces its effectiveness and adaptability.

In academic discourse, approaches focused on the study of self-organization as a
fundamental principle of complex systems are gaining increasing importance. Natural
ecosystems demonstrate the ability to self-regulate, adapt, and maintain a dynamic balance
without rigid, centralized control. This raises the question of whether such principles can be
implemented in social systems, particularly through the development of mechanisms for
people's power, local self-government, and horizontal forms of interaction. At the same time,
the limits of the effectiveness of such approaches remain a matter of debate, especially in the
situations requiring complex strategic decisions in the field of environmental safety.

The purpose of this article is to provide a comprehensive analysis of the relationship
between centralized and self-organizing management mechanisms in social systems, taking
into account the ecological dimension. The scientific novelty of this study lies in combining
the theoretical foundations of people’s power with concepts of self-organization in natural
systems to justify effective models of environmental management.

The objectives of this article are to identify the limitations of traditional management
approaches, to analyze the possibilities of decentralized practices, and to determine the
conditions for their effective combination in the context of achieving sustainable
development goals.

2 Discussion

Modern research on complex adaptive systems demonstrates that socio-ecological structures
function as systems of nonlinear interactions in which order emerges through local
coordination processes rather than through centralized control. In this context, cities,
ecosystems, and institutions can be viewed as emergent systems that self-organize on the
basis of multiple interdependencies.

At the same time, according to J. Dryzek, a political-philosophical analysis of democracy
points to a crisis in representative models of governance [2], particularly in the context of
environmental uncertainty. As U. Beck points out, delegating decision-making to institutions
often leads to a decline in citizen participation in the development of environmental policy
and weakening of the principle of collective responsibility [1]. This creates a tension between
democratic legitimacy and the technocratic efficiency of management.
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From an environmental standpoint, scientists note that global assessments of the state of
the environment confirm that human impact exceeds a number of planetary boundaries,
threatening the stability of the Earth system [10]. The IPCC emphasizes that without systemic
changes in production and consumption patterns, climate stabilization is doubtful [5]. This
means that the issue of environmental management extends beyond the institutional sphere
and becomes a matter of civilizational organization.

The economic perspective adds another dimension: traditional growth models do not take
environmental limitations into account and generate systemic externalities that are not
integrated into market mechanisms. As a result, there is a gap between economic rationality
and environmental sustainability.

Therefore, the self-organization of socio-ecological systems cannot be viewed as an
automatically effective alternative: its effectiveness depends on the quality of institutions,
transparency, and the stability of the rules of interactions. This provides the basis for further
analysis of multi-level management models.

3 Crisis of representative governance and the potential for self-
organization in the context of environmental challenges

Throughout human history, the idea of establishing a just social order based on the principles
of people’s power has occupied a central place in political and social thought. From the
classical concepts of antiquity to modern democratic theories, the question of genuine citizen
participation in decision-making remains open and controversial. Although most modern
states declare their commitment to democratic values, the practical functioning of political
institutions reveals significant limitations on citizens’ influence over strategic management
processes. This is particularly evident in the field of environmental policy, where decisions
regarding the use of natural resources, environmental protection, or responses to climate
change are often made by narrow management structures [5].

Critical analysis of contemporary democratic practices suggests that the mechanisms of
representative management do not always ensure the effective implementation of the
principle of people’s power. In many cases, society is viewed as an object of management
rather than an active participant in the process. At the same time, the range of tools used to
influence public opinion varies from information technology and socio-psychological
mechanisms to administrative and coercive measures. In the context of environmental
challenges, this situation is particularly problematic, as the absence of broad public
participation reduces environmental responsibility and hinders the implementation of
sustainable development principles. The arguments of opponents of direct democracy are
traditionally based on the claim that it is technically challenging and ineffective due to the
supposedly insufficient competence of citizens. However, modern environmental practices —
particularly the development of community initiatives in the field of environmental
protection — call into question the unambiguous of such statements [6].

Turning to the patterns that govern the functioning of natural systems opens new avenues
for understanding these issues. A wide variety of natural phenomena — from global
geophysical processes to local ecosystems — develop through self-organization. These
processes, despite their apparent complexity and variability, are governed by objective
patterns that ensure stability, adaptability, and resilience. In this context, ecosystems can be
viewed as effective models of decentralized management, where coordinated functioning is
achieved without a single central authority.

Social systems, as a part of the natural world, are also characterized by self-organizing
processes. At the same time, what distinguishes human society is its ability to create
consciously normative systems that regulate social interaction. These regulators are legal
norms, political institutions, and moral principles; in the environmental sphere, they include
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international agreements, environmental safety standards, and sustainable development
concepts. The interaction between objective natural laws and subjectively established norms
shapes the complex dynamics of socio-ecological systems, in which the significance of
certain factors varies, depending on the historical context.

An important characteristic of most natural systems is the absence of rigid centralized
control and the predominance of horizontal connections between their elements. Such
systems demonstrate high resilience to external influences, adaptability, and the ability to
self-regenerate. For example, the behavior of social insects — such as ants, bees, and other
species — is based on local interactions, in which coordination is achieved through the
exchange of various types of signals. As a result, a coordinated collective behavior emerges,
resulting from the sum of individual actions. Such mechanisms are increasingly being viewed
as models for developing effective public management frameworks, particularly in the area
of environmental governance at the community level [6].

At the same time, unlike natural systems, human society is capable of purposeful
management, which involves setting strategic goals, selecting the means to achieve them,
organizing information flows, and monitoring the implementation of decisions. It is precisely
this characteristic that necessitates the search for an optimal balance between centralized and
decentralized management mechanisms. In the context of environmental challenges, this
issue takes on particular significance, as an effective solution to environmental problems
requires both global coordination and active participation of local communities.

Thus, the above leads us to the conclusion that the key aspect of contemporary scientific
discourse is finding a balance among different management models, which will ensure not
only the effectiveness of social systems but also their environmental sustainability. It is
precisely the combination of self-organization principles with elements of centralized
regulation that can serve as the foundation for developing new environmental management
approaches focused on achieving sustainable development goals.

4 Centralized management models: opportunities and limitations
in the conditions of environmental challenges

It is worth noting that centralized management systems are traditionally viewed as an
effective tool for achieving large-scale societal goals, particularly in areas that require rapid
mobilization of resources and coordination of actions. In the context of environmental
management, such approaches help to concentrate financial, technological, and managerial
resources on implementing large-scale environmental protection projects, adopting
environmental standards, and responding to crises. Further significant advantages of
centralization include relative structural clarity, the ability to make decisions quickly, and the
chance to share experience and knowledge in the field of natural resource management [10].

Despite the advantages mentioned above, centralized models have a series of significant
limitations, which are particularly evident in the field of environmental management.
Excessive hierarchy contributes to the growth of bureaucratic structures, which makes it
difficult to adapt to rapidly changing environmental conditions. Restrictions on initiatives at
the local level reduce the effectiveness of implementing environmental solutions, since it is
local communities that often have the most relevant information about the state of the
environment. Furthermore, the concentration of power creates the risk of decisions being
made with a focus on short-term economic gains, which may conflict with long-term goals
of preserving ecosystems and ensuring sustainable development [3].

Historical experience with the functioning of social systems indicates a consistent
tendency toward the formation of managerial elites who exercise control over resources and
decision-making processes. In today’s world, this is particularly evident in the field of natural
resource management, where access to resources and the ability to influence environmental
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policy are often concentrated in the hands of a limited number of people. This situation can
lead to the interests of the general public being ignored and environmental constraints, which,
in turn, exacerbates socio-environmental conflicts.

The attempts to establish more equitable models of social organization, in which
environmental management and distribution of resources would be based on principles of
fairness and broad participation, have had limited success. This is due both to objective
factors of the development of productive forces and to the difficulty of reconciling the
interests of various social groups. From an environmental perspective, this problem entails
reconciling economic development with the constraints imposed by the natural environment.
Even in cases of significant progress in raising living standards and expanding citizens’
rights, the question of society’s actual influence on the management of natural resources
remains open.

Thus, analysis of centralized environmental management models points to their
contradictory role in ensuring environmental sustainability. On the one hand, they create
opportunities for implementing large-scale environmental strategies; on the other hand, they
limit the potential for local self-organization and community participation, which are
essential for effective solutions to modern environmental problems. This necessitates the
search for more flexible management approaches that integrate centralized coordination with
decentralized forms of environmental management.

5 The illusions of post-industrial development and the limits of
“greening” economic growth

We draw your attention to the fact that the stability of existing socioeconomic models is
largely sustained not only by institutional mechanisms but also by social habits, upbringing,
and dominant cultural attitudes. Focus on stability, an avoidance of dramatic change, and a
desire for comfort create a social inertia that hinders the transformations needed to address
environmental problems. In this context, the concept of a gradual transition to the so-called
post-industrial society is often presented as a compromise: it is expected that technological
innovations, the development of the service sector, and the “greening” of production will
make it possible to combine economic growth with environmental protection.

In fact, developed countries are undergoing a process of partial economic transformation:
the decline of traditional heavy industry, the development of high-tech sectors, the
introduction of resource-saving technologies, and the expansion of waste recycling and
alternative energy practices. The importance of the so-called “tertiary sector”— the service
sector, which is perceived as having a lower environmental impact — is growing. These trends
suggest a gradual shift toward a more environmentally sustainable development model.

At the same time, a more detailed analysis shows that these changes are not always
systematic. In many cases, the issue is not about overcoming industrial logic, but about
transforming it and expanding it into new areas of activity. In fact, the processes of
computerization and technological advancement contribute to the standardization of services,
their commercialization, and integration into market mechanisms. This means the further
spread of the principles of profit-driven mass production, which continues to put pressure on
natural resources, though in less obvious ways [8].

The environmental component of such transformations is also controversial. Despite the
implementation of “green” technologies, the very logic of the market economy — based on
continuous growth and expanding consumption — remains unchanged. As a result, there is
not a reduction but rather a redistribution of the environmental burden: environmentally
harmful industries are relocated to regions with lower environmental protection standards,
while in developed countries, the illusion of “environmental purity” is created. Therefore, the
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global nature of environmental problems does not disappear, but merely takes on different
spatial forms [4].

In addition, there is a growing trend toward the commercialization of natural resources
and even basic environmental goods. Water, air, land resources, ecosystem services are being
incorporated into market transactions, thereby subjecting them to the logic of profit. This
approach restricts access to natural resources and exacerbates socio-environmental
inequality. At the same time, it contradicts the fundamental principle of environmental
sustainability, which calls for the responsible and balanced use of the natural environment.

Thus, the concept of post-industrial development, in its simplified understanding, does
not provide a solution to the key environmental contradictions. Maintaining a focus on
economic growth by exploiting natural resources — even in more technologically advanced
forms — does not address the systemic causes of the environmental crisis. This highlights the
need to rethink the fundamental principles governing the relationship between society and
nature, as well as to search for alternative models of environmental management that combine
economic efficiency, social justice, and environmental responsibility.

6 Market economy and environmental constraints: systemic
contradictions of the growth model

A key contradiction in contemporary socioeconomic development remains the dominance of
the logic of continuous growth in production and consumption, which even subjugates
innovative and environmentally oriented technologies. Under such conditions, technological
progress — which could potentially contribute to harmonizing the relationship between
society and nature — is often used to intensify the exploitation of natural resources and
increase competition. This proves that environmental innovations alone cannot change the
nature of human-environment interactions without a transformation of basic economic
principles.

In academic discourse, various approaches have been proposed to resolve these
contradictions, including concepts that combine market mechanisms with social and
environmental goals. The ideas of so-called “market socialism” involve the integration of the
principles of competition with elements of self-governance, social justice, and environmental
responsibility. However, the effectiveness of such models remains a matter of debate, as they
attempt to reconcile diverse incentives: on the one hand, a focus on profit and growth; on the
other, the need to limit the use of resources and to preserve ecosystems.

Environmental economics clearly demonstrates that market systems tend to shift a
significant portion of environmental costs beyond the immediate producers. This refers to so-
called externalities, whereby damage to the environment or public health is not factored into
the cost of a product and is effectively passed on to society. As a result, a situation arises in
which the economic gains of individual entities are achieved at the expense of environmental
damage.

A good example of such processes is the “tragedy of the commons” model, which
illustrates the conflict between individual gain and collective interests. The rational behavior
of individual economic agents, aimed at maximizing their own benefits, leads in the long
term to the depletion of common resources and the deterioration of ecosystems. In
contemporary interpretations, this problem is viewed as one that can be partially mitigated
through the institutions of local and multilevel self-government described in the works of E.
Ostrom [9].

Even under government regulation — specifically through a system of environmental
standards, fines, and incentives — the possibilities for significant reduction of negative
environmental impacts remain quite limited. This is because the market economy is driven
by the profit motive, which often conflicts with the principles of environmental sustainability.
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As a result, environmental restrictions are either partially ignored or incorporated into the
system as additional costs that do not change its essential characteristics.

A further aspect of the problem is the uneven nature of global economic development,
which has a clear environmental dimension. The relocation of environmentally harmful
industries to countries with less stringent regulations helps maintain relatively favorable
environmental conditions in developed regions, while worsening environmental and social
problems in other parts of the world. This imbalance shows the global nature of
environmental challenges and the limitations of local solutions.

Thus, analysis of current economic models reveals that achieving ecological balance is
unlikely without changing the fundamental principles of production and consumption. This
strengthens the argument for seeking alternative approaches that combine economic activity
with mechanisms of self-organization, social responsibility, and environmental constraints.

The destructive effects of the market economy not only reproduce their own internal
contradictions but also significantly exacerbate the environmental consequences of previous
models of centralized, bureaucratic management. Although the temporary decline in
industrial production in post-Soviet countries has led to local improvements in the
environment, this trend is temporary in nature. Instead, the establishment of market
mechanisms has been accompanied by the dominance of short-term economic interests, a
focus on profit maximization, and intensified exploitation of natural resources. Under such
conditions, environmental restrictions are systematically ignored or marginalized, and the
environmental costs are passed on to society.

These processes are particularly evident in countries with economies in transition, where
there is a lack of effective environmental regulatory and control institutions. The reluctance
of capital to invest in the environmental modernization of industry, the energy sector, and the
agricultural sector goes hand in hand with environmental dumping practices, including the
potential disposal of hazardous waste. In agriculture, market incentives encourage excessive
intensification of land use, leading to soil deterioration, erosion, and chemical contamination.
International organizations estimate that a significant part of agricultural land in the post-
Soviet region is already at environmental risk, which threatens long-term food security.

Models of decentralized self-governance based on horizontal ties, collective decision-
making, and the prioritization of the public good over profit are offered in theoretical
discourse as an alternative to these trends. However, historical experience shows that, in a
market-dominated environment, such models of environmental management either remain
localized or are forced to integrate into the system, thereby losing their transformative
potential. Moreover, the very structure of industrial labor organization, which is focused on
standardization and the functionalization of human labor, limits the potential for the
development of environmentally oriented forms of economic activity. In this context, the
issue of the environment is not viewed as a separate policy sector, but as a fundamental aspect
of the transformation of the socio-economic system as a whole.

7 General conclusions of the study

Scientific and research analysis of current models of environmental management reveals their
insufficiency in the context of the environmental crisis. Both centralized and market-based
mechanisms display systemic limitations stemming from either excessive hierarchy or the
dominance of economic rationality over environmental considerations.

Under these circumstances, the concept of self-organization emerges not as a utopian
alternative but as a theoretical model that allows us to comprehend the possibilities for
harmonizing social and natural systems. This is not about a rejection of the management as
such, but about transforming it into networked, decentralized, and environmentally focused
forms.



E3S Web of Conferences 719, 01005 (2026) https://doi.org/10.1051/e3scont/202671901005
GASES 2026

The future development of civilization, therefore, depends on the ability of mankind to
rethink the balance between centralization and self-organization, between economic
efficiency and ecological limits, and between technological progress and the preservation of
the natural foundations of life.
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