EAGE

U. Andrusiv A. Cherchata

*Yu. Orlovska

The article explores theoretical and methodological foundations of modeling and forecasting
environmental and economic risks of enterprises in the context of natural resource
management. Through comprehensive analysis of scientific literature, five key theoretical
approaches to defining environmental and economic risks have been systematized: resource-
based, systemic, process-oriented, value-based, and strategic approaches, providing a holistic
understanding of risk nature in sustainable development context.

A seven-stage algorithm for environmental and economic risk modeling has been developed,
encompassing comprehensive data collection and analysis, risk identification, impact
assessment, scenario modeling, mitigation measure development, implementation, and
monitoring of effectiveness. Based on this algorithm, long-term forecasting until 2030 has
been conducted using regression analysis.

The research presents mathematical models with high forecasting accuracy (R? > 0.99) that
predict: reduction of environmental and economic risks (from 15% to 50%), improvement in
resource efficiency (from 10% to 45%), decrease in operational costs (from 12% to 45%),
and mitigation of environmental impact (from 8% to 42%). The developed regression
equations create a robust methodological foundation for strategic planning and risk
management in enterprises.

The proposed methodological tools and modeling algorithm provide a systematic approach to
environmental and economic risk management, enabling enterprises to make informed
decisions in natural resource management while ensuring sustainable development and
environmental responsibility.
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Introduction

In the context of growing global environmental challenges, the effective management of
environmental and economic risks becomes crucial, with World Bank estimates showing annual
losses from environmental disasters reaching 5% of global GDP. Increasing stakeholder demands for
environmental responsibility and stricter environmental legislation create new challenges in resource
management, while current risk assessment methods often lack comprehensiveness, impacting
enterprise competitiveness. The shift towards circular economy and green growth, aligned with UN
Sustainable Development Goals and the European Green Deal, requires innovative approaches to
modeling environmental and economic risks to minimize environmental impact while maintaining
economic efficiency (Andrusiv et al. 2021, Zelinska et al. 2021a; Andrusiv et al. 2023, Klymchuket al.
2022).

The aim of the article is to develop theoretical and methodological foundations for modeling and
forecasting environmental and economic risks of enterprises in the context of nature management and
to form practical recommendations for improving the effectiveness of management decisions based on
this.

Method and Theory

In the study of environmental and economic risks of sustainable enterprise development, a
comprehensive system of interrelated methods of scientific cognition was applied, including
theoretical and methodological methods (analysis, synthesis, system analysis, and scientific
abstraction), which provided a fundamental understanding of the research issues and systematization
of theoretical approaches to defining the essence of environmental and economic risks. An important
role in achieving the research objectives was played by the use of economic and mathematical
methods, including modeling, statistical analysis, and forecasting, which allowed developing a risk
assessment algorithm and forming a forecast of its implementation effectiveness until 2030, as well as
special research methods such as expert assessments, scenario and structural-functional analysis,
which provided a comprehensive study of risk management mechanisms. The methodological
foundation of the research was complemented by graphical methods of data visualization and
schematic modeling, the application of which allowed to visually present the research results and
develop structural and logical schemes for managing environmental and economic risks.

Results

Environmental and economic risks in the context of sustainable enterprise development represent a
complex multidimensional category, for which five fundamental theoretical approaches have been
formed in scientific literature, each revealing specific aspects of the interaction between economic and
environmental factors in enterprise activities (Cherchata et al. 2022). The first group of approaches,
including resource-based and systemic, focuses on investigating potential losses from irrational use of
natural resources and analyzing the complex interaction between the enterprise and the environment,
taking into account interconnections with other types of risks and external influence factors. The
second group, combining process and value-based approaches, concentrates on studying
environmental and economic risks as an integral component of enterprise business processes and
assessing potential financial losses, including both direct damages from environmental violations and
reputational losses. The strategic approach, completing the conceptual understanding of
environmental and economic risks, considers them in the context of long-term enterprise development
and its ability to adapt to changes in environmental legislation and market requirements, paying
special attention to the formation of a comprehensive environmental strategy.

Based on the systematization of these approaches, an integrated definition of environmental and
economic risks can be proposed as a complex characteristic of potential enterprise losses arising from
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the negative impact of its activities on the environment and the reverse impact of environmental
factors on economic performance results (Figure 1).
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Figure 1 Theoretical Approaches to Defining Environmental and Economic Risks of an Enterprise.

The proposed visualization demonstrates the complexity and multifaceted nature of the concept of
environmental and economic risks of an enterprise, which is reflected through the central element of
the scheme (Figure. 1), which is organically connected with five key theoretical approaches, each
revealing a special aspect of the studied phenomenon.

In the context of growing environmental challenges, a comprehensive system for identifying
environmental and economic risks has been developed, which integrates modern technological
solutions and management methods to ensure sustainable enterprise development and minimize
environmental impact (Zelinska et al. 2021b; Glibovytskaet al. 2021). The result was an algorithm for
modeling environmental and economic risks (Figure 2), which provides effective risk management in
the context of nature management and enterprise resource provision.
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Figure 2 Algorithm for Modeling and Forecasting Environmental and Economic Risks of Enterprises
in the Nature Management System.

The developed algorithm for managing environmental and economic risks represents a comprehensive
system of sequential stages aimed at ensuring sustainable enterprise development through effective
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management of environmental and economic aspects of its activities. At the initial stage, a
comprehensive analysis of environmental and economic indicators of the enterprise is carried out,
including assessment of the state of nature management and systematization of regulatory
requirements, which creates an information base for further risk modeling and development of
management decisions.

The subsequent stages of the algorithm cover the identification and structured classification of
potential environmental and economic risks, conducting a comprehensive assessment of their impact
on enterprise activities and the environment, as well as developing multiple scenarios of situation
development considering various influence factors and their interconnections. The final stages of the
algorithm focus on forming and implementing a risk minimization system, including the development
of preventive mechanisms, staff training, and establishing an effective monitoring and control system,
which ensures continuous improvement of risk management processes based on gained experience
and adaptation to new challenges (Zelinska et al. 2021a). A key element of the developed algorithm is
the feedback system, which ensures information circulation between all process stages and creates
opportunities for continuous updating and improvement of the environmental and economic risk
management system based on results analysis and consideration of changes in the enterprise's
operating environment.

Based on the proposed algorithm for modeling environmental and economic risks of sustainable
enterprise development, a forecast of potential results of its implementation until 2030 can be formed
(Figure 3).
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Figure 3 Forecast of Environmental and Economic Risk Minimization by 2030.

Based on the comprehensive regression analysis of efficiency indicators for implementing the
environmental and economic risk modeling algorithm, a system of mathematical forecasting models
was developed that describes the dynamics of key enterprise development parameters until 2030 and
is characterized by extremely high determination coefficients exceeding 0.99 for all studied indicators
(Zelinska et al. 2020). The mathematical modeling of the environmental and economic risk reduction
process is described by the equation Y: = 12.21 + 5.93t with a determination coefficient of R? =
0.9930, while the dynamics of resource efficiency improvement is characterized by the equation Y2 =
8.36 + 5.93t (R? = 0.9929), the forecasting of operational cost reduction is reflected by the
dependency Ys = 9.93 + 5.79t (R? = 0.9926), and the reduction of environmental impact is described
by the equation Ys = 7.00 + 6.00t with the highest determination coefficient R? = 0.9931. According
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to the developed forecast models, significant improvement in all studied indicators is expected by
2030, specifically predicting a reduction in environmental and economic risks from an initial 15% to
an optimistic 50%, an increase in resource efficiency from 10% to 45%, a decrease in operational
costs from 12% to 45%, as well as a reduction in negative environmental impact from 8% to 42%,
which demonstrates the significant potential of the proposed algorithm in ensuring sustainable
enterprise development.

Conclusions

As a result of the research on modeling and forecasting environmental and economic risks of
enterprises in the context of nature management, the following main results were obtained: theoretical
approaches to defining the essence of environmental and economic risks were systematized, including
resource-based, systemic, process, value-based, and strategic approaches, which created a
methodological foundation for effective management of enterprise nature management risks; a
comprehensive algorithm for modeling environmental and economic risks was proposed, based on
seven sequential stages - from collecting and analyzing environmental and economic indicators to
monitoring the effectiveness of implemented measures, which provides a systematic approach to
nature management risk management; regression models were developed for forecasting key
indicators until 2030 (Y. = 12.21 + 5.93t, R? = 0.9930 for risk reduction; Y> = 8.36 + 5.93t, R*> =
0.9929 for resource efficiency; Ys =9.93 + 5.79t, R* = 0.9926 for operational costs; Y4 = 7.00 + 6.00t,
R? =0.9931 for environmental impact), which creates tools for long-term planning and optimization
of enterprise nature management considering environmental and economic factors.
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