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ANALYSIS OF THE MAIN ECO-ECONOMIC RISKS
OF UKRAINIAN ENTERPRISES

Introduction. Contemporary Ukrainian enterprises have been operating under the influence of nume-
rous economic and environmental threats that significantly affect their performance and development.
Among the most serious challenges is the ongoing war that has resulted in the destruction of infrastruc-
ture, the suspension of production activities in certain regions, and disruptions to logistics chains, thereby
complicating business operations and reducing investment attractiveness. At the same time, the environ-
mental consequences of the war, including environmental pollution and ecosystem degradation, have
created long-term ecological risks.

Problem Statement. The risk matrix has become an important tool for the systematic analysis of
potential threats across various fields of activity, enabling the classification of risks according to their
probability and potential impact. Its application facilitates effective risk management, reduces potential
losses, and contributes to the sustainable development of enterprises.

Purpose. The purpose of this study is to test the applicability of the risk matrix method for the iden-
tification, assessment, and systematization of the principal eco-economic risks faced by Ukrainian in-
dustrial enterprises under conditions of war, energy instability, and environmental challenges, as well as
to develop a set of practical measures aimed at reducing these risks and mitigating their adverse effects.

Materials and Methods. The study has employed the matrix method that involves constructing a risk
matrix in which identified risks are distributed according to their significance. This approach has facili-
tated the prioritization of threats and supported the formulation of appropriate managerial decisions
aimed at risk prevention and mitigation.
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Results. The study has demonstrated that eco-economic challenges constitute a critical factor affecting the operation
and development of contemporary Ukrainian industrial enterprises, particularly under conditions of war and eco-
nomic instability. The application of the risk matrix has enabled the assessment of potential threats, the identification
of critical risks, and the development of targeted measures for their mitigation. The findings have confirmed the neces-
sity of a systematic approach to risk management based on the implementation of innovative solutions, the attraction
of financial resources, and the establishment of strategic partnerships with international organizations.

Conclusions. The results obtained have shown that the implementation of the proposed measures can enhance
enterprise resilience, mitigate the negative consequences of eco-economic risks, and strengthen competitive advantages
under conditions of ongoing global transformation and uncertainty.

Keywords: risk analysis, ESG standards, risk management, sustainable development, risk matrix, climate change,

Corporate Social Responsibility.

Contemporary Ukrainian enterprises operating
under wartime conditions face numerous environ-
mental and economic risks that affect their perfor-
mance, competitiveness, and long-term sustaina-
bility. The war in Ukraine has caused substantial
environmental damage, estimated at billions of dol-
lars, with long-lasting consequences for ecosys-
tems and natural resources. As a result, Ukrainian
businesses have been compelled to adapt to fun-
damentally new operating conditions. Mitigating
environmental risks requires the adoption of green
technologies and compliance with European envi-
ronmental standards. Reducing economic threats,
in turn, necessitates the diversification of sales
markets, the implementation of anti-crisis mana-
gement strategies, and the attraction of investment
for business recovery and modernization.
Ukraine has joined the implementation of the
sustainable development concept adopted at the
United Nations Sustainable Development Summit
of the 70th Session of the United Nations General
Assembly held in New York in September 2015.
The outcomes of the Summit were embodied in
the document Transforming Our World: the 2030
Agenda for Sustainable Development, which estab-
lished 17 Sustainable Development Goals (SDGs)
and 169 associated targets [1]. A significant step
toward implementing this concept in Ukraine has
been the adoption of the Sustainable Development
Goals of Ukraine until 2030 [2], further specified
in the National Economic Strategy of Ukraine un-
til 2030 [3]. Achieving the UN Sustainable Deve-
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lopment Goals in Ukraine requires a balance bet-
ween economic growth and environmental res-
ponsibility. However, enterprises continue to face
a range of eco-economic risks that may hinder
progress toward these objectives.

Ukrainian enterprises are also required to add-
ress increasing environmental pressures associa-
ted with global decarbonization trends, climate
change, and evolving regulatory requirements. As
part of its response to environmental challenges,
Ukraine has been gradually harmonizing its envi-
ronmental legislation with European standards,
including, for example, the implementation of the
provisions of Directive 2010/75/EU on industrial
emissions. This process requires enterprises to in-
vest substantial resources in the modernization of
production facilities and environmental protec-
tion measures [4].

Due to their significant dependence on carbon-
intensive technologies, many enterprises face the
risk of additional costs associated with the Carbon
Border Adjustment Mechanism (CBAM) when ex-
porting goods to the European Union. The intro-
duction of CBAM is driven primarily by the EU’s
increasing climate ambitions and its objective of
achieving climate neutrality by 2050. Furthermore,
traditional industries such as metallurgy, the chemi-
cal industry, and the energy sector exert conside-
rable pressure on the environment, creating risks
related to regulatory penalties, reputational dama-
ge, and conflicts with local communities. Equal-
ly important environmental risks arise from cli-
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mate change and natural disasters. Extreme weather
events, including droughts and floods, may adver-
sely affect key sectors of the economy, particularly
agriculture, logistics, and energy supply systems.

Ukraine’s economy is influenced by both inter-
nal and external factors that contribute to business-
environment instability. Among the most signifi-
cant are the following.

Military risks. Russia’s armed aggression has inf-
licted substantial losses on Ukrainian enterprises
through the destruction of infrastructure, disrup-
tions in raw-material supplies, labor-force migra-
tion, and a decline in effective consumer demand.
As of November 2024, the environmental damage
caused by military activities was estimated at app-
roximately USD 71 billion [5].

Inflation and exchange-rate fluctuations. High
inflation and the depreciation of the national cur-
rency affect production costs, the procurement of
imported goods, and the financial stability of en-
terprises. According to the State Statistics Service
of Ukraine, annual inflation reached 12% in 2024,
representing an increase of 5.1 percentage points
compared with 2023, while the hryvnia contin-
ued to weaken against the U.S. dollar [6, 7].

Energy shortages. Damage to energy infrastruc-
ture, restrictions on fuel imports, and interrup-
tions in electricity supply pose serious threats to
the stable operation of industrial facilities. As of
May 2024, Ukraine had lost more than 70% of its
electricity-generation capacity as a result of infra-
structure damage and destruction, while the elect-
ricity deficit exceeded 7% during 2024 [7].

Logistics and supply-chain disruptions. Port blo-
ckades, damage to railway infrastructure, and shor-
tages of transportation resources have complicated
exports and hindered imports of critical materials.
Although Ukraine’s foreign trade demonstrated
growth in 2024, the trade balance remained nega-
tive, reaching a deficit of USD 29.02 billion [6].

Reduced investment attractiveness. Owing to
wartime risks and persistent economic uncertain-
ty, both foreign and domestic investors remain cau-
tious about business investments. According to the
European Business Association (EBA), Ukraine’s
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Investment Attractiveness Index increased from
2.44 points in 2023 to 2.49 points out of 5 in 2024.
During the first quarter of 2024, capital investment
in Ukraine amounted to USD 152 billion [8].
Given these challenges — including military
conflict, energy instability, increasing environmen-
tal requirements, and macroeconomic uncertain-
ty — the risk matrix method represents a particu-
larly relevant tool for assessing the eco-economic
risks faced by Ukrainian enterprises. The flexibili-
ty and effectiveness of this method enable enter-
prises to identify critical risks, such as environmen-
tal penalties, operational disruptions caused by pol-
lution incidents, and reputational threats. It also
facilitates the development of risk-management
strategies, including environmental insurance, pro-
duction modernization, and compliance with ESG
(Environmental, Social, and Governance) stan-
dards. Furthermore, the risk matrix supports the
efficient allocation of resources for risk manage-
ment, thereby reducing potential financial losses.
Its application allows enterprises to systematize the
analysis of eco-economic threats, which is espe-
cially important under conditions of heightened
uncertainty. As a result, it contributes to enhanced
competitiveness, reduced financial losses, and the
achievement of sustainable development objectives.
In the context of these challenges, the need for
a systematic approach to the analysis of eco-eco-
nomic risks has become increasingly important.
Such an approach is grounded in the concept of
sustainable development established by the inter-
national document Transforming Our World: the
2030 Agenda for Sustainable Development, adop-
ted at the United Nations Summit in 2015 [9]. This
document established 17 Sustainable Development
Goals (SDGs) and 169 associated targets intended
to guide governments and business entities toward
achieving a balance between economic growth, so-
cial well-being, and environmental sustainability.
Ukraine has officially endorsed the global sustai-
nable development agenda, as reflected in the Pre-
sidential Decree of Ukraine No. 722/2019 establi-
shing the Sustainable Development Goals (SDGs)
at the national level [10] and in the National Eco-
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nomic Strategy of Ukraine until 2030 [11], which
provides for the integration of these goals into the
country’s recovery and development policies.

In the field of environmental regulation, a sig-
nificant role is played by the harmonization of Uk-
rainian legislation with European Union standards.
In particular, the implementation of Directive
2010/75/EU on industrial emissions requires en-
terprises to undertake substantial changes in their
production processes and to enhance their level
of environmental responsibility [12]. The Directive
is based on the principles of pollution prevention
and emission control and promotes an integrated
approach to environmental risk management. At
the same time, such regulatory requirements ge-
nerate new economic risks, including increased
modernization costs, potential financial penalties,
and the need to prepare environmental disclosu-
res in accordance with ESG (Environmental, So-
cial, and Governance) standards.

The issue of managing eco-economic risks has
attracted considerable scholarly attention within
the fields of ecological economics, strategic ma-
nagement, and risk management. Studies [13, 14]
emphasize that institutional instability and weak
environmental policies may amplify risks for en-
terprises operating in transition economies. Con-
sequently, adaptation to environmental change
and internal threats has become an important sub-
ject of interdisciplinary research.

Within Ukrainian economic scholarship, a sys-
tematic approach to risk analysis has been develo-
ped in the works of O. Mazaraki, S. Lieonova, and
I. Blank, who have emphasized the integration of
risk management into enterprise strategic planning.
In particular, I. A. Blank [15] has examined risk as
a key component of financial strategy requiring
structured analysis and continuous monitoring.

In the field of environmental management, the
risk matrix method has been widely employed for
both quantitative and qualitative assessment of en-
vironmental threats. As Peters and Hertwig [16]
have stated, the risk matrix not only facilitates the
visualization of risks but also enables the identifi-
cation of critical points of impact that require im-
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mediate attention. The effectiveness of this method
has been demonstrated across numerous sectors,
ranging from environmental protection to the
energy industry [17].

According to the studies of R. Kaplan and
M. Cooper [18], contemporary risk management
should be based on the principles of flexibility,
adaptability, and prevention. These principles are
particularly relevant under wartime conditions,
where risks are characterized by a high degree of
uncertainty.

Furthermore, ESG transformation has become
the subject of dedicated analysis in studies con-
ducted by the European Commission European
Commission [19] and the Organization for Eco-
nomic Cooperation and Development (OECD)
Organization for Economic Cooperation and De-
velopment [20], which have emphasized the ne-
cessity for companies to comply with environ-
mental, social, and governance (ESG) criteria as a
prerequisite for attracting investment and secu-
ring access to capital.

In the Ukrainian context, the roles of environ-
mental insurance, the circular economy, and clima-
te-change adaptation have been examined in the
works of T. Vasylieva, V. Shvydanenko, and A. Ro-
zumovskyi, who have highlighted the importance
of strategic planning for environmental security
at the enterprise level. Tatomyr L. L. et al. [21] have
stated that circular business models can serve as
an effective instrument for reducing resource-re-
lated risks while enhancing the environmental
reputation of companies.

The scholarly debate on eco-economic risks du-
ring the period 2022—2025 has focused primarily
on the resilience of enterprises and supply chains
to geopolitical shocks. A notable shift has oc-
curred from static risk-assessment models toward
dynamic frameworks capable of capturing the cu-
mulative effects of war and climate change. Par-
ticularly important contributions have been made
by Catherine Smaller [22] and Jagtap et al. [23],
who have examined the vulnerability of food supp-
ly chains and documented a substantial decline in
agricultural production in Ukraine as a consequen-
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ce of military operations. Similarly, Zhang et al.
[24] have investigated distortions in global com-
modity markets and assessed the role of the Black
Sea Grain Initiative in stabilizing food prices.

Particular attention has also been devoted to the
integration of environmental, social, and gover-
nance (ESG) factors into corporate strategy. Tsang
etal. [25] have demonstrated that companies prio-
ritizing ESG policies exhibit greater resilience du-
ring wartime crises. Comparable conclusions re-
garding the role of corporate social responsibility
as a mechanism for maintaining operational sta-
bility have been reported by Wang Z. et al. [26].

Ukrainian scholars have concentrated primarily
on post-war recovery strategies. Kovalenko [27]
has substantiated a roadmap for the implementa-
tion of circular-economy principles as a key fac-
tor in strengthening Ukraine’s economic security
under conditions of transformational change. And-
roshchuk et al. [28] and Shcherbak et al. [29] have
assessed the impact of environmental risks on lo-
cal communities and regional ecosystems, poin-
ting to critical contamination of soils and water
resources by microplastics associated with emer-
ging military technologies.

Issues related to risk assessment methodology
have continued to evolve through the refinement
of matrix-based approaches. Smetanko [30] has
proposed the use of a significance-risk correla-
tion matrix for planning internal audits and
monitoring key performance indicators (KPIs)
under conditions of uncertainty. In the energy
sector, Giines and Yalcin [31] have examined the
bidirectional relationship between military conf-
licts and changes in the environmental policies of
EU energy companies, which are compelled to
balance decarbonization objectives with energy-
security requirements.

The challenges of sustainable land use and ins-
titutional support for recovery have been add-
ressed in the work of Boklah et al. [32], who have
emphasized the importance of inclusive partner-
ships for overcoming the consequences of land
degradation. Halunko et al. [33] and Shulga [34]
have highlighted the need for a coordinated poli-
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cy framework to ensure environmental sustaina-
bility and compliance with international environ-
mental agreements.

Thus, the review of the scholarly literature has
demonstrated the necessity of integrating tradi-
tional risk-assessment tools, such as the risk ma-
trix, with contemporary sustainable-development
concepts, ESG principles, innovative management
practices, and considerations of geopolitical shocks.
Such integration makes it possible to develop a
comprehensive framework for managing eco-eco-
nomic risks under conditions of environmental
and economic instability.

The purpose of this study has been to validate
the applicability of the risk matrix method for
identifying, assessing, and systematizing the prin-
cipal eco-economic risks faced by Ukrainian in-
dustrial enterprises under conditions of war, ener-
gy instability, and environmental challenges, as
well as to develop a set of practical measures
aimed at reducing these risks and mitigating their
adverse effects in accordance with the Sustainable
Development Goals.

The risk matrix is a quantitative and qualitative
risk-assessment tool that enables enterprises to
identity, classify, and manage risks based on two
key parameters: the probability of occurrence and
the magnitude of impact. The method involves
constructing a matrix in which risks are catego-
rized according to their significance, thereby fa-
cilitating informed managerial decisions regar-
ding risk mitigation and prevention.

CHARACTERISTICS
OF THE RISK MATRIX METHOD

1. Theoretical foundation. The risk matrix is groun-
ded in the principles of probability theory and
decision theory under conditions of uncertainty.
It is widely employed within the framework of
Enterprise Risk Management (ERM), which ad-
vocates a systematic approach to the identifica-
tion, analysis, response, and monitoring of risks
across an enterprise’s strategic, operational, and
financial activities.
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2. Matrix construction methodology. A risk as-
sessment matrix is typically constructed as a two-
dimensional table in which one axis represents
the probability of risk occurrence, while the other
reflects the magnitude of the risk’s impact on en-
terprise operations. Each identified risk is positio-
ned within the corresponding matrix cell, making
it possible to classify risks according to their sig-
nificance, prioritize risk-management measures,
and determine the need for mitigation strategies
or adaptive responses.

3. Advantages of the risk matrix approach. The
principal advantages of the risk matrix include
the formalization of the risk-management pro-
cess, the possibility of both quantitative and qua-
litative risk assessment, the objectivity and verifia-
bility of evaluation results, and its adaptability to
various industries and types of enterprises.

Thus, the risk assessment matrix constitutes a
scientifically grounded tool that enables enterpri-
ses to adopt a structured approach to risk mana-
gement. Its application promotes transparency,
consistency, and strategic orientation in an increa-
singly uncertain business environment.

The significance of the risk matrix method lies
in its versatility, simplicity, and practical effective-
ness. The method is applicable across a wide range
of sectors, including environmental management,
economics, manufacturing, information techno-
logy, healthcare, and energy. Its visual representa-
tion of risks in matrix form facilitates the rapid
identification of the most critical threats. Further-
more, it supports the prioritization of risks by
enabling enterprises to focus resources on those
threats characterized by both high probability
and substantial impact. As a result, the method
enhances the effectiveness of risk management,
reduces the likelihood of unforeseen losses, and
assists enterprises in anticipating and mitigating
potential adverse consequences.

Accordingly, the risk matrix was developed
through the following key stages:

+ Preparatory stage. At this stage, the objectives
and tasks of the method validation were defined;
the accuracy of the approach was evaluated; po-
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tential limitations and weaknesses were identi-
fied; and the methodology was adapted to the
actual operating conditions of Ukrainian in-
dustrial enterprises. In addition, an appropria-
te methodological framework and evaluation
criteria for the expert group were selected to
ensure the reliable interpretation of the results.

+ Data collection and processing. Experts exami-
ned the environmental and economic condi-
tions under which Ukrainian industrial enter-
prises operate in the current crisis environ-
ment. The principal eco-economic risks were
identified, classified, and grouped according to
the key categories associated with the imple-
mentation of Ukraine’s Sustainable Develop-
ment Goals (SDGs).

+ Risk assessment and risk matrix construction.
Experts identified and evaluated the principal
eco-economic risks (R1—R15) affecting the fi-
nancial and operational performance of enter-
prises. These risks were assessed using a signifi-
cance coefficient ranging from 0.1 to 1.0, where
0.1 denotes the lowest level of significance and
1.0 the highest. The assessments were derived
through expert evaluation. For interval-based
assessment during matrix construction, a risk-
rating scale was employed, incorporating the
likelihood categories high, substantial, modera-
te, low, and minimal. In constructing the eco-
economic risk matrix for Ukrainian industrial
enterprises, four risk levels corresponding to
the linguistic assessments low, moderate, high,
and critical were adopted.

+ Development of eco-economic risk management
measures. A comprehensive set of measures has
been developed to reduce risk exposure and mi-
tigate adverse consequences.

To ensure the objectivity of the risk matrix vali-
dation, a combination of general scientific and
specialized research methods has been employed.
In particular, the methods of analysis and synthe-
sis have enabled the identification and structuring
of fifteen key eco-economic threats, which have
been grouped into five categories aligned with the
Sustainable Development Goals. The comparative
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method has been used to evaluate the likelihood of
risk occurrence and the magnitude of its impact on
business operations, providing the basis for ran-
king risks according to their significance, from
moderate to critical. The method of generalization
has been applied to formulate strategic recommen-
dations and comprehensive mitigation measures
within an integrated risk-management framework.

The expert assessment method has served as
the foundation for the quantitative interpretation
of qualitative indicators. Within this framework,
a panel of experts has assigned significance scores
to each factor on a scale ranging from 0.1 to 1.0,
thereby ensuring the reliability and verifiability of
the input data used for matrix construction. In
addition, systems analysis has made it possible to
examine the nonlinear interrelationships between
enterprise financial resilience and the environmen-
tal challenges arising under wartime conditions.

The matrix is based on two principal dimen-
sions: the probability of risk occurrence and the
potential impact of the risk. This simple yet effec-
tive structure facilitates the identification of the
most critical threats and supports the prioritiza-
tion of risk-management efforts. The validation of
the eco-economic risk matrix for Ukrainian en-
terprises has involved its practical application to
the assessment of risks arising from the interac-
tion between enterprises and their environmental
and economic surroundings.

For the purposes of validation, the principal
risks affecting Ukrainian enterprises have been
identified and evaluated by a panel of experts us-
ing a significance coeflicient on a scale from 0.1
to 1.0, where 0.1 indicates negligible impact and
1.0 denotes critical impact (Table 1).

To determine the interval assessment values used
in constructing the risk matrix, a risk-rating scale
is proposed. This scale assigns both a probability
value and a corresponding likelihood category for
risk occurrence (Table 2).

The interval values of risk probability range from
0% to 100%, where 0% corresponds to a negligib-
le impact associated with a minimal probability
of occurrence of the i-th risk, and 100% corres-
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ponds to a critical impact associated with a high

probability of occurrence of the i-th risk.

The risk matrix is based on two principal pa-
rameters:

1. Probability of risk occurrence — categorized
as high (5), substantial (4), moderate (3), low (2),
and minimal (1), according to the scale presented
in Table 2.

2. Degree of impact on the enterprise — catego-
rized as negligible (1), moderate (2), significant (3),
high (4), and critical (5), based on the significance
coeflicient corresponding to the level of impact
presented in Table 1.

In accordance with the objectives of this study,
the eco-economic risks of Ukrainian enterprises
have been classified into four categories correspon-
ding to the linguistic risk assessments low, mode-
rate, high, and critical. Based on the expert evalua-
tion, in which significance coefficients range from 0
to 1, the following intervals have been established:
¢ Critical risk: [0.9; 1.0];

+ High risk: [0.7; 0.9];

¢ Moderate risk: [0.4; 0.7];

¢ Low risk: [0.0; 0.9].

Figure 1 illustrates the distribution of eco-eco-
nomic risks according to their significance coeffi-
cients, taking into account both the degree of im-
pact and the probability of occurrence. Particular
attention is given to the critical-risk category, which
is characterized by the highest levels of probabi-
lity and impact on enterprise operations and may
result in severe adverse consequences for busi-
ness performance.

The analysis indicates that high energy intensi-
ty of production (R1), substantial expenditures on
environmental modernization (R11), investment
outflows caused by the war (R12), and labor-force
migration (R13) constitute the most critical risks
facing Ukrainian enterprises. These risks may lead
to the following consequences:

+ R1 — High energy intensity of production: inc-
reased production costs, heightened vulnera-
bility to changes in energy policy, and potential
loss of market positions due to elevated manu-
facturing costs;
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tal standards, and potential penalties or sanc-
tions arising from non-compliance with new re-
gulatory requirements;

+ R12 — Investment outflows caused by the war:
contraction of production activities and suspen-

+ R11 — Substantial expenditures on environmen-
tal modernization: reduced enterprise profita-
bility as a result of significant compliance costs,
diminished competitiveness in international
markets due to delays in adopting environmen-

Table 1. Key Eco-Economic Risks of Ukrainian Industrial Enterprises
within the Framework of the Sustainable Development Goals

Impact
Risk group Description significance
coeflicient
1. Resource- and | High energy intensity of production (R1) — significant dependence on fossil fuels 0.9
energy-efficien- | makes enterprises vulnerable to rising energy tariffs and energy crises
cy-related risks | Shortage of critical resources (R2) — depletion of natural resources and limited ac- 0.85
(SDGs 7, 12, 13) | cess to water and land resources (particularly due to hostilities)
Low level of circular economy development (R3) — insufficient development of re- 0.7
cycling technologies, leading to increased volumes of industrial waste
2. Environmental | Implementation of European environmental standards (R4) — to integrate into the 0.6
regulation and | European market, enterprises are required to reduce CO, emissions and comply
export restriction | with ESG (Environmental, Social, and Governance) requirements
risks Introduction of the CBAM mechanism (R5) (Carbon Border Adjustment Mecha- 0.8
(SDGs 9, 12, 17) | nism of the EU) — a threat of increased customs duties on Ukrainian products
with high CO, emissions
Uncertainty of state environmental policy (R6) — frequent regulatory changes may|  0.75
generate additional compliance costs for enterprises
3. Climate chan- | Climate change impacts (R7) — droughts, floods, and extreme weather events af- 0.7
ge and environ- | fect the agricultural sector, energy production, and logistics
mental degrada- | Environmental pollution (R8) — accumulation of industrial waste and contamina- 0.8
tion risks tion of water and soil create risks for sustainable development
(SDGs 13, 15) | Decline in biodiversity (R9) — deforestation and ecosystem degradation caused by 0.6
industrial activities
4. Financial and | Insufficient “green” financing (R10) — limited access of enterprises to environmen- 0.85
investment risks |tal investments and international sustainable development funds.
(SDGs 8,9, 17) | High costs of environmental modernization (R11) — enterprises often cannot af- 0.9
ford the implementation of energy-efficient and low-carbon technologies
Capital outflow due to the war (R12) — international companies may avoid investing 1.0
in Ukraine due to high risks
5. Socio-econo- | Labor migration (R13) — shortage of qualified workforce due to population out- 0.9
mic risks flow abroad
(SDGs 1, 3,8) | Deterioration of public health (R14) — environmental threats (polluted air and water) | ~ 0.75
increase morbidity rates, thereby reducing labor productivity
Conflicts between business and society (R15) — environmental protests and dis- 0.7
putes related to pollution may lead to reputational losses for enterprises

Source: prepared by the authors.
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sion of operations at individual enterprises, job

losses and declining regional economic activi-

ty, as well as the relocation of businesses to
other countries, thereby adversely affecting the
national economy;

¢ R13 — Labor-force migration: declining pro-
ductivity and product quality resulting from
workforce shortages and insufficient employee
qualifications, together with increased expen-
ditures on staff training and recruitment.

These four risks have been classified as critical
because they directly affect business resilience and
the ability of enterprises to maintain sustainable
operations in the long term. Investment outflows
and labor-force migration are particularly alar-
ming, as they substantially constrain the capacity
of enterprises to develop and adapt to changing
economic conditions.

Figure 2 presents the distribution of eco-eco-
nomic risks according to their significance coeffi-
cients, taking into account both the degree of im-
pact and the probability of occurrence within the
high-risk category. Risks assigned to this category
are characterized by a substantial likelihood of oc-
currence and may result in serious adverse conse-
quences for enterprise performance. Although
their potential impact is lower than that of critical
risks, they nevertheless require immediate atten-
tion and proactive risk-management measures.

Thus, the analysis indicates that shortages of cri-
tical resources (R2), the low level of circular-eco-
nomy implementation (R3), the introduction of the

Table 2. Risk Level Assessment Scale
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Fig. 1. Distribution of eco-economic risks by impact sig-
nificance coeflicient and probability of occurrence wi-
thin the “critical risk” category

Source: prepared by the authors.
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Fig. 2. Distribution of eco-economic risks by impact sig-
nificance coefficient and probability of occurrence wi-
thin the “high-risk” category
Source: prepared by the authors.

Carbon Border Adjustment Mechanism (CBAM)
(R5), uncertainty in environmental policy (R6),
climate change (R7), environmental pollution (R8),
insuflicient access to green financing (R10), dete-
rioration of public health (R14), and reputational

Risk probability | Probability, Description

level %
High over 90 |High certainty of risk occurrence in the short term, potentially multiple times
Substantial 60—90 |Certain probability of risk occurrence in the short term
Moderate 40—60 | The risk can be avoided through systematic and well-structured management
Low 10—30 | The risk is unlikely under existing business processes and requires additional investigation
Minimal Under 10 | The probability of risk occurrence is very low; the risk is unlikely under current busi-

ness processes

Source: prepared by the authors.
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risks associated with environmental and social res-

ponsibility issues (R15) constitute high-level risks,

as they have a substantial impact on enterprise
stability and performance. These risks may lead
to the following consequences:

+ R2 — Shortages of critical resources: produc-
tion interruptions or reductions caused by shor-
tages of raw materials and inputs; increased
production costs, leading to reduced competi-
tiveness; and the need to identify alternative
resources or modify existing business models;

+ R3 — Low level of circular-economy implemen-
tation: missed opportunities for resource efficien-
cy and cost reduction; increased dependence
on primary raw materials; and potential penal-
ties or restrictions arising from non-complian-
ce with environmental requirements;

+ R5 — Introduction of the Carbon Border Adjust-
ment Mechanism (CBAM): higher costs asso-
ciated with exporting products to the European
Union; the need for substantial environmental
investments to reduce the carbon footprint of
production; and the potential loss of access to
European markets due to declining export
profitability;

+ R6 — Uncertainty in environmental policy: dif-
ficulties in forecasting expenditures related to
environmental compliance; insufficient support
for business-led environmental initiatives; and
the risk of losing competitiveness relative to
countries with more predictable environmen-
tal regulatory frameworks;

+ R7 — Climate change: deterioration of produc-
tion conditions, particularly in the agricultural
sector; the need for additional expenditures to
adapt to changing climatic conditions; disrup-
tions to supply chains; and increased transpor-
tation-related risks;

+ R8 — Environmental pollution: higher environ-
mental taxes and penalties; erosion of public trust
and increased tensions with local communities;
and restrictions on business activities resulting
from stricter environmental regulations;

+ R10 — Insufficient access to green financing:
slower implementation of environmental mo-
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dernization projects; reduced competitiveness

in international markets; and difficulties in

meeting environmental requirements, poten-
tially resulting in penalties and regulatory re-
strictions;

# R14 — Deterioration of public health: increa-
sed expenditures on employee health insuran-
ce and social support programs; and possible
declines in product quality due to shortages of
qualified personnel;

+ R15 — Reputational risks associated with en-
vironmental and social responsibility issues:
reputational damage and potential consumer
boycotts; tighter regulatory oversight and mo-
re frequent inspections by public authorities;
and an increased risk of social protests and le-
gal claims.

Collectively, these risks represent a significant
threat to enterprise sustainability and competi-
tiveness. Although their impact is generally less
severe than that of the critical-risk category, their
relatively high probability of occurrence and po-
tentially substantial economic consequences ne-
cessitate continuous monitoring and the imple-
mentation of targeted risk-mitigation measures.

These nine risks have been classified as high-level
risks, although they are not as critical as, for examp-
le, investment outflows or labor shortages. Particu-
larly significant among them are shortages of criti-
cal resources, the implementation of the Carbon
Border Adjustment Mechanism (CBAM), and en-
vironmental pollution, as these factors directly af-
fect operating costs and business competitiveness.

Figure 3 presents the distribution of eco-eco-
nomic risks according to their significance coef-
ficients, taking into account both the degree of
impact and the probability of occurrence within
the moderate-risk category. Risks in this category
are characterized by a moderate likelihood of oc-
currence and may result in noticeable, although
not critical, adverse consequences for enterprise
performance. While such risks do not pose an im-
mediate threat to business continuity, they never-
theless require ongoing monitoring and appropria-
te management measures.
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According to the analysis, the implementation
of European (international) environmental stan-
dards (R4) and biodiversity loss (R9) fall within
the moderate-risk category in terms of their impact
on enterprise performance. Specifically, these risks
may lead to the following consequences:

+ R4 — Implementation of European (interna-
tional) environmental standards: short-term
challenges associated with increased expendi-
tures on production modernization; long-term
benefits through expanded export opportunities
and improved business efficiency; and a risk of
declining competitiveness for enterprises that
fail to adapt to the new regulatory requirements
in a timely manner;

+ R9 — Biodiversity loss: stricter environmental
requirements and conservation measures may
increase operating costs, worsen conditions for
the agricultural sector and related industries, and
intensify social pressure as well as potential
conflicts with local communities arising from
adverse environmental impacts.

These two risks are classified as moderate, as
they do not pose an immediate threat to business
operations but may have a substantial impact in
the longer term. The principal challenges are as-
sociated with adapting to evolving environmental
standards and increasingly stringent ecological
requirements, which necessitate a proactive ma-
nagerial approach.

The low-risk category comprises risks charac-
terized by a low probability of occurrence and a
limited impact on enterprise activities. Such risks
do not require immediate intervention, although
they may still be monitored to enhance overall
organizational resilience. According to the ex-
pert assessment, no risks were assigned to this
category (Table 2), as all identified eco-economic
risks were found to have at least a moderate level
of significance.

Based on the expert evaluation results, a risk mat-
rix of eco-economic risks for Ukrainian industrial
enterprises was developed (Fig. 4). The risk asses-
sment framework combines two key dimensions:
the significance coeflicient reflecting the magni-
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Fig. 3. Distribution of eco-economic risks by impact
significance coeflicient and probability of occurrence
within the “moderate- risk” category

Source: prepared by the authors.

tude of impact (Table 1) and the probability of
risk occurrence (Table 2). This matrix provides a
systematic basis for identifying priority risk areas
and supports informed managerial decision-ma-
king aimed at mitigating adverse environmental
and economic impacts.

The developed risk matrix provides a clear visual
representation of the significance of each identi-
fied risk. Specifically, red cells indicate critical risks,
orange cells denote high risks, yellow cells repre-
sent moderate risks, whereas green cells corres-
pond to low and minimal risks. No risks were as-
signed to the latter category in the present study;,
as expert assessments indicated that all identified
eco-economic risks have substantial significance.

The obtained results are consistent with the fin-
dings of international studies, while also reflecting
specific national characteristics. Comparison with
the works of Smaller [22] and Jagtap et al. [23] con-
firms that systemic shocks, such as war, transform
the structure of risks from local disturbances into
disruptions affecting global supply chains. Howe-
ver, whereas these authors primarily focus on food
security, the present study highlights the critical
role of energy-related (R1) and investment-rela-
ted (R12) factors for industrial enterprises.

A comparison with the approach proposed by
Smetanko [30], based on a materiality-risk corre-
lation matrix, demonstrates that the application
of the proposed 5 x 5 risk matrix is more appro-
priate under conditions of high uncertainty, where
precise KPI-based financial assessment is compli-
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Impact
Low (1) Moderate (2) Substantial (3) High (4) Critical (5)
High (5) Moderate High (R2) High (R5)
§ Substantial (4) Moderate (R4) High (R3, 8) High (R6)
E Moderate (3) Moderate (R9) High (R7, 15) High (R14)
E Low (2) Moderate High (R10)
Minimal (1) Moderate

Fig. 4. Eco-economic risk matrix of Ukrainian industrial enterprises
Source: prepared by the authors.

present study through the proposed mitigation
measures addressing R11 (environmental moder-
nization costs).

cated by wartime circumstances. At the same ti-
me, Smetanko emphasizes the importance of in-
ternal auditing, an aspect incorporated in the

Table 3. A Set of Measures to Reduce and Mitigate the Negative Impacts
of Eco-Economic Risks in the Activities of Ukrainian Enterprises
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Impact Risk Managerial decisions
assessment
Critical High energy  |Implementation of energy-efficient technologies and modernization of equipment
risks intensity Transition to alternative and renewable energy sources
(the hl_‘g' of production | Optimization of energy consumption through digital technologies and energy-use
hest prio- (0.9) (R1) monitoring systems
rit ’ B ais
V) High costs Attraction of state and international funding programs for “green” initiatives
of environmental | Development of a phased environmental modernization strategy focused on the
modernization | most cost-effective measures
(0.9) (R11) Use of preferential credit mechanisms and tax incentives
Capital outflow |Creation of favorable conditions for investors, including investment insurance and
due to the war |state guarantees
(1.0) (R12) Diversification of markets and suppliers to reduce dependence on external factors
Lobbying for international financial support and economic recovery programs
Labor force | Implementation of training and retraining programs for employees
migration (0.9) | Improvement of working conditions and provision of competitive wages to retain
(R13) skilled personnel
Simplification of procedures for attracting foreign and domestic workers
High | Deficit of critical | Development of alternative raw material sources and implementation of recycling
risks (im- | resources (0.85) |technologies
portant (R2) Optimization of supply chains and diversification of suppliers
priority) Use of local resources and development of closed-loop production cycles
Insufficient access | Attraction of international grants and funds
to green financing | Development of partnerships with financial institutions
(0.85) (R10) | Optimization of internal resource utilization
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End of Table 3
asIsr;Is) r?lcetnt Risk Managerial decisions
Deterioration |Implementation of filtration systems to reduce emissions and transition to cleaner
of public health |technologies
(0.75) (R14) | Organization of regular medical check-ups for employees and improvement of work-
place ventilation and protection systems
Introduction of insurance programs and healthcare benefits for employees
Low level Implementation of reuse and waste recycling technologies
of circular econo- | Use of economic incentives (tax benefits, state grants) for enterprises adopting circular
my development | economy models
(0.7) (R3) Promotion of the circular economy concept among entrepreneurs
Contflicts bet- | Regular meetings with representatives of local self-government
ween business | Public consultations prior to the launch of new projects and implementation of
and society (0.7) | feedback mechanisms
(R15) Investment in environmental, educational, and social initiatives, along with a trans-
parent environmental policy
Introduction | Reduction of carbon footprint through production modernization and transition to
of the CBAM | “green” energy sources
mechanism | Assessment of the impact of the CBAM mechanism on enterprise exports and de-
(0.8) (R5) | velopment of an adaptation plan
Revision of business models to shift focus toward environmentally friendly products
Uncertainty | Cooperation between business and the state through industry associations to ensure
of state environ- | the development of transparent environmental policies
mental policy | Continuous monitoring of legislative changes and timely adaptation to new regulatory
(0.75) (R6) | requirements
Implementation of internal corporate environmental standards as a preventive measure
Climate change | Development of climate-resilient technologies and adaptation mechanisms
(0.7) (R7) | Transition to resource-efficient production processes
Use of climate change forecasts for strategic business planning
Environmental |Implementation of environmental monitoring systems and emission control mechanisms
pollution (0.8) | Adoption of zero-waste technologies and efficient waste management and disposal
(R8) methods
Compliance with international environmental safety standards
Moderate | Implementation | Gradual adaptation to European standards through phased modernization of pro-
risks | of European envi- | duction facilities
(strategic | ronmental stan- | Utilization of international support programs to finance environmental initiatives
mana- | dards (0.6) (R4) Conducting environmental compliance audits to identify problem areas
gement) | . .. . . . .
Biodiversity loss | Implementation of environmental management systems at enterprises
(0.6) (R9) Application of resource-efficient technologies and reduction of environmental impact

Partnership with environmental organizations for the development of nature pro-
tection programs

Source: prepared by the authors.
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From a methodological perspective, the selected
matrix-based approach is less labor-intensive than
the Analytic Hierarchy Process (AHP), which is
commonly used for selecting technical alterna-
tives under relatively stable conditions. Although
AHP provides greater mathematical precision, the
risk matrix offers the speed of decision-making
required in wartime environments. Compared with
the Failure Mode and Effects Analysis (FMEA)
method, the proposed matrix operates with two
dimensions — probability and impact — whereas
FMEA introduces a third parameter, detecta-
bility. Under military conditions, where threats
such as missile attacks and infrastructure dest-
ruction are often immediately observable, a two-
dimensional matrix is more suitable for strategic
risk management.

The assessment of the Carbon Border Adjust-
ment Mechanism (CBAM) risk (R5, classified as
high) is consistent with projections reported by
the KSE Institute [36], according to which poten-
tial EBITDA losses for exporters may amount to
hundreds of millions of euros annually. The pre-
sent analysis extends these findings by suggesting
that, for Ukraine, CBAM should be viewed not
only as a fiscal and regulatory challenge but also
as a catalyst for the wider adoption of green po-
wer purchase agreements (PPAs) following the
country’s integration into the ENTSO-E electrici-
ty network [37].

Based on the identified risk profile, a set of re-
commendations has been developed to facilitate the
implementation of organizational and managerial
changes aimed at improving the effectiveness of
industrial enterprise management. Accordingly, a
comprehensive package of measures has been pro-
posed to reduce the identified risks and mitigate
their adverse consequences (Table 3).

Thus, critical risks (0.9—1.0) require immedia-
te management actions because of their direct im-
pact on enterprise operations, particularly in the
areas of energy efficiency, investment availability,
and labor resources. High risks (0.7—0.85) de-
mand proactive strategic management, especially
with regard to resource security and compliance
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with international environmental requirements.
Moderate risks (around 0.6) call for long-term
planning and gradual adaptation measures to pre-
vent potential adverse consequences in the future.

The implementation of the proposed measures
enables enterprises to reduce risk exposure, enhan-
ce competitiveness, and ensure sustainable develop-
ment even under challenging economic conditions.

The risk matrix enables enterprises to assess po-
tential threats, identify critical vulnerabilities, and
implement appropriate mitigation measures. Such
an approach contributes to reducing both environ-
mental damage and economic losses.

The application of the risk matrix method has
confirmed that, for Ukrainian industrial enterpri-
ses during 2022—2025, the most destructive threats
have been those related to energy security (R1),
shortages of investment capital (R12), and the large-
scale migration of skilled personnel (R13). The
study has also demonstrated that the high-risk
status of the Carbon Border Adjustment Mecha-
nism (CBAM) (R5) transforms environmental
modernization from a formal regulatory require-
ment into a critical prerequisite for maintaining
access to EU markets.

The findings have further shown that the adap-
tability of Ukrainian businesses under martial law
increasingly depends on the integration of circu-
lar economy principles and the “Build Back Bet-
ter” strategy, which make it possible to transform
infrastructure losses into opportunities for tech-
nological modernization and sustainable growth.

Future research should focus on moving beyond
qualitative expert-based assessments toward dy-
namic quantitative modelling of the financial
consequences of risks. In particular, the applica-
tion of Monte Carlo simulation could provide
more robust forecasts of the resilience of invest-
ment projects under conditions of uncertainty.
Another promising direction is the extension of
the analysis to small and medium-sized enter-
prises (SMEs) and the agri-food sector, which fa-
ce specific challenges related to land-resource ma-
nagement, environmental security, and climate-
related risks.
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HIWIA PYVHYBaHHA iIHPPaCTPYKTYpH, SYNMHKY BUPOOHNIITBA HA OKPEMIUX TEPUTOPLIX i IOPYIIEHHS TOTICTUYHMX
JIAaHLIIOTIB, 110 YCK/IAJHIOE BeleHH: 6i3HeCy Ta 3HIDKYE iHBeCTUIIIHY IPUBAOIUBICTD, @ €KOIOTIYHOKO CK/Ia[JOBOIO
BiiHU € 3a0py/HEHHS TOBKI/UIS, sIKe CIPUYMHSIE JOBTOCTPOKOBI €KOMOTiYHI TPOOIeMI.

ITpo6nemarnka. AKTyaIbHUM Hapasi € CTBOPEHHS MaTpMI[i PM3MKIB SIK IHCTPYMEHTY CUCTEMHOTO aHali3y
HOTEHLiIIHMX 3arpo3 y pisHux cepax aisnbHocTi — s Knacuikaril pusukis 3a piBHeM IIMOBipHOCTI Ta cTyTie-
HeM iX BIUIMBY. li 3acTOCYyBaHHA 103BOMsAE epeKTUBHO 3HIDKYBATH MOTEHI[iiiHi BTpaTy Ta 3a6e3medyBaTy cTa-
OLIbHMIT PO3BUTOK OY/b-SIKOTO MifJIPHEMCTBA.

Merta. Anpo6aiiis MeToRy MaTpULI pUSKKIB A/ igeHTHdIKaLlii, OLIiHKM Ta c1cTeMaTu3allii 0CHOBHUX €KO/IOT0-
€KOHOMIYHMX PU3UKIB IPOMUCIOBYX IIANPUEMCTB YKpalHU B YMOBax BilfHHU, eHEpPreTMYHOI HeCTabiIbHOCTI 11
eKOJIOTIYHMX BUK/IMKIB, @ TAKOXX PO3pOOKa KOMITTIEKCY MPAKTUYHNUX 3aXO/iB [/Is 1X 3HVDKEHHS it MiHimi3awii He-
TaTMBHOTO BIUIUBY.

Martepiann i1 MeTogu. 3aCTOCOBAHO MAaTPUYHIIT METO, SIKIII IIOTISITA€ Y TOOYAOBI MATPLI, [ie PUUKY PO3IIO-
DiIAI0THCA 3a pIBHAMM 3HAYYIOCTI, 110 IOIIOMATra€ yXBalTIOBATI IPaBI/IbHI YIIPaBAiHChKI pillleHHA IIOO0 IX 3HU-
JKEHHS 41 3a006iraHHs.

PesynpraTtu. JloBemeHO, 10 €KONMOr0O-€KOHOMIYHI BUKIMKNA € KPUTUYHUMU /1A Cy4acHUX NPOMICIOBYX if-
IpUEMCTB YKpaiHu, 0COOMMBO B yMOBAX BilfHU Ta eKOHOMI4HOI HecTabiNbHOCTL. MaTpulis pusKKiB JO3BOJLIE
MiJIPUEMCTBY OL[iHUTH IIOTE€HLIVHI 3arp0o3y, BUSHAYNTY KPUTUYHI PU3MKY Ta BIIPOBAGUTH 3aXOM /A IX MiHi-
Misaril. HeoOXigHMM € crcTeMHe yIIpaB/IiHHA PU3MKaMI Yepe3 BIPOBA/PKeHHs iIHHOBAL[iIHNUX pillleHb, 3a/TyIeHHs
¢diHaHCYBaHHA Ta cTpaTeriyHe NAPTHEPCTBO 3 MDKHAPOJHMMY CTPYKTYPaMIL.

BucHoBku. BripoBa/keHHs po3po06/IeHNX 3aXO0/iB JOIOMOXKe IIAIPUEMCTBAM 30eperTu CTiliKicTb, MiHIMi3y-
BaTM HETATMBHI HAC/TIIKM Ta IIOCM/INTY KOHKYPEHTHI IlepeBary B yMOBax I7I00anbHUX 3MiH.

Kniouosi cnosa: ananis pusukis, crangapti ESG, ynipaBniHHA pusuKaMu, CTaluil poO3BUTOK, pUSUK-MaTPULLA, KIi-
matnuHi 3smiau, KCB.
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