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ABSTRACT

This article examines the systemic links between fiscal sustainability, debt policy, and
the modernization of economic policy under the European Green Deal. It addresses two
interrelated processes: ensuring debt security and financial stability amid growing fiscal
imbalances caused by COVID-19, military expenditures, and the energy crisis, and ad-
vancing structural reforms aligned with the Green Deal agenda. The study assesses
whether public debt and fiscal policy contribute to fiscal unsustainability and evaluates
the impact of circular economy pressures on strengthening public balance sheets. The
research employs a systemic institutional economic analysis based on official statistics
from Eurostat, the European Commission. The scientific novelty of the study lies in the
development of an integrated empirical model that simultaneously captures the inter-
action between public debt, fiscal sustainability, and circular economy indicators. Unlike
existing approaches, which predominantly examine these factors in isolation, the pro-
posed model provides a quantitative assessment of their combined effect on fiscal sta-
bility in the European Union. Scenario forecasting suggests that if circularity increases
to 24% and public debt declines to 80% of GDP by 2030, the fiscal sustainability index
could reach 0.98-1.00. The results support updating fiscal rules, refining debt policy,
and developing a balanced public financial management model within the EU's 2028—
2034 financial framework, demonstrating that financial stability and environmental
transformation are mutually reinforcing pillars of sustainable development. The findings
are particularly valuable for policymakers of EU institutions, national fiscal authorities,
and public finance regulators, as well as for international financial organizations involved
in designing debt sustainability strategies and green transition policies, since they pro-
vide an empirical basis for integrating environmental and fiscal instruments into a co-
herent macroeconomic governance framework.

Keywords: public finance, fiscal sustainability, debt policy, financial stability, circular
economy, economic policy, European Green Deal, environmental transformation,
European Union, economic modernization

JEL Classification: H63, H62, E62

INTRODUCTION

The European Union (EU) has faced a persistent accumulation of macrofinancial imbal-
ances over the past decade, significantly intensified by the COVID-19 pandemic, rising
military expenditures, and the energy crisis. These factors have increased pressure on
public finances and have complicated the ability of governments to simultaneously en-
sure fiscal stability, support economic growth, and implement structural reforms. In this
context, the sustainability of public finances becomes a central condition for maintaining
macroeconomic equilibrium and fulfilling long-term socio-economic commitments.

At the same time, the deepening integration within the EU has transformed the nature
of debt policy, shifting it toward greater harmonization of fiscal rules and coordinated
budgetary governance. This process creates a complex trade-off between the need for
fiscal discipline and the necessity of maintaining sufficient policy flexibility to respond to
asymmetric shocks. Consequently, the research problem emerges at the intersection of
economic growth objectives and debt-related constraints, requiring a comprehensive
analytical framework that integrates both macroeconomic and institutional dimensions.
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Despite the significant body of research on fiscal sustainability and public debt, an important gap remains. Existing studies
are predominantly focused on macro-financial indicators and often overlook the role of environmental transformation and
structural innovation in shaping debt dynamics. In particular, insufficient attention has been paid to the interaction between
public finance sustainability, debt management mechanisms, and the development of the circular economy within the
framework of the European Green Deal. Moreover, there is a lack of integrated empirical models that simultaneously
capture the relationships between public debt levels, fiscal sustainability indicators, and circularity metrics.

This unresolved complexity of interactions between fiscal, institutional, and environmental factors limits the ability to
formulate a coherent model of sustainable economic development in the EU. Addressing this gap requires a combined
theoretical and empirical analysis of the interdependencies between debt policy, fiscal sustainability, and circular economy
transformation. It is precisely this unresolved set of issues that constitutes the focus of the present study.

The novelty of this study lies in the development of an integrated empirical framework that jointly analyzes public debt,
fiscal sustainability, and circular economy indicators, providing a quantitative assessment of their interaction within the EU
economic system.

LITERATURE REVIEW

A review of the current scientific literature on the sustainability of public finances and debt policy in the European Union
shows that an interdisciplinary approach to the analysis of fiscal stability is becoming more common. Researchers are
increasingly integrating into their models institutional, demographic, and behavioral factors that determine the effective-
ness of debt management and affect the ability of governments to maintain sustainable financial equilibrium.

A working paper was published under the International Monetary Fund by Armendariz and Cabezon (2024) on systemic
risks to European public finances, as well as policies targeting such risks. They construed that debt policy can be effective
only in a synergic interaction between rules of fiscal discipline and instruments pertaining to anti-crisis macroeconomic
management. Very similar notions are found in the work of Catarino and Nurez (2024), who provide a comparative analysis
regarding deficit-and-debt dynamics among EU member states. The scholars advocate sustainability through increased
transparency within budget processes, together with long-term monitoring of debt indicators.

De Haan and Amtenbrink (2023), who also outline possible reforms in the very architecture of the EU debt rules, note that
criteria under Maastricht have become totally irrelevant to new financial challenges-by old challenges they presumably
mean COVID-19 related spending and increased spending on defense-and that “the sensitivity of public debt to fiscal
stimuli is country-specific: the impact of policies depends on the phase of the economic cycle,’” so flexibility in the choice
of (debt) instruments is needed”, a finding which supplements this thesis by Eminidou et al. (2023).

Grosu (2025) applies penalized spline regression to allow for a nonlinear relationship between debt indicators and macro-
economic variables. In his opinion, good governance and institutional trust are the main preconditions of sustainable fiscal
policy, which can also be extended in the context of harmonization of EU member states' fiscal policies as a precondition
or key factor to prevent/manage another future debt crisis, as argued by Grosu et al. (2022).

At the same time, recent empirical contributions deepen the understanding of fiscal sustainability by explicitly integrating
institutional, structural, and nonlinear dimensions of public debt dynamics. In particular, Afonso and Coelho (2025) demon-
strate that the fiscal response of European Union governments to rising debt burdens is shaped by a combination of
institutional quality and macroeconomic conditions, which jointly determine medium-term fiscal sustainability. Their find-
ings suggest that effective debt stabilization strategies are not limited to expenditure containment but also require im-
provements in tax administration efficiency and revenue mobilization mechanisms.

By contrast, Asteriou et al. (2025) provide evidence of threshold effects in Southern European economies, showing that
the impact of public debt on economic growth is inherently nonlinear. Once debt exceeds critical levels, its negative effects
intensify, which necessitates differentiated and adaptive debt management strategies tailored to country-specific structural
conditions. This perspective reinforces the argument that uniform fiscal rules may be insufficient under heterogeneous
economic environments.

Meanwhile, the issue of long-term fiscal equilibrium is further elaborated by Beetsma et al. (2025), who emphasize the
importance of incorporating intergenerational responsibility into budgetary frameworks. Their approach highlights that
sustainable debt policy must extend beyond short-term stabilization and integrate forward-looking fiscal commitments. In
a similar vein, Capraru et al. (2025) conceptualize the reform of EU fiscal rules through the principle of regulatory simpli-
fication, arguing that reduced institutional complexity enhances flexibility and mitigates procyclical fiscal responses.
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Additional dimensions of debt sustainability are revealed in the work of Darvas et al. (2025), who identify demographic
pressures as a key determinant of long-term fiscal risks, particularly in the context of aging populations and expanding
social expenditures. Complementing this, Gkatzoglou et al. (2025) apply a network-based analytical framework to demon-
strate the synchronization of debt dynamics across EU member states, thereby confirming the high level of fiscal interde-
pendence within the Union.

Mihai et al. (2025) introduce an important behavioral-institutional perspective by showing that the shadow economy sig-
nificantly distorts government debt reactions, leading to deviations from projected fiscal trajectories and reinforcing non-
linear adjustment patterns. Taken together, these studies indicate a shift from linear and purely macroeconomic interpre-
tations of debt sustainability toward more complex, multi-factor models that incorporate institutional, demographic, and
structural variables.

Juznik Rotar (2025), within the context of economic growth and structural reforms and enhancement in the efficiency of
budget forecasting to sustain fiscal balance, elucidates sustainability supporting structural reform of fiscal policy and con-
stant surveillance on balanced fiscal policy through improved accuracy in budget forecasting. Concurrently, Kraemer and
Lehtimaki (2023) discovered proof to provide an evidence-based argument slightly in favor of stricter fiscal rules leading
to discipline but permitting minimal flexibility of fiscal policy during a crisis. In their later work published in 2024, under an
optimal EU debt policy framework, as a two-component structure, strict fiscal rules together with recovery incentive mech-
anisms aimed at safeguarding future recoveries from crises. A key work in the analysis of the interaction of financial rules
with debt dynamics is the work of Park and Kim (2024). They empirically show that federal fiscal rules can be effective
only under the condition of intergovernmental policy coordination and transparency in the use of budgetary resources.

At the same time, Petrukha et al. (2023) expand the analytical framework of fiscal sustainability by examining public
finance transformation under conditions of military adaptation and post-crisis recovery. Their findings indicate that in
periods of systemic shocks, fiscal policy priorities shift toward social resilience and security-related expenditures, which
fundamentally alter the structure of debt management and challenge traditional interpretations of fiscal discipline. This
perspective suggests that fiscal sustainability should be understood not only as macro-financial stability, but also as the
institutional capacity to adapt to external shocks through flexible and reoriented budgetary mechanisms.

A brief review of the reviewed literature outlines the development of approaches — from classical debt sustainability models
to integrated concepts of fiscal management, which also include environmental, social, and security issues. No matter how
advanced they are, there is not even a single methodology for assessing the interrelationships between debt policy, finan-
cial stability, and structural transformations in the EU economy towards a “circular” economy as a new regime or method.

AIMS AND OBJECTIVES

The objective of the research was to establish both theoretical and empirical connections between the sustainability of
public finances, debt policy, and economic policy evolution in the European Union context as financial and economic
systems modernize. Key factors affecting fiscal sustainability through public debt were identified, as well as relationships
between levels or degrees of intensity or volumes (burden) of debt, budgetary discipline, and effectiveness of circular
economy programs. The analysis focused on how a debt policy supports the competitiveness of EU economies while
implementing provisions under Europe's Green Deal.

Another objective was to watch how debt indicators move among the EU member states in the past decade, determine
trends in their fiscal adaptability, and develop a correlation-regression model that would describe the relationship between
public finance sustainability, the level of public debt, and the circularity coefficient. This therefore brings about a hypothesis
that an increase in economic circularity strengthens fiscal stability through efficient resource use, whereby it lowers debt
risk by improving budget management within the European Union.

METHODS

The study adopts a systemic and institutional approach, developing economic analysis within the frame of statistics. Mixed
econometric methods shall be applied for an in-depth determination of all relations linking the sustainability of public
finances with debt policy and those constraints or incentives molding EU member states' economic policies toward main
directions. Therefore, these are theoretical concepts forming bases from which debt sustainability analysis may be under-
taken: fiscal function; government response; macroeconomic stability; structural modernization; economy oriented toward
the European Green Deal. Macro-financial analysis integrates both quantitative numerical procedures as well as qualitative
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descriptive ones to reconcile environmental indicators related to the circular economy with financial ones (European Com-
mission, 2025).

The study was based on the use of general scientific methods - analysis, synthesis, induction, deduction, generalization,
comparison, analogy, and systematization - which were used to build a theoretical model and clarify the conceptual frame-
work. Among the special methods, a retrospective method was used to trace changes in the structure of public debt and
the dynamics of budgetary indicators of the EU countries for 2014-2024 based on the data of Government Finance Statistics
and Debt Indicators (Eurostat, 2025). The economic and statistical analysis was used to assess the level of fiscal sustain-
ability based on the Sustainability of Public Finances Index 2025 (European Parliament, 2025), while the structural-func-
tional method allowed for the determination of the interdependencies between debt and fiscal parameters using the ma-
terials of the Debt Sustainability Monitor 2024 (European Commission, 2024). The method of comparative analysis was
used to identify national differences in the implementation of debt policy, taking into account macro-fiscal data from the
EU Fiscal Framework and Policy Database (European Central Bank, 2025).

The key methods used were correlation and regression modeling to quantify the relationships between the public finance
sustainability indicator (European Parliament, 2025), public debt level (European Commission, 2024), and circularity ratio
(European Commission, 2025), as well as scenario forecasting to determine the trajectories of debt burden and fiscal
stability under the condition of doubling the circularity rate to 24% by 2030 according to the Economic Outlook 2024:
Fiscal Sustainability and Green Transition (OECD, 2024). Additional macroeconomic parameters and verification indicators
were obtained from the World Development Indicators database (World Bank, 2024), which ensured cross-country com-
parability and reliability of the results.

The empirical basis of the study included official statistical reports of European institutions - Debt Sustainability Monitor
2024 (European Commission, 2024) for debt and deficit indicators, Sustainability of Public Finances Index 2025 (European
Parliament, 2025) for fiscal sustainability indicators, as well as data from the Circular Economy Indicators and Monitoring
Framework (European Commission, 2025) to determine the circularity ratio of the EU member states' economies. All
indicators were normalized and unified in accordance with Eurostat (2025) standards, which ensured their comparability
and reliability for further analysis.

The methodological logic of the work involved a step-by-step study: first, identifying long-term trends in the dynamics of
public debt and financial sustainability, then analyzing the correlations between debt and environmental indicators, and
finally building a regression model that allowed us to quantitatively confirm or refute the hypothesis that the progress of
the circular economy depends on the level of sustainability of public finances and the effectiveness of debt management.
This approach ensured high validity of the results, made it possible to conduct an in-depth empirical verification of the
relationships, and to formulate forecast guidelines for the modernization of the EU countries' debt policy as part of their
economic transformation.

RESULTS

Dynamics of fiscal sustainability and debt burden in the EU countries in 2014-2024

The purpose of this stage of the study was to identify trends in the public debt-to-GDP ratio and the level of the public
finance deficit, which are fundamental indicators of fiscal sustainability. For this purpose, aggregate macrofinancial data
for the EU (27 countries) and the Eurozone (20 countries) were used, which were harmonized to a single accounting
methodology in accordance with ESA 2010 standards.

The three types of trajectories are: cyclical phase trajectory, crisis factor trajectory, and burden shift trajectory. Debt has
been gradually stabilizing since the 2010s crisis, showing a slight decrease in the debt-to-GDP ratio just below the 80
percent benchmark, signaling moderate fiscal consolidation. Public debt increased sharply during the pandemic years of
2020-2021 through large-scale economic support programs while Gross Domestic Product (further — GDP) was contracting.
Since 2022, there has been a clear recovery in the fiscal system, evidenced by a gradual decline in the burden. The
summary figures for both the EU-27 and the euro area are presented in Table 1.
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Table 1. Public debt dynamics in the EU and the euro area in 2014-2024 (% of GDP)*. (Sources: Eurostat (2025); European Commission - Debt
Sustainability Monitor 2024, OECD (2024),; European Central Bank (2025))

Year EU-27 | Euro area-20 Description of trends

2014 86.0 9.7 A_fter the debt crisis, the beginning of stabilization is observed, but the debt still exceeds the Maastricht crite-
rion (60%)

2015 84.8 91.2 Slight decline due to reduced budget deficits and economic growth

2016 83.8 90.0 Restoration of fiscal discipline on the back of euro stabilization

2017 81.9 88.1 Acceleration of debt reduction in leading economies (Germany, the Netherlands)

2018 79.5 86.1 EU reaches lowest debt level since 2009, GDP growth outpaces borrowing dynamics

2019 77.8 84.0 Before the pandemic, fiscal sustainability reached its highest level in a decade

2020 90.0 96.5 Sharp increase in debt due to the COVID-19 pandemic, large-scale anti-crisis programs, and falling GDP

2021 89.0 95.0 Gradual debt reduction begins due to the partial recovery of economic activity

2022 83.4 91.0 Restoration of fiscal balance, adaptation to the energy and inflation crises

2023 80.8 87.3 Further debt reduction while maintaining a cautious fiscal policy

2024 81.0 87.4 Slight adjustment due to military and social support, stabilization at ~80% of GDP

Analysis of the data shows that in 2014-2019, the EU was on a trajectory of gradual debt reduction. The decline from 86%
to 77.8% of GDP on average in the EU was due to nominal GDP growth and a reduction in the deficit, which is evidence
of increased fiscal sustainability. It was a period of relative fiscal recovery, when member state governments focused on
meeting the criteria of the Stability and Growth Pact.

The pandemic crisis of 2020 dramatically changed this trend: the debt burden increased by more than 12 percentage
points to 90% of GDP in the EU27 and almost 97% in the euro area. This increase is explained not only by large-scale
social spending but also by a drop in tax revenues due to a decline in economic activity. Additionally, the structural deficit
has increased as member states have expanded fiscal stimulus programs under the Next Generation EU plan.

The upward trend will resume after 2021. In 2022-2024, the debt burden in the EU has decreased to =81%, and the
average budget deficit is -3.2% of GDP (Eurostat, 2025). This implies a partially restored fiscal balance, but significantly
higher debt levels compared to pre-war levels due to new budgetary priorities — defense financing, energy transition, and
social support.

Debt securities form the basic structure of public debt (about 84% in 2024). This makes the market relatively liquid but
also very sensitive to interest rates. The share of loans is about 13.5 percent, while cash and deposits occupy about 2.5
percent (Eurostat, 2025). These parameters indicate a shift in the debt structure towards market-based instruments. This
coincides with the trends of fiscal integration and common debt policy of the EU.

The debt dynamics of EU countries over the last decade best illustrate and provide the main trends in fiscal policy trans-
formation and financial sustainability level (Figure 1). According to Eurostat (2025) and European Commission (2024)
statistics, the pandemic crisis, military conflicts, and a shift in priority toward fiscal consolidation all added very much to
the total debt burden of the EU-27 and Eurozone-20, besides explaining its fluctuation. A gradual stabilizing trend devel-
oping since 2021 once again convincingly proves updated mechanisms on fiscal surveillance within harmonized debt poli-
cies of member states under the new architecture of the European Economic Area, effective.

100,
92,5
85,
77,5
70,
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
—— EU27_Debt_to_GDP EuroArea20_Debt_to_GDP

Figure 1. Dynamics of the public debt to GDP ratio in EU countries (2014-2024). (Source: Eurostat (2025); European Commission, Debt Sustain-
ability Monitor 2024; OECD (2024); European Central Bank (2025))
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According to the Public Finance Sustainability Index (European Parliament, 2025), in most of the EU countries, it started
improving slowly since 20211 and will reach above 0.6 in 2024. This means the capacity to service debt without increasing
the deficit above the 3 percent of GDP medium-term limit. At the same time, for the high debt level countries such as
Italy, Greece, and France, it remains below 0.4. This is where the vulnerability to interest rate risk lies.

One of the main trends over the past three years is in debt sustainability, and circular economy indicators increasingly go
hand in hand. Debt remains more sustainable (below 60% of GDP) in those countries that have achieved higher levels of
resource circularity, such as the Netherlands, Denmark, and Finland. This could be a possible structural advantage for the
green economy.

A clearer picture of cross-country fiscal dynamics and the level of integration of circular economy principles into fiscal
policy can be obtained by examining certain indicators for individual EU member states. Simple elucidation, however, is
provided in Appendix 2 through a set of selected indicators-variables at the country level for all EU member states. The
values used are either from 2021 or the latest available data before that year because most countries had not yet fully
recovered from COVID-19 effects on their economies by then (real GDP growth rates above potential). The high level of
aggregation of pan-European data does not allow for a full reflection of the structural asymmetry between countries with
different models of debt management, fiscal discipline, and resource efficiency. Therefore, the analysis includes six repre-
sentative economies - Germany, France, Italy, the Netherlands, Greece, and Sweden - that demonstrate the most con-
trasting development trajectories. Their comparative analysis makes it possible to assess the extent to which the combi-
nation of effective debt management and environmental reforms affects the level of sustainability of public finances. The
results are summarized in Table 2.

Table 2. Key indicators of debt sustainability and economic circularity in selected EU countries (2024 ). (Sources. Eurostat (2025); European
Commission (2024),; European Parliament (2025); OECD (2024))

Count Public debt, Fiscal sustaina- Circularity ra- Commentar
Ty % of GDP bility index (SFI) | tio, % of GDP Y
Stable fiscal position; recovery from the pandemic debt increase; active
Germany 64.0 0.83 13.4 green industry policy.
High debt with an average level of circularity; fiscal discipline is
France 1118 0.47 201 strengthening, but the deficit remains high.
Highest debt among large EU economies; low level of institutional ad-
Italy 137.3 039 185 aptation to the circular economy.
Netherlands 51.7 0.91 34.0 Leader in circularity; low debt burden, high efficiency of public finances.
Vulnerable to interest rate risks; low level of circularity and limited in-
Greece 163.1 032 5.4 vestment in green modernization.
Sweden 483 0.89 18.8 E:!;(l;\lcl:re]:g debt policy, moderate deficit, and steady growth in resource

A comparative analysis of the indicators presented in Table 2 shows a significant differentiation in fiscal sustainability and
the level of integration of circular economy principles among the European Union countries. The countries of Northern and
Western Europe, in particular the Netherlands, Sweden, and Germany, demonstrate the highest public finance sustaina-
bility indices (0.83-0.91) with a relatively low debt burden (up to 65% of GDP) and, at the same time, have the most
developed system of resource recycling (13-34%). This demonstrates the close relationship between effective fiscal policy,
technological innovation, and environmental modernization of the economy. At the opposite pole are Southern European
countries - Italy, France, and Greece - characterized by exceeding the Maastricht debt criterion (over 100% of GDP), lower
SFI values (0.32-0.47), and slow adaptation to circular reforms. In general, the results of the table confirm the trend: the
fiscal balance of countries directly depends on the success of the implementation of sustainable resource use policy, which
is becoming one of the key criteria for economic stability within the European Green Deal.

The period of 2020-2021 was marked by a shock destabilization caused by the pandemic crisis, which led to a sharp
widening of the deficit, an increase in the debt burden, and a rise in cross-country asymmetries in fiscal risks. In the
following years, from 2022 to 2024, a stabilization and recovery phase are observed, which shows a gradual return to the
debt reduction trend under the conditions of the formation of new economic policy priorities and the strengthening of the
role of investment and structural programs.

Overall, the results confirm that the fiscal sustainability of the European Union is showing signs of recovery, but remains
vulnerable to systemic risks. Further strengthening of the financial balance requires bigger structural changes, such as the
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integration of circular economy principles into the fiscal strategy, increasing the efficiency of public borrowing, and har-
monizing debt policy with the goals of the European Green Deal.

Correlation between the level of public debt, fiscal sustainability, and the circular economy coefficient

The study of the relationships between the level of public debt, the fiscal sustainability indicator (SFI), and the economic
circularity ratio of the European Union countries in 2014-2024 made it possible to identify statistically confirmed correlations
that characterize the sustainability of public finances in the context of the environmental modernization of economic policy.
Based on official sources such as Debt Sustainability Monitor 2024 (European Commission, 2024), Sustainability of Public
Finances Index 2025 (European Parliament, 2025), Circular Economy Indicators (European Commission, 2025) and Gov-
ernment Finance Statistics and Debt Indicators (Eurostat, 2025), a sample of 27 EU member states was constructed,
covering the dynamics of debt burden, budget deficits and the pace of development of the circular economy.

The overall level of debt burden in the EU-27 decreased from 86.2% of GDP in 2014 to 82.5% in 2024, but the structure
remained asymmetrical. Greece (163%), Italy (137%), and Spain (109%) continue to exceed the Maastricht threshold of
60%, while the Netherlands (55%), Sweden (48%), and Denmark (40%) ensure a stable fiscal position with a sustainability
index of more than 0.8. Countries with a higher level of innovation in the field of circularity (the Netherlands - 34%,
Belgium - 27%, France - 24%) have a lower share of debt in GDP, while countries with a low level of resource reuse
(Greece - 5%, Romania - 2%) are characterized by debt pressure of more than 120% of GDP.

Results showed highly significant values for all tested relationships. Debt to GDP-SFI, r = -0.63; an inversely proportional
relationship between the level of debt and the sustainability of public finances. Circularity-SFI, r = +0.58; a positive, strong
relationship between the development of a circular economy and macro-financial stability, as embodied by SFI. Deficits
and inefficient spending seem to decrease when increased recycling and reuse are introduced.

To provide a more comprehensive representation of the relationships between the analyzed variables, a correlation matrix
was constructed based on standardized data for EU member states over the period 2014-2024. The matrix summarizes
the pairwise Pearson correlation coefficients between public debt, circularity indicators, and the fiscal sustainability index.

Table 3. Correlation matrix of public debt, circularity, and fiscal sustainability (EU-27, 2014—-2024). (Source: calculated by the author based
on Eurostat (2025), European Commission (2024), European Parliament (2025).

Variable Debt Circularity SFI
Debt 1 -0.41 -0.63

Circularity -0.41 1 0.58
SFI -0.63 0.58 1

Variance of72% in the fiscal sustainability index can be explained by changes in debt burden and level of circularity
(R"2=0.72). The estimated regression equation is: SFI =0.84-0.0024xDebt+0.015x%Circularity, where Debt is the share
(%) of public debt in GDP, and Circularity is the circularity coefficient (%). This implies that on average, a one percentage
point increase in the circularity ratio will increase fiscal sustainability by 0.015 percentage points, while it will be reduced
by about 0.024 percentage points if there is a ten-percentage point increase in debt.

The comparative analysis clearly shows the grouping of EU countries by type of fiscal and environmental behavior. Green
financing mechanisms are systematically integrated with effective institutional controls on debt in Northern and Western
European countries (Netherlands, Sweden, Denmark, Germany) (paying special attention to government “green” spending
while keeping total levels within sustainable parameters). In the South, there is still vulnerability in achieving debt sustain-
ability through high social spending, structural fiscal inertia, and slow adaptation to EU environmental policies.

To summarize, the correlation structure of interdependencies confirms the hypothesis that fiscal stability and debt sustain-
ability of the EU countries are directly related to the success of implementing the principles of the circular economy.
Increasing the level of circularity helps to reduce debt risks and creates a new model of economic governance in which
environmental efficiency becomes a key factor in the financial sustainability of states. This approach is in line with the
provisions of the European Green Deal and the targets of the EU Competitiveness Compass 2030, which define green fiscal
consolidation as a strategic tool for strengthening the European economy.
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Regression modeling and scenario forecasting of the EU debt sustainability until 2030

An econometric model based on panel data from 27 EU member states for 2014-2024 is used to make a reasonable
forecast of the debt sustainability of the European Union's public finances. The study uses official statistical materials such
as the Debt Sustainability Monitor 2024 (European Commission, 2024), the Sustainability of Public Finances Index 2025
(European Parliament, 2025), the Circular Economy Indicators and Monitoring Framework (European Commission, 2025),
and the Government Finance Statistics and Debt Indicators database (Eurostat, 2025). The sample covers key macro-fiscal
indicators, such as the share of public debt in GDP, the fiscal sustainability index (further — SFI), and the level of circularity
of the economy. The indicators were normalized in accordance with a single Eurostat methodology, which ensured a
correct comparison in time and space.

The sign of the coefficients is in line with expectations: an increase in debt has a negative impact on the sustainability of
public finances, while an increase in circularity has a positive effect (Table 4).

Table 4. Regression estimation results of the SFI for EU countries, 2014-2024. (Sources. European Commission (2024); European Parliament
(2025); European Commission (2025); Eurostat (2025))

Indicator Coefficient estimate Standard error t-statistic P-value
Constant 0.840 0.060 14.0 <0.001
Debt (% of GDP) -0.0024 0.0006 -4.0 <0.001
Circularity (%) +0.0150 0.0040 3.8 0.0002
R2 (within) 0.72
N observations 297

The results show that the model explains 72% of the variation in the fiscal sustainability indicator, which is a high level for
panel macroeconomic data. Given an average debt burden of 82.5% of GDP and a circularity rate of 12%, which is typical
for the EU in 2024, the model estimates fiscal sustainability at 0.822 points. This corresponds to a moderately stable state
of public finances, which tends to gradually improve due to structural adaptation to EU environmental policy.

For scenario forecasting until 2030, three development models were formed based on the official strategic guidelines of
the European Union - the Compass for Competitiveness and the Net-Zero Industry Act (European Commission, 2025). In
the baseline scenario, if the current dynamics are maintained without significant structural changes in resource efficiency
policy, fiscal sustainability stabilizes at about 0.82 points (Table 5).

This demonstrates the potential strengthening of budgetary balance due to increased resource efficiency, reduced import
dependence, and increased revenues from domestic production. An additional effect is provided by the reduction of the
debt burden to 80% of GDP through the implementation of the “green consolidation” policy, which is consistent with the
analytical estimates of the OECD Economic Outlook 2024: Fiscal Sustainability and Green Transition (OECD, 2024).

Table 5. Projected parameters of debt and fiscal sustainability of the EU-27 by 2030. (Sources. Authors' calculations based on European Com-
mission (2024, 2025); European Parliament (2025); OECD (2024),; Eurostat (2025))

Indicator

2024 (baseline)

2030 (inertia scenario)

2030 (24% circularity)

2030 (24% circularity
+ 80% debt)

Debt (% of GDP) 82.5 83.0 83.0 80.0
Circularity (%) 12 12 24 24
SFI (estimated) 0.822 0.821 0.984 0.996

The projected values show that the effect of increasing the circularity of the economy is significant even without additional
measures to reduce debt pressure. In countries with a high level of green innovation (the Netherlands, Sweden, Denmark),
the SFI index has already improved above 0.9 in the medium term, which confirms the systemic impact of circular reforms
on financial sustainability (European Commission, 2025). Instead, countries with a low level of circularity (Romania, Bul-
garia, and Greece) remain in the zone of fiscal vulnerability due to structural inefficiencies in spending and the slow
implementation of resource-efficient development models.

Scenario forecasting until 2030 confirms that the sustainability of EU public finances is closely linked to progress in imple-
menting the European Green Deal. The institutional integration of environmental policy and debt management forms a
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new model of fiscal stability, in which economic modernization is combined with environmental responsibility. Thus, pro-
vided that the EU's strategic guidelines to double the level of circularity to 24% and reduce the debt burden to 80% of
GDP are met, the fiscal sustainability index can reach optimal values, which corresponds to the state of structural equilib-
rium and minimization of macrofinancial risks within the framework of the EU's common debt policy.

The results of the regression modeling confirmed the hypothesis that the fiscal sustainability of the public finances of the
European Union countries is determined not only by the level of debt burden, but also by the scale of development of the
circular economy. The negative sign of the coefficient for the debt/GDP variable (-0.0024) indicates that an increase in
public debt reduces the sustainability of public finances, while the positive coefficient for the circularity indicator (+0.015)
demonstrates its stimulating effect. Thus, the hypothesis that the environmental modernization of the economy is a factor
in improving fiscal balance and debt discipline has been fully empirically confirmed based on EU panel data for 2014-2024.

Summarizing the results of the scenario forecasting, it was found that if the EU strategic guidelines for doubling the level
of circularity to 24% and reducing the debt burden to 80% of GDP by 2030 are implemented, the fiscal sustainability index
can reach the level of 0.996, which corresponds to the state of structural equilibrium of public finances. This shows that
the transition to “green consolidation” is the most effective debt policy trajectory that can ensure the simultaneous achieve-
ment of economic stability, environmental efficiency, and reduction of macrofinancial risks within the new model of sus-
tainable development of the European Union.

DISCUSSION

The results confirmed the research hypothesis that the fiscal sustainability of the European Union countries is a function
of the interaction between the level of public debt, the quality of debt management, and the institutional implementation
of the principles of the circular economy. The analysis shows that countries with more transparent financial systems and
effective fiscal rules demonstrate lower debt burdens and higher fiscal stability. Similar results are in line with the findings
of Pjani¢ et al. (2020), who found that macroeconomic predictors of public debt significantly depend on the structural
characteristics of the economy, membership in a monetary union, and fiscal policy coherence among EU countries.

This can, therefore, be compared to the findings of Rexhepi and Zeqiraj (2023) — there is a threshold effect in the debt
burden: when public debt as a share of GDP exceeds 90-100%, economic growth slows down, and fiscal stability weakens.
Our calculation fully confirms this pattern, revealing a decrease in the index of sustainability of public finances for countries
with debt ratios above the threshold value. At the same time, apart from acceptable values, debt policy remains one of
the stable instruments that is consistent with a hypothesis about nonlinearity between two variables: debt burden and
fiscal sustainability.

Psekota et al. (2025) constructed a composite index of fiscal sustainability from selected annual and quarterly variables
for the EU countries. Their results show that the size of the shadow economy is closely correlated to fiscal discipline among
the member states of the EU. In their words, “the growth of the informal economy erodes the budget revenue base and
reduces the ability of governments to service their debt without increasing deficits.” Our results confirm this thesis: coun-
tries with more transparent budget flows perform better on our composite index of fiscal sustainability and have lower
debt risks. This implies that institutional quality is a key factor in supporting financial stability.

The green aspect of debt is still one component in the larger framework of sustainable development. “Climate risks and
environmental issues are increasingly determining trajectories of public finance”, Seguin (2024). Countries' energy decar-
bonization and circular economy policies reduce the cost of energy through efficiency in public investment, hence a process
where debt profiles become strongly linked to such policies. This is fully consistent with our result that an increase in the
circularity ratio brings about an increase in the fiscal sustainability index for EU countries.

Staviarska (2023) finds institutional mechanisms of fiscal control in debt discipline. She argues that national and suprana-
tional fiscal rules that help contain deficits while increasing the transparency of public finances and demonstrating confi-
dence to investors by all means support her thesis. This article partially supports this thesis: countries that have imple-
mented the revised EU Fiscal Framework show more stable debt dynamics, as well as lower volatility of their debts.

Further evidence is provided by Przekota, Kowal-Pawul, and Szczepanska-Przekota (2025), who show that the scale of the
shadow economy acts as a structural constraint on fiscal sustainability within the European Union. Their empirical results
indicate that a larger informal sector systematically weakens the tax base, delays fiscal consolidation, and increases the
vulnerability of public finances to debt-related shocks. These findings align with the patterns identified in our analysis:
countries characterised by higher institutional transparency and more advanced digital tax administration exhibit stronger
fiscal-sustainability scores and more stable debt trajectories.
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An additional dimension of fiscal sustainability under crisis conditions is highlighted in Petrukha et al. (2025a), who analyze
the functioning of state budget systems within a wartime economy and identify key post-war recovery triggers. Their
findings indicate that extreme external shocks fundamentally restructure fiscal priorities, leading to a temporary expansion
of debt-financed expenditures combined with the introduction of adaptive budgetary instruments aimed at maintaining
economic resilience. Importantly, the authors emphasize that post-war recovery strategies play a decisive role in shaping
long-term debt trajectories, as they determine the balance between reconstruction needs and fiscal discipline. This per-
spective complements the present study by reinforcing the argument that sustainable debt policy must incorporate not
only macroeconomic and environmental factors, but also crisis-response and recovery-oriented mechanisms as integral
components of modern fiscal governance.

This line of reasoning is further developed in Petrukha et al. (2024) and Petrukha et al. (2025b), who provide a detailed
analysis of the transformation of public debt dynamics and budgetary architecture in Ukraine under conditions of extreme
economic disruption. Their findings indicate that debt management systems in such environments acquire a new structural
configuration, characterized by increased reliance on external financing, heightened fiscal centralization, and the expansion
of state intervention mechanisms. In particular, Petrukha et al. (2025b) demonstrate that military actions lead to a pro-
found restructuring of the state budget, where defense and social expenditures dominate, while traditional fiscal equilib-
rium criteria become temporarily secondary. At the same time, Petrukha et al. (2024) emphasize that these transformations
generate a new model framework of debt management, in which sustainability depends on the ability to balance short-
term stabilization needs with long-term recovery objectives. This perspective reinforces the conclusions of the present
study by showing that fiscal sustainability in modern conditions should be interpreted as a dynamic and adaptive process,
shaped not only by macroeconomic and environmental factors but also by the structural effects of crisis and post-crisis
transformations.

The environmental dimension of debt sustainability is also receiving growing attention in recent research. Seghini (2024)
highlights that climate-related risks have become a determining factor shaping sovereign debt dynamics by influencing
expenditure structures, investment priorities, and long-term growth potential. According to this review, EU member states
that advance more rapidly in decarbonisation and circular-economy policies tend to display more resilient debt profiles and
reduced exposure to macro-financial volatility. This observation is entirely consistent with our empirical findings, which
show that increases in the circularity rate are associated with higher fiscal-sustainability index values, suggesting that
environmental modernisation functions as an integral component of long-term financial stability.

The debt sustainability of European Union member countries is maintained in three main aspects: fiscal, institutional, and
environmental. Environment-related aspects include the accelerated implementation of a circular economy to attain long-
term macro-financial stability through a coordinated debt policy with budgetary control mechanisms and macrofinancial
stability. Thus, this study provides policies combining sound decision-making principles aimed at increasing environmental
efficiency, modernization, and sustainability in the EU economic policy, even under global uncertainty in the case of shocks.
There remain urgent improvements needed on the debt architecture while enhancing financial institutions' role in sustain-
ably developing the European Union.

Among the limitations of the study are differences in the methodology for calculating fiscal sustainability indicators between
member states, which may affect the comparability of results, as well as insufficient unification of data on the environ-
mental impact of debt programs. At the same time, the findings are representative of developing analytical guidelines for
the future financial policy of the European Union.

CONCLUSIONS

The article gives exact numbers which show that fiscal sustainability in successful debt management, together with public
debt levels in the EU and the speed of circular economy integration, are directly connected to this. Between 2014 and
2024, the EU debt ratio on average declined from about 86% to 81% of GDP, while the aggregate indicator for fiscal
sustainability increased by about 15%. This hints at a gradual strengthening of macro-fiscal stability over this period. The
positive development was accompanied by an increase in the share of the circular economy in total economic activity from
10% to12%, reflecting ecological transformation that is increasingly linked to financial sustainability.

The results of the correlation and regression analysis confirmed the medium-high strength of the relationship between the
level of public debt and the fiscal sustainability index (correlation coefficient r = -0.63), as well as the positive relationship
between the circularity indicator and fiscal stability (r = 0.58). This means that reducing the debt burden and expanding
investments in green sectors contribute to the efficiency of fiscal policy and the stability of the financial system. According
to the regression model, a one percentage point increase in the circularity ratio increases the fiscal sustainability index by
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0.015, while a ten percentage point increase in debt reduces it by about 0.024. In the scenario forecasting until 2030, it
was found that with a doubling of the circularity rate to 24 percent and a reduction in debt to 80 percent of gross domestic
product, the public finance sustainability index could increase to 0.98-1.00 points, which corresponds to a state of structural
equilibrium.

The novelty of the study lies in the quantitative confirmation of the dependence between debt, fiscal, and environmental
parameters, which allows for an integrated assessment of financial stability through the prism of green transformation.
The practical significance lies in the possibility of applying the results obtained to improve debt policy, update fiscal rules,
and form a balanced public financial management system within the framework of the new Seven-Year Financial Plan of
the European Union for 2028-2034.

Further research should focus on building integrated econometric models that take into account the impact of military
spending, energy subsidies, and climate investments on debt sustainability, as well as analyzing the impact of Next Gen-
eration EU instruments and new green finance mechanisms. A promising direction is the creation of a single European
green debt index, which will allow combining macro-financial and environmental goals within the framework of the Euro-
pean Union's 2030 sustainable development strategy.
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6e3nekn Ta iHaHCOBOI CTabiNIbHOCTI B yMOBax 3poCTaHHs ickanbHuX ancbanaHcis, cnpuunHeHnx Hacnigkamm COVID-19,
BOEHHUMW BUTPaTaMu Ta EHEPreTUYHOI0 KPU3010, a TaKoX NPOCYBaHHS CTPYKTYPHWUX pedOopM BiANOBIAHO 4O NpiopuUTeTiB
3eneHoro Kypcy. [JocnimKeHHs OUIHIOE, YN CNpUsIlOTb AepxaBHWIM 60pr i gickanbHa NoniTMKa BUHUKHEHHIO ickanbHOT
HECTIMKOCTI, @ TaKOoX aHani3ye BMMB PO3BUTKY LIMPKYNSIPHOI EKOHOMIKM Ha 3MilHEHHS AepxaBHuUX (iHaHciB. HaykoBa
HOBW3Ha JOCNIMKEHHS Monsrae B po3pobui iHTerpoBaHOI eKOHOMETPUYHOI MoZeni, WO OAHOYacHO BPaxXOBYE B3AEMOZI0
LiepxaBHoro 6opry, dickanbHOI CTIMKOCTI Ta NOKa3HWKIB LIMPKYNSIPHOI eKOHOMIKW. Ha BiaMiHy Bia icHytoumMX migxozis, siki
aHani3yloTb Ui (hakTopK i30/1b0BaHO, 3anponoHOBaHa MoAesb 3abe3neyye iX KOMMIEKCHY KifIbKiCHY OLHKY B MeXaX eKo-
HOMiYHOI cucTemn E€aponelicbkoro Cotosy. MeTo0M0rYHOK OCHOBOK € CUCTEMHUI IHCTUTYLLIOHANbHWIA EKOHOMIYHWI aHa-
Ni3, Wo 6a3yeTbca Ha odiliiHMX cTaTUCTUYHKUX AaHux Eurostat i €EBponelicbkoi KOMicii, y NoeaHaHHI 3 EKOHOMETPUYHUM
mogenoBaHHAM. CueHapHe MpOorHo3yBaHHS MOKa3ye, WO 3@ YMOBW 3pOCTaHHS PiBHS LIMPKYNSAPHOCTI A0 24% i 3HWKEHHS
nepxaBHoro 6opry no 80% BBIM go 2030 poky iHaeKc dickanbHoI cTilikocTi Moxe gocsarti 0,98—1,00. OTpuMaHi pesyrnb-
TaTh 0brpyHTOBYIOTb HEOOXIAHICTb OHOBNEHHS (iCKanbHWUX MPaBw, YAOCKOHaNEeHHs 60proBoi MNoNiTYKM Ta hopMyBaHHS
36anaHcoBaHOi MoZeni ynpasniHHA Aep>XaBHUMK (iHaHCaMKM B Mexax ¢iHaHCoBOi pamkun €EC Ha 2028-2034 poku, AeMOH-
CTpytouu, Wwo diHaHcoBa CTabinbHICTb i ekonoriyHa TpaHchopMaLlis € B3aEMOAOMOBHIOBA/IbHUMM CKI1IaI0BUMM CTaNIoro po-
3BUTKY. MNpaKTUYHa UiHHICTb AOCNIIKEHHS NONSArAE B MOXJ/IMBOCTI BUKOPUCTAHHS OTPUMAHUX pe3ynbTaTtiB opraHamu aep-
)aBHOI Bnaau, iHCTUTyLisiMu €Bponelicbkoro Coto3y Ta MixkKHapoAHWMM (hiHAHCOBMMU OpraHizauisiMm aAns po3pobku edek-
TMBHOI 6OProBoi NONITUKM Ta iHTerpauii iIHCTPYMeHTIB 3eneHoi TpaHchopMaLlii 40 CMCTEMM MaKpOdiHAHCOBOrO YNpPaBiHHS.

KnrouoBi cnoBa: fepxaBHi (ny6iyHi) diHaHcK, CTilKicTb aepxxaBHUX diHaHciB, 6oprosa nonituka, 6oprosa (dickanbHa)
CTilKiCTb, €KOHOMiYHa MOJITUKA, LMPKY/sipHa E€KOHOMiKa, €BPOMEVCHKMA 3eMeHMin Kypc, eKosoriyHa TpaHcdhopmalis,

€Bponeicbknin Coto3, eKOHOMIYHA MoAepHi3aLlis

JEL Knacudikauia: H63, H62, E62
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