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CHALLENGES OF DIGITAL TRANSFORMATION
AND THEIR CONSEQUENCES FOR THE
FINANCIAL AND ECONOMIC DEVELOPMENT OF
EU COUNTRIES

ABSTRACT

Digital transformation shapes the current course of economic development in the Euro-
pean Union. It strengthens the competitiveness of economies and stimulates innovation
and labor productivity. However, digitalization also carries the risk of uneven develop-
ment between countries and sectors. Issues of digital maturity, security, and sustaina-
bility are particularly important. The aim of this study is to provide an in-depth analysis
of the challenges arising from the digital transformation for the European Union econ-
omy. It also assesses the impact of digitalization on financial and economic develop-
ment. The study covers technological, institutional, social, and financial aspects of dig-
italization. The methodology is based on statistical, econometric, and scenario analysis.
Panel models, the DSGE approach, and system dynamics modeling were used.

The significant positive impact of digitalization on the economic growth of the Member
States was revealed. The acceleration of labor productivity due to the introduction of
modern digital technologies was analyzed. The emergence of a digital core between the
countries of Northern and Western Europe was investigated. The existence of digital
asymmetry between different Member States of the European Union was confirmed.
The connection between digital transformation, innovation, and sustainable economic
development was established. The positive impact of digital maturity on the macroeco-
nomic competitiveness of countries was investigated. The existence of threshold effects
of digitalization on economic efficiency was emphasized. Prospective scenarios for the
digital development of the European Union until 2030 are proposed.

This study confirmed the systemic nature of the digital transformation of the economy.
Digitalization is a significant driver of economic growth and convergence. However, the
risk of digital inequality and technological dependence remains. The effectiveness of
these transformations depends on the institutional capacity of countries and invest-
ments. Developing digital skills among the population and infrastructure remains a pri-
ority, although cybersecurity, innovation, and coordinated digital policies are also im-
portant.

Keywords: innovative technologies, digital maturity, human capital, infrastructure,
cybersecurity, DTI index, DSGE model, System Dynamics model, competitiveness,
development asymmetry
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INTRODUCTION

The European Union is confronted with the challenges of digital transformation, shaping
economic change, as its Member States are required to adopt digital technologies in the
management of their production systems and in their financial and social operations.
Digitalization is essential for European economies to maintain stability and competitive-
ness amid increasing international competition, the transformation of global value
chains, and the rising importance of innovation. The development of the single Euro-
pean market is seriously hampered by the fact that Member States are at different
stages of digital maturity, and firms have differing financial means and scarce human
resources.
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This investigation calls for a detailed evaluation of the influence of digitalization on the economy, as the effects of novel
technologies determine not only the development of business models and innovation opportunities, but also the European
Union’s response to crises and its efforts to maintain economic growth. Digital transformation promotes market integration
but also introduces new security threats and risks to technological independence and fair development.

The relevance of the study is due to the growing role of digitalization in the economic development of countries. Digital
transformation ensures the competitiveness of economies in the face of global challenges. It promotes innovation, produc-
tivity, and sustainability of economic systems of states. At the same time, there are significant differences in digital maturity
between European countries. Such disparities hinder integration and increase the economic asymmetry of states. Digitali-
zation creates new opportunities for the development of business and finance. At the same time, the risks of cybersecurity
and technological dependence of EU countries are increasing. Therefore, the study of digital transformations is gaining
special scientific and practical significance today.

The digital economy in the EU is at a critical juncture, presenting both promising prospects and dangerous threats that
affect economic sustainability and productivity growth. The EU faces difficulties in implementing its strategic goals for the
“Digital Decade 2030", as digital transformation creates opportunities for market integration but also raises security risks,
challenges technological independence, and poses challenges to inclusive development. The scientific community and
public policymakers need to study the challenges of digital transformation that affect EU economic performance, as the
digital economy is at a critical juncture between opportunities and threats.

Despite extensive scientific contributions, several important issues remain insufficiently explored. Existing studies rarely
integrate digitalization, sustainability, innovation, and resilience simultaneously. Limited attention addresses combined
effects of digital maturity and institutions. Insufficient evidence exists regarding threshold effects within European digital
convergence. Existing research seldom evaluates long-term interactions between digitalization and sustainability. Scenario
modeling of digital transformation consequences remains fragmented across studies. Therefore, this article examines these
gaps through integrated analytical approaches.

LITERATURE REVIEW

The dynamics of digital transformation have become a key determinant shaping the path-dependent financial and economic
development patterns of EU countries. Modern digital technologies influence production systems, financial markets, tax
administration, labor productivity, energy management, and institutional governance. With the rapid expansion of artificial
intelligence, cloud computing, blockchain systems, fintech applications, and digital government, it is clear that digitalization
is no longer a technological trend but rather a strategic pillar of economic competitiveness and macro-financial stability.

A considerable number of researchers have analyzed the relationship between digital transformation and economic growth
within the European Union. In particular, Andrei J. V., Chivu L., Sima V., Gheorghe I. G., Nancu D., and Duica M. investi-
gated the processes of digital convergence and divergence within the EU economy and demonstrated that significant
asymmetries remain between member states despite the gradual strengthening of digital integration processes (Andrei et
al., 2023). Their econometric analysis confirmed that less digitally developed countries continue to experience structural
barriers in achieving technological convergence.

The relationship between digital transformation and economic growth was also investigated by Olczyk, M., and Kuc-Czar-
necka, M., who analyzed the influence of DESI indicators on GDP per capita dynamics in EU countries (Olczyk & Kuc-
Czarnecka, 2022). The researchers proved that digital transformation positively affects economic growth, especially in
countries with lower initial levels of economic development. In contrast, connectivity and digital public services remain
decisive components of digital modernization.

Torok L. examined the relationship between digital development and GDP growth using the International Digital Economy
and Society Index (I-DESI) (T6rok, 2024). The researcher concluded that digitally developed countries demonstrate
stronger macroeconomic performance and higher competitiveness, while economically weaker member states risk increas-
ing technological backwardness.

Researchers Varzaru A. A., Bocean C. G., Simion D., Berceanu D., and Mangra M. G. analyzed the interaction between
digital transformation, sustainability, and government revenues in the European Union (Varzaru et al., 2023). Their re-
search confirmed that countries with higher DESI indicators and stronger sustainability performance achieve higher gov-
ernment revenues due to more efficient fiscal systems, digital public administration, and innovation-driven economic struc-
tures.
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Another group of researchers investigated the impact of digital transformation during the COVID-19 pandemic. Pisar P.,
Hunady J., Khawaja S., and Qureshi F. H. investigated the extent of digital readiness in EU states pre- and intra-pandemic
(Pisér et al., 2024). Their results revealed that countries with more advanced digital infrastructure and more technologically
sophisticated firms adjusted better to crisis environments, while underdeveloped nations still faced significant digital di-
vides.

Hence, the scientific literature, including early drafts devoted to these topics, is influenced by digital intensity, artificial
intelligence, and emergent technologies. Mihai F., Aleca O. E., and Gheorghe M. explored the effects of Artificial Intelli-
gence, Cloud Computing, IoT technologies, and Machine Learning solutions on the Digital Intensity Index (DII) of EU
companies (Mihai et al., 2023). They demonstrated, through regression analyses, that Al-based technologies have a pos-
itive effect on the digitalization of organizations and on the efficiency of their operations.

The role of digital transformation in employment restructuring and technologically advanced sectors was investigated by
Sobczak E. (Sobczak, 2025). The researcher demonstrated that digital transformation supports employment growth in
knowledge-intensive services and stimulates innovation-oriented economic modernization. At the same time, the study
revealed substantial differences among EU countries in employment structures in high-tech and medium-high-tech sectors.

An important direction of scientific discussion concerns financial innovation and digital finance. Naeem M. H., Subhan M.,
Alam Md. Sh., Al-Faryan M. A. S., and Yameen M. analyzed the role of financial innovation in economic growth across
developed and developing economies (Naeem et al., 2023). Their empirical findings confirmed that financial innovation
and digital financial instruments positively affect economic growth by improving access to capital, increasing market effi-
ciency, and enhancing financial inclusion.

The transformation of the financial system under digitalization was also investigated by Boros E. and Horvath M., who
studied the development of Central Bank Digital Currencies in the context of geopolitical transformation and financial
modernization (Boros & Horvath, 2022). Their conclusions indicate that CBDCs may become a key instrument of future
financial sovereignty and monetary system transformation.

N. A. Kyriazis and L. M. Economou studied the geopolitical risks and the transition to decentralized financial systems
(Kyriazis & Economou, 2025). Their results showed that geopolitical uncertainty accelerates the maturation of decentralized
finance (DeFi) technologies and other digital financial instruments.

El Khoury R., Nasrallah N., Hussainey, K. and Assaf R. analyze the interaction among fintech markets, ESG frameworks,
and the renewable energy industry amid the Russia—Ukraine war (El Khoury et al., 2023). The authors also found high
spillovers among digital finance, sustainability measures, and the renewable energy market during a period of geopolitical
tension.

The geopolitical aspects of digital finance in European financial governance were studied by Quaglia, L., and Verdun, A.
(Quaglia & Verdun, 2023). Their work has illustrated how financial sanctions, digital payment infrastructure, and central
banking systems serve as tools for economic security within the EU.

There is also significant scientific research on the connection between digital transformation and sustainability. The article
by Karadayi-Usta S. examines whether the European Union’s practices for realizing sustainability through digital transfor-
mation constitute a cargo cult and finds that digital technologies promote resource efficiency, policies conducive to a green
transition, and economic modernization that supports sustainability.

The ESG-firm performance-financial stability nexus was studied by Bruno C. C. and W. J. Henisz, who studied ESG perfor-
mance and municipal credit risks (Bruno & Henisz, 2024). They concluded that governance mechanisms that favor sus-
tainability enhance financial resilience and reduce the long-run risk of economic activity.

Geopolitical tensions and wars are the subject of investigation in the literature regarding their effects on financial markets.
Wang, Zh., Liu, Sh., Wei, Yu., Wang, Sh. investigated the effect of wars on financial assets in the Russia—Ukraine war and
showed that geopolitical shocks generate pronounced asymmetries in the financial market (Wang et al., 2023). Pandey D.
K. has also examined the evolution of the war-financial market literature and noted a rising scholarly concern with geopo-
litical risk, policy uncertainty, and their impact on the stock market, banking systems, and investment decisions (Pandey,
2023).

Ukrainian scientists have also made a significant contribution to the study of the digital transformation of financial and
economic development. In particular, scientists Shevchenko, I., and Ukhova, N. propose a phased integration model that
includes technical stabilization, functional adaptation, and deep integration of Ukraine into the single European digital
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space as a factor in modernizing the economy and strengthening economic security (Shevchenko & Ukhova, 2025). Scien-
tists Dluhopolskyi, O., Pakhnenko, O., Lyeonov, S., Semenog, A., Artyukhova, N., Cholewa-Wiktor, M., and Jastrz, ebski,
W. even analyzed the impact of the COVID-19 pandemic on the development of digital financial inclusion in the world by
constructing an integral index of digital financial inclusion based on the Global Findex Database data (Dluhopolskyi et al.,
2023).

Many authors argue that digital transformation has implications not only for the technology industries but also for the
entire institutional structure of the European economy. The literature review suggests that digitalization supports produc-
tivity growth, labor market flexibility, reduced transaction costs, and technology-driven development. Simultaneously, ex-
perts warn that digital transformation is increasing cybersecurity-related risks, technological dependence, and the risk of
economic disintegration among EU member states.

The scientific evidence shows that human capital remains a key determinant of successful digital transformation. The
agents of change identified in the research as driving the pace of technological uptake and economic modernization were
digital skills, technological literacy, and an education system focused on innovation.

Sovereign technology in the European Union is another significant subject of scientific scrutiny. Researchers highlight that
reliance on foreign semiconductors, digital platforms, cloud infrastructure, and external technological systems, for that
matter, generates strategic vulnerabilities for the EU economy. As such, the scientific literature increasingly supports the
imperative to bolster national innovation ecosystems, cybersecurity systems, and strategic technology industries.

Hence, the literature review indicates that digital transformation has multidimensional effects on economic and financial
growth in EU countries. The literature supports the assertion that digitalization creates expanded opportunities for eco-
nomic growth, innovation, fiscal modernization, financial stability, industrial competitiveness, and sustainable development.
Simultaneously, this digital transformation creates serious challenges, including digital divides, geopolitical instability, cy-
bersecurity threats, labor-market restructuring, technological dependency, and regional disparities. The literature suggests
that the European Union’s future ability to remain competitive and sustain its economy will be largely determined by how
effectively the Member States can combine technological upgrading with institutional reforms, investments in human cap-
ital, a harmonized EU digital agenda, and a coherent strategy for economic governance.

AIMS AND OBIJECTIVES

The purpose of the study is to conduct a comprehensive analysis of the challenges of digital transformation and to assess
their impact on the financial and economic development of the European Union’s countries, amid increasing technological
competition, geopolitical instability, and differentiated levels of digital maturity among Member States.

In accordance with the stated objective, the following main tasks were identified within the research framework:

1. To study the theoretical and methodological principles of digital transformation in the conditions of modern global
challenges of the economy and technology development.

2. Toidentify the impact of digitalization on the financial and economic growth of the countries of the European Union.To
identify the key directions and instruments of digital transformation, including artificial intelligence, cloud
technologies, blockchain systems, fintech innovations, and digital public governance.

3. To assess the differentiation of digital maturity among EU Member States and determine its impact on economic
competitiveness and macroeconomic dynamics.

4. To evaluate the role of human capital, digital competencies, and innovation ecosystems in accelerating digital
transformation processes.

5. To define the main risks and threats to the physical and digital environments, including cybersecurity issues, reliance
on technology, infrastructure challenges, and regional digital divides.

6. To assess the effects of geopolitical uncertainties, post-pandemic transformations, and external pressures on digital
and financial resilience in the European Union.

7.  To substantiate strategic directions for improving EU digital policy aimed at strengthening technological sovereignty,
sustainable economic growth, and the integration of Member States into a unified digital economic space.
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METHODS

An advanced general scientific method was employed, including quantitative, comparative, econometric, and analytical
methods to examine the challenges of digital transformation and its impact on the financial and economic development of
EU countries. The methodological platform was developed in light of the multifaceted nature of digitalization processes
and the need to integrate technological, institutional, financial, macroeconomic, and geopolitical factors into a coherent
analytical framework.

The empirical basis of the research includes statistical and analytical data from Eurostat, the European Commission, the
DESI Dashboard for the Digital Decade (DESI), IMF databases (IMF Dattamapper), and official reports of EU institutions
(Eurostat) covering the period 2010-2025. The study examines indicators characterizing digital maturity, artificial intelli-
gence implementation, enterprise digital intensity, electronic information exchange, cloud technology adoption, innovation
activity, labor productivity, cybersecurity preparedness, and macroeconomic competitiveness across EU Member States.

The study employs comparative analysis methods to evaluate asymmetries in digital development among Northern, West-
ern, Central, and Eastern European countries. Statistical grouping and structural analysis were used to classify EU countries
by digital readiness, digital infrastructure development, and technological competitiveness. Special attention was paid to
the analysis of digital inequality between highly developed and less digitally integrated economies.

Econometric analysis was conducted using panel data models to identify the relationship between digital transformation
indicators and macroeconomic variables. Fixed- and random-effects models were applied to assess the influence of digi-
talization on GDP growth, labor productivity, innovation performance, and financial sustainability. Dynamic relationships
between digital investments and economic development were further examined using panel regression and comparative
trend analyses.

The research also incorporates elements of DSGE modeling and System Dynamics analysis to evaluate long-term effects
of digital transformation on economic systems under conditions of technological and geopolitical uncertainty. The DSGE
approach enabled the incorporation of digital capital, technological shocks, and innovation into macroeconomic analysis.
At the same time, the System Dynamics method was used to model feedback mechanisms among digital infrastructure,
productivity growth, human capital, and economic resilience.

A separate component of the methodology involved graphical and comparative analysis of DESI indicators and enterprise
digitalization metrics across EU countries. The study analyzed indicators related to enterprises’ use of artificial intelligence,
the digital intensity of small and medium-sized businesses, and electronic information exchange systems. These indicators
enabled the identification of the degree of enterprises’ digital integration into the European digital market and the deter-
mination of the structural barriers limiting digital transformation in less developed Member States.

The research additionally applies elements of scenario analysis to assess possible trajectories of digital transformation in
the European Union. Alternative development scenarios were considered depending on the pace of Al implementation,
investment in digital infrastructure, institutional coordination, cybersecurity capacity, and the effectiveness of EU digital
policies. Such an approach enabled the identification of both opportunities and systemic risks associated with accelerated
digitalization processes.

The combination of comparative analysis, econometric modeling, statistical assessment, DSGE and System Dynamics ap-
proaches, and scenario forecasting enabled the development of a comprehensive analytical framework to evaluate the
challenges of digital transformation and their consequences for the financial and economic development of European Union
countries.

RESULTS

The digitalization processes of the EU economy determine both the speed of recovery from the crisis and the direction of
future economic development. The emerging digital structure of economic operations uses technological innovations to
stimulate economic growth by increasing production flexibility and labor productivity. Deepening the process of digital
transformation enables scientific research and investment in modern technological achievements, creating a double ad-
vantage: technological superiority and financial stability amid global economic instability.

The rate of digital change necessitates greater investment in science and technology R&D, since this activity lays the
technological foundation for future growth. A strong, innovative activity contributes to the renewal of production processes
and products, as well as to the improvement of the market position of global firms. Digital transformation thus leads to a
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lopsided development pattern across regions and nations: some regions embrace digital trends immediately, while others
are held back, exacerbating internal economic disparities.

Digital solutions have protected humerous European businesses from collapse in times of limited mobility and supply chain
disruptions. New-generation industrial facilities operate 24/7, using automated systems and remote work. The e-commerce
market has experienced rapid growth, demonstrating its ability to adapt quickly to changes in behavior.

The digital revolution is significantly affecting how states pursue their economic policies. Governments are adopting policies
to shape a start-up culture, focusing on building digital infrastructure and driving industrial transformation. A new pattern
for the innovation ecosystem is taking shape from this vision through collaboration among the government, business,
and the scientific sector. These processes are enhancing technology take-up in regional economies, and thereby expanding
pan-European economic potential.

Digital transformation improves global value chain integration, but stronger economic self-protection is required. Invest-
ment in research, citizens’ digital skills, and innovation-intensive sectors is now among the most significant metrics of the
EU’s potential future economic success. Digital preparedness has a significant bearing on its ability to withstand external
shocks as it transforms its economy to perform in new market conditions. The EU economy reveals stark contrasts in the
impact of the digital transformation across its diverse business sectors. Integration of automation technologies with intel-
ligent manufacturing systems enables cost reduction in manufacturing processes in a stable production environment, even
during worldwide crises. Using artificial intelligence, robotics, and 3D printing technology enables businesses to better
respond to uncertain external conditions while retaining operational flexibility. Innovation in the EU is primarily supported
by industry, which applies those solutions to achieve higher modernization rates. Confidence in the enviable stability of
the financial sector has been achieved through digitalization, by providing more remote banking services and electronic
payment systems at a time when markets are very volatile. The development of fintech solutions has democratized financial
services, enabling companies to develop new lending, investment, and insurance models. The financial industry is a shining
example of how digital infrastructure can contribute to economic stability, mitigating risk and supporting business conti-
nuity.

The energy industry is adopting smart grids and digital transformation to track usage and enhance resource utilization.
The EU is very fond of digital solutions to enhance energy efficiency and renewable energy systems. Source: Fossil fuel
subsidies in the EU: Could more efficient use of digital tools foster better policy-making? Digital solutions enable improved
demand forecasting, which can help prevent energy system instability and enhance overall stability.

Fueled by the expansion of online shopping and the development of remote work tools, the service industry has been
digitally transformed. Rapidly adapting to market disruption, such companies’ growth in the digital marketplace is. Digital-
ization has opened new avenues for interacting with customers, leading to the creation of effective earning models that
are also useful in global emergencies.

A number of the differences in the pace of recovery from the crisis can be explained by how well each sector was digitally
enabled. The industrial and financial sectors demonstrate the most significant progress, but the energy and service sectors
face numerous internal barriers due to the need for modernization and infrastructure development. All economic sectors
of the EU show a common trend of increasing investment in innovation and technological progress, which in turn stimulates
their economic indicators. Digital transformation has become a key driver of the European Union’s economic dynamics.
The EU countries measure the Digital Economy and Society Index. As is known, a 10% increase in the overall DESI index
is associated with a 0.65% increase in GDP per capita, confirming a direct positive relationship between the level of
digitalization and macroeconomic indicators. This effect is especially pronounced in countries with lower digital maturity,
where the potential return on investment in technology is much higher than in countries that lead in digital technology
development.

Digital transformation in EU countries is driven not only by technological innovations but also by large-scale institutional
and socio-economic shifts.

The integration of digital solutions into production and financial systems increases productivity, creates new sectors of the
economy and transforms business models, while also aggravating cybersecurity problems and regulatory challenges.

The EU Member States must quickly adapt their economies to new digital tools, or their economic performance will suffer.
The influence of artificial intelligence, the Internet of Things, blockchain and cloud platforms on the enterprise environment
drives innovation, strengthens competition among SMEs and enhances e-commerce. The EU faces the threat of economic
exclusion, as rural and poor areas have limited access to digital infrastructure.
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Current economic stability during global crises largely depends on digitalization as a key factor, namely, the creation of
digital diversity of the population. The rapid pace of change requires an assessment of the regulatory system, since the
current rules do not meet the requirements for fast remote services, leading to reduced costs while accelerating market
modernization and expanding service availability in line with technological evolution.

The EU digital economy has significant potential for growth through innovation, but the effectiveness of its implementation
depends on combining technological advances with inclusive development and the protection of citizens’ socio-economic
interests. Harmonization of EU Member States' policies in the field of digital transformation and the strengthening of the
common market for digital services are considered key conditions for ensuring sustainable economic dynamics.

The assessment of EU digital transformation reveals a strong relationship between digital infrastructure, the innovation
environment, and the competitiveness of Member States’ economies. The mass adoption of digital technologies results in
the transformation of business models, increased information exchange and reduced transaction costs, which in turn
stimulate gains in economic productivity. Three main effects have emerged from the digitalization process, including the
expansion of e-commerce, new platform business models, and integration into the international market.

The deepening of digitalization has led to the integration of enterprises into a single digital space within the EU, making it
one of the key drivers of growth. The economy now allows traditional sectors to adopt innovative methods that help them
enter new, undeveloped markets. The development of high-speed networks and the spread of artificial intelligence tools
lay the foundation for the so-called digital dividend, reflected in increased investment, employment, and improved service

quality.

The competitive advantages of EU countries depend on the level of readiness for implementing big data processing tech-
nologies, cloud solutions, and the Internet of Things. The gradual pace of digital transformation risks leaving individual
states behind European development trajectories, leading to unbalanced economic growth. That is why the key task of
economic policy is to ensure technological sovereignty, based on its own standards and principles that guarantee the
stability of infrastructure and the protection of information resources.

It is also worth noting that the socio-economic impact of the digital transformation in the EU is not confined to the
technology sector. They create a hew development base that makes competitiveness based on grounding innovation and
openness. The evolving digitized market leads to stable, shock-resilient, and internally turbulence-proof economic integra-
tion over time.

Let us look at the latest data from EU countries covering the digitalization of business structures. The first such indicator
is the use of AI by EU enterprises, which is discussed in Figure 1.
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Figure 1. Use of AI by enterprises in EU countries in 2024-2025, % of enterprises. (Source: calculated by the authors based on Eurostat)

Thus, the graph clearly shows significant differentiation between EU countries. In particular, the level of use of artificial
intelligence by enterprises in countries such as Romania, Poland and Bulgaria is 3-5%, and in Denmark, Sweden, Belgium,
the Netherlands and Finland it is 20-27%. The average value for the EU ranges from 12% to 14%, reflecting the gradual
introduction of Al into business processes. Over the past two years, there have been no significant crises that could
negatively affect the EU’s economic situation. Nevertheless, the effects of quarantine limitations stemming from the COVID-
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19 pandemic are still resonating, and the blatant impact of the full-scale invasion of Ukraine that has already lasted four
years is obvious.

So let us highlight the key reasons for the divergence in the adoption of Al in firms' business processes across EU countries.
Countries such as Denmark, the Netherlands, and Sweden have developed innovation ecosystems that provide substantial
funding for research and development, and support for startups. It should be noted that the level of digital skills in the
Scandinavian countries is significantly higher than in Eastern Europe, which affects companies’ ability to integrate new
technologies into the production process. High investment volumes in the countries of Northern (Denmark, Sweden) and
Western Europe (Netherlands, Belgium), which indicate access to project financing, contrast sharply with limited opportu-
nities in less developed economies.

It is also worth mentioning that public policies and strategies in national digital economy development programs, e.g.,
Finland and the Netherlands, promote the dissemination of Al technology. Thus, we note that in the leading countries in
terms of the level of implementation of AI, enterprises are already creating additional productivity, reducing production
costs, and new business models are emerging. On the other hand, in countries outside the Al industry, the low level of Al
implementation may become a factor in economic backwardness, as the productivity gap between enterprises across
countries will only grow in the near future. It should be noted that the dynamics of the AI implementation rate by enter-
prises of EU countries illustrate one of the global challenges of digital transformation, which is the uneven adaptation of
innovations between countries.

Another important indicator of the Digital Economy and Society Index is the presence of small and medium-sized busi-
nesses with at least a basic level of digital intensity in EU countries, as shown in Figure 2.
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Figure 2. Small and medium-sized businesses with at least a basic level of digital intensity in EU countries in 2024-2025, % of enter-
prises. (Source: calculated by the authors based on Eurostat)

Let us note the existing gap between EU countries in terms of the presence of small and medium-sized businesses with at
least a basic level of digital intensity. Namely, for countries such as Bulgaria, Romania, and Hungary, this indicator fluctu-
ates within 50%. In contrast, in Finland, Denmark, Sweden, and Belgium, we note the indicator at the level of 85-90%.
The average indicator for the EU exceeds 70%, indicating that most small and medium-sized enterprises integrate digital
tools into their operations. From this, the effectiveness of the EU policy on the digitalization of the economy (DigitalEurope
NextGenerationEU initiatives) is evident, and the EU is providing financial and technical support to small and medium-sized
businesses.

Let us pay attention to differences among EU countries in the context of this indicator’s analysis. In particular, the leaders
include Finland, Denmark, Sweden, Belgium, and the Netherlands, where the share of small and medium-sized enterprises
with basic digital intensity exceeds 85%. These countries maintain their leading positions thanks to a combination of
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progress in digital education and significant infrastructure investments. If the level of basic digital intensity fluctuates
between 65% and 75%, we can say that such countries belong to the middle group. This group includes Italy, Germany,
France, and Spain, where digital technologies are clearly implemented. The countries that are unconditional outsiders in
this indicator are Bulgaria, Romania, Hungary, and Slovakia, where only 45-55% of small and medium-sized enterprises
have achieved digital intensity. Let us note the main factors influencing the basic digital intensity indicator for small and
medium-sized enterprises in EU countries. First of all, we note the developed digital infrastructure (broadband Internet,
cloud solutions, e-commerce platforms). EU funding for small and medium-sized enterprises yields better development
outcomes for countries that use these resources effectively. The level of digital competences of the workforce directly
affects the ability of economic entities to integrate digital technologies; i.e., the potential of human resources is a significant
factor in the development of enterprises’ digital intensity. It should also be noted that national digital transformation
platforms in Western European countries are much more effective than in Central and Eastern European countries.

Based on a study of the dynamics of the indicator describing the basic level of digital intensity of small and medium-sized
businesses in EU countries, we determined that the global challenge of digital inequality threatens to increase the asym-
metry in the pace of economic development. The EU should increase funding for digital infrastructure to help small and
medium-sized enterprises access modern technological systems across all Member States with lower performance indica-
tors.

In addition, an important indicator of the Digital Economy and Society Index is the electronic exchange of information by
enterprises in EU countries, as shown in Figure 3.
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Figure 3. Electronic information exchange by enterprises in EU countries in 2024-2025, % of enterprises. (Source: calculated by the authors
based on Eurostat)

Therefore, this indicator is a key indicator of a business’s digital maturity and its integration into the internal digital market.
It determines how ready enterprises are to work in the format of the “digital data economy.” Organizations can increase
operational efficiency by using electronic document management systems, thereby reducing transaction costs. That is, this
directly affects the development of transparency and enhances enterprises’ competitiveness.

On average, the share of enterprises that exchange information electronically exceeds 40-45% across the EU, although
there is noticeable variation between countries. In general, there is a positive trend in business digitalization, though the
asymmetry is somewhat pronounced. Positive changes are inherent in state programs for digital transformation, the “Digital
Single Market” policy, and the development of e-government infrastructure.

The highest values of the indicator describing the electronic exchange of information among enterprises in EU countries
are observed in Denmark, Belgium, Sweden, Finland, and the Netherlands (about 60-70% of all enterprises). The obvious
reasons for the high results are the systematic development of electronic platforms and cloud services, strategic invest-
ments in digital infrastructure and cybersecurity, active use of e-governance, and high digital literacy of enterprise per-
sonnel.

Several EU countries can be classified as middle according to the indicator of electronic exchange of information between
enterprises. We are primarily talking about Germany, France, Italy, Spain, Portugal, Austria, and Greece. These countries
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demonstrate the indicator at 40-50%. Let us note the characteristics of the middle group of countries: large companies
focused on international trade, greater use of electronic information exchange by large businesses, and access to state
subsidies for the implementation of digital services.

The outsider countries, according to the indicator of electronic exchange of information between enterprises, are Bulgaria,
Romania, Croatia, Slovakia, and Hungary (less than 30-35%). The above-mentioned countries demonstrate a lower devel-
opment in the implementation of broadband Internet. In addition, during the monitoring, we observed limited investment
in implementing digital tools among small and medium-sized businesses. The growth of cyber threats has increased distrust
in electronic services in such countries.

The following are the factors that have the most impact on the overall situation of EU countries in the electronic information
exchange among enterprises. The EU policy (The Digital Europe program, The Digital Decade 2030) promotes a digital
technology development policy, though its effectiveness seems to vary from one country to another. The pandemic has
prompted the introduction of electronic document transfer in these digitally advanced countries. EU funding enables busi-
nesses across sectors to accelerate their digital transformation across multiple countries. Trust in digital technology and
the role of the state in guaranteeing digital security in EU countries may suggest that cultural and institutional sources of
influence are transforming.

Thus, electronic exchange of information between enterprises in the EU countries has already become the standard for
developed economies, although it is not without problems in Central and Eastern Europe. The process of digital transfor-
mation enables leading countries to enhance their competitiveness in development, while peripheral countries risk being
left behind the digital core. Therefore, the global challenge of digital transformation for the EU is not only the implemen-
tation of electronic tools but also overcoming the digital development asymmetry across countries, which will be crucial
for the EU’s future economic dynamics.

The last five years of digital transformation in European Union countries have shown how different models of economic
growth have emerged. There is a close connection between the growth of states’ digital maturity and their ability to achieve
higher GDP growth rates. The increasing penetration of digital technologies into business processes has been a major
driver of productivity growth, but has also highlighted gaps in the development of digital infrastructure across countries.
Those countries that have so far invested in digital skills and technology development, such as artificial intelligence, now
enjoy massive competitive advantages. Countries with weak policy coordination and limited financial resources have suf-
fered from shrinking economies.

Although the digital maturity of EU businesses is steadily increasing, their progress towards the Digital Decade 2030 targets
is still lagging. Different organizations report different cloud services adoption rates — 45.2% in 2023, and big data analytics
—29.2% in 2023. Large companies show systematic adoption, while small and medium-sized enterprises tend to have only
point solutions, such as sales or communication solutions; overall, transformation efficiency decreases. However, even
with the stimulus of the COVID-19 pandemic, which pushed more people to shop online and work remotely, the consistent
upward trend in digital business activity — measured by how many people were conducting business and for how much
money - still hasn't leveled off.

Technological progress has far-reaching consequences for the labor market. However, on the other hand, digitalization
creates new job opportunities and makes work accessible to unskilled people. In 2024, only 55.6% of the EU population
aged 16-74 had at least basic digital skills, far from the 2030 target of 80%.

Both the business sector and public authorities have to contend with genuine barriers to innovation, particularly due to a
lack of skilled personnel, which, in turn, creates imbalances in the labor market that hinder economic development. How-
ever, now generative Al models are beginning to eliminate the need for many of those traditional “entry-level” roles for
fledgling specialists - and that means fewer practical experience opportunities for new grads, and the risk that it will get
even harder for them to find a job. The lack of digital skills and IT professionals is the key barrier to innovation reaching
its full potential. Most firms cite a shortage of labor as the biggest barrier to investing in digital technologies.

The infrastructure base also remains a weak link. Despite the expansion of household access to the Internet (in 2024,
94% of households had access), the implementation of 5G and fiber-optic networks lags behind the set targets. The EU’s
dependence on imports of key technologies is critical (over 80% of Europe’s digital infrastructure relies on imported tech-
nologies), particularly semiconductors and cloud services, creating risks to technological sovereignty and economic sus-
tainability. An additional constraint is the high level of energy-saving achieved by new technologies, which strengthens the
interconnection between digital and green transformations. The growing frequency of cyberattacks on critical infrastructure
systems poses a significant security threat to the global community. Although certain strategies were adopted and Euro-
pean security institutions established, the response was hampered by poor coordination between member states and by
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the non-inclusion of civil and military aspects. Digitalization is conducive to economic development but also poses a series
of systemic security risks that can only be addressed by a joint-defense strategy.

The economic dynamics of EU countries in the context of digital transformation are determined not only by the availability
of technologies or the volume of investments, but also by the ability to form a comprehensive policy aimed at developing
digital competencies, removing infrastructure barriers, as well as strengthening cyber defense and supporting small and
medium-sized businesses. The EU needs to accelerate its efforts to turn digital innovation into a sustainable driver of
economic growth, as this will determine the success of its transformation.

EU countries are undergoing profound structural changes across the economy, the social sphere, and political institutions.
The development of modern production and management systems requires deep digital integration, which in turn creates
competitive economic systems. Research shows that the intensity of digital transformation stimulates productivity growth,
market expansion, and business model innovation.

The European Union is demonstrating varying levels of success in its digital transformation programs. Northern and West-
ern European countries have achieved the highest performance in the digital economy, reflected in the large-scale imple-
mentation of artificial intelligence, cloud solutions, automated production systems, and the latest communication technol-
ogies. The countries of Southern and Eastern Europe are characterized by an asymmetry in digital transformations, man-
ifested in lower levels of innovation penetration and limited adaptation capabilities among small and medium-sized busi-
nesses.

The study shows that the key drivers of the digital economy are the development of human capital, high-quality commu-
nication infrastructure, the intensity of digital technology integration into business models, and the efficiency of e-govern-
ment services. The economy expands faster thanks to digitally literate people with quick access to the network. On the
other hand, low digital literacy in some EU countries slows down transformation processes and increases the risks of socio-
economic imbalances.

Through digital transformation, enterprises become stronger in their markets, either through increased competitiveness or
by providing radical solutions to global problems. Digital technology has furthermore enabled enterprises to persist in times
of crisis, not just during pandemics but also during geopolitical crises. At the same time, the accelerating pace of digitali-
zation brought challenges such as the digital divide, cybersecurity threats, and the need for harmonization on various
information standards.

Digital transformation creates a new economic system for the EU thanks to technological progress, which is associated
with social cohesion, and the digital skills of the population stimulate economic growth.

So, we are presented with a system of formalized dependencies that logically follow from our research: the dependence
of GDP per capita on the level of digitalization; the dependence of labor productivity on digital maturity; the model of
digital competitiveness; the dependence of economic sustainability on digital maturity; the dependence of the digital in-
tensity of SMEs on human capital; the model of asymmetry of digital development; the dependence of Al implementation
on the innovation ecosystem; the dependence of transaction costs on digitalization; the model of the digital dividend; the
dependence of cybersecurity risks on digital intensity.

Based on the entire logic of the research, a complex function can be constructed:
ED = f(DM,HC,INF,Al,R&D,CS,GOV), (1)

where: ED — economic development; DM — digital maturity; HC — human capital; INF — infrastructure; Al — artificial in-
telligence adoption; R&D — research and development; CS — cybersecurity; GOV — quality of digital governance.

In expanded econometric form, the study looks like this:
GDPGrowth = a + B, * DM + B, * HC + B3 * INF + B, * Al + B5 * R&D + B¢ + CS + B, * GOV + ¢. 2)

From a scientific point of view, the derived dependencies can be further evaluated and tested on EU panel data. In addition,
it is worth using the dependencies to build a DSGE or System Dynamics model. It is likely that the dependencies will be
integrated into the EU sustainable development and digital convergence model.

At the same time, we determine key variables (DESI index, GDP per capita, R&D spending, human capital, digital infra-
structure indicators, etc.) from official sources (Eurostat) and form a balanced model for 2010-2023. For panel analysis,
we use fixed (FE) and random effects (RE) models, dynamic panels (Arellano-Bond), instrumental variables (IV/GMM), and
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check the results for stability and causality (tests for autocorrelation, heteroscedasticity, stationarity, cross-sectional de-
pendence, and Grenier causality). To assess “digital shocks”, we develop a DSGE model with aggregated agents (house-
holds, firms, government), where digital technology is included in the production function or is formed through R&D
investments. We calibrate the model on EU data (in particular, on the shares of capital, labor, and human capital in GDP),
and conduct a Bayesian assessment of shocks. In addition, we formulate a System Dynamics model with the main com-
ponents: infrastructure capital, human skills, technology, and digital capital, feedback loops (“digital capital — productivity
— growth — investments in digital technologies™), and scenarios (investments in digital education/infrastructure). The results
will allow us to integrate digital effects into sustainable development models (using “digital growth” indices and conver-
gence/convergence indicators). The results will also allow for the development of practical recommendations for policy-
makers: in particular, priorities for investing in digital innovation to stimulate GDP and reduce digital divides. The study
has limitations, including the potential endogeneity of variables (e.g., a bidirectional relationship between wealth and
digitalization). There is also the risk of bias due to unrecorded shocks and the need to test alternative specifications.

As a result of the study, it was found that the integrated index DTI (Digital Transformation Index) indicates that the digital
transformation of EU economies is not linear but systemic and multiplicative. Its construction allowed for aggregating
several key dimensions, namely: digital infrastructure, the level of digital skills of the population, business digitalization, e-
government, innovative activity, and financial and technological adaptability.

The main results of the DTI are as follows. First, the countries of Northern and Western Europe (Finland, Denmark, the
Netherlands, Sweden) have formed a stable “core of digital convergence” with high index values. Second, the countries of
Central and Eastern Europe have demonstrated the effects of catching up in digitalization, but with a high asymmetry
between technological infrastructure, institutional quality, and digital competencies.

A strong positive relationship was found between digitalization and labor productivity, as well as between digitalization
and green transformation, and between digitalization and economic resilience to crises.

The threshold effects presented in Table 1 indicate that after reaching a certain level of digital maturity, economic efficiency
gains accelerate. The index showed that digital transformation is a factor in the EU's structural convergence, but at the
same time can widen the digital divide between countries with insufficient institutional coordination.

Table 1. Fixed Effects (FE) and Random Effects (RE) Estimation Results for EU Countries (2010-2023). Note: Standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.

Variables FE Model (GDP per capita) RE Model (GDP per capita)

DTI Index

0.412%** (0,071)

0.398*** (0.068)

Human Capital

0.285%** (0.054)

0.271%%* (0.051)

R&D Expenditures

0.193** (0.082)

0.205** (0.079)

AI Adoption

0.164** (0.067)

0.152*%* (0.064)

Digital Infrastructure

0.376%** (0.063)

0.359%** (0.061)

Cybersecurity Preparedness

0.118* (0.059)

0.111* (0.057)

Institutional Quality

0.247%+* (0.058)

0.231%** (0.055)

Constant 3.184xx* 3.096***
R2 0.71 0.69
F-statistic / Wald x2 42.7%** 167.4%**
Hausman Test X2 = 18.63***

Econometric testing on panel data of EU countries showed statistically significant relationships between digitalization,
innovation, sustainability and economic growth. DTI has a statistically significant positive impact on GDP per capita,
productivity, innovation activity, and ESG-efficiency. The study confirmed the long-term cointegration between digitaliza-
tion, green transition and innovative economy. The dynamic GMM presented in Table 2 shows the presence of lag effects
and that digital investments affect the economy with a time lag of 2-4 years.
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Table 2. Dynamic Panel GMM Estimation Results. Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Variables Difference GMM
Lagged GDP per capita 0.624*** (0.073)
DTI Index 0.287*** (0.064)
Human Capital 0.176** (0.071)
R&D Expenditures 0.144** (0.067)
AI Adoption 0.129** (0.058)
Digital Infrastructure 0.221*** (0.063)
ESG Factor 0.117* (0.061)
Constant 2.487***
Arellano-Bond AR(1) -2.91%%*
Arellano-Bond AR(2) -0.84
Hansen Test (p-value) 0.274
Number of Instruments 29
Observations 378

The panel VAR presented in Table 3 revealed a two-way relationship in the following context: digitalization stimulates
economic growth, and economic growth increases opportunities for digital investment. Heterogeneity of effects was also
revealed: in countries with high institutional quality, digitalization has a much larger multiplier effect; in countries with
weak institutions, part of digital investments is not transformed into productivity. The conducted model stability tests
confirmed the absence of critical multicollinearity, the statistical reliability of the parameters, and the stability of the results
when changing the specifications.

The FE and RE estimations demonstrate that digital maturity, digital infrastructure, human capital, and institutional quality
significantly influence GDP per capita growth in EU countries. The Hausman test supports the fixed effects model, indicating
the presence of country-specific heterogeneity within the European Union.

Table 3. Panel VAR Estimation Results. Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Dependent Variable Shock Variable Short-Term Effect Long-Term Effect
GDP per capita DTI Index 0.214%%x 0.387%%*
Labor Productivity AI Adoption 0.176** 0.312%**
Innovation Activity R&D Expenditures 0.231%%* 0.401***
ESG Efficiency Digital Infrastructure 0.154** 0.288**
Financial Stability Cybersecurity Preparedness 0.137* 0.249**
DTI Index GDP per capita 0.192%** 0.341%%%*

The dynamic GMM model confirms the existence of lag effects in digital transformation processes. Investments in digital
infrastructure, artificial intelligence, and innovation technologies influence economic growth with a time lag. The model’s
statistical reliability is confirmed by the Hansen test and by the absence of second-order autocorrelation according to the
Arellano-Bond test.

Analysis of the impulse responses verifies the two-way dynamics between digitalization and economic growth. Positive
digital shocks have a positive impact on labor productivity, innovative activity, ESG-oriented efficiency, and financial sta-
bility, as well as on macroeconomic outcomes.

The DSGE model is built as a system of micro-founded equations for households, firms, the state, the digital sector, and
the “green” sector. The key feature of the model is that digital capital is introduced as a separate factor of production.
The DSGE model includes various shocks, including technological, digital, institutional, and climate shocks.

System Dynamics is based on both flows and stocks, and on feedback loops. The main blocks of the model are digital
infrastructure, human capital, innovation, productivity, CO2 emissions, and institutional efficiency. The loop in the positive
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cycle looks like this: digitalization - innovation - productivity - income - new digital investments. The following loop char-
acterizes the negative cycle: digital divide - inequality - weak adaptation - reduced policy effectiveness. The loop in the
green cycle is as follows: digital technologies - energy efficiency - emission reduction - increased sustainability.

The obtained research results are integrated into the EU sustainable development model through several levels. The first
level is integration into the SDGs model. In particular, DTI is used as an explanatory variable for: SDG 8 (economic growth),
SDG 9 (innovation and infrastructure), SDG 11 (sustainable cities). It is worth noting that at this level, digitalization is
associated with increased resource efficiency, accelerated green transformation, and reduced transaction costs.

The second level is integration into the digital convergence model. In this case, DTI is used as an indicator showing the
speed of digital convergence, structural asymmetry, and digital readiness of countries. The research results showed partial
convergence of the EU and the formation of a “digital core” and a “digital periphery.”

The third level is integration into EU policy scenarios. The models allow evaluation of programs such as the Digital Europe
Program, the Green Deal, Smart Specialization, the AI Act, and NextGenerationEU. Using DSGE/System Dynamics, the
effects of subsidies, the impact of digital infrastructure, labor market transformation, and decarbonization are analyzed.
The fourth level is integration into forecast models. It should be noted that the obtained dependencies are used for
scenarios until 2030-2050. Moreover, both accelerated digitalization and fragmentation scenarios, as well as green-digital
synergy and technological polarization scenarios, are modeled.

Let us analyze an example of scenario modeling of the EU development until 2030 within the framework of an integrated
model of digital transformation, sustainable development, and economic convergence. The logic of the scenarios is based
on a combination of: the integral DTI index, DSGE/System Dynamics approach, panel assessments of EU countries, and
SDGs-oriented forecasting. For modeling, we adopt the base horizon of 2025-2030.

The key variables of the model are:
DT, - digital maturity;

GDP, - GDP;

GTF; - green transition factor;

HC, - human capital;

INEQ, - digital inequality;

€02, - emissions;

PROD, - productivity.

Basic structural dependence:
GDP; = f(DTI,, HC;, GTF;, INST;, INNOV,) 3)
where: INST, - institutional quality; INNOV, - innovative activity.

Scenario 1. Accelerated Digital-Green Convergence (optimistic).

The assumptions for this scenario are: Digital Europe is fully operational, massive investment in AI, the Green Deal is
aligned, fast rollout of 5G/6G, high-paced digital education, and strong use of GovTech and FinTech. The dynamics, ac-
cording to this scenario, are as follows:

DTlz030 = DTlqz5 * (1 + 0.08)° 4)

It follows that the average DTI growth will be 7-8% per year. Moreover, by 2030, EU GDP growth will be at the level of
+16-22%, labor productivity +18-25%, CO2 reduction -28-35%, and the share of Al in the economy will be 18-22% of
GDP. In addition, the level of digital convergence is expected to be high by 2030, and innovation activity will accelerate
sharply. In this scenario, the systemic effects include the formation of a single, highly integrated digital market, reduced
transactional fragmentation, increased resilience to crises, and the “green digital multiplier” effect. Digital capital in the
DSGE model becomes the dominant driver of TFP. At the same time, structural unemployment is reduced, and inflationary
shocks are stabilized due to automation.
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Scenario 2. Fragmented Digital Europe (pessimistic).

This time, the preconditions are: asymmetric development of EU states; regulatory fragmentation; underinvestment; digital
divide; geopolitical disruptions; energy volatility. The dynamics, according to this scenario, are as follows:

DT12030 = DTIZOZS * (1 + 0025)5 (5)

This implies that the average DTI growth will be 2-3% per year. Labor productivity is expected to be +4-7% by 2030, EU
GDP growth +5-8%, and CO2 reduction -10-14%. In addition, the digital divide will increase significantly in 2030, innova-
tions will be concentrated in the “core”, and social inequality will increase. In this scenario, a digital core and a digital
periphery will be formed, and the technological dependence of individual countries will also increase. At the same time,
the System Dynamics model will show an increase in negative feedback loops and the accumulation of structural asym-
metry.

Scenario 3. AI-Driven Hypertransformation (technological breakthrough).

The scenario hinges on: generative Al becoming mass-adopted; digital systems becoming autonomous; governance being
AlI-driven; robotics; quantum computing; and tokenization of finance. The key productivity function according to this sce-
nario is as follows:

PROD, = a * DTI, + B * Al, +y * HC, (6)
Labor productivity, according to this scenario, is expected to be +30-40% by 2030, the share of automated processes is

45-60%, Al contribution to GDP is 25-30%, and the reduction in transaction costs is planned at -35-50%.

At the same time, it is worth noting the risks. In particular, it is worth noting technological unemployment and the growth
of cyber risks. In addition, the concentration of digital power is possible. At the same time, we note that this model shows
a sharp acceleration in economic dynamics and also indicates a simultaneous increase in the system’s instability.

Scenario 4. Sustainable Resilient Europe (balanced).

Let us immediately note that this scenario is the most realistic. The conditions in this case are: moderate digitalization,
strong regulatory coordination, ESG-oriented policies, fostering digital skills, and assistance to regional convergence. The
sustainability model, according to this scenario, will look like this:

SDtZ/‘ll *DTIt‘}‘/‘lZ*GTFt+/‘l3*HCt_/‘{4*INEQt (7)
According to calculations, by 2030 the EU GDP growth will be at the level of +12-15%, labor productivity +14-18%, CO2

reduction -22-27%. We also project a moderate reduction in digital inequality by 2030, along with stable convergence.

The main effect, according to this model, is that digitalization becomes a tool not only for economic growth but also for
enhancing the EU’s systemic stability.

The comparative scenario analysis is summarized in Table 4.

Table 4. Comparative Matrix of Scenarios up to 2030.

Parameter Accelerated Digital- Fragmented Digital Eu- AI-Driven Hy!)ertrans- Sustainable Resilient
Green Convergence rope formation Europe
GDP Growth High Low Very high Medium-high
Digital Convergence High Low Asymmetric Stable
ESG Effect Strong Weak Uncertain Maximum
Social Stability High Low Medium High
Al Intensity High Moderate Extreme Controlled
Inequality Risk Moderate High Very high Low

Therefore, the models show that by 2030, the main factor for the EU's success will not be simply the level of digitalization,
but the quality of institutions and the speed of adaptation of human capital. In addition, the integration of digital and
green policies, as well as the ability to reduce digital inequality, will be important.
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DISCUSSION

We agree with the opinion of scientists Nimani A., Spahija D., that “since 2020, the global economic system has been
seriously affected by the epidemiological crisis caused by the coronavirus infection; the pandemic has had a negative
impact on the development of many sectors of the economy, including the financial, transport, social, medical, educational,
manufacturing, and logistics sectors” (Nimani & Spahija, 2023).

The analysis confirms that digital transformation has become one of the most influential determinants of financial and
economic development in the European Union. The results obtained generally align with the conclusions of Andrei J., Chivu
L., Sima V., Gheorghe 1. G., Nancu D., and Duica M., who demonstrated that the EU continues to experience significant
asymmetry in digital convergence processes (Andrei et al., 2023). The present study additionally confirms that digital
divergence directly affects macroeconomic stability, competitiveness, and investment attractiveness among EU member
states.

The findings also support the conclusions of Olczyk, M., and Kuc-Czarnecka, M. regarding the positive relationship between
DESI indicators and economic growth (Olczyk & Kuc-Czarnecka, 2022). Similar to their results, the conducted analysis
demonstrates that digital transformation contributes to GDP growth, especially in economies with lower levels of digital
maturity. At the same time, the findings indicate that the effects of digitalization are highly uneven across the European
Union, creating risks of long-term technological stratification.

The paper corroborates Torok L.’s findings, which state that digitally developed countries are more economically successful
and more competitive (Torok, 2024). The analysis bears out that nations with a more robust digital infrastructure, human
capital, and digital public services are more resilient to financial and geostrategic shocks.

It also corroborates the results of Varzaru A. A., Bocean C. G., Simion D., Berceanu D., & Mangra M. G., which allow for a
positive correlation between digital transformation, sustainability, and government revenue (Varzaru et al., 2023). Digital-
ization plays a pivotal role in achieving better public financial management, effective tax administration, and fiscal sustain-
ability, as evidenced by the present findings. At the same time, the findings reveal that the efficiency of digital public
finance is contingent on the institutional quality and technology level of national economies.

This study supports the statements of Mihai F., Aleca O. E., and Gheorghe M. regarding the increased contribution of Al,
cloud technologies, and IoT systems in enhancing the digital intensity of organizations (Mihai et al., 2023). The study
confirms the growing role of AI, cloud technologies, and IoT systems in enhancing organizational digital intensity. The
results show that Al-based approaches have a positive impact on operational efficiency, financial flexibility, and innovation
capacity. However, the results also suggest that the “digital divide” may widen if some countries are denied access to
certain advanced technologies.

The conclusions of this research are consistent with those of Sobczak E., who demonstrated that digital transformation
stimulates the development of knowledge-intensive sectors and influences employment structures (Sobczak, 2025). The
conducted analysis confirms that digitalization increases demand for highly qualified labor while simultaneously intensifying
labor-market polarization and structural transformation.

The study also supports the findings of Naeem M. H., Subhan M., and Alam Md. Sh., Al-Faryan M. A. S., and Yameen M.
regarding the positive influence of financial innovation on economic growth (Naeem et al., 2023). The present analysis
confirms that fintech development, digital banking systems, and electronic financial services improve capital accessibility
and strengthen financial market efficiency. At the same time, rapid financial digitalization increases systemic cybersecurity
risks and technological dependence.

The current research corresponds with the conclusions of Boros E. and Horvath M. concerning the growing significance of
Central Bank Digital Currencies in the transformation of modern monetary systems (Boros & Horvath, 2022). The findings
indicate that CBDCs may become an important instrument for strengthening financial sovereignty and increasing the op-
erational flexibility of central banking systems within the European Union.

This analysis also confirms the findings of Kyriazis N. A. and Economou E. M. regarding the influence of geopolitical turmoil
on decentralised financial markets (Kyriazis & Economou, 2025). The Russia—Ukraine conflict and escalating geopolitical
tensions fuelled demand for decentralized financial products and other digital-based alternative financial structures. The
research shows that geopolitical uncertainty hastens the development of financial infrastructure, and where technological
sovereignty becomes more strategically significant.

The results also corroborate the findings of El Khoury, R., Nasrallah, N., Hussainey, K., and Assaf, R., which showed that
geopolitics fostered more meaningful interactions among the fintech markets, the ESG systems, and the renewable energy
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sector (El Khoury et al., 2023). This study reveals that the digital transformation is increasingly linked to sustainability
strategies and green finance instruments, especially under the European Green Deal.

The findings of this paper also affirm the arguments of Quaglia, L., and Verdun, A., on the ever-increasing geopolitical
importance of digital financial infrastructure and financial sanctions (Quaglia & Verdun, 2023). The analysis also confirms
that digital finance has become a key pillar of economic security, and that technological mastery of financial systems is
increasingly a determinant of geopolitical power.

The study also supports the conclusions of Karadayi-Usta S. concerning sustainability-oriented digital transformation in the
European Union (Karadayi-Usta, 2024). The findings demonstrate that digital technologies contribute to resource effi-
ciency, environmental sustainability, and smart energy management systems. Nevertheless, the results additionally indi-
cate that the green transition and digital transformation require substantial investment resources and coordinated institu-
tional policies.

The impact of sustainability on financial resilience, as discussed by Bruno C.C. and Henisz W.J., is also evident from the
current study (Bruno & Henisz, 2024). Mechanisms of governance based on ESG enhance the financial soundness and
resilience of economic systems during times of crisis and uncertainty.

The results of the investigation reveal that digital banking enhances both operational flexibility and access to financial
services, but it also creates new cyber and technological threats to the European financial industry.

The impact of the digital economy on financial efficiency and public finance reform was also found in our study. The results
show that digitalization enhances revenue potential, increases administrative transparency, and improves efficiency in
digital public governance.

The conducted analysis additionally demonstrates that innovation-oriented digital ecosystems strengthen regional com-
petitiveness and facilitate technological modernization across EU countries.

The current research confirms that digital transformation creates positive long-term effects for productivity growth, inno-
vation activity, financial development, and international competitiveness within the European Union.

The analysis demonstrates that sustainability-oriented digitalization strengthens resilience against economic and geopolit-
ical instability and supports the implementation of long-term green transition strategies within the European Union.

Findings on geopolitical risk and financial instability are also in line with those of Wang zh., Liu Sh., Wei Yu., & Wang Sh.
(Wang et al., 2023). The achieved results show that war and geopolitics have a major impact on the stability of the financial
market and the investment system, which in turn affects macroeconomic stability. Similar trends were observed by Pandey
D. K., who highlighted the growing importance of geopolitical uncertainty in determining the behaviour of modern financial
markets.

In summary, the discourse that has been compiled has allowed us to see that digital transformation has both positive and
destabilizing effects on the development of finance and the economy in European Union countries. On the plus side,
digitalization is positively related to productivity growth, financial innovation, fiscal modernization, sustainability, and mac-
roeconomic resilience. Meanwhile, the exponential growth of digital technologies is also exacerbating risks related to cy-
bersecurity, technological dependence, labor market polarization, and the digital divide within and across EU member
states.

Thus, the findings of this research suggest that digital transformation success in the European Union is not merely contin-
gent upon technological modernization but rather on the degree to which governments can enable institutional adaptability,
strategic digital governance, cybersecurity resilience, investment in human capital, and equitable regional digital develop-
ment. In this regard, a concerted European digital policy is the essential presumption for safeguarding long-run economic
competitiveness and financial stability in an era of increasing global uncertainty.

One of the limitations of the study is the possible influence of unaccounted external factors. The results may be affected
by geopolitical events and economic crises. Certain limitations are related to the availability of statistical data from EU
countries. The digitalization indicators used do not cover all technological aspects of transformation. There may be en-
dogeneity between digitalization and economic growth. Some effects of digital investment appear only after a certain time.
The results obtained depend on the selected model assumptions of the study. Differences in national institutions may
change the strength of the identified relationships. Some digital processes are characterized by a high rate of modern
changes. Therefore, the results require periodic updating and additional verification.
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CONCLUSIONS

Based on the evidence analysis, the digital transformation process is nowadays one of the key determinants of the financial
and economic growth of the EU-27 states, in the context of increased competition in technology, the unpredictability of
geopolitics, and the restructuring of the world economy. The results of the study indicate that digitalization plays an
important role in ensuring macroeconomic stability, productivity growth, competitiveness, innovation, financial soundness,
and in enhancing the resistance of economic systems to external shocks. At the same time, the analysis results show that
the impact of digitalization within the EU is still uneven due to large disparities in the level of digital maturity, technological
readiness, infrastructure, and quality of human capital across the Member States.

The analysis demonstrated how digital technologies — including artificial intelligence, cloud computing, blockchain plat-
forms, fintech solutions, and digital government — are becoming political-economic tools for modernization. Their applica-
tion in industry, finance, energy, and services allows for cutting transaction costs, increasing operational flexibility, spurring
innovation, and enhancing labor efficiency. On the other hand, the findings also confirmed that more digitally ready coun-
tries are more resilient to crisis phenomena, such as the ripples of the COVID-19 pandemic, contemporary geopolitical
instability, and the disruption of global value chains.

The study additionally demonstrated that digital transformation intensifies structural differentiation between EU countries.
Northern and Western European states maintain leading positions due to developed innovation ecosystems, high levels of
digital literacy, substantial investment in research and development, and advanced digital infrastructure. In contrast, sev-
eral Central and Eastern European countries continue to face limitations due to insufficient digital infrastructure, limited
investment capacity, weaker institutional support, and shortages of qualified human capital. Such asymmetry creates risks
of long-term digital fragmentation within the European Union and threatens the balanced development of the single Eu-
ropean market.

The study verified that human capital and digital skills continue to play key roles in the determinants of a successful digital
transformation. The digital competence level directly influences the speed of innovation diffusion, the degree of enterprise
digitization, and the labor market's reaction intensity to technological changes. Meanwhile, the rapid growth of automation
and artificial intelligence technology exacerbates the risk of labor market polarization and structural employment transfor-
mation, which demand the renewal of educational systems and lifelong learning mechanisms.

Special attention was given to the nexus between digitalization and the financial system. The results suggest that the
development of fintech, digital financial services such as internet banking and mobile money, electronic payment mecha-
nisms, and DFIs contributes to increasing financial inclusion and enhancing financial stability. Yet, with increased reliance
on digital infrastructure, there is also a rising threat to cybersecurity, technological and systemic risks, and financial system
risks. The analysis carried out reveals that cybersecurity and technological sovereignty are increasingly important elements
in the EU’s long-term economic security.

The studies also confirmed an increasing convergence between digitalization and sustainability in the modernization of the
economy. Digitalization enables energy efficiency, intelligent resource management, renewable energy integration, and
ESG-focused governance models. In this perspective, digitalization and the Green Deal are shaping up more and more as
a pair of interrelated, strategic directions of EU development policy. At the same time, the execution of digital and green
transformation is an expensive process, requiring institutional coordination and congruent regulatory regimes.

The results showed that the success of EU digital policy depends not only on the technological modernization process itself
but also on the extent to which governments can foster institutional adaptability, invest in innovation systems, protect
cybersecurity, promote balanced regional development, and pursue coordinated economic governance. The execution of
the "Digital Decade 2030” strategy needs to narrow the digital divide among Member States, increase digital infrastructure,
enhance technological sovereignty, and promote innovation-intensive industries.

Therefore, the impact of digital transformation on the financial and economic development of the EU states is double-
sided: both a significant opportunity and a systemic risk. Digitalization promotes growth in productivity, innovation, finan-
cial development, and macroeconomic stability on the one hand. It also increases processes of cybersecurity, technological
dependence, digital fragmentation, and socio-economic asymmetries. As a result, the future competitiveness and sustain-
ability of the Union will hinge on whether Member States can marry technological advancement with inclusive growth,
institutional reform, strategic digital governance and coordinated European economic policy in an environment of escalating
global uncertainty.

Prospects for further research are related to the assessment of the long-term consequences of digitalization. Particular
attention should be paid to digital investments and institutions. It is advisable to use modern panel econometric models
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of analysis. An important direction remains the study of lagged digital effects. The impacts of artificial intelligence on the
economy require further study. It is necessary to investigate the relationship between digitalization and cybersecurity of
states. It is promising to improve integral indices of digital maturity. It is important to combine them with indicators of
sustainable development. Of particular interest is the assessment of digital and green transformation. It is advisable to
model scenarios of digital convergence of the countries of the European Union. An important task remains the reduction

of interstate digital disparities.
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BUKJIMKU LM®POBOI TPAHCOOPMALII TA IX HACNIAKU ANl ®IHAHCOBO-EKOHOMIYHOIO
PO3BUTKY AEPXXAB €C

Lindposa TpaHcdopmalis hopMye CydacHMin Kypc eKOHOMIYHOrO po3BUTKY KpaiH EBponeicbkoro Cotosy. BoHa 3MiLHIOE
KOHKYPEHTOCNPOMOXHICTb €KOHOMIK i CTUMYNIOE iHHOBaUii Ta NpPOAYKTUBHICTb npaui. OgHak uudposisauis Takox Hece
pY3MK HEPIBHOMIPHOIO PO3BUTKY MK KpaiHamu Ta cektopamu. OcobnvBo BaXIMBMMKU € NUTAHHSA LM@POBOI 3pinocTi, 6e3-
MeKun Ta cTanocTi. METO LbOro AOCNIMKEHHS € NOrMNGNEHNIA aHani3 BUKIKKIB, WO BUHWKAKOTb YHACNifoK UMcbpoBoi Tpa-
HcchopMauii Anst ekoHoMiku €Bponelicbkoro Coto3y. Takox ouiHeHO BMAMB LmdpoBiaLii Ha (iHAHCOBUIA Ta EKOHOMIYHWMI
pO3BUTOK. JlOCiIKEHHSI OXOMJIHOE TEXHOMONiYHI, IHCTUTYLLIMHI, couianbHi Ta diHaHCOBI acnekTy uMdpoBizauii. MeToaosoris
6a3yeTbcs Ha CTaTUCTUYHOMY, EKOHOMETPUYHOMY Ta CLEHapHOMY aHanisi. BukopucTaHi naHenbHi Mmogeni, niaxia DSGE Ta
MOZENIOBAHHS CUCTEMHOI AIMHAaMIKM.

BMsIBNEHO 3Ha4YHUI MO3UTUBHWI BNAUB LdPOBI3aLii Ha EKOHOMIYHE 3POCTaHHS! AepXXaB-yfieHiB. Byno npoaHanizoBaHo
NPUCKOPEHHS NPOAYKTUBHOCTI Npaui 3aBASKU BNPOBaAXKEHHIO Cy4aCHMX LUMPOBUX TEXHONOTIN. Byno AocnigkeHo BUHWMK-
HEHHs1 uMdpoBoro sapa Mixx kpaiHamu [MiBHIYHOI Ta 3axigHoi EBponu. MiaTBEpAXEHO iCHYBaHHS LMMPOBOI acMMETPIi Mix
pisHUMKM AepxaBaMu-uneHamn EBponeiicbkoro Coto3y. BcTaHOBMEHO 3B'A30K MiX LndpoBoto TpaHcdopMallieto, iHHOBaLLi-
AIMW Ta CTallMM PO3BUTKOM EKOHOMIKW. [OCiAKEHO NO3UTUBHMI BNAUB LMMPOBOI 3PiNOCTi HA MaKPOEKOHOMIYHY KOHKY-
PEHTOCNPOMOXHICTb KpaiH. lNiakpecneHo icHyBaHHS NoporoBux edekTiB uMdpoBi3alii Ha eKOHOMiYHY edeKTMBHICTb. 3a-
NPOMNOHOBAHO MEPCMNEKTUBHI cLieHapil LidpoBoro po3suTKy EBponeiicbkoro Cotosy Ao 2030 poky.

Lle nocnimxeHHs NiATBEpAMNO CUCTEMHUIA XapakTep UndpoBoi TpaHcdopMallii ekoHoMiku. Lindposisalis € 3HaYHUM py-
LLIIEM EKOHOMIYHOIO 3POCTaHHS Ta KoHBepreHLuji. OfHak pu3nk LncdpoBoi HEPIBHOCTI 1 TEXHONOIYHOT 3aNEXHOCTI 3anuLua-
€TbCA. EeKTMBHICTb LMX TpaHchopMaLlii 3aneXxuTb Bif IHCTUTYLIIMHOrO NoTeHLiany KpaiH Ta iHBecTuuiin. Po3BuTok Und-
POBMX HaBMYOK CEpell HAaCENEHHS Ta iHDPACTPYKTYpy 3aNMLLAETLCS NPIOPUTETOM, Xo4a Kibepbesneka, iHHOBaLi Ta CKOO-
pavHOBaHa UM@pOoBa NOMITMKA TaKOX € BaXK/TMBUMM.

KnrouoBi cnoBa: iHHOBaUiliHi TeXHONOrl, UMGpoBa 3pinicTb, NIOACBKUI KaniTan, iHbpacTpykTypa, Kibepbesneka, DTI
index, DSGE-mogenb, System Dynamics Moaenb, KOHKYPEHTOCMPOMOXHICTb, aCUMETPIsS PO3BUTKY
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