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Editorial

JAN MERTL

Dear readers,

It is with great pleasure that | introduce the latest issue of Acta VSFS, where we proudly
present five scholarly contributions that reflect both the evolving landscape of economic
analysis and our journal’s commitment to rigorous, forward-thinking research. This issue
exemplifies how diverse methodological approaches — from econometric modeling to
stakeholder analysis — can illuminate the economic realities of today while offering tools
to shape policy and enterprise for tomorrow.

Our issue opens with a study by Jannik Schumann, who explores the financial effects of
inflation on young adult households in Germany. Anchored in a comprehensive literature
review and empirical data, this article offers anincisive view into how inflationary pressures
from 2015 to 2023 have impaired wealth accumulation and exacerbated generational
disparities. By focusing on a demographic often overlooked in macroeconomic analyses,
Schumann contributes to an urgently needed policy conversation — one that extends far
beyond the German context to all economies grappling with intergenerational inequality.

In the second paper, JiFi Slezak presents a comparative analysis of personal income tax
progressivity across the Visegrad Group. Using both interval and global progressivity
methods, the article provides a nuanced understanding of how Czech, Slovak, Polish, and
Hungarian tax systems handle redistributive mechanisms. The study identifies structural
variations in effective tax burdens across income levels and household compositions,
including cases with children, and offers critical insights for policymakers seeking to
balance fairness with fiscal efficiency.

Forecasting accuracy takes center stage in the third contribution, authored by Manuel
Rosinus, which compares classical ARIMA models and Long Short-Term Memory (LSTM)
neural networks for predicting movements in the DAX® 50 ESG Index. The empirical
results demonstrate LSTM’s superior performance in both static and expanding window
frameworks. However, the study also underscores the limits of Al-driven prediction in
highly liquid and efficient markets — highlighting that while technological innovation
offers powerful tools, its application must be guided by market context and behavioural
complexity.

Turning to the Czech capital market, Adam Cernohorsky introduces a novel dual-index
methodology for benchmarking real estate investment fund performance. Their model
distinguishes between retail and qualified investor funds, and leverages both arithmetic
and NAV-weighted approaches to capture key differences in return dispersion, market
concentration, and capital flow dynamics. This study not only advances index design but
also provides a transparent tool for fund evaluation and investor decision-making — one
that may have practical utility for regulators, analysts, and fund managers alike.

Our final article, led by Miroslav Pavlak, investigates Czech participation in the
reconstruction of Ukraine’s housing sector — a topic where economics intersects with
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geopolitics, international development, and post-conflict recovery. Blending stakeholder
interviews, institutional analysis, and investment scenario modelling, the paper identifies
tangible pathways and structural barriers that Czech enterprises face in entering Ukraine’s
rebuilding efforts. It also presents an illustrative case study involving Karazin University
in Kharkiv, revealing both the promise and the complexity of international academic
collaboration during these difficult times.

Taken together, these articles capture the breadth of economic inquiry - from fiscal
systems and asset markets to international engagement and crisis response. They
embody the mission of Acta VSFS: to promote research that is not only methodologically
sound but also socially relevant, analytically ambitious, and responsive to contemporary
challenges.

| extend my sincere thanks to all contributing authors and peer reviewers for their
dedication and scholarly rigor. | also encourage our readers — whether practitioners,
researchers, or students — to engage with these articles thoughtfully and critically. May
they inspire new questions, collaborative solutions, and meaningful action in academia
and beyond.

With appreciation for your continued readership, and warm wishes for an intellectually
rich and rewarding summer,

Doc. Ing. Jan Mertl, Ph.D.

editor-in-Chief
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Financial Impact of Inflation on Young Adults’
Household Assets between 2015-2023
in Germany

JANNIK SCHUMANN

Abstract
Background: Between 2015 and 2023, young adults in Germany faced significant financial
challenges due to escalating inflation, peaking at 10.6% between 2021 and 2023.

Aim: This study aims to investigate the financial impacts of inflation on the household
assets of young adults in Germany compared to other age groups.

Methods: Employing a structured literature review of studies, reports, and statistical data
from institutions like the European Central Bank and the Deutsche Bundesbank.

Results: The findings reveal that high inflation eroded net asset returns for young
households, delayed wealth accumulation, and exacerbated generational wealth
disparities.

Recommendations: The study recommends targeted policy actions to enhance financial
resilience among young adults, such as financial education and support for wealth-
building initiatives.

Practical Relevance/Social Implications: Addressing the unique financial vulnerabilities of
young adults during inflationary periods is essential for reducing wealth inequality and
promoting economic stability.

Originality/Value: This research contributes originality by focusing on an underexplored
demographic, shedding light on how recent inflation has specifically impacted the wealth
development of young German households.
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Inflation, Young Adults, Household Assets, Germany, Wealth Accumulation

JEL Codes
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DOI
http://dx.doi.org/10.37355/acta-2025/1-01

ACTA VSFS, 1/2025, vol. 19, www.vsfs.cz/acta




Introduction

In Germany, the years 2021 to 2023 were marked by extraordinary inflationary pressures,
with young adults among the most affected by rising costs. The inflation rate peaked at
10.6% in 2022, primarily driven by escalating energy and food prices (European Central
Bank, 2022). Although inflation decreased to 6.0% in 2023, it remained significantly
elevated compared to pre-2021 levels (Deutsche Bundesbank, 2023a). These economic
conditions have influenced the financial behaviour of young households, particularly
concerning asset allocation and wealth accumulation. Young adults were compelled to
adjust their investment strategies, shifting from traditional low-risk assets like bonds
and savings accounts to real assets such as real estate. This shift was driven by the
need to hedge against inflation, as tangible assets like property typically appreciate
during inflationary periods (Deutsche Bundesbank, 2023b). Additionally, there was
a noticeable increase in risk appetite among younger investors, who turned to equities
to compensate for the real losses incurred in safer asset classes (European Central Bank,
2022).

Figure 1: Real Asset Returns for Young Adults (2015-2023)

Real Asset Returns for Young Adults (2015-2023)
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The central problem is that young households are particularly vulnerable to the negative
effects of high inflation due to smaller asset bases and greater income fluctuations. While
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older generations often benefit from inflation-induced increases in the value of real
assets and hold long-term liabilities that decrease in real terms, young adults face the
challenge of building wealth in an economically volatile environment (European Central
Bank, 2022). Inflation thus delays the long-term wealth accumulation processes of this
age group and exacerbates income and wealth disparities between generations. The aim
of the contribution is to investigate the financial impacts of inflation on the household
assets of young adults in Germany from 2015 to 2023, compared to other age groups.
The following research questions will be addressed: How has inflation influenced the
asset allocation of young adults? To what extent do the real and nominal returns on
the assets of young adults differ from those of other age groups? What are the long-
term effects of the high inflation between 2021 and 2023 on the wealth development of
young households? The methodology involves a comprehensive review of current studies,
reports, and statistical data from relevant institutions such as the European Central Bank
and the Deutsche Bundesbank. By analysing these sources, well-founded insights into the
financial challenges and adaptation strategies of young adults in times of high inflation
will be gained.

The remainder of this paper is structured to provide a comprehensive analysis of the
topic. It begins with a detailed explanation of the methodology of the literature review
and the data sources employed. Following this, an analysis of the income trajectories
and household wealth of young Germans between 2015 and 2023 is presented. The
investigation then delves into the consumption patterns, saving and investment
behaviours, and the debt profiles of young adults during this period. A comparative
analysis of the financial impacts of inflation on young adults vis-a-vis other age groups
is offered to highlight the disparities. The paper then summarizes the key findings,
discusses long-term implications, and provides recommendations for policymakers and
practitioners. Finally, conclusions are drawn, and avenues for future research are outlined.
Through this structured approach, we endeavour to furnish a comprehensive overview
of the subject and to make a meaningful contribution to the ongoing scientific discourse.

1 Method

The methodology followed a structured literature review based on Webster and Watson
(2002) and Tranfield et al. (2003) to systematically assess research on income development
and household wealth of young adults in Germany from 2015 to 2023. A comprehensive
search was conducted in databases such as EconlLit, Social Science Citation Index, and
Google Scholar, with criteria including publication dates (2015-2023), German focus,
and relevance to income, wealth formation, consumption, saving, investment, and
indebtedness of young adults. Key search terms included "Income development young
people Germany," "Household wealth," "Consumption behaviour adolescents," and others,
ensuring inclusion of both quantitative and qualitative studies. Leading sources were the
German Institute for Economic Research (DIW Berlin), the Federal Statistical Office (EVS
data), and the Deutsche Bundesbank's PHF study, which provided foundational data on
income distribution, wealth, and consumption. Studies by the Institute for Employment
Research (IAB) and insights from BaFin (2020) on fintech's impact further contextualized
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financial behaviours. This structured approach highlighted significant insights and
research gaps relevant for future studies and policy measures.

2 Theoretical Background

The following background on underlying fundamental publications aims to discover
the propriate research within the topic of inflation, household's asset return rate and in
specific the young households' contributation to that.

2.1 Fundamentals of Inflation Theory: Presentation of Relevant
Economic Theories

Inflation theory deals with the causes and effects of general price level increases in an
economy. A central approach is the Quantity Theory of Money, which traces back to Irving
Fisher. Fisher (1911) postulated that an increase in the money supply, given a constant
velocity of circulation, leads to proportional price increases. Milton Friedman (1963)
built upon this idea and emphasized in Monetarism that inflation is always a monetary
phenomenon caused by an excessive expansion of the money supply by the central bank.
In contrast stands the Keynesian theory developed by John Maynard Keynes (1936).
Keynes argued that inflation arises from excess demand in the economy, particularly
when aggregate demand exceeds aggregate supply. Expectations and wage-price spirals
also play a decisive role here. The New Keynesian theory expands this approach by
integrating price rigidities and imperfect market information (Mankiw & Reis, 2002). The
theory of rational expectations, represented by Robert Lucas (1972), criticizes Keynesian
models for their assumption of adaptive expectations and emphasizes that economic
agents anticipate future policy changes and act accordingly. This has implications for the
effectiveness of economic policy measures to combat inflation.

2.2 Effects of Inflation on Households: Theoretical Mechanisms
and Models

Inflation affects households by reducing purchasing power and distorting relative prices.
Modigliani and Brumberg (1954) developed the life-cycle hypothesis, which states that
individuals smooth their consumption over their lifespan. Inflation can disrupt this
planning by altering the real values of savings and debts. Friedman's (1957) permanent
income hypothesis suggests that consumption decisions are based on expected average
income. However, unexpected inflation can reduce real disposable incomes, leading
to adjustments in consumption. Additionally, inflation influences wealth distribution;
households with nominally fixed assets lose purchasing power, while debtors may
benefit from the real devaluation of their debts (Doepke & Schneider, 2006). Behavioural
economics complements these models by considering money illusion, where individuals
focus on nominal rather than real values (Shafir et al., 1997). This can lead to suboptimal
financial decisions if households do not correctly incorporate inflation into their planning.
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2.3 Specificsof YoungHouseholds: Socioeconomic Characteristics
and Vulnerabilities

Young households exhibit specific socioeconomic characteristics that make them
particularly susceptible to the negative effects of inflation. According to the Federal
Statistical Office (Destatis, 2021), young adults under 30 often have lower incomes and are
more frequently employed in atypical or precarious jobs. This results in increased income
uncertainty and limited opportunities for wealth accumulation. The German Institute
for Economic Research (DIW Berlin) has found that young people are disproportionately
affected by income losses, especially in crisis times like the COVID-19 pandemic (Grabka
et al, 2021). Precarious employment and fixed-term contracts increase the risk of
financial instability, which is further exacerbated by inflation. Studies by the Deutsche
Bundesbank (2022) show that young households possess less wealth compared to older
age groups and have difficulties building long-term assets. Rising living costs and higher
expenses for education reduce disposable income and saving capacity. Additionally,
young households are more frequently indebted, which diminishes their financial
resilience to price increases. The Institute for Employment Research (IAB) emphasizes that
regional disparities influence the economic opportunities of young people (IAB, 2020). In
structurally weak regions, young adults are more affected by unemployment and lower
wages, increasing their vulnerability to inflation. These factors lead to young households
being less able to build financial buffers and respond to economic shocks.

3 Literature Review

Between 2021 and 2023, Germany experienced a significant surge in inflation that
notably influenced the financial behaviours of its young adult population. This period of
economic fluctuation prompted a reassessment of traditional asset allocation strategies
among young adults, who sought to preserve their wealth amid rising costs and
diminishing real returns on safer investments. The literature indicates a marked shift from
conventional assets like bonds and savings accounts toward equities and real estate,
as young investors aimed to mitigate the adverse effects of inflation on their financial
portfolios. Achieving real returns became increasingly challenging for this demographic,
with nominal interest rates failing to keep pace with inflationary pressures. While equity
markets and real estate provided some avenues for inflation-adjusted gains—particularly
through significant price appreciations in real estate—the overall wealth accumulation
for young adults showed signs of deterioration. Comparative studies highlight that
young adults were more adversely affected by inflation than older age groups, due to
smaller asset bases and greater sensitivity to income fluctuations. Older households
often benefited from holding more real assets and nominal liabilities that appreciated or
became less burdensome during inflationary times. Empirical research underscores the
long-term implications of this inflationary period on the wealth-building trajectories of
young adults in Germany. The erosion of disposable income led to reduced investment
rates in both financial and tangible assets, suggesting potential enduring consequences
on their financial stability and growth. This literature review synthesizes key findings from
recent studies to explore the multifaceted impact of the 2021-2023 inflation surge on
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the asset allocation, real and nominal returns, and overall wealth development of young
adults in Germany.

3.1 Income Development and Household Wealth of Young
People in Germany (2015-2023)

The income trajectories and household wealth of young people in Germany between
2015 and 2023 have been pivotal subjects in contemporary social science research.
Various studies have analysed the influencing factors, highlighting the roles of labour
market conditions, educational investments, and economic frameworks. The German
Institute for Economic Research (DIW Berlin) has extensively examined income and wealth
distribution in Germany. In particular, the works of Markus M. Grabka and colleagues
provide a detailed analysis of income inequality trends. For instance, DIW's Weekly
Report No. 18/2021 illustrates that income inequality remained relatively stable despite
the impacts of the COVID-19 pandemic. However, it emphasizes that young people were
disproportionately affected by income losses, attributed to precarious employment
conditions and temporary contracts. Data from the Federal Statistical Office's Income
and Expenditure Survey (EVS) offer crucial insights into the income situations of young
households. Publications on income and living conditions in Germany reveal that
adults under 30 tend to have lower incomes and are more likely to work in atypical
employment arrangements. These factors not only influence current income but also
affect the potential for wealth accumulation. The Deutsche Bundesbank's study "Private
Households and Their Finances" (PHF) provides essential findings on wealth building.
The results indicate that young households possess less wealth compared to older age
groups and face difficulties in building long-term assets. Contributing factors include
rising living costs, higher educational expenses, and uncertainties in the labour market.
Research by the Institute for Employment Research (IAB) sheds light on the labour market
situation of young people. The findings suggest that temporary contracts and insecure
employment negatively impact income and hinder wealth accumulation. Moreover,
regional disparities significantly influence the economic opportunities available to young
individuals. Collectively, these studies demonstrate that the income development and
wealth building of young people in Germany depend on a multitude of factors. The
unique challenges they face shape their financial situations and necessitate targeted
policy measures to reduce income inequalities and promote wealth accumulation.

3.2 Consumption Behaviour: Effects on Spending Habits and
Expenditure Patterns

The consumption behaviour of young people in Germany has undergone significant
changes between 2015 and 2023.Various studies have analysed these developments, each
focusing on different aspects. According to the Federal Statistical Office (2021), there has
been a marked increase in online purchases among young people. This trend is facilitated
by advancing digitalization and the widespread use of smartphones. Mobile commerce
has influenced spending habits, as purchases can be made anytime and anywhere. The
Federal Agency for Civic Education (2019) highlights the impact of social media on
consumption habits. Platforms like Instagram and TikTok serve as marketing channels
where influencers promote products, leading to increased willingness to purchase and
influencing young consumers' preferences. The German Youth Institute (DJI) emphasizes
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that sustainability and environmental awareness have gained importance among
young people (DJI, 2020). They show a heightened interest in sustainable products
and are willing to spend more on them. This shift in values affects their consumption
decisions and their household wealth. A study by the Bertelsmann Foundation argues
that a lack of financial literacy leads to impulsive spending behaviour and lower savings
rates (Bertelsmann Foundation, 2018). Promoting financial competence is therefore
deemed crucial for fostering healthy financial behaviour. The Deutsche Bundesbank
points out that rising living costs and rents reduce the disposable income of young
people (Deutsche Bundesbank, 2022). These economic factors necessitate adjustments
in consumption behaviour and can lead to shifts in expenditure priorities. In summary,
technological advancements, social media influence, changing values, and economic
conditions significantly contribute to the evolving consumption behaviour of young
people in Germany.

3.3 Saving and Investment Behavior: Influence on Savings Rates
and Investment Decisions

Between 2015 and 2023, the saving and investment behaviour of young people in
Germany has garnered increased attention in research. Various studies analyse the factors
influencing their savings rates and investment decisions. The Deutsche Bundesbank
observed that young adults often exhibit lower savings rates than older generations
(Deutsche Bundesbank, 2019). This is attributed to lower incomes, higher consumption
expenditures, and less financial education. Financial insecurity and temporary
employment contracts may lead young people to hesitate in long-term saving. A study by
Borsch-Supan and colleagues at the German Institute for Economic Research underscores
the importance of financial education (Borsch-Supan et al., 2016). The authors argue that
a lack of financial knowledge leads to conservative investment decisions, with young
people preferring low-risk savings products. Increased financial literacy boosts the
willingness to invest in higher-yield assets like stocks. Lusardi and Mitchell highlight the
global relevance of financial education for saving and investment behaviour (Lusardi
& Mitchell, 2017). Although their focus is not exclusively on Germany, their findings
underscore that financial competence is crucial for effective financial decisions. The
Federal Financial Supervisory Authority (BaFin) analysed the influence of technological
innovations. They found that fintech platforms and mobile apps ease access to financial
services, leading to increased participation in capital markets among young adults (BaFin,
2020). This has the potential to sustainably change saving and investment habits. A study
by Deloitte examines the influence of social media on investment decisions (Deloitte,
2021). It concludes that young investors increasingly obtain information from social
networks, which can positively influence their investment decisions through increased
market participation but also negatively through misinformation. KfW Research analysed
the effects of the COVID-19 pandemic on the saving behaviour of young people (KfW
Research, 2022). They found that uncertainty during the pandemic led to increased
savings rates but also to more conservative investment strategies as risks were avoided.
Overall, financial education, technological developments, and social media play central
roles in shaping the saving and investment behaviour of young people in Germany,
impacting their household wealth.
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4 Discussion

The literature review reveals that young households in Germany between 2015 and 2023
faced significant financial challenges exacerbated by rising inflation. The findings indicate
that young adults possess less wealth, earn lower incomes, and are more susceptible to
economic fluctuations compared to older age groups. Interpreting these results suggests
that inflation substantially impairs the financial stability of young households. Due to
lower incomes and higher expenditures—particularly for education and increasing living
costs—there is less financial leeway for wealth accumulation and savings activities. The
erosion of purchasing power caused by inflation adds further strain, as real disposable
incomes decline, necessitating adjustments in consumption expenditures. This can
have long-term effects on the financial resilience and wealth-building opportunities of
young people. Comparing the studies reveals both concordances and discrepancies in
the literature. There is consensus that young households are financially more vulnerable
and less able to accumulate wealth (Deutsche Bundesbank, 2022; DIW Berlin, 2021).
Additionally, the influence of precarious employment and regional disparities on income
situationsis emphasized (IAB, 2020). However, contradictions emerge regarding the role of
financial education and technological influences. While Lusardi and Mitchell (2017) stress
the importance of financial literacy for better investment decisions, other studies point to
risks associated with a lack of financial education and impulsive consumption behaviour
(Bertelsmann Stiftung, 2018). Identifying research gaps highlights that the long-term
effects of inflation on the wealth accumulation of young households are insufficiently
explored. There is a lack of empirical longitudinal studies that analyse the interactions
between inflation, consumption, and savings behaviour in detail. Furthermore, the impact
oftechnological developments, such as fintech and social media, on the financial decisions
of young people has not been adequately investigated. Additional research is necessary to
develop targeted measures for promoting financial resilience. In terms of methodological
critique, many studies rely on quantitative data from surveys and official statistics, which,
while providing comprehensive insights, often overlook the individual experiences and
subjective perceptions of young people. Qualitative approaches could complement this
by offering a deeper understanding of the motives and barriers to wealth accumulation.
Additionally, variations in study periods and sample sizes limit the comparability of the
studies. Some research utilizes outdated datasets or insufficiently considers current
economic developments, such as the COVID-19 pandemic. In conclusion, the discussion
underscores that young households in Germany are disadvantaged in their financial
development due to inflation and associated economic factors. There is an urgent need
for further research and targeted policy measures to address the financial challenges
faced by young people and to enhance their opportunities for wealth accumulation and
financial security.

Conclusion

This study highlights how high inflation from 2021 to 2023 disproportionately affected
the financial stability and wealth development of young adults in Germany. Due to
smaller asset bases and volatile incomes, young households faced intensified inflationary
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pressures, prompting shifts in investment strategies from low-risk assets to real assets like
real estate and equities to counteract purchasing power loss. However, high entry barriers
in real estate and risks in equity markets limited the benefits of these adjustments. Future
research should examine long-term inflation effects on wealth accumulation among
young adults, accounting for socioeconomic diversity. The potential impact of fintech
and digital platforms on young adults’ investment behaviour should also be explored.
Policies addressing structural barriers, promoting financial literacy, supporting home
ownership, and incentivizing long-term savings can help alleviate inflation’s impact and
support sustainable wealth building for younger generations.
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Interval and Global Progressivity.
The Case of the Visegrad Group

Abstract

Background: The countries of the Visegrad Group (Czech Republic, Slovakia, Poland and
Hungary) apply different personal income tax systems that reflect their different economic
and social policies. Taking into account the fact that often every year changes are made in
the tax legislation, there are changes in tax systems.

Aim:The article is focused on measuring the progressivity of the tax on dependent activity
in the Czech Republic, Slovakia, Poland and Hungary.

Methods: Interval and global progression methods were used. Specifically, these are the
progressivity of the average rate, the progressivity of the tax liability, the Lorenz curve, the
Gini coefficient and the Musgrave and Thin index.

Results: The resulting values are calculated according to model examples based on the
tax laws of individual countries. Based on the results of interval progressivity, similar but
also different features can be observed in individual countries. In the case of the Czech
Republic, Slovakia and Poland, it can be observed that the tax on income from dependent
activity is progressive. In the case of taxpayers with low incomes and in the case where
a child lives with the taxpayer, the tax in some cases even has a regressive effect. On the
other hand, in Hungary, a proportional tax applies throughout. Based on indicators of
global progressivity, they show that the tax on income from dependent activities is the
most progressive in Poland.
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Gini coefficient, global progressivity, interval progressivity, Lorenz curve, tax progressivity,
Visegrad group.
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Introduction
Taxation of the income of natural persons represents a fundamental role in the fiscal policy

of every state, as it represents the main source of public revenue and is also an important
tool for influencing the economic behavior of individuals and companies. In the context

n ACTA VgFS, 1/2025, vol. 19, www.vsfs.cz/acta




of the Visegrad Four countries, that is, the Czech Republic, Slovakia, Poland and Hungary,
the analysis of tax systems and their progressivity represents an important aspect for
understanding wider economic and social impacts.

Progressive taxation, which involves increasing the tax rate as income rises, is often
seen as a way to reduce income inequality and ensure a more equitable distribution of
wealth. On the other hand, flat or less progressive tax systems can be seen as a means
of promoting economic efficiency and growth, as they can motivate higher work effort
and investment. This article focuses on analyzing these differences and their implications
within the Visegrad Four countries. Using quantitative data on incomes, tax rates and
other economic indicators, the article provides a comprehensive overview of how different
forms of personal income taxation affect economic equality and stability in the Central
European region. The conclusions of this analysis will offer a deeper understanding of the
role of tax policies in the development and management of modern market economies
in the Central European context.

The article is structured in the usual way, where the introduction is followed by
the theoretical background and a description of the data and methods used in the
methodology section. Furthermore, progressivity results are analyzed in the results
section, which are then discussed in the discussion section. All main ideas are further
summarized in the conclusion.

1 Literature review

Daniels & VanHoose (2009) analyzed the progressivity of the tax system and inflation and
found that an increase in the progressivity of the tax system induces a smaller response
of real output to a change in the price level. The increased progressivity of the income tax
therefore reduces the equilibrium rate of inflation. Nadirov & Dehning (2020) dealt with
the analysis of tax progressivity and entrepreneurship. According to their conclusions,
it can be concluded that increased downward progressivity has a positive effect on the
rate of transition from start-up business to established business ownership. Tahova
& Banociova (2020) claim that the tax progressivity of corporate income tax can be
considered progressive in the EU-28 in the period under review.

Lee (2023) examined the progressivity of public pension benefits and labor income taxes
and argues that the optimal ratio of progressivity of public pension benefits to labor
income tax progressivity is not a constant rate of time discounting. The optimal public
pension benefit is more progressive than the optimal tax on labor income. The results
of Eydam & Qualo (2023) confirm a statistically significant negative association between
the progressivity of the personal income tax and income inequality. Overall, we find
that average and marginal tax rates in particular have the potential to reduce income
inequality.
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Slintakova & Klazar (2010) investigated the progressivity of the value added taxin the Czech
Republic and their results show that the value added tax is regressive when analyzing
annual income, while the analysis of lifetime income showed it to be progressive. Gencey,
Musilova & Siroky (2018) claim that the global progressivity of the tax relief system in
the Czech Republic was slightly progressive during the analyzed period 2006-2016. The
significant change in the structure of personal income tax in 2008 did not essentially reflect
global tax progressivity. Krajridk (2020) examined the analysis of the tax progressivity of
the income tax of natural persons from dependent activities in the Czech Republic in the
period 1993-2018.The results of the analysis show that, despite the linear tax rate, personal
income tax in the Czech Republic is not linear. In most cases, income tax has a progressive
character due to the non-taxable part or tax reliefs. Based on a questionnaire survey in the
Czech Republic, Cabelkova & Smutka (2021) claim that taxpayer income was related to the
perception that taxes for the rich are inadequately high, but not related to the perception
of tax adequacy for the average and poor groups of respondents. According to Krajnak
(2021), it was found that in 2021, compared to 2020, the tax burden in the Czech Republic
according to the effective tax rate decreased in all model cases.

Horvath et al (2019) found that a hypothetical transition to a highly progressive tax
structure in Slovakia generates some increase in employment but is associated with a
decrease in total income and tax revenue. Based on their earlier analysis, Brzezinski, Myck
& Najsztub (2022) conclude that Poland has become one of the most unequal European
countries among the countries for which there are the highest corrected estimates of
inequality. Krajewski & Pilat (2017) found that tax progressivity is not the main reason for
the effectiveness of a progressive personal income tax in Poland as an automatic stabilizer.
The study shows that changes in progressive rates have little effect on the effectiveness of
passive fiscal policy. Based on ideological preferences, Adam & Simonovits (2019) argue
that the pension system in post-2010 Hungary could be expected to be more financially
sustainable, but less redistributive, compared to the previous period. Yet we find that
while redistribution through the pension system to the poor has indeed been reduced,
fiscal sustainability has not improved due to erratic policies.

Based on the analysis of progressivity in Croatia, Ledic, Rubil & Urban (2023) claim that in
the case of a progressive (regressive) tax, approaching a relative view reduces (increases)
the importance of progressivity (regressivity) for the tax's impact on well-being. Thus,
the perception of the importance of progressivity and regressivity is influenced by the
accepted view of inequality. According to Rubolino (2023), stricter tax enforcement
tilts the balance in favor of higher marginal tax rates for middle and top incomes, while
the lower marginal tax rate is weak in Italy. Serrano-Puente (2020) finds that increasing
progressivity in Spain would be optimal, even if it would mean a loss of efficiency. Optimal
tax schedule reform would reduce wealth and income inequality at the cost of negative
impacts on capital, labor, and output.

Outside the European Union, tax progressivity was dealt with for example by Akkot,
Gemicioglu & Kizilirmak (2023), who investigated the progressivity of indirect taxes
in Turkey. The findings show that the value added tax is progressive according to the
expenditure method and regressive according to the income method, and the special
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consumption tax is progressive according to both methods. Echevarria (2015) looked at
progressivity in the US and selected consequences of increasing income tax progressivity
include reduced labor supply, lower GDP growth, lower future consumption growth.
A higher appreciation of the well-being of future generations requires a lower level of
progressivity. Datt, Ray & Teh (2022) find that in India, despite high levels of progressivity,
the redistributive effects of income taxes remain modest among tax assessors and
negligible in the adult population. Equalizing the difference between statutory and actual
average tax rates will do little to improve redistributive effects. Based on an analysis of
Latin American countries, Coelho & deOliviera (2016) claim that when there is no real
progressiveness in personal income taxation, it causes low tax morale, low tax compliance
and thus greater tax evasion.

2 Research methods

Eurostat wage statistics are used as the data source for the progressivity analysis. The
Gini coefficient was calculated using the decile distribution of income, which allows for
a more accurate estimate of the level of income inequality in the population. This type
of distribution captures the shares of individual tenths of the population in total income,
and is therefore a suitable basis for constructing the Lorenz curve and the subsequent
calculation of the Gini index. The advantage of these input data is their reliability, the
disadvantage is that they do not cover illegal income. The tax is calculated based on
model taxpayers and does not abstract from the calculation of social security and health
insurance. The OECD methodology was used in the analysis of taxpayers. The amount and
procedures for calculating taxes are based on the tax laws of individual countries.

Taxpayer incomes are derived as multiples of the average wage of individual countries.
Hypothetical taxpayers are divided according to individual incomes determined from

multiples of the average wage into 10 income groups, see Table 1 in 2024.

Table 1: Division of taxpayers into income groups

Income group 1 2 3 4 5 6 7 8 9 10

Multiple 05 075 1 1,5 2 2,5 3 3,5 4 5

Source: Own processing

Table 2-5 shows the distribution of employees into groups according to the average salary
band measured by Eurostat. For the purposes of this analysis, the household income
distribution was chosen according to the decile distribution, i.e. into ten equally large
groups, each representing 10% of the population ranked by the amount of equivalent
disposable income.
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Table 2: Shares of employees % in the Czech Republic

1. 2. 3. 4, 5. 6. 7. 8. 9. 10.
decile decile decile decile decile decile decile decile decile decile

From 0 18474 22068 24950 27424 30273 33548 37086 42020 50530

To 18473 22067 24949 27423 30272 33547 37085 42019 50529

% 41 6,1 71 7,9 8,6 9,6 10,6 11,8 13,8 20,3
Source: Eurostat (2024), own processing

Table 3: Shares of employees % in Slovakia

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
decile decile decile decile decile decile decile decile decile decile
From 0 437 603 707 778 849 924 1003 1102 1286
To 436 602 706 777 848 923 1002 1101 1285
% 3,5 6,1 7,5 7,7 9,4 10,2 11,1 12,1 13,7 17,9

Source: Eurostat (2024), own processing

Table 4: Shares of employees in Poland

1. 2. 3. 4, 5. 6. 7. 8. 9. 10.
decile decile decile decile decile decile decile decile decile decile

From 0 2433 3059 3559 4014 4514 4989 5525 6326 7724

To 2432 3058 3558 4013 4513 4988 5524 6325 7723

% 3,5 5,6 6,8 8,6 8,7 9,7 10,7 12 14,1 21,2
Source: Eurostat (2024), own processing

Table 5: Shares of employees % in Hungary

1. 2. 3. 4., 5. 6. 7. 8. 9. 10.
decile decile decile decile decile decile decile decile decile decile

From 0 139260 188473 221109 250676 280363 310280 349212 393350 474415

To 139259 188472 221108 250676 280362 310279 349211 393349 474414

% 3 55 6,6 7,7 8,6 9,5 10,7 12 13,9 22,3
Source: Eurostat (2024), own processing
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The article uses basic methods of statistical inference such as analysis and comparison and
selected methods of interval and global progressivity (see §irok)'/, Friedrich and Makova,
2012). By means of interval progressivity, changes in the tax rate between two selected
pension intervals are measured. Global progressivity shows tax progressivity across the
entire income range.

One method is used for the analysis of interval progressivity. Average rate progressivity
(PAR) represents the change in average rate to change in income (1):

L
PAR=1_%
Yi—-Y (1)

where Y represents gross income and indices 1 and 2 represent the individual compared
income groups of taxpayers. A PAR value greater than 0 represents a progressive tax, and
a PAR value less than 0 represents a regressive tax.

Three methods are used to analyze global progressivity. The most frequently used
indicator is the Lorenz curve.

The Lorenz curve is a graphic device that shows the inequality in the distribution of
income in society. In graphic form, it shows the relationship between absolute equality,
absolute inequality and the actual distribution of incomes.

Absolute equality represents the line of absolute equality, which represents a hypothetical
situation where all subjects receive the same income. The line of absolute equality is
used in determining the deviation of the actual income distribution. Conversely, the line
of absolute inequality represents a hypothetical situation where only one household
receives income. The further the true Lorenz curve is from the line of absolute equality,
the more unequal the distribution of income. If, as a result of taxation, the actual Lorenz
curve approaches the line of absolute equality, the imposed tax is progressive, otherwise
regressive.

To quantify the data from the Lorenz curve, the Gini coefficient (G) is used, which compares
the actual Lorenz curve and the line of absolute equality and expresses the deviation from
absolute equality. The modified Gini coefficient formula measures the area under the true
Lorenz curve and under the curve of the line of absolute equality see (2).

B A
~ A+B @)

where: A is the area under the Lorenz curve and B is the area between the line of absolute
equality and the true Lorenz curve.
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For the change in the Gini coefficient before and after taxation, the Musgrave and Thin
coefficient (M) is used, see (4).

1_ Gx
1-G

M =
3)

where: G is the pre-tax Gini coefficient and Gx is the post-tax Gini coefficient. The
pointer values take on values from 0 to . The size of the coefficient less than 1 means a
regressive tax, a coefficient greater than 1 a progressive tax, a coefficient equal to 1 means
a proportional tax.

The disadvantage of the indicator is that it does not take into account fluctuations within
the entire interval. If there is only an intra-group transfer of income with an interval
distribution of frequencies, this will not affect the size of the Gini coefficient.

3  Solutions and Results

Figures 1 and 2 show the progressivity values of the tax obligation from dependent
activity in the individual countries of the Visegrad Four. Points on the graph that are above
1 represent a progressive tax, values below 1 represent a regressive tax, and values that
reach 1 represent a proportional tax.

The Czech tax system shows very significant progressivity in comparison, especially for
low-income groups. Taxpayers with an income of 0.5 times the average wage have a PTO
of 2.06, i.e., more than twice the burden of the average taxpayer. This effect is caused
by the fact that the basic tax credit is a fixed amount, and for low incomes it has an
extremely high relative impact on the total burden. With wage growth, the PTO decreases
continuously. At 1.5 times the average wage, it is 1.21, and at twice the average wage, it
reaches 1.15. This development confirms the decreasing progressivity, i.e., the weakening
of the redistributive function of the system as income grows. The change occurs between
3 times and 3.5 times the average wage, when a higher income tax rate comes into
effect. The PTO increases slightly again, from 1.10 to 1.34, which confirms the return to a
progressive trend for the highest incomes. However, at 5 times the average wage, it drops
again to 1.29, which may indicate a saturation of the tax rate or the impact of the insurance
premium caps. The Czech tax system is strongly progressive for low-income groups, with
some flattening in the middle and higher income bands and a subsequent temporary
increase caused by the higher tax rate. However, progressivity is significantly weaker in the
higher bands. The tax structure supports social justice, but from an efficiency perspective
it may lead to a search for ways to reduce taxation. In the Czech Republic, in the case of a
taxpayer with children, strong fiscal support is used for low-income families. The PTO value
for a household with an income of 0.5 times the average wage reaches a negative value
(—6.18), which may mean that the combination of the child tax credit and the taxpayer
discount not only eliminates the tax liability, but the household becomes the recipient of
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a tax bonus. This effect is evidence of an expansive tax policy towards low-income families.
With increasing income, the PTO value increases rapidly and stabilizes between 1.2 and
1.4 in the range from 1.5 to 4 times the average wage. This indicates a slightly progressive
but stable tax structure that does not escalate taxation disproportionately above a certain
threshold. The practical consequence is a low disincentive force of the system for the
working middle class and at the same time solid social support for families with children.

In Slovakia, progressivity follows a similar course as in the Czech Republic, but its overall
intensity is milder. At 0.5 times the average wage, the PTO is 1.65, which confirms the
higher tax burden on low-income groups relative to the average taxpayer, but lower than
in the Czech Republic. Asincomes increase, the PTO steadily decreases, to 1.17 at 1.5 times
and 1.14 at 2 times. The change is observed at 3 times the wage, where the PTO increases
from 1.13 to 1.19 and then to 1.24 at 3.5 times. This phenomenon can be attributed to
the gradual reduction of the non-taxable part of the tax base and the onset of a higher
tax rate. Subsequently, the PTO decreases again to 1.19 at 5 times the average wage.
The Slovak tax system shows a medium level of progressivity, with a smoother and less
steep course than the Czech Republic. A more pronounced break occurs only in the upper
middle band. Progressivity is moderate here, which leads to greater tax neutrality between
individual income groups. Low-income earners are still protected, but less than in the
Czech Republic. The Slovak results for taxpayers with children show significant volatility.
In the income band around 0.75 times the average wage, the PTO reaches an extremely
negative value (—19.65), while at the average wage it rises sharply to 5.31. This sudden
increase in the tax burden points to a steep and nonlinear progressivity of the system,
which may be caused by the mechanism for calculating the tax benefit for children.

The Polish system shows a very different course. While the PTO at 0.5 times the average
wage is relatively low (1.33), in the range between 1 and 1.5 times it increases sharply
to 1.64. From this maximum, the PTO decreases significantly again, to 1.14 at 2.5 times
and to 1.08 at 5 times the average wage. This development indicates that in Poland the
tax burden is concentrated in the middle-income groups, while progressivity weakens at
higher incomes. The Polish system is extremely progressive in the middle-income group,
but it loses its redistributive power for the highest income groups. It can thus create tax
traps for the middle class. In practice, this means that the tax system can demotivate
productive employees in the career growth phase, but at the same time be attractive to
the highest earners, which can affect the migratory movements of workers. The Polish tax
system for taxpayers with children shows the highest stability and uniform progressiveness
of all the countries monitored. PTO values range in a narrow range from 1.27 to 1.68
between 0.5 and 3 times the average wage. This reflects a slightly progressive but socially
balanced tax regime, where the benefit for children acts evenly across income multiples. A
high degree of tax predictability has positive consequences: lower administrative burden,
greater taxpayer confidence and less incentive to optimize.

The Hungarian tax system is almost perfectly proportional. The PTO is almost equal to
1 throughout. This is a consequence of the flat tax rate without a basic tax credit for
the taxpayer and the almost linear progression of the premium. The effective tax rate
thus increases directly proportionally with income, which means that each additional
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unit of income is taxed in the same way as the previous one. This makes the tax system
characterized by zero progressivity, but also the absence of any repressiveness or
preferential treatment of low-income groups. Hungary has a completely different
approach. This system is very predictable, but it does not offer any natural redistribution. In
Hungary, a significantly different trend can be seen in the case of taxpayers with children.
The PTO starts at 1.33 at low incomes and decreases slightly below 1 with increasing
wages (specifically 0.95 at 3 times the average wage). This indicates the regressive nature
of the system, where the effective tax burden decreases at higher incomes. This effect can
be explained by the existence of a flat tax without gradual progression and probably. The
practical consequence is a tax system that rewards higher incomes with a lower relative
burden. From the point of view of family policy, the system is accommodating thanks to
a significant tax advantage for children, but the redistributive effect is limited. The system
can support economic activity and entrepreneurship, but at the cost of lower tax equality.

Figure 1: Progressivity of tax liability in the case of a basic discount
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Figure 2: Progressivity of tax liability in the case of a child discount
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Figures 3-6 show the Lorenz curves of individual countries. For greater clarity, the
curves after taxation are shown only in the case of a discount or deductible item only
for thetaxpayer himself and a tax benefit for children. In the case of taxation, the actual
Lorenz curve in the Czech Republic, Slovakia and Poland approaches the curve of absolute
equality. This confirms the progressive nature of the tax. In Hungary, the situation is
different, because in the case of taxation the actual Lorenz curve does not change, which
indicates its proportional course.

Figure 3: Lorenz curve of the Czech Republic Figure 4: Lorenz curve of Slovakia
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Figure 5: Lorenz curve of Poland Figure 6: Lorenz curve of Hungary
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Table 6 shows the values of the Gini coefficient before and after taxation by taxation and
the Musgrave and Thin coefficient of individual countries.
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Table 6: Gini coefficient (G) values before and after taxation and Musgrave and Thin
coefficient of individual countries

Coefficient Czech Republic Slovakia Poland Hungary
G 29,7% 30,7% 34,70% 27,6%
G after tax 24,9% 25,5% 30,6% 23,61%
(discount for

two child)

Musgrave and 1,067 1,076 1,063 1,0000

Thin coefficient

Source: own processing

Tax on income from dependent activity is more progressive than all countries in Poland
and leastin Hungary according to the difference between the Gini coefficient after taxation
(in the Czech Republic 4.8 %, in Slovakia 5,2 %, in Poland 4,1 %. In the case of applying
discounts or tax benefits, the Gini coefficient decreases. In the case of applying the basic
discount per child, the Gini coefficient is the lowest in the Czech. Republic and Hungary.

4 Discussion

It was found that the income tax from dependent activity within the framework of interval
progressivity has a similar character in the Czech Republic and Slovakia. Low-income
taxpayers face higher progressivity, and it decreases with increasing income (in the Czech
Republic, it increases for high-income taxpayers (from 3.5 times the average wage). In the
case of taxpayers with the lowest incomes, the share of tax on total gross income reaches
very low values, and with further in the income interval, a large jump in this share can be
seen, which then stabilizes (it can be stated that in these countries this tax is progressive
throughout, although it decreases from 1.5 times the average wage in both countries. In
Poland, a higher progressiveness of the tax can be observed than as in Slovakia, there is a
decrease in progressivity towards a proportional tax in Hungary.

Overall, it can be said that the tax on income from dependent activity is progressive
(if we take into account the tax rebates in Hungary), but the progressivity is very low.
This may be due to the fact that in these states there are no significant tax brackets that
increase the tax burden with increasing income. Although in these states one higher rate
is usually applied for higher incomes, only one rate still dominates taxpayers. Another
reason for similar results may be the similar historical context. The reason may also be
competitive pressure to prevent the departure of executives to other countries. The tax
on income from dependent activity is the most progressive in Hungary according to the
Gini coefficient indicators, as well as the Musgrave and Thin coefficient. The reason for
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higher progressiveness in Poland may be tax bands, or rather tax rates, which are higher
(mainly the second rate) than in other countries, but also its historical focus on justice and
redistribution of wealth.

The resulting differences between the states are caused by deductions from the tax base,
respectively the tax, the size of the effective tax rate or the share of income tax on gross
income. If the use of the entire spectrum of discounts or non-taxable parts of the tax base,
i.e. social and health insurance, were taken into account, the results would certainly be
different, which will be the subject of future research.

Conclusion

Values of interval and global progressivity of tax on income from dependent activity
were determined in the Czech Republic, Slovakia, Poland and Hungary in 2023. The
resulting values were determined on the basis of multiples of the average salary for a
model taxpayer who applies only the basic discount (deductible item) per taxpayer or
tax benefit (tax discount) for one child). At the same time, it was abstracted from social
security contributions.

On the basis of the results, it can be claimed that the progressiveness of low-income
taxpayers in the Czech Republic and Slovakia is high, and further decreases with increasing
income. The exception is the case of applying the discount for one child, when the tax
has a regressive effect. These results are caused precisely by tax rebates and deductible
items, which have the effect that the effective tax rate of these taxpayers is less than the
nominal tax rate. On the contrary, in Hungary, the tax is proportional throughout, as their
tax system does not allow any basic discount to be deducted, but in the case of a child
discount, the tax is already slightly progressive throughout.

Based on the Lorenz curve in the case of taxation, in the Czech Republic, Slovakia and
Poland, the actual Lorenz curve approaches the curve of absolute equality, which confirms
that the tax has a progressive effect. In Hungary, the situation is different, because in the
case of taxation, the actual Lorenz curve does not change, which indicates its proportional
course. According to indicators of global progressivity, it can be argued that the tax on
income from dependent activity is more progressive than all countries in Poland.
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Comparison of Classical Arima Forecasting
Methods to the Machine Learning LSTM
Method: a Case Study on DAX® 50 ESG Index

MANUEL ROSINUS

Abstract

Background: Traditional econometric models like ARIMA, while foundational for time
series forecasting, often rely on assumptions of linearity and stationarity. These models
can fall short in capturing the complex, nonlinear dynamics frequently present in financial
markets. This has led to the adoption of machine learning methods like Long Short-
Term Memory (LSTM) networks, which are specifically designed to recognize long-term
dependencies in sequential data, offering a potential advantage in modeling volatile
financial time series.

Aim: This study compares the predictive performance of a classical econometric model
(ARIMA) with a deep learning approach (LSTM) in the context of stock index forecasting
using the DAX 50 ESG index from 2020 to 2024.

Methods: An autoregressive integrated moving average (ARIMA) model is compared
against a long short-term memory (LSTM) neural network. The models are evaluated using
both a static train-test split and a more rigorous expanding window forecast scheme.
Predictive accuracy is measured by standard error metrics (MAE, RMSE, MAPE) and the
Diebold-Mariano test.

Results: The empirical results show that the LSTM model achieves lower forecast errors
than the best-fitting ARIMA model in both evaluation frameworks. In the expanding
window scenario (repeated retraining), the LSTM maintains a statistically significant,
though modest, forecasting advantage over the ARIMA model.

Originality/Value: The findings suggest that while the LSTM's ability to capture nonlinear
patterns offers a forecasting edge, the improvement is incremental in a highly liquid
and efficient market. This case study highlights the potential of deep learning methods
in finance but also reinforces the notion that strong market efficiency can limit the
forecasting benefits of such complex models.
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1 Introduction

Forecasting stock prices and market movements is crucial for making informed investment
decisions, managing risks, and enhancing market efficiency. Accurate predictions can
benefit individual and institutional investors by guiding investment strategies and
reducing potential financial losses.

While there is no shared consensus within the scientific community, if stock movement is
following a random walk, many researchers suggest this is not the case. For instance, tests
on various stock markets, including prominent indices, show deviations from random
walk behavior, suggesting inefficiencies (Asaad & Omer, 2024; Danila, 2022; Dsouza &
Mallikarjunappa, 2015; Gregory, 2021).

Conventional methodologies for stock market analysis primarily incorporate the
fundamental analysis, which aims to determine a stock's intrinsic value by assessing key
performance factors of the business itself, or the technical analysis, which analyzes past
market performance by looking at the stock's chart activity of price movements, volume,
moving averages, and the statistics of various outcomes. In a comprehensive review of 122
studies on stock market forecasting over 11 years, Nti et al. (2020) indicate that 66% of the
publications investigated were predicated on technical analysis, while 23% and 11% were
based on fundamental and combined investigations.

In contrast, econometrics focuses on utilizing statistical and mathematical techniques
to analyze and test economic hypotheses using real-world data. Traditional econometric
models have been used extensively to analyze financial time series, predict stock returns,
and also estimate volatility (Bhowmik & Wang, 2020). Among the commonly applied
methods are the Autoregressive Integrated Moving Average (ARIMA) models, Generalized
Autoregressive Conditional Heteroskedasticity (GARCH) models, and factor models.
Each of them offers distinct benefits in terms of identifying time-dependent patterns in
financial data.

These traditional classical models are valued because of their interpretability and
computational efficiency. However, there are serious problems with their reliance on
linear correlations and stationarity assumptions. Particularly during times of structural
change or market anomalies, these models frequently fall short of capturing the nonlinear
and dynamic nature of financial markets (Apte & Haribhakta, 2024). This has encouraged
interest in exploring more adaptive and flexible approaches like machine learning and
deep learning.

This paper discusses whether machine learning can predict financial time series movement
better than the commonly used ARIMA model in the case of the DAX ESG index.
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2 Background
2.1 Machine Learning in Financial Time Series Forecasting

Today, the theory and practice of finance have undergone a remarkable evolution due to
artificial intelligence (Al) and machine learning (ML). However, the integration of ML/AI
in finance can be traced back to the early 1990s, when researchers began experimenting
with neural networks and genetic algorithms for trading models (LAKHCHINI et al., 2022).
These early studies demonstrated that artificial neural networks (ANNs) could outperform
traditional linear models by capturing hidden patterns in financial data. The 2000s saw a
growing interest in support vector machines (SVMs) and random forests, which provided
more robust feature selection and model interpretability (Teles et al., 2021). By the 2010s,
the rise of big data and deep learning led to the development of advanced architectures
such as long short-term memory (LSTM) networks and convolutional neural networks
(CNNs), which significantly improved the ability to model sequential and high-frequency
financial data (Alzubaidi et al., 2021).

2.2 Key Applications in Financial Time Series Forecasting

Machine learning affects virtually all corners of finance. According to market research,
the global artificial intelligence in the fintech market grew from $9.15 billion in 2022 to
$11.59 billion in 2023, which implies a growth rate of 26.8% per year (Al in FinTech Market
Size, Trends and Global Forecast To 2032, 2023). These numbers are further supported by
the most recent statistics in finance, where 70% of financial services companies use ML to
boost their predictive and statistical capabilities. The applications of machine learning in
the finance industry are rapidly growing.

One of the most extensively researched applications of ML in finance is stock return
prediction. Early ML models such as decision trees and gradient boosting machines
demonstrated improved predictive power compared to linear regression, but they required
extensive feature engineering and were prone to overfitting (Beatty & Sundkvist, 2024;
Mahamat et al., 2024). Deep learning techniques, particularly Long Short-Term Memory
(LSTM) networks, have addressed some of these challenges by capturing long-term
dependencies in stock price movements, thereby outperforming traditional econometric
models in various empirical studies (Alamu & Siam, 2024; Chen, 2023; Latif et al., 2024).

Researchers have also developed ensemble models combining LSTM with other machine
learning algorithms such as Support Vector Machine (SVM), Random Forest (RF), and Gated
Recurrent Unit (GRU) to improve forecasting accuracy for various ESG indices (Suprihadi
& Danila, 2024). These advanced forecasting methods offer valuable insights for investors
and policymakers, potentially enhancing investment strategies and economic planning in
the context of ESG considerations. Despite these advancements, stock return predictions
remain highly complex due to market efficiency, changing macroeconomic conditions,
and unpredictable external shocks (Keswani et al., 2024).
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3 Case study on ML-forecasting method with LSTM

This case study compares the performance of classical time series forecasting with ARIMA
with a machine learning neural network LSTM approach, applied to a concrete example
of the German DAX 50 ESG index.

The DAX 50 ESG index aims to provide an ESG index as a benchmark for sustainable
German stock portfolios. DAX 50 ESG index is based on the HDAX index, which includes
all shares from the DAX, MDAX, or TecDAX indices — covering the performance of the 50
largest and most liquid stocks in the German market that have met standardized ESG
criteria concerning Global Standards Screening, including scrutiny of involvement in
controversial weapons, tobacco production, thermal coal, nuclear power, and military
contracting while demonstrating relatively strong performance based on Environmental,
Social, and Governance metrics (1-DAX 50 ESG (DAXESGK) (DEOOOA0S3E04), 2025).

3.1 Data and methodology
3.2 Data Description

Open-high-low-close (OHLC) data on the DAX 50 ESG Index (ISIN: DEOOOAOZ3NBO) is
provided by Borse Frankfurt.! No adjustment for splits, dividend payments, or related to
subscription rights is performed. Closing prices for the period from the last four whole
years (01.01.2020 to 31.12.2024) are considered.

Missing data handling is not required, as the data set was previously checked for missing
closing prices. However, as ARIMA models require evenly spaced time series, forward
fill is applied to missing values (e.g., on bank holidays). Further model-specific data
preprocessing is described in the sub-chapter of each method.

3.3 Data Split and Validation

The data source is split into 80 % training and 20% test data sets. The training set is used
to estimate the parameters (ARIMA) and train the neural network (LSTM), whereas the test
set is used to evaluate the method's prediction accuracy.

In addition, an expanding window provides a more resilient and realistic foundation
for model assessment than conventional static train-test divisions. In contrast to fixed
splits, an expanding window forecast constantly refreshes the training set by regularly
integrating the latest data, which is crucial to identifying emerging patterns and structural
breaks seen in several real-world datasets, especially in financial markets.

The models are trained and fitted on the initial 70% of data, and the 1-step-ahead forecast
is calculated for each day t in the test set. Afterwards, the t+1 actual value is added to the
model.

1 https://www.boerse-frankfurt.de/indices/dax-50-esg-performance/price-history/historical-prices-
-and-volumes
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This method is more effective in identifying potential long-term trends, cycles, or
dependencies that may be present in the financial time series, as it retains all past
observations, which a rolling window could omit. The expanding window approach also
eliminates the need to specify a fixed rolling window size, which can substantially impact
the results in a rolling window scenario.

In order to prioritize the utilization of all available historical information for model learning
and parameter estimation throughout the validation process, the expanding window was
selected even though a rolling window may be more rapid in adapting to recent structural
breaks.

3.4 Evaluation Methods

The forecast errors are measured against three commonly used scale-dependent methods,
"Mean absolute error" (MAE), "Root mean squared error" (RMSE), and "Mean absolute
percentage error" (MAPE). While MAE is defined as the arithmetic mean of the absolute
differences between predicted values y,and observed (actual) values y, RMSE is defined as
the square root of the average of the squared differences between predicted and observed
values. MAPE gives an error as a percentage of actual values, which is scale-independent
and allows comparing the benchmark on different scales, for example, individual stocks
in EUR or USD and indexes using point scales.

Formulas:

n
1 . ,
MAE —;Zlyi — Vil ) RMSE =
i=

n

1 yi— ¥ MDA = l 1
MAPE = EZ y—| +100 (3) T n sgn(yi—yi-1=sgn(§i-vi-1)) (4)
i=1 ¢ t

Where:

. nisthe number of observations,

+ y,isthe actual value, and

+ Y isthe predicted value.
MAE is robust to outliers due to its linear penalty structure, while RMSE is more sensitive
to large deviations because of the quadratic penalty. As MAE might be preferable in the
presence of outliers or heavy-tailed error distributions, RMSE is beneficial when large
errors are undesirable. Therefore, both methods and the percentage value MAPE are used.

Mean directional accuracy (MDA) compares the forecast direction (upward or downward)
to the actual realized direction.
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By providing more reliable price forecasts, a lower MAE can lead to more confident asset
allocation and better-timed market entry or exit points, which in turn translate into more
dependable risk assessments (e.g., for models such as Value at Risk). This allows portfolio
managers to refine their hedging strategies and protect against downside risk more
effectively.

A Diebold-Mariano test was used to compare the predictive accuracy of the best-
performing ARIMA specification with that of the final LSTM model.

3.5 Classical Method ARIMA

Introduced by Box and Jenkins in 1976, the ARIMA model is still one of the most
fundamental approaches to time series forecasting (Stellwagen & Tashman, 2013). This
model considers three components, including an autoregressive (AR) term that models the
dependence between previous observations, a moving average (MA) term that accounts
for past forecast errors, and a differencing (I) process that stabilizes non-stationary time
series (Siami-Namini et al., 2018). These models have been widely applied in financial
forecasting because of their ability to model linear dependencies within financial time
series (Schaffer et al., 2021). However, it still has its limitations. For example, ARIMA usually
does not capture the volatility clustering and nonlinear dynamics that are frequently
present in financial time series (Petrica et al., 2016). In order to produce a reliable forecast
using an ARIMA model, the underlying time series data needs to fulfill two primary
assumptions: 1. Stationarity, as the most critical one, and 2. linearity. The latter assumes
that the relationship between the time series values can be described as a linear equation.
If these prerequisites are not fulfilled, the model appears to fit the historical data well but
produces nonsensical or highly inaccurate forecasts.

ARIMA is represented by three parameters: p, d, and g:
«  p:The number of past values (lags) considered in the AR term.
« d:The degree of differencing applied to the data.
« g:The number of past forecast errors included in the MA term.
The following sub-chapters describe the selection of the parameters:

- Data stationarity checks and, if required, differencing to achieve stationarity.
Confirmation with ADF.

- The autocorrelation analysis (ACF/PACF) for initial p/q identification and

the brute-force search for the best AIC are further described in the next section.
Confirmation with Ljung-Box Test.
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3.5.1 ARIMA Parameter selection (p, d, q) AIC/BIC
3.5.2 Stationary Checks (parameter d)

Using the ARIMA model requires the underlying time series to be stationary, the mean and
variance to remain constant over time, and the autocovariance to be solely determined
by the lag between observations rather than the actual time they occur.

Figure 1 shows the DAX 50 ESG Index over the observed period, showing a clear upward
trend.

Figure 1: DAX 50 ESG Index Chart
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A standard statistical test, Augmented Dickey-Fuller (ADF), can be applied to validate the
assumption of non-stationarity in this time series. ADF evaluates whether a time series
satisfies the stationarity requirement by setting the null hypothesis that a unit root is
present in the series, which would suggest non-stationarity. ARIMA modeling is validated
by a significant test result, which indicates that the series is stationary, thereby rejecting
the null hypothesis.

Table 1: Augmented Dickey-Fuller (ADF) Test on non-transformed data

Parameter Value
ADF Test Statistic: -0.9954
p-value: 0.75494
Critical value (1%): -3.4340
Critical value (5%): -2.8631
Critical value (10%): -2.5676

Source: Author
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As showninTable 1, Augmented Dickey-Fuller (ADF) Test on non-transformed data, the null
hypothesis can not be rejected. Therefore, the time series is considered non-stationary.

The series requires transformations such as logarithmic scaling or differencing to stabilize
its mean and variance before model fitting.

Figure 2: DAX 50 ESG Index after differencing
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Source: DAX

After differencing the time series (see Figure 2) once, Table 2 shows the ADF test results,
which allow the rejection of the null hypothesis and confirm the stationarity of the time
series.

Table 2: Augmented Dickey-Fuller (ADF) Test on transformed data

Parameter Value
ADF Test Statistic: -14.9966
p-value: 0.00000
Critical value (1%): -3.4340
Critical value (5%): -2.8631
Critical value (10%): -2.5676

Source: Author

3.5.3 Autocorrelation (Parameter p and d)
Auto-correlation function (ACF) (see Figure 3) and partial autocorrelation function (PACF)
(see Figure 4) plots can be a helpful tool to visually confirm the stationarity and select

ARIMA model parameters, especially the autoregressive (AR) order.

ACF (Autocorrelation Function): Helps determine g, the number of past forecast errors
to include. Significant spikes in the ACF plot determine g value of ARIMA.
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PACF (Partial Autocorrelation Function): Helps determine p, the number of lagged
observations to consider. Significant spikes in the PACF plot can identify p value of ARIMA.

Figure 3: ACF Plot on stationary time series Figure 4: PACF Plot on stationary time series

Autocorrelation Function [ACF) Partial Autacarrelation Function {PACF)

Lags Lags

Source: Author

The results of ACF/PACF do not show any significant lags visually. Therefore, further
statistical test is required to confirm the white noise property.

Models using higher ARIMA parameters are generally more likely to be overfitted.

By iterating through all combinations of p, g, and d for values <= 100, the ARIMA(10,1,1)
model achieved the lowest Akaike Information Criterion (AIC) value of the evaluated ARIMA
models. AIC is a metric that can be used in model selection to assess the trade-off between
model complexity and its model fit. It achieves this by penalizing models with a higher
number of parameters. A lower AIC indicates that the model obtains a more balanced
representation of the data, providing a more concise yet practical representation. As a
result, the ARIMA(5,1,1) model was chosen as the most suitable option for forecasting in
this investigation.

In addition, the following common ARIMA parameter combinations are used as well:
ARIMA(0,1,0) (Random walk), ARIMA(1,1,0), ARIMA(0,1,1), ARIMA(1,1,1) and ARIMA(5,1,1).

Table 3: Ljung-Box Test Results

Lag Ljung-Box Statistic p-value
10 16.249 0.0927
20 28.476 0.0986

Source: Author

As expected, differentiated stock data (or, in this case, combined stock data within an
index) looks like white noise, which indicates an efficient market.
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The Ljung-Box Test (LJUNG & BOX, 1978) is a portmanteau test, that checks whether the
time series has statistically significant autocorrelation. The null hypothesis states that
the data is not correlated (i.e., the population from which the sample is taken is 0, so
any observed data correlations result from the sampling process's randomness). The
results are shown in Table 3 Ljung-Box Test Results confirm the assumption that there
is no significant autocorrelation within the observed data (p>0.05), which is suitable for
the selected ARIMA configuration. The other ARIMA configurations in scope resulted in
significant autocorrelation (p<0.05), suggesting the potential for model misspecification.

Given the limitations of classical models, researchers have turned to machine learning.
3.6 Machine Learning: LSTM Model

Machine learning (ML) is a subfield of artificial intelligence (Al) that enables computers
and machines to mimic human learning, perform tasks autonomously, and enhance their
performance and accuracy through experience and exposure to more data.

Artificial neural networks (ANNs) are algorithms whose architecture is inspired by the
functioning of the human brain in the broadest sense. They consist of interconnected
nodes that, depending on the flow of information, either fire a signal or not. In ANNs,
these nodes—also called neurons—are arranged in layers. There are input, output, and
hidden layers.

Figure 5: Deep Feedforward Neural Network
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Source: Own illustration based on Alzubaidi, L. et al., 2021
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Each layer L can have several nodes g, also called neurons, connected to the previous and
subsequent layers' nodes. Each connection has an associated weight w and threshold.
If the output of any individual node is above the specified threshold value, that node is
activated, sending data to the next layer of the network. Otherwise, that node passes no
data to the next network layer. Combining multiple hidden layers and giving the neural
network some depth is generally called a "deep" neural network.

The adjustment of the weights is referred to as "training." When data is processed through
the network (forward propagation), the output error - the difference between the network
output and the actual output - is computed in a loss function. The error is distributed
backward (backpropagation) through the network and provides each neuron in the
network with a measure of its contribution to the total error. The aim of training a network
is to reduce the error. As a result, ANNs can approximate complex nonlinear mappings
and have been successfully applied to tasks such as pattern recognition, predictive
modeling, and control systems. ANNs are generally trained with supervised learning
using the backpropagation algorithm, which calculates the gradient of a loss function for
each weight and updates the weights iteratively to reduce the error. Supervised machine
learning uses labeled datasets to train algorithms to classify data accurately or predict
outcomes accurately. As input data is fed into the model, the model adjusts its weights
until it has been fitted appropriately.

Supervised learning solves real-world problems, such as classifying spam or detecting
handwritten text. Some methods used in supervised learning include neural networks,
Naive Bayes, linear regression, logistic regression, random forest, and support vector
machine (SVM).

Recurrent neural networks (RNNs) are a class of ANNs designed to process sequential
data, such as text, speech, or time series. Unlike common ANNs, which process inputs
independently, RNNs have recurrent connections, where the output of a neuron at one-
time step is fed back as input to the network at the next step. This architecture enables
RNNs to capture temporal dependencies and patterns within the network, maintaining a
"hidden state," which acts as memory. RNNs are often displayed compactly, corresponding
to an unrolled representation (see Figure 6, left the compact way, right the unfolded/
unrolled forward pass).

Figure 6: Recurrent Neural Network (RNN) unrolled
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Source: Own illustration based on concepts of Hochreiter and Schmidhuber, 1997
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However, traditional RNNs suffer from vanishing and exploding gradient problems, which
limits their ability to learn long-range dependencies.

In 1997, the long short-term memory (LSTM) architecture was developed to address
this issue, making it the standard RNN variant for handling long-term dependencies

(Hochreiter & Schmidhuber, 1997).

Figure 7: LSTM Gates

Forget Gale

= S I

Input Gate  Quiput Gate

Source: Own illustration based on concepts of Hochreiter and Schmidhuber, 1997
LSTM blocks consist of three different gates (see Figure 7):

1. Input gate - Determines which value from the input should be considered in the
memory (using a sigmoid activation function o).

2. Forget gate — Defines what information should be discarded from the memory
(using a sigmoid activation function o).

3. Output gate — Combines the input and the memory of the LSTM block. The
sigmoid function o decides which value is used as output, and the tanh function is
the weighted level of importance of that output.

Each LSTM block is then again connected to the next LSTM block.

3.6.1 LSTM Data Preprocessing

For LSTM Networks, the data needs to be preprocessed with a MinMaxScaler to fit the full
bandwidth of the closing prices within the range of 0 and 1. If using multiple variables,
scaling ensures that features with larger values do not dominate the learning process.

In this case study, only the closing price is used in the network input; however, it is
also required for the network activation functions and to enhance the overall training

performance. First, the dataset was partitioned into a training set and a test set. A
MinMaxScaler object was then fitted exclusively to the training data. This step calculates
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the minimum and maximum values necessary for scaling based solely on the training data.
The already-fitted scaler was then used to transform the training data. Crucially, the same
scaler was also used to transform the test data, ensuring that the scaling of the test set
was based entirely on information from the training set, thereby preventing data leakage.
This is required for a valid and unbiased evaluation.

3.6.2 Hyperparameter Tuning

Hyperparameters are model-specific parameters that need to be set before training
the model's weights and can significantly influence the model's learning process and
performance.

In this case study, the hyperparameters for the LSTM model were tuned using the Python
Keras Tuner library, specifically employing the Random Search strategy (see chapter
Reproducibility for tuning parameters and software versions used).

The Random Search was configured to run for 100 trials (LSTM_TUNER_TRIALS = 100),
with each trial training for a maximum of 200 epochs (LSTM_TUNER_MAX_EPOCHS = 200).
An early stopping mechanism with a patience of 5 epochs (LSTM_TUNER_PATIENCE = 5)
was implemented to halt training for any given trial if the validation loss did not improve,
preventing wasted computation on unpromising configurations. The search aimed to
find the best combination of the number of LSTM units, the learning rate for the Adam
optimizer, and the dropout rate. Interestingly, the automated tuning process did not
identify a parameter set that significantly outperformed a standard default configuration
on the validation set. Therefore, the final model was constructed using the parameters
that yielded the most stable and effective performance.

4 Results

The "Best ARIMA" order (p, q) via the Python library auto_arima, based on minimizing the
AIC, resulted in ARIMA(0,1,1).

The final LSTM model, consisting of an LSTM layer with 50 units followed by a dense
output layer, is trained using a batch size of 32 and early stopping to prevent overfitting.
Training continues for up to 200 epochs, monitored via a validation split of 15%, with
patience set at four epochs to halt training when improvement stalls.
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Figure 8: Forecast Comparison of Expanding Window of all Models

DAXESG50: Actual vs. Predicted (Expanding_ALL_MODELS)
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The analysis was performed on the daily closing prices of the DAXESG50 index,
including 1825 observations. Initial time series analysis confirmed non-stationarity via
the Augmented Dickey-Fuller (ADF) test (p=0.755), necessitating first-order differencing
(d=1) to achieve stationarity (ADF p<0.001). Several ARIMA(p, 1, q) models were evaluated
against a Long Short-Term Memory (LSTM) network using both a standard Train-Test
Split (80%/20%) and an Expanding Window (70% initial train, 30% test with retraining)
validation approach.

Among the evaluated ARIMA specifications, the ARIMA(O, 1, 1) model yielded the lowest
Mean Absolute Error (MAE) on the out-of-sample test set in the Split validation (MAE =
145.91) and was selected as the benchmark ARIMA model ('‘Best_ARIMA"). Ljung-Box tests
on the residuals of most ARIMA models fitted to the training data indicated remaining
autocorrelation (p<0.05), suggesting potential for model misspecification. However,
ARIMA(5,1,1) did show statistically insignificant autocorrelation (p>0.05). For the LSTM,
automated hyperparameter tuning did not identify parameters superior to the defaults;
thus, a final model with 50 LSTM units, no dropout, and a learning rate of 1 X103 was
trained (min. validation MSE= 1.5 x10%).

In the Train-Test Split evaluation, the LSTM achieved substantially lower forecast errors
(MAE: 12.32 vs. 145.91; RMSE: 16.93 vs. 166.22; MAPE: 0.49% vs. 5.70%) compared to the
ARIMA(O, 1, 1). Directional Accuracy (DA) was similar (LSTM: 36.81%, ARIMA: 36.54%).

Under the more rigorous Expanding Window validation, which involved retraining both
model types periodically (ARIMA at every step, LSTM every step for five epochs), the LSTM
maintained its advantage, though with a smaller margin for ARIMA errors compared to the
split results (LSTM MAE: 12.66 vs. ARIMA MAE: 15.46; LSTM RMSE: 17.12 vs. ARIMA RMSE:
22.02; LSTM MAPE: 0.53% vs. ARIMA MAPE: 0.65%). LSTM again showed slightly better
Directional Accuracy (34.19% vs. 33.27%).

The Diebold-Mariano test results confirmed that the superior predictive accuracy of
the LSTM model compared to the Best_ARIMA was statistically significant (p < 0.001)
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under both the Split (DM statistic = 32.30) and Expanding Window (DM statistic = 4.89)
frameworks.

Table 4: Empirical Results of compared forecast methods and validation methods

Model Validation | MAE RMSE MAPE [%)] Directional
Method [Index [Index Accuracy
Points] Points] [%]
ARIMA(O, 1, 0) 9,8141 15,1440 0,4110 43,6929
ARIMA(0, 1, 1) 15,4632 22,0198 0,6490 33,2724
ARIMA(1, 1, 0) 14,2671 18,9889 0,5986 35,8318
ARIMA(1, 1, 1) | Expanding 15,6808 22,3392 0,6582 36,3803
Window
ARIMA(10,1,0) 16,1193 21,9944 0,6760 36,3803
ARIMA(5,1, 1) 15,8936 22,3449 0,6670 35,8318
Best_ARIMA 15,4632 22,0198 0,6490 33,2724
LSTM 12,6630 17,1242 0,5291 34,1865
ARIMA(O, 1, 0) 201,2446 228,9584 7,8566 30,2198
ARIMA(, 1, 1) 145,9097 166,2172 5,7002 36,5385
ARIMAC(1, 1, 0) 201,2446 228,9584 7,8566 30,2198
ARIMA(1, 1, 1) | Split 146,1120 166,4455 5,7080 36,5385
Dataset
ARIMA(10,1,0) 155,9145 177,5403 6,0895 36,8132
ARIMA(5,1, 1) 146,9816 167,4292 5,7419 36,8132
Best_ARIMA 145,9097 166,2172 5,7002 36,5385
LSTM 12,3228 16,9290 0,4900 36,8132

Source: Author
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4.1 Discussion

The results indicate that the LSTM network effectively captured the underlying temporal
dependencies of the DAXESG50 index data over the examined period (2020-2024),
resulting in significantly more accurate point forecasts than the traditional ARIMA
approach. The LSTM's potential to leverage nonlinear patterns that ARIMA models, which
rely on linear relationships and autocorrelation structures, may fail to capture properly
is shown by the substantial error reduction observed, particularly in the static Train-Test
split. This interpretation is further supported by ARIMA models encountering residual
autocorrelation difficulties.

The LSTM maintained a statistically significant advantage, even though the performance
gap narrowed under the more realistic adaptive Expanding Window scenario. ARIMA
benefited from frequent retraining, significantly reducing its error compared to its Split
performance. This implies that the LSTM's inherent architecture is a superior fit for this
financial time series, even when both models adjust to new data. The low Directional
Accuracy figures (approximately 33-37%) for both models suggest that accurately
predicting the direction of the next day's price movement remains a highly challenging
task, even when point forecast errors (such as MAE/RMSE) are reduced.

Several studies have claimed to successfully attempt linear time series forecasts with
ARIMA on stocks while using different underlying stock prices, indices, and periods (e.g.
(A. Adebiyi et al., 2014; A. A. Adebiyi et al., 2014; Mondal et al.,, 2014; tri wahyudi, 2017)).

In this case study, it was shown in the example of the DAX ESG index as a representative
of a highly liquid market that any (linear) predictable patterns in historical data, such as
those considered by an ARIMA model, can not be used to forecast the market. Otherwise,
market participants would rapidly exploit this, leaving little to no systematic opportunity
for forecasting.

LSTM's ability to capture nonlinear patterns gave it a modest improvement. However, the
improvement is limited, which also aligns with the idea that most patterns are arbitraged
away in liquid markets.

The findings suggest that basic time series forecasting techniques are unlikely to produce
consistent profits in highly liquid, efficient markets. The risk of overfitting, the random
walk behavior of prices, and the rapid incorporation of information render it challenging
to forecast future price fluctuations solely based on historical data.

In summary, the LSTM model provided better forecasts than ARIMA for the DAX 50 ESG
index, but the improvement was incremental rather than transformative, reinforcing the
notion that these advanced models, while helpful, do not completely overcome market
efficiency.

Integrating complex machine learning models may marginally enhance forecast accuracy;
however, investors in indices such as the DAX 50 ESG should not expect substantial
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arbitrage profits solely from historical-data-based models. Instead, the focus could be on
alternative data or fundamental ESG developments.

Although high-frequency trading (HFT) and advanced techniques may exploit extremely
short-term market imperfections (milliseconds or microseconds), these are not within
the scope of conventional time series analysis and do not provide evidence against the
general principle of market efficiency. Consequently, investors in efficient markets are
more likely to succeed by emphasizing portfolio diversification, risk management, and
fundamental analysis.

4.2 Future Directions

Neural Networks in hybrid models combined with ARIMA often outperform standalone
ARIMA models, especially in handling nonlinear data (Babu & Reddy, 2014; Jin et al., 2023;
Zhang, 2003). However, combining multiple ANNs with so-called "Ensemble Models" also
showed promising results.

Studies showed combining LSTM with attention mechanism - specific neural network
architectures that enable the model to focus on specific parts of its input data—often a
sequence—when predicting an output (Bahdanau et al., 2016; Wen & Li, 2023).

Since its invention in 1997, several minor modifications have been made to the original
LSTM. In 2014, Cho et al. (2014) proposed another type of recurrent network, called
gated recurrent units (GRUs), which works slightly differently from LSTM but has similar
capabilities. While GRUs are generally faster and easier to run but less expressive, according
to Chung et al. (2014). These effects cancel out in practice, and GRUs can outperform
LSTMs when extra expressiveness is not required.

In recent years, Transformers, which rely on self-attention mechanisms instead of
recurrence, have become the dominant architecture for many sequence-processing
tasks, particularly in natural language processing. Nevertheless, RNNs remain relevant
for applications where computational efficiency, real-time processing, or the inherent
sequential nature of data is crucial.

While LSTM has its limitations in handling complex, multi-modal data and long-range
dependencies, researchers created an entirely new scientific area of research opportunities
in the area of foundation models.

With the launch of ChatGPT by OpenAl in November 2022, the incredible success of
"artificial intelligence" started. This success was driven by breakthroughs in foundation
models - large-scale neural networks pre-trained on massive, diverse datasets — enabled
by the vast amount of available data, fast computing hardware, reduction in data storage,
and new methods.

Its success stems from a confluence of technological innovation, strategic design choices,
and societal readiness for human-Al interaction, enabled by making ChatGPT free to
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public access allowing non-experts to interact with cutting-edge Al. Its ability to assist
with tasks like essay writing, coding, or brainstorming made it a "Swiss Army knife"
tool. Earlier chatbots (e.g., ELIZA, Siri) were brittle and scripted. ChatGPT's contextual
awareness — remembering prior dialogue turns and adapting tone - created an illusion of
"understanding," enhancing user engagement.

Other companies also created their Large Language Models (LLMs), like BERT by Google
(Devlin et al.,, 2019) , Claude by Anthropic (The Claude 3 Model Family, n.d.) or LLaMA by
META (The Claude 3 Model Family, n.d.).

These LLMs are trained on broad data at scale (text, images, etc.) that can be adapted
("fine-tuned") to downstream tasks. They derive power from transfer learning: pre-training
captures universal patterns (e.g., grammar, causality), which are then specialized for
specific uses.

While these LLMs have advanced capabilities to surpass traditional sentiment analysis
methods, such as the Loughran-McDonald dictionary model, in predicting and explaining
stock returns (Kirtac & Germano, 2024), they are not suited for time series forecasting, as
shown by several studies (Cao & Wang, 2024; Tan et al., 2024; Zhou & Yu, 2024).

It needs to be determined if newer architectures (such as attention-based models or
Transformers) to determine if they can further improve forecast accuracy for ESG indices.

Funding

The result was created through solving the student project “Wireless networks security
focusion on loT” using objective oriented support for specific university research from the
University of Finance and Administration, Prague, Czech Republic.
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Reproducibility
The empirical part of this case study was done using Python and the following libraries.

Software versions used:

Python :3.12.7
pandas :2.2.3
numpy :1.26.4
matplotlib :3.9.2
seaborn :0.13.2
statsmodels :0.14.4
pmdarima :2.04
scikit-learn :1.5.2
tensorflow :2.18.0
keras :3.9.1
keras-tuner :1.4.7

Parameters / Assumptions used for LSTM Training:

PYTHONHASHSEED = 42 # for initialization of weights

LSTM_RETRAIN_EPOCHS = 10 # Number of epochs for retraining in expanding window
LSTM_TUNER_MAX_EPOCHS = 200 # Max epochs per trial during tuning
LSTM_TUNER_TRIALS = 100 # Number of hyperparameter combinations to try
LSTM_TUNER_PATIENCE = 5 # Early stopping patience during tuning
LSTM_FINAL_PATIENCE = 5 # Early stopping patience during final model training
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Design and Methodology of a Real Estate Fund
Index for the Czech Market

ADAM CERNOHORSKY

Abstract

Background: The Czech real estate market has experienced rapid growth in recent years,
driven by macroeconomic trends and limited housing supply. Retail investors face
increasing barriers to direct property ownership, prompting a shift toward real estate
investment funds (REIFs). However, the lack of a standardized performance benchmark
hinders market transparency and comparability.

Objective: This study aims to design a dual-index framework to benchmark the
performance of Czech real estate investment funds. It investigates how fund structure,
size, and investor segmentation affect index behaviour and evaluates the implications of
different methodological approaches.

Methods: Two types of indices, arithmetic and NAV-weighted, were constructed separately
for retail and qualified investor funds. Data were collected quarterly from 39 real estate
funds, with inclusion based on data availability and reporting consistency. Indices were
computed using Python-based time-series processing, with quarterly rebalancing and
weight capping to reduce concentration risk.

Results: Qualified investor funds achieved higher average returns and exhibited lower
performance dispersion. In contrast, retail funds displayed greater heterogeneity, and
the weighted index was strongly influenced by a single large, underperforming fund. The
arithmetic index proved sensitive to outliers, while the weighted index highlighted capital
concentration effects.

Recommendation: Investors and analysts should use both index types for a comprehensive
performance view. Policymakers should encourage broader data disclosure and consider
the systemic impact of dominant funds on retail benchmarks.

Practical relevance: The indices provide a transparent benchmarking tool for market
participants, enabling better performance evaluation and investment decision-making.
The framework also supports regulatory efforts to enhance market maturity.

Originality/value: This study is the first to introduce a dual real estate fund index for the
Czech market. It provides an analytically sound and practically applicable model for
benchmarking performance across investor segments, with methodological insights
relevant to other emerging real estate markets.

Keywords

Real Estate, Investment Funds, Market Benchmarking, Czech Capital Market, Index
Construction

ACTA VSFS, 1/2025, vol. 19, www.vsfs.cz/acta




JEL Codes
R30, C43, G11

DOI
http://dx.doi.org/10.37355/acta-2025/1-04

Introduction

In recent years, the Czech real estate market has undergone a period of robust growth,
marked by sustained increases in residential and commercial property prices. Rising
demand, limited housing supply, and macroeconomic conditions have contributed to a
sharp appreciation in real estate values, rendering direct property acquisition increasingly
unattainable for a large segment of the population (Hromada & Krulicky, 2021; Crnadak
et al,, 2025). Retail investors, in particular, face considerable entry barriers due to the high
capital requirements associated with property ownership, limited liquidity, and significant
transaction costs (Adamuscin, 2010). As a result, alternative vehicles for real estate exposure
have gained prominence, with real estate investment funds emerging as a viable and
increasingly popular option (Malhotra, 2024).

Real estate investment funds (REIFs) are collective investment vehicles that pool capital
from multiple investors to acquire, manage, and operate income-generating properties.
These funds offer diversified exposure to real estate markets while mitigating some of the
constraints of direct investment. In the Czech Republic, REIFs are primarily structured either
for retail investors or for qualified investors, the latter typically subject to fewer regulatory
restrictions and capable of employing more sophisticated investment strategies. The key
distinction lies in their investor eligibility, reporting obligations, liquidity profiles, and
overall risk tolerance. Retail real estate funds are publicly accessible and more conservative
by design, while funds for qualified investors may pursue more complex or concentrated
positions with higher return potential and associated risks (Kurzrock et al., 2009; Morri & Lee,
2009).

The specific nature of real estate as an asset class further differentiates REIFs from traditional
investment funds. Real estate assets are inherently illiquid, long-term in nature, and
characterized by valuation opacity and management intensity. These features impact
the risk-return profile of REIFs, their reporting dynamics, and the manner in which fund
performance should be assessed. Compared to equity or bond funds, where price discovery
is near-instantaneous and fully market-based, real estate funds require alternative methods
of valuation and benchmarking, particularly in less mature or transparent markets.

Given the wide spectrum of fund structures, investment styles, and risk exposures, evaluating
the performance and credibility of individual funds is a non-trivial task for both investors and
analysts (MacGregor et al., 2021). One important mechanism that enhances transparency
and comparability in financial markets is the use of performance indices (Bolla et al.,
2016); Anadu et al., 2020). Market indices serve as neutral, objective benchmarks that help
contextualize fund performance, indicate market trends, and support investment decision-
making. In this context, a well-constructed index functions not only as a measurement tool
but also as a signal of institutional credibility and product quality (Cremers et al., 2016).
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Index construction in financial markets follows a range of methodological frameworks. From
simple arithmetic averages to more complex capitalization-weighted schemes, the choice of
index design significantly influences its representativeness and analytical value. Prominent
examples such as the S&P 500, MSCl indices, or FTSE benchmarks demonstrate how different
weighting, inclusion criteria, and rebalancing strategies yield distinct index behaviors. In real
estate, index design must additionally contend with data limitations, valuation lags, and the
heterogeneity of fund structures (Jiang et al., 2015). These factors underscore the necessity
of a thoughtful, transparent, and replicable methodology for index construction, especially
in the context of emerging markets such as the Czech Republic.

Approaches, such as the use of unweighted arithmetic averages, can lead to distortions,
particularly in the presence of outliers or asymmetric return distributions (Rogers et al.,
2018). On the other hand, weighted indices, typically based on assets under management
(AUM) or net asset value (NAV), can overemphasize the performance of large funds,
diminishing the visibility of trends among smaller constituents. Striking a balance between
simplicity, fairness, and informational value remains a core challenge in index design, with
methodological choices carrying important implications for both market interpretation and
investor behavior.

Building onthese considerations, this studyintroduces the Czech Real Estate Fund Indexand
develops a comprehensive framework for its design, implementation, and interpretation.
Specifically, the paper investigates the implications of different index construction
techniques and evaluates the performance characteristics of funds segmented by investor
type. In this context, the following research hypotheses are formulated:

«  H1: Real estate investment funds intended for qualified investors exhibit higher
average annual returns than those designed for retail investors.

- H2: Indexes constructed using arithmetic averages are sensitive to extreme
values and may be distorted by outlier performance.

«  H3: Weighted indices are susceptible to concentration effects, whereby a small
number of large funds disproportionately influence overall index performance.

The objective of this paper is to design and analytically validate a transparent methodology
for constructing a real estate fund performance index tailored to the Czech investment
environment. By establishing a robust benchmarking framework, the study aims to enhance
transparency in the Czech REIF market and support more informed investment decisions
among both institutional and retail participants.

1 Literature Review

Recent developments in the Czech real-estate market have been characterized by
rapid price appreciation and marked regional disparities. District-level evidence links
selling prices, rental yields and broader socio-economic indicators, underscoring the
heterogeneity of risk-return profiles within the country (Hromada & Krulicky, 2021). The
Czech residential market also carries a post-transition legacy that shapes both pricing
and liquidity. Following the mass privatization of the 1990s, a large share of the housing
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stock moved to private ownership at administratively set prices, creating initial price
distortions that still echo in regional differentials and supply inelasticity. Empirical work
by Egert & Mihaljek (2008) documents how limited new construction, alongside income
convergence, has fueled persistent appreciation pressures across Central-European
capitals. These structural frictions, small free-float, slow permitting processes and
a thin rental segment, translate into pronounced upward rigidity during booms and only
muted corrections during downturns, a pattern highly relevant for REIF valuation cycles.
At the Visegrad-region scale, inflation has exerted a statistically significant, but not fully
explanatory, effect on residential values, confirming the need for richer multivariate tools
when modelling Czech price dynamics (Crnadak et al., 2025). International experience
further shows that well-designed price indices based on exhaustive transaction data can
outperform classical hedonic or repeat-sales measures in detecting speculative pressures
(Jiang et al., 2015). Together, these findings justify the construction of a transparent,
market-wide benchmark tailored to local institutional realities.

Designing such a benchmark requires sensitivity to the distinctive features of real-estate
investment vehicles. Private-equity real-estate funds often deliver higher raw returns
for early, smaller vintages but face diminishing performance as fund size and sequence
grow (Tomperi, 2010); they also exhibit pronounced exposure to systematic real-estate
risk once serial correlation is addressed (Farrelly & Stevenson, 2019). In mixed-asset
portfolios, direct real estate dominates at longer horizons, whereas open-end core funds
provide liquidity-driven substitutes in the short run (Delfim & Hoesli, 2019). Pension funds
worldwide have steadily maintained sizeable real-estate allocations, predominantly
private vehicles, yet rising intermediation costs erode net performance (Alexander et
al., 2021). Within continental Europe, open-ended German funds show that allocation
choices rather than management skill drive the gap between institutional and retail
returns (Kurzrock et al., 2009), while Italian evidence highlights the benefits of property-
type diversification and active asset management, even over short sample windows
(Morri & Lee, 2009). Collectively, these studies warn that any Czech index must separate
size effects and structural biases if it is to serve both qualified and retail investors.

The mutual-fund literature paints a similarly complex picture of manager value-
added. Early work finds little abnormal performance once sector factors are priced (Lin
& Yung, 2004), with later studies documenting style drift towards large-cap growth
(Lin & Yung, 2007) and a persistent tendency of investors to chase past winners to their
own detriment (Chou & Hardin, 2014). International diversification delivered benefits
prior to the global financial crisis but lost its edge thereafter (Shen et al., 2012). More
recently, managerial activeness has declined and no longer predicts outcomes (Viktoriya
& Nelling, 2020), while robust error-adjusted tests show that many apparent alphas
vanish under wild-bootstrap inference (Rogers et al., 2018). Crisis-adjusted analyses
reveal that outperformance disappears when 2007-2008 turmoil is included (Kaushik
& Pennathur, 2012). Yet selectivity within global real-estate funds still appears to generate
economically meaningful gross alpha, although timing skill remains elusive (Kaushik,
2024). Large-sample evidence across U.S. sector funds corroborates the rarity of persistent
skill, only a fraction of managers outperform after fees (MacGregor et al., 2021), and even
when value is created, it is largely absorbed by expenses (Elyasiani et al., 2022). These
insights emphasize the importance of a benchmark that can disentangle genuine skill
from artefacts of model specification and error estimation.
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Benchmarking frameworks themselves are evolving. ESG considerations now feature
prominently in asset-owner mandates, yet industry stakeholders argue that current
real-estate benchmarks insufficiently capture measurable sustainability outcomes;
improved data granularity and climate-risk metrics are urgently required (Newell et al.,
2023). Within REIT-dominated vehicles, dividend yields materially influence mutual-fund
allocations (Price, 2011), while real-estate ETFs exhibit period-specific alpha that turns
negative under market stress, reflecting high beta to equity factors and limited timing
ability (Malhotra, 2024). These patterns highlight the need for Czech indices that can
flexibly accommodate alternative weighting schemes, arithmetic for pure performance
dispersion and NAV-weighted for capital momentum, without masking structural ESG or
liquidity asymmetries.

At a broader market level, the rise of passive investing shapes both fund behavior and
systemic risk. Growing commonality in price and liquidity movements has been linked
to index-linked strategies across regions (Bolla et al., 2016), and the migration to passive
vehicles carries ambiguous implications for financial stability, reducing some redemption
risks yet amplifying volatility and concentration (Anadu et al., 2020). Changes in index
membership can induce abnormal returns and volumes, the so-called index effect,
whose persistence and drivers remain debated (Afego, 2017). Nevertheless, vigorous
competition from low-cost index funds pushes active managers toward higher activeness
and lower fees where explicit indexing is prevalent (Cremers et al., 2016). These dynamics
underscore that any Czech fund index must consider its own potential to influence market
structure and investor flows.

Finally, the European regulatory context cannot be ignored. Despite investor appetite,
the absence of harmonized REIT legislation constrains cross-border scalability and
complicates comparability of fund structures (Adamuscin, 2010). An index that
transparently discloses weighting caps, eligibility thresholds and rebalancing rules can
mitigate part of this opacity, offering both domestic and foreign investors a credible
signal of market maturity.

In sum, prior studies demonstrates substantial variability in real-estate fund performance
across segments, geographies and cycles; methodological pitfalls in measuring manager
skill; and systemic repercussions of index design itself. Building on these insights, the
present study develops a dual-index framework for the Czech market, arithmetic
and NAV-weighted, each for retail and qualified funds, to provide a nuanced, policy-
relevant benchmark that addresses concentration, outlier sensitivity and transparency
requirements identified in the international literature.

2 Data

The data used in this study were obtained directly from individual Czech real estate
investment funds. In total, 39 funds were approached, consisting of 21 funds for qualified
investors (FQI) and 18 retail real estate funds (FRI). The tables (Table 1; Table 2) presented
in this section list all funds that were contacted as part of the data collection process,
regardless of whether they are ultimately included in the constructed indices. Each fund
was requested to provide quarterly data on two key indicators:
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. the number of outstanding shares (units), and
. the price per unit at the end of each quarter.

These two values allow for the calculation of each fund’s market capitalization and quarterly
performance, which are critical inputs for index construction. The data are collected on
a quarterly basis and form the foundation for both the arithmetic and weighted index
models presented later in the methodology section.

Not all funds were willing or able to provide complete historical data. Some declined
participation, while others had incomplete or inconsistent reporting. Therefore, while
Tables 1 and 2 reflect all funds approached during the research, only a subset of these
funds meets the eligibility criteria for inclusion in the final index calculation.

In addition to the time-series data used for index calculations, funds were also asked
to report their average annual return since inception, calculated in CZK and presented
as a per annum (p.a.) figure. This indicator, shown in the tables below, serves as a point
of reference for comparing long-term performance between individual funds and the
developed benchmark indices.

Table 1: Average Annual Returns of Real Estate Funds for Qualified Investors (in CZK, p.a.)

Fund Name Average Annual Return Since Inception
Salutem Fund SICAV a.s. 21,80%
Aequitas Capital Investment SICAV a.s. 18,62%
CB Property Investors 15,74%
Expandia Industrial Parks 12,86%
Accolade Fund SICAV plc 11,78%
WOOD & Co. Retail podfond 11,75%
Jet Industrial Lease SICAV, a.s. 11,43%
ESG SeniorCARE SICAV 10,50%
WOOD & Co. Office podfond 10,26%
REALIA Fund Retail Parks 10,00%
Silverline Real Estate 10,00%
Property Fund for Living 9,50%
ZDR Investments SICAV a.s. 8,51%
Max Realitni 8,50%
Fond Ceského Bydleni 8,09%
Czech Development Fund SICAV a.s. 7,90%
CSNF SICAV, a. s. 7,14%
Natland nemovitostni podfond 5,87%
AMBEAT INVEST - Il. Realitni podfond 5,79%
EVROPA Investi¢ni Fond, podfond realitni 5,46%
NOVA Real Estate 5,34%

Source: E15,2025
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Table 2: Average Annual Returns of Real Estate Funds for Retail Investors (in CZK, p.a.)

Fund Name Average Annual Return Since Inception
CREDITAS Nemovitostni | 9,59%
MINT I. reziden¢ni fond 8,64%
Schonfeld & Co Prémiové nemovitosti 8,50%
ZDR Investments Industrial SICAV a.s. 7,43%
ZDR Investments Public SICAV a.s. 7.41%
WOOD & Company Realitni — OPF 6,41%
Trigea nemovitostni fond 6,37%
INVESTIKA realitni fond 5,89%
Raiffeisen realitni fond 5,40%
IAD Korunovy realitni fond 5,06%
ZFP realitni fond 5,05%
Czech Real Estate Investment Fund (CREIF) 4,89%
Fond Realita 4,70%
Fio realitni podfond I. 4,46%
Generali Fond Realit 3,87%
Conseq realitni 3,83%
REICO LONG LEASE 3,79%
REICO NEMOVITOSTNI 2,15%

Source: E15,2025

3 Methodology

The methodology used in this study defines a systematic approach for constructing
two complementary indices that track the quarterly performance of Czech real estate
investment funds. The first is an arithmetic index, based on equal weighting, and the
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second is a weighted index that reflects relative market capitalization. Both indices are
calculated using consistent data points provided by individual funds. For computational
implementation, the entire index logic is built in Python, using libraries such as NumPy
and Pandas, which support the processing of time series data and ensure reproducibility.

To ensure analytical clarity and reflect structural differences in investor eligibility and
regulatory oversight, two independent index sets are constructed: one for real estate
funds intended for qualified investors (FQI), and one for those designed for retail investors
(FRI). Each set consists of two parallel indices, an arithmetic index and a weighted index,
calculated using the same methodology but applied separately within each investor
category. The base value of each index is set to 100, but the starting period may differ
between FQl and FRI indices due to differences in data availability and reporting
consistency. However, within each group, both the arithmetic and weighted indices are
calculated from the same starting quarter to ensure direct comparability.

A fund is included in the index only if it meets the following conditions:
« It has reported data for at least six consecutive quarters.
« It becomes eligible for inclusion starting from the seventh quarter.
- It continues to report all required data without interruption.
A fund is removed from the index if:
« It fails to report data for a given quarter.
« It becomes closed to new investors.
Additionally:
« Indexrebalancing is conducted quarterly (Q1, Q2, Q3, Q4).
« A minimum of five eligible funds is required for index calculation in each quarter.
« Inthe weighted index, a maximum weight cap of 30% per fund is applied.

The arithmetic index is based on the simple average return of all eligible funds in each
quarter, without accounting for fund size. This method is transparent and easy to interpret
but may distort market-wide trends when smaller funds experience high volatility. The
quarterly return of each fund is calculated using the formula:

price;, — price;;_q
return;; =

price;;_;

Where:
+  price, the unit price of fund i at the end of quarter t,

- price, , the unit price of fund i at the end of the previous quarter.
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The average return for the index in quarter t is then calculated as:
N
1
average return, = Fz return;,
£ i=1
Where:
+ N, the number of funds included in the index during quarter ¢,

« return, the quarterly return of fund i as defined above.

The index value is then updated cumulatively over time using the following recursive
formula:

index, = index_, x (1+ average return,)
Where:
« index,, the index value at the end of the previous quarter,
+  average return the average return for the current quarter.

In contrast to the arithmetic index, the weighted index incorporates market capitalization
to reflect the proportional size of each fund. This approach allows larger funds to have
a greater influence on the index value and better represents the actual distribution of
capital in the market. The initial weight of each fund is calculated based on its NAV as
follows:

NAV; ,
original weight,, = Nt—
X 1 NAV;,

Where:
+ NAV, the market capitalization of fund iin quarter ¢,
« N, the number of eligible funds in quarter ¢,

. zj:1N‘ NAV, the total NAV of all eligible funds in that quarter.

If any fund exceeds the maximum allowed weight of 30%, the excess is proportionally
redistributed among all funds below the cap according to their original weights. This
process produces the final adjusted weights used in the weighted return calculation. The

weighted return of the index in quarter t is then calculated as:
N

weighted return = Z final weight, x return,

i=1
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Where:
- final weight,, the adjusted weight of fund i after applying the weight cap,
- return, the quarterly return of fund i.
The cumulative index value is then updated with:
index, = index_, x (1+ weighted return )
Where:
+ index,, the previous value of the weighted index,
+  weighted return the weighted average return of all included funds.

This dual-index approach allows for a balanced view of fund performance: the arithmetic
index provides an equal-weighted snapshot of fund returns, while the weighted index
reflects the performance of the market based on capital allocation. In the following
section, we compare both indices and interpret their implications for market behaviour
and investment analysis.

4 Results

This chapter presents the core empirical findings of the study. Based on the methodology
and input data described in previous sections, a set of benchmark indices was
constructed to reflect the performance of Czech real estate investment funds, segmented
into two distinct investor categories: funds for qualified investors (FQI) and funds for
retail investors (FRI). For each category, both an arithmetic and a weighted index were
calculated. The results are presented in three stages: first, the performance of the indices
themselves is analysed; second, the development and distribution of weights among the
index constituents in the weighted models is explored; and finally, the performance of
individual funds is evaluated relative to their respective benchmark indices.

The first two figures below illustrate the performance of the constructed indices for
each investor segment. They track the quarterly evolution of both the arithmetic and
weighted indices, thereby offering insight into average market dynamics as well as the
influence of fund size. These visualizations serve as a foundational point of reference for
the comparative analysis presented in subsequent sections.
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Figure 1: Performance of FQI Indices - Arithmetic and Weighted Index (100 = 2022 Q2)
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Figure 1 presents the time evolution of both the arithmetic and weighted indices for funds
serving qualified investors (FQI), starting in 2022 Q2. The trajectories of both indices are
nearly identical, indicating that the performance dispersion among constituent funds is
relatively limited and that no single fund exerts disproportionate influence. The average
annual return of the weighted index is 9.02%, closely followed by the arithmetic index at
8.72%, underscoring the consistency and stability of returns within this fund segment.

Figure 2: Performance of FRI Indices - Arithmetic and Weighted Index (100 = 2021 Q2)
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Figure 2 shows the same comparison for funds oriented toward retail investors (FRI),
starting in 2021 Q2. In contrast to the FQI segment, the difference between the arithmetic
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and weighted indices is more pronounced. While both indices exhibit steady growth over
time, the arithmetic index consistently outperforms the weighted version. This divergence
suggests a performance imbalance, where smaller funds in the sample have delivered
above-average returns but contribute less to the overall market capitalization, thereby
having a muted impact on the weighted index. While the divergence is constant through
the sample, it widened temporarily in 2020 Q2-2021 Qf1, reflecting the pandemic-driven
freeze of large retail funds that rely on physical appraisals. The arithmetic index, less
exposed to those vehicles, rebounded faster, illustrating how valuation lags amplify size
effects under stress.

When comparing the two investor categories, FQI funds exhibit significantly higher
performance on average than FRI funds, with average annual returns of approximately 9%
compared to less than 6% for retail-oriented vehicles. Moreover, the alignment between
arithmeticand weightedindicesistighterinthe FQl segment, reflectingamore homogeneous
risk-return profile. In contrast, the discrepancy observed in the FRI segment suggests greater
heterogeneity and a larger role for fund size in determining index behaviour.

The next two figures present the composition and development of the weighted indices
over time. Each figure shows the adjusted weight of each fund that was included in the
index at a given quarter. These graphics are essential for understanding the internal
structure of the indices and for interpreting the influence of fund size on overall index
performance.

Figure 3: FQI Weighted Index Constituents and their Adjusted Weight
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The construction of the weighted index requires not only fund performance but also
relative market size, measured by net asset value (NAV). Figure 3 displays the evolution of
individual constituent weights in the weighted index for FQI funds. These charts provide
insights into concentration dynamics within the segment. It is evident that two funds
(WOOD & Co. Office podfond and ZDR Investments SICAV) together comprise up to 60%
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of the total index weight until Q2 2024. Both funds exceeded the 30% maximum cap and
were therefore adjusted downward, with the excess weight redistributed among smaller
constituents. Despite the capping mechanism, the dominance of capital-heavy funds
remains substantial, which has implications for concentration risk and index interpretation.

Figure 4: FRI Weighted Index Constituents and their Adjusted Weight

Constituent Adjusted Weights in FRI Index Over Time
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Figure 4 reveals a more balanced structure among retail funds. While there are
fluctuations in individual fund weights, the FRI index appears less concentrated than its
FQI counterpart. Nevertheless, REICO NEMOVITOSTNI emerges as a dominant fund in this
segment, repeatedly surpassing the 30% weight limit and requiring capping. This fund
consistently shows the lowest average return among all FRI funds, which strongly pulls
down the overall weighted index performance. While more funds are included in the index
and the weight distribution is broader, the outsized influence of a single underperforming
fund distorts the aggregate signal, especially in comparison with the arithmetic index.

The comparison of weighted index constituents highlights a clear structural divergence. FQI
funds tend to be capital-dense and concentrated, where a few major players significantly
affect index behaviour. On the other hand, the FRI segment is more fragmented, yet still
susceptible to performance distortion when large but underperforming funds dominate
index composition. These structural characteristics must be accounted for when
interpreting fund performance and benchmarking validity.

The final two figures compare the long-term annualized performance of all funds, whether
included in the index or not, against the relevant arithmetic and weighted indices. Funds
that have been part of the benchmark at any point are marked in green; all others are
shown in red.
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Figure 5: Comparison of Individual FQI Funds with Index Benchmarks
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Figure 5 displays the performance of individual FQI funds relative to the constructed in-
dices. Out of 21 qualified investor funds, 10 were included in the index as of Q3 2024.
Most of these indexed funds perform close to or above the benchmark levels. Notably,
two outliers (Salutem Fund SICAV and Aequitas Capital Investment SICAV) substantially
outperform both indices, confirming the potential for high returns in the FQI segment.
However, their exclusion from the benchmark (due to eligibility criteria) highlights the
variability and sometimes extreme dispersion of returns within this group, which must be
carefully considered when evaluating market performance through an index.

Figure 6: Comparison of Individual FRI Funds with Index Benchmarks
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In the retail segment, 13 out of 18 FRI funds were included in the benchmark by Q4 2024.
Figure 6 illustrates that the average return levels are notably lower than those in the FQI
segment. Most of the indexed funds cluster tightly around the benchmarks, but the overall
dispersion is more pronounced than among FQI funds. A few non-included funds fall well
below the index values, reinforcing the rationale behind the inclusion rules. Nevertheless,
the overall lower return environment among FRI funds confirms the more conservative
and risk-averse profile of this category.

Taken together, the comparison between qualified and retail investor funds reveals a more
consistent and concentrated return structure in the FQI segment, contrasted with a more
fragmented and lower-return environment in the FRI space. These findings underscore
the importance of tailoring index methodology and performance expectations to the
structural realities of each investor class.

The empirical results presented above allow for a direct evaluation of the hypotheses
defined in the theoretical framework. Each hypothesis was formulated to reflect a specific
aspect of real estate fund performance and index construction methodology. By comparing
the behaviour of arithmetic and weighted indices across investor segments, and by
examining the internal structure of the weighted models and their constituent dynamics,
we can critically assess the validity of each hypothesis considering the observed data.

H1 (Real estate investment funds intended for qualified investors exhibit higher average
annual returns than those designed for retail investors) is strongly supported. The average
annualized return of the FQI indices exceeds 9% across both the arithmetic and weighted
constructions, whereas the FRI indices report average annual returns below 6%. This
performance gap is not only visible at the aggregate index level but is also reflected
in individual fund outcomes. As shown in Figure 5, several FQI funds outperform the
benchmark, while most FRI funds (Figure 6) cluster closer to or below the retail indices.
This consistent divergence confirms the assumption that funds serving qualified investors,
benefiting from greater investment flexibility, lower liquidity constraints, and reduced
regulatory oversight, can generate higher long-term returns.

H2 (Indexes constructed using arithmetic averages are sensitive to extreme values and may
be distorted by outlier performance) is validated by the substantial spread between the
arithmetic and weighted indices in the FRI segment. While both indices grow steadily
over time, the arithmetic index clearly outpaces the weighted one, highlighting the
effect of smaller, high-performing funds on the unweighted average. For instance, funds
such as MINT I. reziden¢ni fond and Schénfeld & Co Prémiové nemovitosti, with reported
returns above 8.5% p.a., contribute disproportionately to the arithmetic index due to their
relatively low NAVs. Their influence is muted in the weighted version, which gives more
prominence to large but lower-performing funds such as REICO NEMOVITOSTNI. In the FQI
segment, the difference between the two indices is minimal, indicating more balanced
performance across fund sizes and less distortion in the arithmetic calculation.

H3 (Weighted indices are susceptible to concentration effects, whereby a small number of
large funds disproportionately influence overall index performance) is also confirmed. The
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structure of the FQI weighted index, illustrated in Figure 3, reveals significant concent-
ration in a few capital-dominant funds. Notably, WOOD & Co. Office podfond and ZDR
Investments SICAV a.s. together comprised over 60% of the index’s total weight for most of
the observation period. Although the 30% capping mechanism was applied to limit their
influence, the dominance of these two constituents remains substantial. A similar pattern
is evident in the FRI segment (Figure 4), where REICO NEMOVITOSTNI, despite recording
the lowest average return among all retail funds (2.15% p.a.), repeatedly reached the wei-
ght cap and therefore strongly dragged down the weighted index. These findings demon-
strate that even well-designed capping rules cannot fully eliminate concentration risk in
size-weighted benchmarks, especially in markets where capital is unevenly distributed.

In conclusion, the empirical results validate the dual-index benchmarking approach and
confirm key distinctions between retail and qualified investor funds. These distinctions
have important implications for fund evaluation, market regulation, and investor decisi-
on-making. The index framework proposed in this study offers a credible and adaptable
foundation for benchmarking performance in the Czech real estate fund sector and can
serve as a basis for future refinements and comparative studies.

5 Discussion

The results of this study offer several noteworthy insights into the structure, behaviour,
and performance dynamics of real estate investment funds in the Czech Republic. The
empirical evidence confirms the importance of segmenting the market by investor type, as
substantial differences in returns, volatility, and concentration patterns emerge between
funds for qualified and retail investors. The superior performance of FQI funds reflects
both their regulatory flexibility and access to more aggressive investment strategies, yet
this performance is not uniformly distributed, with notable outliers skewing averages. The
strong alignment between the arithmetic and weighted indices within the FQI segment
further suggests a relatively homogeneous group in terms of size and return distribution,
which enhances the robustness of benchmarking outcomes in this space.

Conversely, the FRI segment exhibits greater dispersion in both fund size and
performance, which introduces specific methodological challenges in index construction.
The arithmetic index in this group is clearly affected by the high returns of smaller funds,
while the weighted index is disproportionately influenced by the underperformance of
dominant, capital-heavy funds such as REICO NEMOVITOSTNI. This divergence reinforces
the theoretical concern that weighting schemes can obscure underlying performance
signals, especially when concentration thresholds are repeatedly breached despite
capping mechanisms. The results therefore underscore the need for hybrid benchmarking
tools that balance simplicity, fairness, and market representativeness.

Beyond methodological validation, the findings have broader implications for investor
behaviour and regulatory design. For retail investors, reliance on market-cap-weighted
benchmarks may lead to misleading conclusions about sector health, particularly if
underperforming giants dominate the narrative. Meanwhile, institutional investors and
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policymakers should take note of the high concentration in the FQI space, which may
amplify systemic risks in the event of adverse market shocks. Overall, the dual-index
framework proposed here demonstrates both its analytical utility and practical relevance
in disentangling complex fund performance in a rapidly evolving market environment.

Conclusion

This study set out to design and validate a robust benchmarking framework for real
estate investment funds operating in the Czech Republic. In response to increasing
investor demand for transparency and comparability, a dual-index model was developed,
comprising arithmetic and NAV-weighted indices, separately for retail and qualified
investor funds. By systematically collecting and analysing fund-level data, the research
provides a nuanced view of market behaviour and confirms the structural differences
between investor segments.

The empirical results demonstrate that funds targeting qualified investors consistently
deliver higher average returns, supported by greater strategic flexibility and less
restrictive regulation. However, they also exhibit concentration risks, as a few large
funds dominate capital allocation and index influence. Retail funds, while more diverse
in composition, are susceptible to performance distortion when low-yielding, high-AUM
funds are overrepresented in weighted benchmarks. The dual-index approach successfully
highlights these contrasts and offers a balanced perspective on fund performance,
avoiding the biases associated with single-method benchmarks.

Overall, the proposed Czech Real Estate Fund Index contributes to both academic
understanding and practical application. It supports investorsin making informed decisions,
enables analysts to conduct fairer performance comparisons, and provides regulators with
a clearer picture of market dynamics. Future research may expand the index framework
to include ESG indicators, risk-adjusted performance metrics, or extend coverage to
neighbouring markets, thereby enriching the regional benchmarking infrastructure.

Funding

The result was created in solving the student project "Controlling 4.0 - business future"
using objective oriented support for specific university research of the University of
Finance and Administration. The text allowed setting the parameters for the following
research on the project.
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Czech Participation in Ukraine’s Reconstruction:
Risks, Scenarios and Opportunities
in the Housing Sector
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Abstract

Background: The post-conflict reconstruction of Ukraine, especially in the housing and
construction sector, has become a strategic priority for the European Union and its
member states. Despite declared support, the real participation of Central European
businesses, including those from the Czech Republic, remains limited due to multiple
legal, security and financial barriers.

Aim: The paper aims to identify the conditions, instruments and risks influencing the
potential engagement of Czech enterprises in the reconstruction of Ukraine's housing
and construction sector after 2022, with emphasis on investment frameworks, scenario
modelling, and institutional capacities.

Methods: The study combines a qualitative case study (cooperation between the University
of Finance and Administration and V. N. Karazin University in Kharkiv), stakeholder analysis
based on coded interviews with Czech entrepreneurs, and quantitative investment
scenario modelling (2024-2033). Data triangulation was applied to ensure internal validity.

Results: Findings confirm that while institutional and financial instruments (e.g.,
Ukraine Facility) are in place, their uptake is limited by high perceived risk and a lack
of implementation facilitators. Investment scenarios range from 65 to 95 billion USD
depending on security and absorption conditions. Czech SMEs face specific constraints
such as insufficient legal safeguards and capacity limits yet remain strategically positioned
to benefit from targeted support schemes.

Recommendations:Policy actors should prioritise the development of national coordination
platforms, risk insurance schemes (e.g., via EGAP), and pilot cooperation models with
Ukrainian institutions. Stronger links between academia, public sector and private firms
are essential to de-risk market entry and build long-term resilience.

Practical relevance/social implications: The research provides applicable insights for
government agencies, export organisations and business associations aiming to support
Czech firms in entering high-risk post-conflict markets. Moreover, it demonstrates the
role of academic institutions as platforms for international capacity building and post-war
recovery.

Originality/value: This is the first study focusing on the Czech context of post-war
investment in Ukraine, combining scenario modelling with a grounded case study. The
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integration of qualitative and quantitative methods provides a comprehensive framework
for further research and policy development.
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Post-conflict reconstruction, Czech enterprises, Ukraine Facility, housing sector, risk
assessment, investment scenarios, international cooperation, public-private partnership
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Introduction

The Russian military aggression against Ukraine, which began in February 2022, has
fundamentally transformed the geopolitical and economic reality of Eastern Europe and
redefined Ukraine's relations with the European Union. As an EU candidate country since
June 2022, Ukraine faces the extraordinary challenge of rebuilding its economy in the
context of the ongoing armed conflict, as well as the opportunity for accelerated European
integration (Herbert, 2024; Economic priorities in post-war Ukraine, 2023).

One of the key areas of this recovery is the construction and housing sector, a sector
that suffered considerable damage because of the war operations and is considered a
priority under Ukraine’s National Recovery Plan (OECD, 2024). It is estimated that more
than 10% of the housing stock has been damaged or destroyed, with more than two
million households affected. Total damage in this sector is estimated at around USD 55.9
billion, and recovery needs are estimated at USD 80.3 billion over the period 2024-2033
(Investment Guide, 2024).

In parallel with the physical reconstruction of the country, a deeper structural
transformation of the Ukrainian economy is underway, including the approximation
of legislative and technical standards to those of the European Union, integration into
the EU internal market, and opening to foreign direct investment (EU-Ukraine Deep and
Comprehensive Free Trade Area, 2023). This process is supported by instruments such as
Ukraine Facility, which will provide Ukraine with up to EUR 50 billion in grants and loans,
including a special investment framework, in 2024-2027 (European Commission, 2023).

The aim of this article is to analyse the transformation of trade and investment relations
between the European Union and Ukraine in the construction and housing sector after
2022. Special attention is paid to the issue of opportunities and risks that this development
brings for Czech business entities considering entering the Ukrainian market. The article is
based on a review of professional and political documents and a case study of cooperation
between the VSFS and V. N. Karazin University in Kharkiv, which represents a concrete
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example of the need for infrastructure reconstruction on the line of direct threat (Ministry
of Economy of Ukraine, 2023).

The research question is: How have the conditions for trade and investment cooperation
between the EU and Ukraine in the construction and housing sector changed after 2022
and what opportunities does this provide for Czech businesses?

1 Literature review

Post-conflict economic recovery and reconstruction is a complex process that includes
not only the physical restoration of destroyed infrastructure, but also the revitalization of
institutions, the restoration of investor confidence, and the provision of macroeconomic
stability (Barakat, 2003). Modern approaches in this area are based on the concept of
“build back better,” which emphasizes using the crisis as an opportunity to create more
resilient and effective structures (Clarke & Deron, 2016).

From the perspective of economic theory, reconstruction can be understood as a
combination of fiscal interventions, foreign aid and private capital mobilization. Public-
private partnerships (PPPs) play a special role here, allowing for risk sharing between the
state and investors and are particularly important in the construction sector, where projects
are often capital-intensive and long-term (Grimsey & Lewis, 2004; Alfen et al., 2009).

The process of European integration in a war or post-conflict context is a relatively unique
phenomenon that requires flexibility on the part of both the EU and the candidate country.
In this regard, Ukraine moves on the border of two transformation axes: geopolitical
orientation towards the West and urgent needs for reconstruction after extensive
destruction (Kostanyan, 2023). This dual framework creates a unique environment for
analysing the mechanisms of political and economic adaptation in crisis conditions.

Research shows that the housing and construction sector is one of the most affected
sectors after armed conflicts, and at the same time the most sensitive to restoring citizens’
trust in the state. Reconstruction of this sector therefore has not only economic but also
socio-political implications - it contributes to stabilizing society, supporting the return
of refugees and restoring the local economy (Fan, 2013; United Nations-Habitat, 2020).

From a public policy perspective, it is important to integrate reconstruction into long-
term development strategies, rather than implementing it as an isolated intervention
program. A key aspect is the government’s ability to allocate resources transparently and
strategically, including involving local governments and communities in planning and
implementation (Pritchett, Woolcock & Andrews, 2013).

At the level of international support, there is a noticeable shift from purely grant models
to using a combination of grants, loans and guarantees. This approach is reflected in the
current support to Ukraine through so-called blending finance, financial frameworks that
combine public and private resources, often with the support of international financial
institutions (Benn et al., 2016).
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Finally, it is necessary to perceive risk factors that significantly affect the willingness of
foreign investors to enter post-conflict zones. These include not only the ongoing military
threat, but also legal and institutional uncertainty, levels of corruption, and low law
enforcement (Collier, 2009; Transparency International, 2023).

1.1 Trade and investment relations between the EU and Ukraine
in the construction and housing sector

Trade relations between Ukraine and the European Union have fundamentally changed
since 2014, and especially since 2022 in connection with the full-fledged Russian
invasion. The so-called Deep and Comprehensive Free Trade Area (DCFTA), which is part
of the Association Agreement between Ukraine and the EU, has been operating since
2016 and serves as a tool for the gradual convergence of the Ukrainian economy with the
EU internal market (European Commission, 2023). In 2022 and onwards, this cooperation
was strengthened by the adoption of temporary liberalization measures, which abolished
tariffs, quotas and safeguard measures on Ukrainian exports to the EU until June 2025
(Ministry of Economy of Ukraine, 2023).

This liberalization also affected the construction materials and industry sector, where
Ukraine has long been an exporter of raw materials and semi-finished products, such
as cement, steel and other construction commodities. At the same time, the scope for
imports and investments from EU countries has also expanded significantly — both in
the field of construction machinery and know-how and technological solutions (Reland,
2022).

The construction and housing sector has become one of the priority areas for the country’s
reconstruction after 2022, which was also reflected in the government document
Ukraine Facility Plan prepared by the Ministry of Economy of Ukraine and presented
to the European Commission (European Commission, 2024). This plan envisages the
reconstruction of more than 10% of the affected housing stock and investments in the
construction of sustainable and resilient houses and infrastructure. Total damage in the
housing sector was estimated at USD 55.9 billion by 2024, with investment needs by 2033
amounting to approximately USD 80.3 billion (Investment Guide, 2024).

To implement these investments, a special investment framework (Ukraine Investment
Framework) was established within Ukraine Facility, which provides guarantees and
grants of EUR 9.3 billion and is expected to mobilise investments of up to EUR 40
billion (European Commission, 2024). This framework is intended to create an attractive
environment for foreign investors, including those from the Czech Republic, and to
mitigate investment risks through risk sharing with the public sector.

Trade between the EU and Ukraine in the construction materials and technologies sector
has been largely affected by the disruption of logistics routes and the need to redirect
exports from Black Sea ports to rail and road corridors through EU countries, in particular
Poland, Slovakia, Hungary and Romania (EU Solidarity Lanes, 2023). The importance of
this factor should also be considered in the investment strategies of companies planning
to operate in the Ukrainian market.

Also worth noting are the initiatives to support small and medium-sized enterprises

ACTA VgFS, 1/2025, vol. 19, www.vsfs.cz/acta




implemented by the EU through the so-called Flagship Initiative for SMEs. This supports
access to finance, mentoring, participation in public procurement and certification
according to European standards, which is particularly relevant for Czech construction
companies seeking partnerships or subcontracting on the Ukrainian market (European
Commission, 2023).

It follows from the above that the construction industry is an area where key economic
interests of Ukraine and the EU meet, and where specific investment opportunities
can be found. However, these are subject to significant risk factors, including security
threats, regulatory uncertainty and limited legal enforceability. From the perspective of
Czech companies, it is therefore necessary to conduct thorough risk analyses and use
available support mechanisms, including cooperation with public institutions, chambers
of commerce and universities.

2  Research Methodology

Given the research objective, which is to analyse the transformation of trade and
investment relations between the EU and Ukraine in the construction and housing sectors
after 2022 with an emphasis on opportunities for Czech businesses, a combined research
design was chosen. This approach allows combining the advantages of qualitative and
quantitative analysis and offering a comprehensive view of the issue (Creswell & Plano
Clark, 2017).

2.1 Qualitative part, case study

The core of the qualitative part of the research is a case study of cooperation between the
University of Finance and Administration (VSFS) and V. N. Karazin University in Kharkiv. This
case was chosen based on the criterion of informativeness, it represents a real situation
of cooperation between a Czech entity and a heavily affected Ukrainian institution in
the higher education and infrastructure sector. The intention is to illustrate how the war
conflict affects investment decisions in building reconstruction in a high-risk environment.

Case studies are considered an effective tool in qualitative research for a deeper
understanding of complex phenomena in a real context, especially when a unique or
extreme case is examined (Yin, 2018; Stake, 1995). In our case, it serves as a means of
illustrating practical barriers, risks and motivational factors for Czech investors.

2.2 Quantitative part, descriptive statistics and prediction
model

The second research line is based on the analysis of publicly available data sources -
mainly data from the European Commission, OECD, World Bank and Ukrainian government
agencies. These data will be used to quantify the development of trade between the EU
and Ukraine in the selected sector (construction, raw materials, housing construction), to
provide an overview of the amount of funds allocated so far for reconstruction (mainly
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through the Ukraine Facility), to estimate investment needs for the period 2024-2033
(including their year-on-year structure).

To calculate the predicted volume of investments in the housing sector, a linear projection
model based on trend extrapolation of data published in the Investment Guide 2024
and Ukraine Facility Plan will be used. The calculations will be performed in variants
with constant and slightly increasing increment of investment activity and will serve
to illustrate the possible distribution of investments over time. This approach is based
on commonly used methods in macroeconomic estimation of recovery after crises
(Felbermayr & Groschl, 2013). The intention is not to create a prediction with a high degree
of accuracy, but rather to analytically estimate the scope of opportunities for potential
foreign investors and the state.

2.3 Combination of methods and interpretation

By combining both approaches, qualitative and quantitative, it is possible not only to
describe the institutional framework and clarify the logic of actors on the supply and
demand sides of investments, but also to illustrate the scope of investment potential and
needs based on numerical data. The interpretation of the results will subsequently be
supported by contextual information on the specifics of the Ukrainian legal environment,
the security situation and the EU's approach to financing reconstruction.

The following research question was asked: "How have the conditions for trade and
investment cooperation between the EU and Ukraine in the construction and housing
sector changed after 2022 and what opportunities do they provide for Czech companies?”
The answers will be sought in various parts of this contribution.

3  Results of the analysis of EU-Ukraine trade and
investment relations in construction and housing

3.1 Development of EU-Ukraine trade relations after 2022

The relations between Ukraine and the European Union in the field of trade and investment
have changed significantly after 2022. Based on the Association Agreement and the Deep
and Comprehensive Free Trade Area (DCFTA), which were already implemented in 2016-
2017, the EU has become Ukraine’s main trading partner. In 2022, the EU’s share of total
Ukrainian exports was approximately 63% (European Commission, 2023).

After the outbreak of the Russian invasion, the EU introduced a set of emergency measures,
including temporary trade liberalization - in particular, the abolition of tariffs, quotas and
anti-dumping measures on exports from Ukraine to the EU. These measures have been
extended until June 2025 (Ministry of Economy of Ukraine, 2023). In addition, the so-
called Solidarity Lanes, alternative corridors for exports through neighbouring Member
States (EU Solidarity Lanes, 2023). For the construction sector, these changes had the
following impacts:
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- removal of import restrictions on construction materials (steel, cement, timber),

« access of Ukrainian companies to the European public procurement market
under contractual cooperation,

« accelerated adoption of European technical standards in the field of construction
and building (Reland, 2022).

Table 1: Total exports from Ukraine to the EU (in USD billion)

Year Exports to EU (billion USD) | Share in total exports (%)
2021 26,6 39
2022 28 63
2023 27,5 64

Sources: Compiled by the authors based on Trade Map, 2024

The increase in the EU's share as a trading partner after 2022 is a result of the loss of
exports to Russia and Belarus and the opening of the European market under the duty-
free cooperation regime.

Table 2: Export of construction materials from Ukraine to the EU (in million USD, selected
categories)

Year Iron and steel Cement (HS 2523) Wood (HS 44)
(HS 72)

2021 1346 108 603

2022 1029 126 710

2023 732 103 819

Source: Compiled by the authors according to Trade Map - aggregation of HS codes 72, 2523, 44)

The decline in steel exports is related to the destruction of steelworks (e.g. Mariupol),
while wood exports paradoxically increased slightly despite national restrictions. Cement
remains a stable export item.

Participation of Ukrainian companies in public procurement can be traced within the
framework of contracts registered on the TED portal (2022-2024) and on Prozorro (2022-
2024):

«  Ukrainian companies appeared for the first time in 2023 as suppliers in several
EU-funded infrastructure projects, mainly in Poland, Romania and Slovakia (e.g.
subcontracting cement or precast concrete).

«  Total: 16 records, of which 9 directly indicate Ukrainian companies as participants,
mainly in subcontracting. (TED — CPV 45000000, supplier UA)
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« In the period 2022-2023, the portal records more than 3,500 contracts in the
field of infrastructure construction and renovation with the support of international
donors (USAID, EIB, EU).

+  60% of contracts were awarded to Ukrainian companies. Regional construction
companies predominate, several contracts were also won by a consortium with
Czech participation (Prozorro analytics, 2024).

These factors created conditions for a deeper connection of the European and Ukrainian
construction industries, and thus new opportunities for the involvement of foreign
investors.

3.2 The EU Financial support

The EU has provided a robust support package to Ukraine, reflecting the complex
challenges that the country faces. This blend of grants, loans, guarantees, budget support
and structural initiatives has been essential in maintaining Ukraine’s economic stability
and supporting its long-term recovery.

“Europe will be at Ukraine’s side for every single day of the war, and for every single day
thereafter. Europe is true to its word. We will continue to deliver much-needed funding
and predictability for our brave partner and aspiring member” told Ursula von der Leyen,
President of the European Commission

A major global financial effort will be required to rebuild Ukraine once the war is over.
The EU has already contributed substantial financial support to boost the country’s
resilience and recovery, but more support will be needed in the medium to long-term:
to re-establish the foundations of a free and prosperous country, anchored in European
values and well-integrated into the European and global economy and to support it on
its European path.

While Russia's war of aggression continues, the overall needs for the reconstruction of
Ukraine are not yet known. Nevertheless, it is important to design the main building
blocks of this international effort already now.

3.2.1 Macro-financial assistance and budget support

In 2023, to continue supporting Ukraine, the EU budget enabled €19.5 billion in
short-term assistance, including an unprecedented support package of €18 billion in
concessional loans. This was on top of the €11.6 billion provided in loans and grants in
2022. Thanks to this, Ukraine has been able to

« continue paying wage and pensions,
«  restore critical infrastructure damaged by the war,

+ maintain essential public services such as hospitals, schools, and housing for
relocated people,

« ensure macroeconomic stability.
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In October 2024, the EU adopted a new financial assistance package. It consists of an
exceptional macro-financial assistance (MFA) loan of approximately €18 billion and a
loan cooperation mechanism that will support Ukraine in repaying loans provided by the
EU and G7 partners for up to €45 billion.

This loan cooperation mechanism is to be financed by extraordinary revenues stemming
from immobilised Russian sovereign assets. €5 billion of this exceptional MFA has been
disbursed to Ukraine so far.

3.2.2  Ukraine Facility

To help Ukraine in its recovery, reconstruction and modernisation efforts, the EU has
launched a new support mechanism for the years 2024 to 2027. Ukraine Facility is a
dedicated instrument which will allow the EU to provide Ukraine with up to €50 billion
in stable and predictable financial support during this period.

The Facility underlines the EU’s commitment to supporting Ukraine in the face of Russia’s
ongoing war of aggression and on its path towards EU membership.

Aims of the Facility are following:
«  Support Ukraine's recovery, reconstruction and modernisation.

« Support Ukraine’s financing needs to allow the government to deliver
uninterrupted public services.

«  Mobilise investments in Ukraine’s private sector for fast economic recovery and
reconstruction.

«  Support Ukraine to make the reforms needed on its path to EU accession.
« Support the broader Ukrainian society by helping to address the social

consequences of the war.

The Facility is organised around three pillars:

Pillar 1: Direct financial support to Ukraine

The government of Ukraine prepared a plan that sets out its vision for the recovery,
reconstruction and modernisation of the country, as well as the reforms it intends to take
as part of the EU accession process.

If the conditions set out in this plan are deemed to be fulfilled, the EU will provide
financial support of over €38 billion to Ukraine during the period 2024 to 2027 through a
combination of loans (up to €33 billion) and grants.

Pillar 2: A specific investment framework for Ukraine

The Facility establishes a specific framework to scale up investment for Ukraine’s
recovery and reconstruction. To achieve this, the framework will enable investors to take
advantage of EU budget guarantees and a blend of grants and loans from public and
private institutions which will make investing in Ukraine more attractive.
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Ukraine Investment Framework is equipped with €9.3 billion in guarantees and grants.
It is expected to mobilise up to €40 billion in public and private investments in Ukraine
over the coming years.

Pillar 3: Accession assistance

The Facility introduces new assistance measures to help Ukraine align with EU laws and carry
out the reforms necessary on its EU accession path. Technical assistance will be provided
to authorities at national, regional, and local level, as well as to civil society organisations.

3.2.3 Measures to support the Ukrainian economy

In February 2023, the European Commission and Ukraine signed an agreement for
Ukraine to join the Single Market Programme (SMP). This agreement will support
Ukrainian businesses by facilitating

- access to markets,

- afavourable business environment,
«  sustainable growth,

- internationalisation.

Additionally, the EU has renewed its suspension of import duties, quotas and trade
defence measures on Ukrainian exports until 5 June 2025. The measures have reinforced
safeguards and an emergency brake if imports of specific agricultural products reach a
certain threshold.

Established in May 2022, the EU-Ukraine Solidarity Lanes help ensure that Ukraine can
continue to export its goods and import the goods it needs to support its economy.

The EU also provides support through guarantees, issued by financial institutions, such as
the EIB and EBRD. This will enable the Ukrainian government to provide credit and allows
companies to offer vital services.

3.3 OECD support to Ukraine

The OECD provides inputs to Ukraine's National Recovery and Development Plan and
works with international partners to co-ordinate international support for Ukraine,
including as part of the Multi-Agency Donor Co-ordination Platform for Ukraine co-
chaired by Ukraine, the European Union and the United States.

The OECD has worked with Ukraine since independence three decades ago to support its
reform agenda, and the relationship has grown steadily stronger since the 2014 Ukrainian
Revolution. Since Russia launched its full-scale invasion in February 2022, and despite the
day-to-day challenges of the war, the OECD has steadily deepened its engagement and
co-operation with Ukraine. This includes work across a range of policy areas from anti-
corruption to tax and public administration reform. The OECD has also helped its member
countries address the needs of Ukrainian refugees and supported educational continuity
and access to labour-market opportunities for those displaced by the war.
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Responding to Ukraine’s request for accession, the OECD’s governing Council recognised
Ukraine as a prospective OECD member in October 2022 and asked the Secretary-
General to launch an initial accession dialogue. To structure this dialogue and move the
relationship into a new phase, the OECD invited Ukraine to engage in an OECD Country
Programme, which was launched in June 2023. The Programme does not grant Ukraine
any special status at the OECD, nor does it commit the OECD or Ukraine to an accession
process. Nonetheless, a subsidiary objective is to help Ukraine progress toward potential
accession by deepening its engagement with OECD bodies and instruments.

3.3.1 Ukraine’s National Recovery and Development Plan

The OECD provides inputs to Ukraine’s National Recovery and Development Plan and
works with international partners to co-ordinate international support for Ukraine,
including as part of the Multi-Agency Donor Co-ordination Platform for Ukraine co-
chaired by Ukraine, the European Union and the United States.

In addition, the OECD Economics Department has established a Ukraine Desk to
incorporate Ukraine into the OECD’s forecasting and indicator systems.

3.3.2 The OECD-Ukraine Country Programme

The OECD is working together with Ukraine through a four-year Country Programme to
drive the country’s agenda for reform, recovery and reconstruction, and help to advance
its ambitions to join the OECD and the European Union. The Programme is supporting
Ukraine through the war, while ensuring the best use of reconstruction aid to promote
economic development and the welfare of citizens.

The OECD-Ukraine Country Programme is structured around six main areas:
+  Economic Recovery and Infrastructure Resilience,
«  Environmental Sustainability and Energy,
- Taxation and Financial Management,
+  Good Governance and Transparency,
«  Competitiveness and Regulatory Efficiency,
« Human Capital, Social and Cultural Development.

3.4  Construction and Housing Sector: Damage, Needs and Priorities

The housing and construction sector is among the most affected sectors of the Ukrainian
economy because of the full-scale Russian invasion since February 2022. In addition to
the direct destruction of residential buildings and technical infrastructure, the massive
internal and external displacement of the population played a key role, increasing the
demand for alternative and social housing. The estimate of the Kyiv School of Economics,
which coordinates the assessment of war damage in cooperation with the Ministry of
Economy of Ukraine, is as follows:
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Indicator Value

Number of households destroyed or damaged 2,000,000 households

Share in total housing stock More than 10%

Estimated damages (2023) $55.9 billion

Estimated investment needs (2024-2033) $80.3 billion

Number of registered projects Hundreds of projects across regions
(registered by the Ministry of
Economy)

Main areas of renewal new housing stock, reconstruction,
water ~management, materials
production

Source: KSE, 2024; Investment Guide, 2024

It is important to emphasize that the figures presented represent the situation as of 31
December 2023 and reflect only the direct damage documented up to that time. Given
that the armed conflict in eastern and southern Ukraine continues, it is reasonable to
assume that further increases in damage and investment needs are possible. Based on
developments in the first quarter of 2024 and updated KSE estimates, it is assumed that
by June 2025, accumulated direct damage in the housing and construction sector could
exceed USD 70 billion, while the corresponding investment need for reconstruction
could range from USD 95 to 100 billion, depending on the extent of the conflict and
the speed of implementation of stabilization projects (KSE, 2024; World Bank, 2024). This
dynamic development underlines the necessity of continuous monitoring and flexible
reconstruction planning in the sector, which is both infrastructurally and socially the
most sensitive.

A crucial component of reconstruction is both the restoration of destroyed residential
buildings and the construction of new infrastructure that meets current requirements for
energy efficiency, resilience to attacks and accessibility. Key areas include:

« construction and renovation of social and affordable housing for displaced
persons,

«  reconstruction of damaged houses and urban districts,
- renovation of water and energy infrastructure (water, sewage, heating),

« construction of new production capacities for building materials (cement,
concrete, wood, panels).

These priorities are included in Ukraine Facility Plan, which defines the construction sector
as a strategic area for the period 2024-2027. At the same time, this area is perceived
as key in terms of social stabilization. Affordable and safe housing is a prerequisite for
the return of residents, the restoration of community relations and the revival of local
economies (OECD, 2024).
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Effective project management, transparent allocation of funds, and the ability to combine
resources from international institutions and the commercial sector are essential for
financing the sector’s recovery. Specific data supports this claim:

«  The Ministry of Economy of Ukraine publishes registers of hundreds of projects
in the housing and construction sector, although the specific amounts allocated in
the national central database are not centrally published. However, these serve as a
basis for negotiations with international donors (KSE, 2024).

« Ukraine Facility (EU) includes a framework for multi-annual planning and
financing (2024-2027) with a total budget of up to EUR 50 billion (Dentons, 2024).

- The European Investment Bank (EIB) supports Ukraine through €2 billion in
guarantees for reconstruction and resilience projects. In 2024, €420 million was
approved for the public sector, mainly infrastructure, including water, heating and
housing.

« Through a memorandum with PM Shmyhal and President Calvifio, the
disbursement of €560 million in loans and €60 million in grants for 2024 was
accelerated and a further €2 billion was allocated under Ukraine Facility (Reuters.
com).

+ The EBRD (European Bank for Reconstruction and Development) has raised
more than €2.6bn in donor funding since 2022, including guaranteed resources,
with almost €1bn in 2024 alone. At least €1.5bn in additional funding is planned for
2025, with the bank ready to invest up to €3bn per year in the post-conflict regime.

- The World Bank approved the SURGE programme in 2023 to strengthen
economic recovery with initial funding of $283m (IBRD loans) and $300m (SPUR)
plus a grant of $10m, building on the wider URTF framework to strengthen public
investment management (World Bank, 2024).

Figure 1: Funding Sources for Ukraine’s Recovery — Key Tools and Institutions
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These figures clearly show that the construction sector is actively supported through EU
frameworks (Ukraine Facility, EU guarantee schemes, EIB), up to tens of billions of EUR are
ready to be drawn on pilot projects in the field of infrastructure and housing, transparent
instruments such as Prozorro enable efficient allocation of funds. Based on these data,
the construction sector can be consistently understood as a priority for coordinated
post-conflict reconstruction, which contributes to European integration goals and at the
same time creates an opportunity for commercial and investment activities of Czech and
European entities.

3.5 Investmentframeworkand opportunities for Czech businesses
The reconstruction of Ukraine after 2022 represents not only a political and humanitarian
commitment of the European Union, but also an opportunity for European companies
to engage in a large-scale process of economic and infrastructural reconstruction. In this
context, a special financial architecture has been created - Ukraine Facility, a three-pillar

support mechanism, which includes the so-called Pillar 2 - Ukraine Investment Framework.

This investment pillar offers a combination of tools to support public and private
investments:

« guarantees of EUR 9.3 billion,
« acombination of grant and loan instruments (so-called blended finance),
- involvement of major financial institutions such as the EIB, EBRD, World Bank,

« expected volume of mobilised investments of up to EUR 40 billion (European
Commission, 2024).

Czech companies have been involved in the reconstruction of Ukraine since 2022, through

intergovernmental cooperation, subcontracting and direct contracts. The following
findings emerge from the data of the Ministry of Industry and Trade, see Table 3.
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Table 3: Indicators of involvement of Czech companies

Indicator Value

Number of Czech companies participating in | 180 companies
consultations (2023)

Number of companies with completed orders | about 15 companies

(as of 2022)

Water treatment plants, modular buildings,
Main areas of involvement electrical engineering, construction technology
Institutions providing support MIT, Czech Trade, EBRD, EIB

Source: Compiled by the authors according to the Ministry of Industry and Trade, Czech Trade, 2024

To navigate the Ukrainian recovery environment and take advantage of investment
opportunities, there are specialized European and Czech support platforms. They help
companies prepare bids, enter the Ukrainian market, and identify contracts financed from
EU funds. These include:

«  Ukraine Facility Helpdesk (EU). Central EU contact point for companies seeking
information on the reconstruction of Ukraine.

«  Czech Trade Ukraine (Kyiv). On-site assistance service, connections with local
partners and businesses.

«  Prozorro (UA). Electronic public procurement system - possibility of filtering
foreign projects.

« MPO - support programs. Consulting + mediation of contacts with European
investment institutions.

- CEBRE / Eurochambres UA Taskforce. European platform for coordination of
entrepreneurs and institutions involved in the reconstruction.

Despite the open investment framework, it is possible to identify significant barriers to
entry for companies, see Table 4.
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Table 4: Risk score of barriers to entry for companies in Ukraine

Obstacle / Risk Severity of Probability of Risk score
impact (1-5) |occurrence (1-5) (1-25)

Security situations (war zones) 5 5 25

Legal uncertainty and frequent 4 4 16

regulatory changes

Corrupt environment and lack 5 4 20
of transparency
Insufficient local capacity 3 3 9

(partners, workforce)

Weak infrastructure (logistics, 3 4 12
energy)

Missing insurance for war 4 3 12
investments

Low solvency of local 3 4 12
governments

Demanding certification and 3 3 9

customs procedures

Insufficient knowledge of the 2 3 6
market and business practices

Political risk (changes in 4 3 12
priorities after elections)

Source: Compiled by the authors
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Figure 2: Risk Matrix — Czech Companies Operating in Ukraine
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It is essential that Czech companies enter these projects, ideally in partnership with
larger European actors, under the institutional guarantee of the EIB or EBRD, and using
the available EU blending finance instruments. The reconstruction sector of Ukraine offers
Czech companies a unique, albeit risky, investment opportunity. Despite the conservative
figures on participation so far, it cannot be overlooked that political support, guarantee
schemes and dedicated programs create conditions that were not available in any other
post-Soviet space after 1989. A strategic and coordinated approach by the state, economic
associations and individual entrepreneurs will be key to successful participation in the
country's reconstruction within the framework of the European integration process.

3.6 Case Study: Cooperation Between VSFS and V. N. Karazin
Kharkiv National University

This case study was selected as part of the qualitative part of the research to illustrate
the possibilities of involving Czech entities in the reconstruction of higher education
infrastructure in Ukraine. According to methodological criteria (Stake, 1995; Yin, 2018),
it is a so-called information-rich and at the same time extreme case. The selected case
connects the academic, business and institutional dimensions of reconstruction in
conditions of armed conflict.

The partnership between the University of Finance and Administration (VSFS) and V. N.
Karazin Kharkiv National University was established in 2024 within the framework of the
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project “Identification of opportunities and risks for the management of Czech enterprises
participating in the reconstruction of Ukraine” (No. 7427/2024/04). The cooperation
included the signing of a memorandum, the implementation of an evaluation visits and
a basic infrastructure analysis.

3.6.1 Identification of investment needs

Based on the documentation provided by the Ukrainian side, priority projects in the
field of renovation of the basic educational and security infrastructure of the Karazin
National University in Kharkiv have been identified. Their overview, including location

and budgeted costs, is presented in the following table.

Table 5: Identification of investment needs

Project Localities Estimated costs
(UAH million)
Renewal of anti-radiation Svobody Square, Charkov 139,3

shields in buildings no. 1,4, 11

Replacing damaged windows Svobody Square 6 45

Roof repair (including Buildings No. 4 and 6 98
preparation for solar panels)

General repairs of educational Various locations in Kharkiv 478
buildings
Total required (2025) — 855,3

Source: Compiled by the authors

The total value of the required investments by 2025 exceeds UAH 850 million. These funds
are to be mobilized in cooperation with international donors (EU, USAID, UNDP), the Ukra-
inian state budget and foreign partners. The projects also include preparation for the
integration of renewable energy sources (solar panels).
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Picture 1: The academic building of the Karazin University Institute of Physics and
Technology was significantly destroyed.

#

Source: https://karazin.ua/en/news/suttievo-zruinovano-navchalnyi-korpus-nni-laquo-fizyko-tekh/

3.6.2 Methodology of the analysis of entrepreneurial attitudes

The case study included an orientation questionnaire and interview survey among Czech
entrepreneurs, carried out in cooperation with Business Club Ukraine and the Ukrainian-
Czech Chamber of Commerce. The aim was to determine the perception of risks and
motivations associated with investments in the field of higher education infrastructure.

N = 42 respondents (SMEs, construction sector, technology, consulting), interviews were
conducted online (Microsoft Teams), responses were recorded, transcribed and analysed
using the qualitative content analysis method (Mayring, 2014), tokenization and frequency
analysis of expressions were performed using the Voyant Tools tool (Sinclair & Rockwell,
2016). Among the most frequently occurring terms were the words: "risk", "uncertainty",
"conflict", "guarantee", "yield", "market entry". The recorded responses were further coded

according to three key dimensions:

Category Typical expressions and attitudes

Security risk "The war is still ongoing", "the safety of workers cannot
be guaranteed”.

Return on investment "Public infrastructure does not generate cash flow",
"risk of loss”.
Legal uncertainty “Laws are changing”,“unclear taxes”,“law enforcement

is non-existent”.
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The analysis showed a high level of scepticism and caution, consistent with known barriers
to foreign investment in post-conflict states (Collier, 2009; Pritchett et al., 2013).

3.6.3 Case study evaluation

The case study shows that even in the context of solidary academic cooperation, practical
commercialization and investment participation of Czech companies remains limited.
Successful implementation will require:

- involvement of international guarantee funds (e.g. EIB, EBRD),
« use of export insurance (e.g. EGAP),
« inclusion of projects in the framework of Ukraine Facility and NDICI programs.

The study also confirms that the reconstruction of university facilities can serve as a
model pilot sector combining education, technology, infrastructure and international
development cooperation. Successful implementation in this segment can act as a “test
laboratory” for the broader reconstruction of Ukraine in the post-conflict phase.

3.7 Prediction scenarios and models of investment development
in the construction and housing sector in Ukraine (2024-2033)

The aim of this part of the research is to quantify possible scenarios of investment activity
development in the construction and housing sector in Ukraine in the period 2024-2033.
We proceed from official estimates of investment needs according to the Investment
Guide (2024), which indicates a volume of 80.3 billion USD for the given period. Since this
is an indicative value, three model scenarios were created.

Scenario Total volume in 10 years Calculation assumptions

Pessimistic $65 billion We assume stagnation/slowdowninrecovery,
with $6.5 billion invested evenly each year.

Medium $80.3 billion Even distribution: $8.03 billion per year.

Optimistic $95 billion Slightly increasing investment volume:
starting at $7.3 billion in 2024 and increasing
by approximately 5% annually.

The calculation of the annual allocation was carried out using the linear interpolation
method and a slightly increasing geometric progression (in the optimistic scenario).
The results show how investments could be distributed over time. Each row in the table
represents one year from 2024 to 2033. There are three columns for each year in the
table, i.e. Pessimistic Scenario (USD bn) - investments if the recovery progresses slowly.
Baseline Scenario (USD bn) - medium realistic expectations. Optimistic Scenario (USD

ACTA VgFS, 1/2025, vol. 19, www.vsfs.cz/acta




bn) — investments will grow by 5% each year (e.g. due to greater support, a degree of
stability, etc.).

Table 6: Projections of investments in the housing sector in Ukraine (2024-2033, in

scenarios)
Year Pessimistic Baseline Scenario | Optimistic
Scenario (USD bn) | (USD bn) Scenario (USD bn)
2024 5 6 6
2025 5 6 6
2026 6,5 8,5 10
2027 6,5 8,5 11
2028 6,5 8,5 11,5
2029 6,5 8,5 11,5
2030 6,5 8,5 9,75
2031 7,5 8,6 9,75
2032 7,5 8,6 9,75
2033 7,5 8,6 9,75

Source: Compiled by the authors

Figure 3: Updated Investment Projections in Housing and Construction Sector
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In relation to the above table and graph, it can be concluded that the pessimistic scenario
assumes limited absorption capacity and a continuing conflict environment. Investments
range from 5-7 billion USD per year, without significant growth. Cumulative volume: 65
billion USD. The medium scenario reflects the assumption of stabilization and effective use
of funds from Ukraine Facility. A significant increase in allocations in 2026-2030, followed
by a slight decline. Cumulative volume: 80.3 billion USD. The optimistic scenario counts
for a rapid end to the conflict, active participation of international donors and the entry
of private investors. After the initial years (6 billion USD per year), a rapid increase to more
than 11 billion USD per year follows. Cumulative volume: 95 billion USD.

This prediction provides a framework for scenario planning, which is necessary for making
decisions on financing, capacity planning, supporting the business sector and monitoring
the impacts of the recovery. At the same time, it allows for the time targeting of support
instruments (guarantees, grants, public procurement) to key periods with high growth
(e.g. 2026-2030).

4 Discussion

The discussion part of the research focuses on confronting theoretical knowledge with
empirical findings, both qualitative and quantitative. This synthesis allows for a better
understanding of the context of Czech companies' investment involvement in the
reconstruction of Ukraine, while also pointing out systemic challenges and opportunities.

Thetheoretical frameworkwas based mainly onthe concepts of post-conflictreconstruction
(Barakat, 2003; Clarke & Dercon, 2016), public-private partnerships and the concept of
“build back better”. Our findings largely confirm these approaches by highlighting the
importance of infrastructure reconstruction as a key factor for stabilization and economic
recovery. The case study of Karazin University shows that university buildings are not only
symbols but also the backbone of community renewal (Fan, 2013). Regarding the need to
combine public and private resources, Ukraine Facility model confirms that only blended
finance (a combination of grants, loans and guarantees) can mobilize the necessary funds.
The risks of the post-conflict environment (Collier, 2009; Transparency International, 2023)
are reflected in the attitudes of Czech entrepreneurs - a high degree of caution towards
legal uncertainty and the security context prevails.

As stated by OECD: Russia's large-scale aggression against Ukraine is inflicting considerable
damage on Ukraine's economy, undermining macroeconomic stability and degrading its
productive capital. Ukraine's forward-looking recovery and reconstruction aspirations
should ensure the right framework conditions are in place and leverage international
support, toachieve a sustained recovery thatachievesastronger, greenerand moreresilient
economy. In the short-term, maintaining macroeconomic stability, amidst the ongoing
disruption of the war and pressures of defending the country, will buttress Ukraine's
defence and ensure solid foundations for the recovery. Seeking to maximise international
partners' support in the form of grants or highly concessional loans and developing
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mechanisms to provide certainty over the size and timing of support, would support
confidence and financing of the budget and the current account. Into the longer-term,
agile macroeconomic management will remain essential in managing the reconstruction
and supporting the economy's competitiveness. Developing a more effective tax system
will support sustainable public finances. The longer-term recovery is an opportunity to
"build back better" investment climate, enhancing competition, transparency and integrity
across sectors, raising skills, fostering digitalisation and bolstering research, development
and innovation. Putting in place the policies and systems enabling all of Ukraine's citizens,
especially those displaced by the war or defending the country, to contribute fully to the
recovery will provide for a more inclusive economy.

According to Herbert, S. (2024) the rapid evidence review provides insights into global
lessons applicable to Ukraine’s recovery and reconstruction. It emphasises the need for
a holistic approach, considering various concepts like relief, recovery, reconstruction,
and the development-humanitarian-peacebuilding nexus. The review suggests that
reconstruction can begin during conflict and should involve rebuilding infrastructure
and society in an integrated manner. It highlights Ukraine’s unique context, including its
EU candidate status and the nature of its conflict. Key messages include ensuring local
ownership, addressing corruption, fostering inclusion and equity, and leveraging private
sector investment for a modernised economy. Governance of reconstruction should be
agile, context-specific, and politically aware.

Lemishko, O., Davydenko, N., & Shevchenko, A. (2022) in their article analyse the losses of
the economy of Ukraine. According to their opinion it is substantiated that the mobilization
of financial resources for the post-war reconstruction of Ukraine should take place
according to the principles of system, continuity and balance. It was determined that the
coordination of the Ukrainian and European development strategies will contribute to the
emergence of second-order effects — synergistic effects. Scientific novelty of the obtained
results is as follows: it has been proven that in the field of financing the medium-term
recovery strategy of Ukraine, it is necessary to rely on the funds of foreign donors in the
form of grants, aid from charitable funds, free financing (the primary direction is financing
of the innovative agricultural sector); to ensure the modernization of the country, which
is subject to the long-term strategy of post-war recovery, the sources of financing are the
attraction of foreign capital, direct foreign investments.

Sinaj, Z., Vela, F.,, & Shaip, G. (2024) in their study discuss the existing public policy
instruments and identified those that would allow for the most effective recovery of
Ukraine’s post-war economy. The main research methods used were analysis, forecasting,
and abstraction. The study examined a large number of policy instruments that could be
used in the post-war reconstruction of Ukraine’s economy. They covered both financial
and social components aimed at facilitating recovery and ensuring long-term stability.
Their paper provides a comprehensive overview of the policy instruments and their
characteristics, emphasising the importance of their use in the post-war period. Special
attention is paid to the issues of economic stability, which was also proposed to be
achieved by working on two separate components: economic and political stability, and
recommendations for achieving them using certain state instruments were provided.
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Economic diversification is highlighted as a separate factor that plays an important role in
the long-term development of the country and is a critical part of building the resilience of
the Ukrainian economy after the war. The authors bring new knowledge to the analysis of
public policy instruments, which will allow to build a more effective strategy for rebuilding
the Ukrainian economy in the post-war years.

In this article, we identified several significant differences between expectations and
reality. The low level of real participation of Czech companies despite institutional support
suggests that political intentions are not enough without an active network of facilitators,
mentoring and practical assistance (cf. Benn et al., 2016). The asymmetry between declared
opportunities and real implementation, while instruments such as Ukraine Investment
Framework are well designed, practice shows that Czech companies are often missing
in the final stage of tenders. Theoretical trust in PPPs is not fully fulfilled, local partners,
return guarantees and a legal environment suitable for standard investment logic are
missing.

Several specific barriers are evident in the Czech environment. Small and medium-
sized enterprises (SMEs) represent the backbone of the Czech construction sector, but
at the same time they lack the capacity to operate in a conflict environment without a
strong institutional framework. Psychological factors, in particular uncertainty and fear
of reputational or financial risk, significantly influence the decision-making process. This
was also confirmed by the analysis of the interviews (frequency of words such as “risk’,

"u

“uncertainty’, “conflict”).

The prediction scenarios confirm that the real development will strongly depend on the
political and security situation. The optimistic scenario (95 billion USD by 2033) is possible
only under the condition of a quick end to the conflict and strengthening of guaranteed
mechanisms. The medium scenario (80.3 billion USD) corresponds to the plans of Ukraine
Facility and a realistic pace of reconstruction with EU support. The pessimistic scenario (65
billion USD) would mean a failure in the absorption capacity of Ukraine or the continuation
of the state of war. These scenarios also provide recommendations. It is strategic for
Czech entities to monitor signals of stabilization in 2025-2026, when the main wave of
investments is expected to begin.

Our research has some limitations due to the continuous Russian attacks against the
Karazin university, which means that costs are not final and will be going up in the future.
Another limitation concerns using different currencies when calculating damages and
financial support (USD, Euros and UAH).

Conclusion

The aim of this study was to analyse the investment potential and obstacles to the
involvement of Czech entities in the reconstruction of the Ukrainian construction and
housing sector after 2022, with a particular emphasis on institutional frameworks,
investment scenarios and specific case studies. The research question was: “Under what
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conditions and through what tools can Czech entrepreneurs effectively participate in
the reconstruction of Ukraine, specifically in the housing and construction sector?” The
answer to this question shows that the involvement of Czech companies is realistically
possible but requires the presence of several fundamental factors. The key factors are
stable legal frameworks, the availability of guarantees and guarantees (especially for
small and medium-sized enterprises), the active involvement of intermediary institutions
and targeted facilitation of entry into the Ukrainian market. The psychological level of
perceived risk is also a significant barrier, which can only be overcome through pilot
projects, partnership cooperation and examples of successful implementation.

The study demonstrated the achievement of its objective through several research steps.
The investment needs of the housing and construction sector were quantified using
a scenario analysis that shows three different investment development trajectories for
the period 2024-2033 in the range of 65 to 95 billion USD. Special attention was paid to
a case study of cooperation between the University of Finance and Administration and V.
N. Karazin University in Kharkiv, which documents the real possibilities of involving the
academic sector. The study further elaborated an analytical matrix of investment risks and
created prediction models that reflect both security and economic factors. The discussion
then showed the consistency and contradictions between the theoretical foundations
and empirical findings.

The importance of the topic goes beyond the scope of the research project and has
concrete implications for various actors. For the academic sphere, space is opened for
further multidisciplinary researchin the areas of economics, publicadministration, security
studies and urban planning. Universities can become an environment for pilot projects
that connect research, teaching and international cooperation. Based on the results of
the study, the public sector should strive to create a national coordination platform to
support Czech entities that want to participate in the reconstruction of Ukraine. The
availability of tools that minimize risk for investors, such as insurance, consulting or
support for participating in European public procurement, is also essential. For private
companies, the study provides a realistic framework for making decisions about entering
the Ukrainian market, including recommendations regarding the appropriate timing,
types of projects and the necessary institutional support.

In the future, the monitoring of actual investment flows and their comparison with
predicted scenarios, analysis of the impacts of reconstruction on local economies and
the labour market, digital transformation of reconstruction management (for example,
through e-procurement platforms), and research on the ethical aspects of reconstruction
in a post-conflict environment appear to be key research directions. This study thus not
only contributes to the expert debate on post-conflict reconstruction but also provides a
practical framework for decision-making by institutions, academic partners, and companies
that want to participate in the largest reconstruction effort in Europe since World War II.
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