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Editorial

Dear readers,

tl am pleased to welcome you to the first issue of ACTA VSFS in 2026. The present issue
brings together six articles that address a broad range of contemporary topics in
economics and finance. Although the individual contributions differ considerably in their
theoretical foundations and methodological approaches, they share a common interest
in the changing institutional, technological, and regulatory environment in which
modern economies and financial systems operate. Questions of regulation, digitalization,
sustainability, coordination, monetary innovation, and fiscal discipline therefore form
several connecting threads running through this issue.

The first article, “Regulatory Effectiveness in Algorithmic and High-Frequency
Trading: A Critical Assessment,” by David Jukl and Eva Daniela Cvik, examines one
of the most technologically dynamic areas of contemporary financial markets. The
authors critically assess the capacity of existing regulatory frameworks, particularly the
European MiFID Il framework and the supervisory approach adopted in the United States,
to respond to the challenges associated with algorithmic and high-frequency trading.
Drawing on a structured review of academic and institutional literature, the article
highlights the ambivalent effects of these technologies: while algorithmic trading may
contribute to liquidity and price discovery under normal market conditions, it can also
amplify instability and create regulatory and competitive challenges in periods of market
stress. An important conclusion is that regulatory effectiveness depends not merely on
the existence of formal rules, but increasingly on the technological capacity of supervisory
authorities to monitor and respond to market developments in real time.

The second contribution, “The Impact of Tax Audits and Digitalization on the Amount
of Tax Arrears: Analysis of Factors Influencing the Efficiency of Tax Collection,”
by Jifi Slezdk, turns attention to tax administration in the Czech Republic. Using data
from the Czech Financial Administration for the period 2013-2024, the study analyses
the relationships between tax arrears, audit activity, the number of taxpayers, and the
growing use of electronic tax returns. The results demonstrate the particularly important
role of tax audits, while also suggesting that digitalization may contribute to improved
tax compliance and administrative efficiency primarily through indirect channels. The
article thus provides a useful reminder that technological modernization, despite its
considerable potential, cannot substitute for well-functioning institutions and effective
control mechanisms in tax administration.

The third article, “Sustainability Reporting and Value of Listed Manufacturing
Firms in Nigeria: The Moderating Role of Foreign Ownership,” by Romoke Rafiat
Busari and Olayinka Segun Wale, addresses the increasingly important relationship
between corporate sustainability, ownership structures, and firm valuation. Focusing
on listed manufacturing companies in Nigeria, the authors investigate whether foreign
ownership influences the relationship between environmental, social, and governance
reporting and firm value. The findings reveal that this relationship is not uniform across
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the individual dimensions of sustainability reporting or across alternative measures of
firm value. In particular, foreign investors appear to attach greater importance to robust
environmental practices, while social and governance disclosures are not necessarily
translated into higher valuations in the same way. The study therefore contributes to the
growing literature on sustainability reporting in emerging markets and underlines the
importance of moving beyond formal disclosure towards sustainability strategies that are
meaningfully integrated into corporate value creation.

The fourth contribution, “Co-opetition in Financial Markets: Rational Benchmarks,
Behavioral Implementability, and Coordination,” by Ondfej Cernik, takes a more
theoretical perspective on financial-market interactions. The paper develops a two-
layer bargaining framework in which market participants simultaneously compete
and depend on forms of cooperation arising from shared infrastructure, standards,
clearing arrangements, and market conventions. Using the Nash and Kalai-Smorodinsky
bargaining solutions as rational benchmarks, the analysis distinguishes between convex
and non-convex bargaining environments and explores the conditions under which
particular outcomes may become behaviourally implementable. The contribution is
especially relevant in showing that efficient outcomes need not automatically provide
a sufficient basis for coordination. In more complex environments, proportional and
publicly interpretable solutions may also serve as focal points around which market
participants can coordinate their behaviour.

The fifth article, “Central Bank Digital Currencies: Systemic Risk, Liquidity
Transmission, and Regulatory Governance,” by Jwa Emma Said and Jan Lansky,
addresses a topic that has moved rapidly from theoretical discussion towards practical
monetary-policy consideration. Rather than treating the risks associated with central bank
digital currencies separately, the authors develop an integrated perspective connecting
financial stability, liquidity, operational resilience, privacy, and regulatory governance.
The analysis demonstrates that the introduction of a CBDC does not eliminate systemic
fragility but may instead redistribute itamong different parts of the monetary and financial
system. Consequently, the effects of CBDCs depend substantially on their institutional and
technological design and on the conditions under which they are introduced. The article
therefore supports a cautious approach to implementation, with particular attention to
privacy, the role of cash-like characteristics, and the potentially complex interactions
between adoption, bank intermediation, liquidity, and public confidence.

The final article, “Quantifying Institutional Fiscal Discipline - Development and
Application of the Fiscal Rule Strictness Index (FRSI) in Germany, the USA, and the
Czech Republic (2000-2024),” by Linus Holzmann, returns to a fundamental question
of public finance: how fiscal discipline should be measured. The author argues that
conventional indicators such as public debt and budget deficits primarily capture policy
outcomes rather than the institutional strength of the rules governing fiscal policy. To
address this limitation, the article introduces the Fiscal Rule Strictness Index, combining
six dimensions of institutional design, including legal bindingness, numerical constraints,
coverage, enforcement, escape clauses, and monitoring. Its application reveals substantial
differences between the three countries examined. Germany displays a comparatively
restrictive framework, the Czech Republic experienced a significant strengthening of its
fiscal rules following the 2017 reform, while the United States scores relatively low at the
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federal level. The proposed index thus offers an interesting methodological contribution
to the analysis of fiscal governance and highlights the importance of institutional design
when assessing the credibility of fiscal commitments.

Taken together, the six contributions included in this issue demonstrate the breadth of
challenges currently facing economic and financial systems. Technological development
creates new opportunities, but at the same time places increasing demands on
regulation and institutional capacity. Digitalization can improve the functioning of
public administration, yet its effects depend on the quality of the institutions in which
it is embedded. Sustainability is becoming increasingly relevant to corporate valuation,
although investors may evaluate its individual dimensions differently. Financial markets
continue to combine competition with the need for coordination, while innovations
such as central bank digital currencies may transform existing risks rather than simply
eliminate them. Finally, the credibility of fiscal policy depends not only on observed
budgetary outcomes, but also on the institutional architecture underlying them.

These different perspectives remind us that economic institutions cannot be understood
in isolation from technological change, incentives, and human behaviour. Effective
governance increasingly requires the ability to adapt established frameworks to new
circumstances while preserving transparency, credibility, and stability. | believe that the
articles presented in this issue provide valuable contributions to these ongoing debates
and offer several impulses for further research.

| hope you will find this issue of ACTA VSFS both stimulating and useful, and | wish you
pleasant reading.

Doc. Ing. Jan Mertl, Ph.D.
editor-in-chief
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Regulatory Effectiveness in Algorithmic and
High-Frequency Trading: A Critical Assessment

DAVID JUKL, EVA DANIELA CVIK

Abstract

Objective: Algorithmic and high-frequency trading have become a permanent fixture of
modern financial markets over the past two decades — and regulators on both sides of the
Atlantic have been trying to keep up, with mixed results. This paper asks how well current
regulatory frameworks, specifically the EU's MiFID Il and the SEC's supervisory approach,
hold up against the challenges that autonomous trading algorithms create. These are not
purely technical issues — market manipulation, flash crashes, and the technological gap
between different market participants all have real consequences for how the financial
system functions. The paper works through three questions: what empirical research tells
us about HFT's effects on liquidity, price formation, and market stability; how MiFID Il and
the SEC each try to get these risks under control; and where exactly current regulation
breaks down — whether in the rules themselves or in how they're enforced.

Methodology: The paper draws on a structured literature review. This covered peer-
reviewed empirical studies in market microstructure, reports from regulatory and
international bodies (ESMA, SEC, BIS, I0SCO, FSB, FCA), and legal-policy analyses of the
EU Al Act. Sources were pulled from five academic databases — IEEE Xplore, SpringerLink,
ScienceDirect, SSRN, and Google Scholar — and each was assessed against four criteria:
breadth of regulatory coverage, real-world enforceability, how well regulation adapts to
technological change, and documented effects on market stability and integrity.

Findings: The central finding is that regulatory effectiveness has less to do with whether
formal rules exist and more to do with whether those rules can actually be applied in real
time. The EU's preventive ex-ante model and the U.S. ex-post traceability approach both
have blind spots — and technologically sophisticated trading firms know how to use them.
The paper also argues that the ethical problems associated with algorithmic trading —
manipulation, the information gap between institutional and retail participants, opaque
Al models — are not really independent moral concerns. They are more like the visible
surface of a deeper regulatory and technological failure. Part of the analysis maps how
the EU Al Act interacts with MIFID I, tracing how requirements around high-risk system
classification, transparency, human oversight, and post-deployment monitoring connect
with existing RTS 6 obligations. From this, a four-pillar evaluation framework is proposed
— fairness, accountability, transparency, and robustness — as a working tool for assessing
algorithmic trading systems on ethical grounds.

Practical relevance: The paper's conclusions have concrete implications for regulators,
compliance teams, and trading firms alike. Supervisory authorities need to invest in real-
time monitoring infrastructure, push for greater cross-border enforcement consistency,
and bring Al Act conformity assessment into MiFID Il compliance processes. Trading firms,
meanwhile, should stop treating algorithmic impact assessments, independent model

ACTA VSFS, 1/2026, vol. 20, www.vsfs.cz/acta




validation, and explainable Al as optional extras — these should be standard practice.
The proposed framework is intended as a starting point for ethics audits in automated
trading, and to help narrow the gap between what regulation promises on paper and
what actually happens in the market.

Keywords
algorithmic trading, high-frequency trading, financial regulation, market integrity,
systemic risk, regulatory oversight

JEL Codes
G14, G18, G28, K22, 033

DOI
http://dx.doi.org/10.37355/acta-2026/1-01

1. Introduction

Algorithms in financial markets have brought effects of compelling changes that bring
efficiency with enhanced speed and liquidity. New mathematical models and automated
trading systems allow traders to fulfil huge order quantities in small period of time that
lessen technical errors as well emotional biases.

High-frequency trading (HFT) requires its traders to use the approach due to the
oscillations of market speed that provide an opportunity of making a profit. The adoption
of algorithmic trading systems facilitates a process of finding prices more effectively
and creates spreads thinner thus keeping market systems stable. The system assists the
investment institutions to manage the portfolio risks and realize the best possible returns
on the investments. Automated trading systems are used by most of the time by the
financial institutions as well as hedge funds to sustain their competitive edges though
individual traders can access the automated strategies as well. Not all academic research
on algorithmic and high-frequency trading is in agreement. Some empirical evidence
suggests that algorithmic trading contributes to market liquidity, narrower spreads, and
price discovery, while other evidence suggests that high-frequency trading can contribute
to market volatility, technological disparity, and enforcement challenges in times of
market turbulence. For instance, Hendershott et al. (2011) showed that algorithmic
trading increased liquidity by decreasing spreads and adverse selection, while Brogaard
et al. (2014) found that high-frequency traders helped price discovery by trading in
the direction of permanent price changes. But Kirilenko et al. (2017) found that high-
frequency traders contributed to the rapid loss of liquidity during the 2010 Flash Crash,
and Baron et al. (2019) found that latency advantages can be significant for HFT firms.
This diversity complicates the regulatory process. The question is not whether algorithmic
trading is "good" or "bad" per se, but whether regulatory frameworks can maximise the
benefits of algorithmic trading for market quality while minimising its systemic, ethical
and enforcement risks. Manipulation of the market and flash crashes and systemic risks
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related to algorithmic trading has led to both analytical regulation supervision and moral
investigations (Aldridge & Krawciw, 2017).

It makes the process of regulating algorithmic trading complex since trading algorithms
are constantly growing and complex systems. Introduction of regulatory systems between
innovation and market integrity is a challenge to financial laws around the world. To
enable the protection of the market players against manipulation and stuffing of the
orders and spoofing of the regulations work to minimize these harmful practices which
cause a distortion of the price. U.S. securities and exchange commission in collaboration
with the European securities and markets authority (ESMA) came up with a list of
stringent monitoring factors that include an immediate monitoring component alongside
increased enforcement policies. The barriers to the implementation of these regulations
are due to the trading between international jurisdictions and the changing of the
algorithmic methods (Busch, 2016). The difference between the regulatory frameworks
and technological advancement forms loopholes that traders exploit to escape the
regulations. The protracted regulatory actions that have been implemented to safeguard
the fairness in the marketplace can, at times, pose a challenge, because it discourages
trading firms of utilizing better technological trading solutions. Algorithms trading is
one area where the governing system is in a consistent tussle to find proper ways of
striking reasonable balance between regulations and the facilitation of business growth
(European Securities and Markets Authority [ESMA], 2021).

Scalability is an important issue that continues to be a crucial challenge to the algorithmic
trading systems that must process massive volumes of real time data at the same time
maintaining accuracy and speed. The recent market upsurge and the increased adoption
of machine learning compel business to purchase scalable infrastructure (Menkveld
& Zoican, 2017). The activity of traders requires cloud applications and advanced
computing systems and technologies in data management that can handle large volumes
of work. Failure to meet the processing speed in addition to the network issues and
capacity of the system hardware constitutes a challenge to the system scalability. With
increased volumes in trading, there is a greater concern in the protection of the systems
in technical failure. The fact that the system experiences the minimum technical failure
creates severe economic losses as well disconnecting the equilibrium in the market. The
enterprises technology stacks must keep on being continuously modernized as well as the
optimization of the performance of the algorithm and effective risk management systems
to the companies that want to scale effectively. The integration of the artificial intelligence
(Al) and blockchain technology creates new potential solutions that would enhance faster
transactions and data management capabilities of the trade (Cong & He, 2019).

The development of algorithmic trading has created tension involving ethical issues, since
it creates a problem of market transparency and generates the unintended effects and
equity problems. Manipulation of the market with millisecond benefits presented by the
high-frequency traders such that they generate unfair profits and therefore offers a major
ethical dilemma. The 2010 Dow Jones flash crash has shown the pernicious nature of
volatility of all the algorithms with its abrupt volatility of the market but still with unclear
responsibility of causing it. The markets are destabilized when financial crisis strikes occur
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as algorithmic trading is usually characterized by the profit-first method (Demirer et al.,
2018). This ethical question results in a scenario in which the old market players and
human dealers get kicked out of the market. The loss of jobs in favour of automation
of financial markets is becoming an issue of concern and there is a rising number of
economic injustices in society (Roncella & Ferrero, 2021). Localized biases in the Al-driven
trading can serve to strengthen market discrimination because it maintains existing
market disparities. The ethical dilemma to these issues is that policymakers and industrial
stakeholders need to advocate the standards of transparency and introduce ethical rules
and stimulate ethical development of Al in trading systems (Jobin et al., 2019).

This paper aims to use a critical assessment of the effectiveness of the current regulatory
frameworks in the area of algorithmic and high-frequency trading. The study does not
provide a general picture as to the issues but is dedicated to evaluating the extent to
which the existing regulatory measures are effective in reducing the systemic risk, market
manipulation, and technological instability arising due to automated trading systems. The
paper traces the ethical issues that are caused by automated trading and subsequently
proceeds to propose ways in which the trading environments can be made more equal
and transparent. The following paper gives an assessment of future approaches to an
improved algorithmic trading practice in the face of overcoming the existing challenges.
RegTech are Al-powered regulatory technologies and become the key focus of real-time
monitoring and the improvement of compliance (Jobin et al., 2019). The study proves
the role of blockchain and decentralized financial platform (DeFi) in contributing to the
minimization of financial market information imbalance as well as increased transparency.
Future research needs to focus on the development of improved risk management
strategies that fight the adverse effects of the high-frequency trading activities. The study
assesses solutions to create a justifiable solution between the development of algorithmic
trading and performance preservation of markets in terms of systemic risks.

Although the regulatory surveillance has been expanded in the form of regulatory
frameworks like MiFID Il and regulatory efforts by the U.S. Securities and Exchange
Commission, systemic risks and enforcement problems are still posed by algorithmic and
high-frequency trading. The incidences of market disruption and the continued alarm
on the issue of market manipulation leads to major issues about whether the current
regulatory systems are working adequately to curb technologically driven trading
practices. This is the gap that the subject study is aimed at addressing.

2. Methodology

This research is a structured qualitative literature review rather than a systematic (PRISMA)
review. The aim of this review is not to provide a comprehensive statistical meta-analysis
of all research on algorithmic trading, but to assess the effectiveness of regulation of
algorithmic and high-frequency trading. Thus, this study reviews both academic empirical
research, regulatory reports, and institutional policy reports. This is appropriate given
that regulatory effectiveness does not only come from market data, but also from legal
design, enforcement, supervisory architecture and reports of regulatory action during
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market disruption. Similar institutional reviews by the European Securities and Markets
Authority (ESMA), International Organization of Securities Commissions (I0SCO), and the
Bank for International Settlements demonstrate that policy regulation of algorithmic
trading needs both market-microstructure and supervisory-policy evidence (Bank for
International Settlements, 2011; European Securities and Markets Authority [ESMA], 2021;
International Organization of Securities Commissions [IOSCO], 2011).

Our review proceeds along three questions. First, what evidence is there of the impact
of algorithmic and high-frequency trading on liquidity, price discovery, market volatility
and stability? Second, how do key regulatory frameworks, particularly MiFID Il and the U.S.
SEC, seek to control risks? Third, what are the limits of requlatory design and enforcement?

Although in the context of the review, the initially broader aspects of algorithmic trading
are taken into account, the scope of the methodology the given research is limited clearly
to the analysis of the performance of regulators in the algorithmic and high-frequency
cultures of trading. In this regard the regulatory frameworks, mechanism of enforcement,
and reported regulatory results become the major analytical prism. Scalability and ethics
issues are treated only to the extent that they play a direct role on regulatory supervision,
ability to comply, or integrity of the market.

Moreover, in spite of the fact that the study is structured, based on Q principles of review,
it does not present itself as a formal PRISMA-based systematic review. Instead, it takes a
systematic qualitative literature review that aimed to facilitate a critical analysis as opposed
to comprehensive synthesis of previous research. This strategy aligns with the analytical
purpose of the study, which was gauging regulatory adequacy and not summarising the
research that is already present.

2.1 Data Sources and Search Strategy

To gain high diversity and quality research material, the research team had to search five
scholarly databases such as IEEE Xplore, SpringerLink, ScienceDirect, SSRN and Google
Scholar to find appropriate scholarly academic articles. This has been checked by three
regulating institutions that consist of the Bank for International Settlements (BIS, 2011)
and the U.S. Securities and Exchange Commission (SEC, 2021) and the International
Organization of Securities Commissions (I0SCO, 2011).

Several search queries integrated main keywords across two terms, including “Algorithmic
trading” and “regulation”, “High-frequency trading” and “market stability”, “Algorithmic
trading ethics” or “financial market fairness”, and “Scalability in algorithmic trading” and
“infrastructure”.

To broaden the scope of citations, the new search strategy included three types of sources.
The first category was peer-reviewed empirical market-microstructure research, such as
on liquidity, price discovery, flash crashes, latency competition, volatility, and market
concentration. This category included work by Hendershott et al. (2011), Brogaard
et al. (2014), Kirilenko et al. (2017), Baron et al. (2019), and Aquilina et al. (2020). This
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included regulatory and institutional studies from ESMA, the US Securities and Exchange
Commission (SEC), the Bank for International Settlements, I0SCO and the Financial Stability
Board (Financial Stability Board [FSB], 2024). The third category included legal and policy
research on spoofing, layering, market abuse, direct electronic access, co-location and
international enforcement. This more comprehensive search strategy ensures that the
review does not only draw on a descriptive or commercial source, but also on empirical,
legal and policy studies.

Table 1: Search Strategy

Search area Search strings Purpose
Market quality “Algorithmic trading” AND liquidity; | To identify empirical
“high-frequency trading” AND studies on market

spreads; “"HFT” AND price discovery efficiency and liquidity.

Market instability |“High-frequency trading” AND To identify empirical
flash crash; “algorithmic trading” studies on instability and
AND volatility; “HFT” AND liquidity stress events.
withdrawal

Regulation “MiFID 1I” AND “algorithmic trading”; | To identify regulatory
“SEC” AND “high-frequency trading”; |frameworks and
“Consolidated Audit Trail” AND enforcement tools.

surveillance

Manipulation spoofing AND “high-frequency To identify studies
trading”; layering AND algorithmic on manipulation and
trading; “market abuse” AND enforcement.

algorithmic trading

Technology and RegTech AND market surveillance; To identify future
supervision algorithmic trading AND auditability; |regulatory tools and
Al trading AND explainability supervisory gaps.

Source: Authors’ Compilation

In order to meet the main research aim, specific attention was paid to the sources
discussing the regulatory design, enforcement performance, compliance processes, and
regulatory reactions to the disruption of the market. Arrangements of regulations made
by the BIS, SEC, ESMA, and FSB (FSB, 2024) were given priority as they are directly related to
the policy making and the supervisory practice. The academic literature has been picked
when they specifically explored the interaction of the algorithmic trading behaviour with
the regulatory intervention, which comprised flash crashes, market manipulations, and
regulatory lags. Thus, search strategy was iterative, which opened possibilities of refining
keywords as recurrent regulatory themes and enforcement issues began to arise out of
literature reviewed.
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2.2 Inclusion and Exclusion Criteria

The review primarily focuses on literature from 2018-2026, while earlier seminal studies
(e.g. Hendershott et al., 2011; Hasbrouck & Saar, 2013; Brogaard et al., 2014; Biais et al.,
2015; Budish et al., 2015; Busch, 2016; Kirilenko et al., 2017) are included where they are
directly relevant to the regulatory, market-microstructure or ethical questions under
review. The corpus comprises peer-reviewed articles and regulatory reports covering
the regulatory framework, scalability and ethical dimensions of algorithmic trading. The
review omits opinion pieces and articles not published in English, as well as material
without a direct link to financial-market issues or trading algorithms.

Among the literature included, emphasis was made on those studies that presented
empirical proof, regulatory case study or critical commentary on the existing regulatory
frameworks especially MiFID Il and the U.S. regulatory efforts. References to regulation,
which did not analyse regulatory mechanisms or results but only described them in
passing, were utilized as background information and not analysed in any substantive
way. This bias filtering made sure that the material which was reviewed updated directly
towards the evaluative goals of the study and did not amount to overgeneralisation.

2.3 Data Extraction and Analysis

The selected literature was sorted into thematic classification system that allowed the
researchers to examine the latest trends in the global regulation and technological
scalability and ethical issues. The study results provided understanding that illuminated
the gaps that would lie in previous research as well as the recommended recommendations
on regulatory reforms and scalability measures and ethical models in computerized
trading processes.

Following initial thematic classification, the literature was subjected to a regulatory
effectiveness evaluation framework. Each source was examined against a set of predefined
analytical criteria, including:

. regulatory scope and coverage,

. enforceability and supervisory capacity,

. adaptability to technological innovation, and

. documented impact on market stability and integrity.
This evaluative process enabled comparative assessment of regulatory approaches across
jurisdictions and facilitated identification of persistent regulatory gaps and enforcement
limitations. The analysis therefore moves beyond descriptive synthesis by incorporating

critical judgment regarding the adequacy of existing regulatory responses to algorithmic
and high-frequency trading risks.
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3. Systemized Literature Review and Empirical Evidence
Base

The academic literature on algorithmic trading and high-frequency trading is split between
research that finds benefits to market quality, and studies that focus on destabilisation,
unfairness, manipulation and regulatory challenges. This split is significant because the
effectiveness of regulations cannot be judged merely on the basis of the presumption
that algorithmic trading is bad. Rather, the research findings imply that algorithmic
trading and high-frequency trading could benefit liquidity and price discovery in normal
market conditions but also create a more fragile market in extreme or highly fragmented
conditions.

Some early empirical evidence showed that algorithmic trading enhanced liquidity, by
narrowing spreads and lowering adverse selection in large stocks (Hendershott et al.,
2011). This suggests that algorithmic trading can improve market quality, rather than just
destabilise markets. But this outcome is not always the case. Brogaard et al. (2014) report
that high-frequency traders help to set prices through their liquidity-demanding orders
but that their liquidity-supplying orders are subject to adverse selection. In other words,
HFT can enhance informational efficiency, but at the same time it can cause risks for other
liquidity suppliers.

However, other empirical evidence is more nuanced. Kirilenko et al. (2017) examined the
2010 Flash Crash and found that high-frequency traders did not necessarily trigger the
crash, butthat their trading strategies added to short-term selling pressure and accelerated
the demise of liquidity during market turmoil. This is particularly important for regulatory
assessment because it demonstrates that market instability could be generated not only
by illegal trading practices, but also by the interaction between highly automated and
fast trading strategies.

We also have empirical evidence that different speed advantages are associated with
different outcomes for different trading firms. Baron et al. (2019) documented that the
difference in latency was linked to the performance of HFT firms, implying that the speed
race may create private gains for technologically advanced firms. Aquilina et al. (2020) also
documented a link between latency arbitrage and the high-frequency trading (HFT) "arms
race" and demonstrated that the speed race may create private benefits while leading
to larger market-design issues. This evidence links market-microstructure evidence with
regulatory concerns regarding equity, competition and market access.

This evidence is also present in regulatory and institutional literature. Indeed, the ESMA
review on MiFID Il confirms that regulatory measures on algorithmic trading need to focus
on direct electronic access, high intraday message rates, testing, circuit breakers, co-
location, fees and the order-to-transaction ratio (ESMA, 2021). This shows that European
regulation has shifted to ex-ante micro-regulation. But ESMA's ongoing review also reveals
that regulation needs to be regularly adjusted to changing practices.
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The Bank for International Settlements and I0SCO have also expressed concern that low-
latency trading could impact investor confidence, market integrity, and the participation
of less-technologically-advanced investors (Bank for International Settlements, 2011;
IOSCO, 2011). These institutional reviews confirm that the regulatory challenge is not
only ensuring compliance with the existing rules but also maintaining a technologically
adequate regulatory framework that can keep up with high-speed, cross-market activity

Table 2: Systemized Summary of Key Literature on Algorithmic and High-Frequency Trading

linked to superior
HFT performance
and competitive
concentration.

Author/ Type of Focus Main finding Regulatory
Institution source relevance
Hendershott | Empirical Algorithmic Algorithmic Supports the
etal. (2011) |journal trading and trading narrows argument that
article liquidity spreads, reduces regulation should
adverse selection, |not suppress
and improves algorithmic trading
liquidity, especially |entirely because
in large stocks. it can improve
market quality.
Brogaard et | Empirical HFT and price HFTs contribute Shows
al. (2014) journal discovery to price discovery |contradictory
article by trading in effects: HFT can
the direction of improve efficiency
permanent price while also creating
changes, but risks for liquidity
liquidity-supplying | providers.
HFT orders may be
adversely selected.
Kirilenko et |Empirical 2010 Flash Crash | HFTs did not Demonstrates that
al. (2017) event study simply cause regulation must
the crash, but address systemic
their behaviour interaction
amplified effects, not
rapid liquidity only intentional
withdrawal during | misconduct.
stress.
Baron etal. |Empirical HFT speed Latency Supports concerns
(2014) study competition advantages are about fairness,

unequal access,
and the regulatory
challenge of the
speed race.
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Aquilina et Empirical Latency arbitrage | Message data Supports
al. (2020) working and speed show the scale of |regulatory concern
paper / competition latency arbitrage | over whether
regulatory races and the continuous limit
economics private incentives |order books
behind speed encourage socially
competition. costly speed races.
ESMA (2021) |Regulatory |MiFIDII MiFID Il includes Provides the main
review algorithmic controls on EU regulatory
trading framework | testing, circuit benchmark
breakers, order-to- |for assessing
transaction ratios, |algorithmic trading
direct electronic supervision.
access, and trading
venue resilience.
Bank for Institutional |HFT in foreign HFT changes Supports the
International | regulatory exchange markets | market functioning | need for cross-
Settlements |report and creates both market and
(2011) efficiency and cross-jurisdiction
integrity concerns. |supervision.
10SCO (2011) | Regulatory | Technological Low-latency Supports
report change and trading may the fairness
market integrity affect confidence, |and investor-
fairness, confidence
and market dimension
participation by of regulatory
less sophisticated | effectiveness.
traders.
SEC/ CAT- Regulatory | U.S. surveillance The U.S. approach | Useful for
related framework |and audit trail emphasizes post- | comparing U.S.
material trade traceability | retrospective
and reconstruction |enforcement
of market events. | with EU ex-ante
controls.

Source: Authors’ Compilation

Taken together, the literature does not support a simple conclusion that algorithmic trading
is either beneficial or harmful. Instead, the evidence points to a conditional relationship:
algorithmic and high-frequency trading can improve liquidity and price discovery in
ordinary conditions, but can also amplify volatility, weaken fairness, and complicate
enforcement during stress events. This mixed evidence justifies the central argument of
this paper: regulatory effectiveness should be judged not only by whether regulation
exists, but by whether regulation can prevent, detect, and respond to algorithmic market
risks in real time.
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3.1 Empirical Evidence Synthesis

The empirical literature can be grouped into three main outcome categories: liquidity and
transaction costs, price discovery and informational efficiency, and instability or market-
stress behaviour. This grouping allows the paper to compare findings across studies rather
than discussing each source separately.

First, the liquidity evidence is generally positive but conditional. Hendershott et al. (2011)
provide strong empirical support that algorithmic trading improves liquidity by narrowing
spreads and reducing adverse selection. This evidence suggests that algorithmic trading
can reduce transaction costs and improve market quality. From a regulatory perspective,
this finding is important because it shows that overly restrictive regulation may harm
useful market functions. Regulation should therefore aim to control harmful conduct and
systemic fragility rather than prohibit algorithmic trading as a category.

Second, the evidence on price discovery is also broadly positive but not one-dimensional.
Brogaard et al. (2014) show that HFTs can improve price efficiency by trading in the
direction of permanent price changes and against transitory pricing errors. However, their
finding that liquidity-supplying HFT orders may be adversely selected indicates that HFT
does not benefit all market participants equally. This creates a regulatory dilemma: HFT
may improve informational efficiency at the market level while still redistributing risk
toward slower or less technologically advanced participants.

Third, the evidence on market stress is more concerning. Kirilenko et al. (2017) show that
high-frequency traders may rapidly withdraw liquidity or intensify order-flow imbalances
during periods of stress. This does not mean that HFT alone causes flash crashes, but it
does show that automated trading can accelerate instability once stress has begun. This
finding is directly relevant to the effectiveness of circuit breakers, kill switches, and real-
time surveillance systems.

Finally, the empirical evidence on competition and latency suggests that the speed race
can create market concentration. Baron et al. (2014) find that differences in relative latency
are associated with differences in trading performance. Aquilina et al. (2021) similarly
show that latency arbitrage creates incentives for costly speed competition. These
studies support the concern that algorithmic trading regulation should not focus only
on manipulation or operational failures. It should also consider whether market structure
gives persistent advantages to firms with superior technological infrastructure.

Overall, the empirical literature presents a contradictory but coherent picture. Algorithmic
trading and HFT often improve liquidity and price efficiency in normal conditions, yet they
can also contribute to fragility, unequal access, and enforcement difficulty under stressed
conditions. Therefore, the strongest regulatory conclusion is not that algorithmic trading
should be restricted broadly, but that regulators need more adaptive, real-time, and tech-
nically informed supervision.
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4. Regulation in Algorithmic and High-Frequency
Trading

The financial markets went through significant restructuring due to the Algorithmic trading
(AT) and high-frequency trading (HFT) leading to increased market efficiency as well as
better liquidity (Boehmer et al., 2020). Their implementation of these developments raised
new issues to the market systems due to the fact that they undermined the transparency
of the market systems and proved both the systemic risks and market-integrity challenges.
The regulations to address these issues are implemented by the European Union through
the Markets in Financial Instruments Directive Il (MiFID Il) as well as the U.S. Securities and
Exchange Commission (SEC).

Regarding the effectiveness of regulation, it does not matter whether regulation is in place
or not, but rather does the current framework ability to prevent, detect, and respond to
market disruptions created by algorithmic trading in real time. Regulatory evaluation then
necessitates the analysis of the implementation of regulatory design into binding controls
in the circumstances of extreme speed, complexity, and market fragmentation.

4.1 MiFID Il Framework

Since January 2018 when MiFID Il has come to force, AT and HFT can be subject to its
regulations. This is to the effect that the law mandates the investment firms to put in
place effective risk management systems and to ensure the safety of their trading systems
that have sufficient capacity in their algorithmic trading activities (Busch, 2016). Capable
authorities as well as trading venues should be informed by companies about their
algorithmic trading whereas companies should submit annual assessment documents
that evaluate their compliance with the regulations.

MIFID Il trading venues are governed under the various requirements of risk management
of algorithmic trading issues. Other requirements include circuit breakers and extreme
volatility trading halts and order to trade ratio limits and orderly fee policies in order to
control excessive order enters (ESMA, 2021). Trading venues should have arrangements
within the edict to modify the velocity of their order movement accorded when necessary
to ensure fair and regular trading terms (Busch, 2016).

MIFID 1l is one of the most far-reaching regulatory efforts that include regulation of
the risks of algorithmic trading that presents responsibility to both trading firms and
venues. The need for regulation should, however, be balanced against empirical findings
that algorithmic trading may improve market quality. Hendershott et al. (2011) found
that algorithmic trading was associated with narrower spreads and improved liquidity,
especially in large stocks. Similarly, Brogaard et al. (2014) found that high-frequency
traders contribute to price discovery by trading in the direction of permanent price
changes. These studies complicate the regulatory debate because they suggest that
algorithmic trading is not inherently harmful. The regulatory problem is therefore not the
existence of algorithmic trading itself, but the specific conditions under which automated
trading becomes destabilizing, manipulative, or unfair. Ideally, having pre-trade risk
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controls, testing requirements of algorithms, a limit on the order to trade ratio are meant
to minimize the chances of runaway algorithms and a large volume of messages. But the
evidence of practical research and reviews after implementation indicates that these are
more measures of stopping severe consequences than structural incentives to latency
produced strategies (Dubey et al., 2021). Specifically, although it has been proved that the
circuit breakers are effective to stop very fast price falls, they do not consider the reasons
behind the amplification of volatility when the markets become stressed.

Post-MiFID Il volatility events have shown that algorithmic trading organizations
usually change their strategies to stay compliant and yet gain the speed benefits, which
underscores the ongoing regulatory accommodation issue. This makes one question
whether compliance-based control is appropriate to deal with systemic risk when the
environment where the trading behaviour is functioning is changing at a faster rate than
the supervisory calibration.

4.2 SEC Regulations

The SEC in the United States has regulations that regulates the high-frequency trading
activities that facilitate the market transparency coupled with the stability parameters.
The Consolidated Audit Trail (CAT) is an important security implementation in the sense
that it monitors market dealings in the United States in real-time in addition to displaying
the identity of traders thereby making it possible to avert activities such as insider trading
(Markham, 2024). There are still also divergent sentiments expressed by advocates within
the financial sector against CAT funding due to the inherent perception that broker-dealers
are forced to incur unnecessary financial expenses. The new equity market regulations
that the SEC implemented have some provisions that reduce the trading value of stocks to
half a cent on liquid stocks and introduce two-thirds decreases in the exchange charges.
The reforms focus on reduction in the investor trading costs and enhancement in the
marketplace transparency but may cause reduced profits on brokerages as well as high
frequency trading firms. The next set of regulations will begin to control activities in
November 2025 (SEC, 2024).

The regulatory strategy embraced by the SEC puts heavy emphasis on post-trade
disclosure and disclosure and surveillance, the primary implementational mechanism is
the CAT. The U.S. framework focuses more on post-trading traceability and accountability
in contrast to the ex-ante-focus of MiFID Il. Such design enhances the capacity to recreate
the events in the market and prosecute wrongdoing but might be less efficient in
preventing real-time, high speed, algorithm-driven interference. An additional example
of what regulators struggle with is the slow introduction of CAT into operation, this shows
that the implementation of technologically compound systems of oversight at a large
scale is not a simple task.

In international comparison, the breakdown of the U.S.-EU regulatory philosophy indicates
a greater enforcement trade-off: prevention of risks in real-time against retrospective
responsibility. Such a separation makes managing international supervision more difficult
and opens the possibility of regulatory arbitrage to internationally operating trading
companies.
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4.3 Transparency and Order-to-Trade Ratio Fees

The high market transparency between the algorithms trading is necessitated by the
fastness of its systems coupled with its complex operations that render it hard to monitor
the prevailing market scenario in real time. Under MiFID Il firms must maintain detailed
records on their trading algorithms with the regulators allowed to access the records
and view them whenever they need to. It is regarding this new specific requirement that
regulatory capacity to monitor the impact of algorithmic trading on market integrity
is enhanced. The trading rules provide mechanisms to regulate the order to trade ratio
that is used to prevent exploitation of the trading markets and offer reasonable business
conditions. The regulatory authority grants trading venues the authority to set up access
costs on players that experienced very high order-to-trade ratios and, thereby becomes
unable to place a high number of unwanted orders that will harm market stability.

One of the limited tools of regulation that explicitly aims at addressing excessive message
trafficin relation to high-frequency strategies is order-to-trade ratio controls. Although this
has led to a reduction in extreme quote stuffing behaviour, it has been indicated that there
are advanced firms who have changed the behaviour by focusing on optimising order
placement as opposed to decreasing the overall activity. Consequently, the enhancement
of transparency does not necessarily lead to change in behaviour, highlighting weaknesses
in quantitative control systems only.

4.4 High-Frequency Trading Regulations

HFT installations traditionally acting at fast rates and making trades quickly pose unique
challenges to the compliance of regulations. According to the MiFID Il requirements HFT
companies must gain authorization of the investment firms to conduct their activity and
follow organizational standards in the details. The companies should develop systems
that have internal controls that will not lead to market debacle due to the trading but
also allow the company to quickly close in case an emergency arises. The Market Access
Rule has enhanced the SEC in the United States to enforce more of its control over the
HFT since this requirement compels companies to enforce risk management mechanisms
in addition to supervisory measures to prevent the placement of erroneous orders at the
expense of observing regulatory measures. The latest regulatory reforms provided by SEC
are aimed at creating competitive market conditions and fair practice in the market that
can influence the role of HFT strategy (Busch, 2016).

The history of failures includes the Flash Crash of 2010 and the Knight Capital incident that
pre-trade controls and kill-switch systems despite being mandatory do not generally work
when presented with the condition of active fast feedback loops among the algorithms.
The empirical evidence from the 2010 Flash Crash is particularly relevant as they illustrate
how regulatory risk can arise from interaction effects rather than direct malicious actions.
Kirilenko et al. (2017) showed that high-frequency traders did not trigger the Flash Crash,
but their trading amplified short-term liquidity withdrawal and selling pressure once the
disorder had already begun. This implies that regulating just isolated misconduct, like
spoofing and order errors, is not sufficient. There also needs to be regulation that can
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detect market-wide interactions between automated trading strategies. These examples
show that compliance with regulations is not always operational resilience and identifies
the existence of a disconnect between the formal regulatory requirements and actual
system behaviour.

4.5 Challenges and Future Directions

There are a number of challenges to successful monitoring of the algorithmic and high-
frequency trading activities by regulators. Trading technologies evolve at rapid pace
that surpasses regulatory capacity therefore necessitating regulators as well as market
participants to stay connected with each other and this facilitates adaptation. The market
fragmentation along with the latency arbitrage and the systemic risk challenges should
be monitored permanently. Further regulatory measures intend to implement superior
monitoring tools and enhance global connections along with code of ethics to control the
development and implementation of trading algorithms. Equilibrium between innovative
practices and adherence to accepted rules is required by the demands of the markets
since the regulatory boards continuously confront complicated situations in the market
(Busch, 2016).

The regulatory efficacy in future will be determined by the capacity of supervisory
authorities to incorporate real-time monitoring technology, enhanced cross-jurisdictional
coordination, and integration of technical knowledge in the regulation of design.
Otherwise, regulatory structures may simply be reactive and not preventative in restraining
systemic risks produced by progressively autonomous trading regimes.

5. Scalability in Algorithmic Trading: Challenges and
Emerging Technologies

Algorithms trading is the operations principle in the financial sector to conduct high-speed
and efficiency trades. The trading data continues to expand, and the volumes become
huge problems of scalability. The key concerns they create are based on the problem of
latency and supporting the maintenance of data quantity and the costs of the system.
The issues associated with these problems may also possibly be solved with the help of
new technological solutions which involve quantum computing and blockchain systems.

Regulatory effectiveness Scalability and technological complexity are not independent
issues but serve as a limitation on the structure of regulatory supervision and enforcement
measures. With the increased trading volumes, a higher message traffic and faster
processing speeds, the regulatory authorities are becoming increasingly challenged
regarding their ability to monitor market behaviour real-time, enforce the rules and
respond quickly to arising risks. In this regard, the topic of discussion in this part is related
as regulatory constraint challenges and not as individual technological challenges.
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5.1 Technical Challenges in Scalability

Latency is a necessity of algorithmic trading because the execution of the trade should
take place without delay as per the initiation of the trade. Loss of finances and lost
opportunities occur when system delays exceeded one micro-second mark. The higher-
order trading systems that require higher amount of data processing complicate further
the reduction of latency. There are three key factors that influence the latency performance
within a system; these are the delay in transmission of data and the processing time as
well as the inefficiency of the system.To address these problems, several mitigation efforts
are undertaken by firms that involve the use of fast networks in addition to optimized
algorithms and hosting solutions that are located close to the trading exchanges
(Menkveld & Zoican, 2017).

The explosion in the market data requires robust systems that can process and analyse
market data in real time. Flexible storage capacity should be applied in organizations
with quick methods of accessing data in order to manage the big data sets. A traditional
database system has been known to have issues when dealing with the exceedingly
high velocity of algorithmic trading data due to the fact that these volumes surpass
the storage limits of such systems leading to a challenge in processing and hence data
loss. The functionality of data-processing is enhanced by the introduction of distributed
computing infrastructure along with in-memory databases.

Setting up and maintaining infrastructure required to support fast trading activities
requires a large amount of startup capital and subsequent capital. The trading technology
costs involve hardware purchase as well as network access costs and subscriptions to
data streams in addition to routine maintenance services. The economic burden is further
amplified by the fact that disaster recovery solution and redundancy need to be realized.
Scalable cloud services help firms to achieve their levels of demand without being forced
to incur heavy initial capital outlays (Hasbrouck & Saar, 2013).

The latency dependence and infrastructure dependence lead to asymmetries not only
among the market participants but also among trading firms and regulators. Although
algorithmic traders are dominated by heavy investment in low-latency platforms and co-
location techniques, supervisory bodies tax and impose these strategies with similar real-
time technical responses. Such imbalance inhibits the capacity of requlatory interventions
aimed at curbing market disruptions which are quickly followed by creating such structural
enforcement gap between the regulatory purpose and feasible operation.

The dynamically growing nature of market data is also another major challenge to the
regulatory bodies that are left with the task of data storage, processing, and analysis.
The surveillance systems must respond to large datasets brought about by the activity of
algorithmic trading, which is usually beyond the processing ability of regular regulatory
infrastructure. Due to this, enforcement measures can be based on a lagging or hindsight
analysis, which diminishes the capacity of regulators to respond to a market event that
develops at a high pace.
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It may directly support market concentration by keeping inadvertently high infrastructure
and compliance costs related to scalable trading systems. The smaller firms and regulators
have a drawback of limited resources to compete or monitor efficiently, which may spoil
the regulatory aims of fairness and competition in the market. This pricing dynamic
shows that regulatory effectiveness may be undermined indirectly through scalability
challenges. The issue of scalability is also connected to the empirical literature on latency
competition. Baron et al. (2014) show that relative latency differences can produce
substantial differences in HFT performance, while Aquilina et al. (2021) argue that latency
arbitrage encourages a costly speed race among firms. This evidence suggests that
scalability is not only an operational issue for trading firms but also a regulatory issue. If
only the most technologically advanced firms can compete effectively, market structure
may become more concentrated, and regulators may struggle to preserve fair access and
competitive neutrality.

5.2 Emerging Technologies Addressing Scalability

Quantum computing indicates that it is possible to transform algorithmic trading since it
has an exceptional computing power. Quantum algorithms run fast on its data processing
capabilities, analysing the complex market information and assist in the execution of
complex methods of trading. The quantum computing system is also faster compared to
the classic computing systems regarding the process of optimization of portfolio selection
and risk assessment. Its actual implementation of these solutions is in the experimental
level since the technology is experiencing more challenges such as hardware instability
and incident recovery (Orus et al., 2019).

The use of blockchain technology to create a distributed ledger system offers benefits
to the algorithmic trading by being applicable to enhance the visibility of the trade
and the rate of settlements. Blockchain keeps the transaction records indefinitely that
enable businesses to be better after sales and mitigate counterparty risks and reduce
the infrastructure costs. The application of smart contracts will allow the automated
appointment of trade settlement that will comply with the requirements and reduce the
need of external intermediaries. Although blockchain technology has several benefits,
they are limited by the limitations of scales and the lack of regulatory acceptance along
with the necessity to find the way into the organization system (Cong & He, 2019).

Though it is seen that other advancing technologies like quantum computing have a long-
term potential of being utilized in more efficient data processing, the current state of the
experiment restraints their immediate possibilities to be used in regulatory supervision.
Regulators should thus keep on depending on the gradual enhancement of current
surveillance systems as opposed to conjectural solutions, which justifies the adaptive
design of regulations that reflect the current technological limitations.

Regulatory wise, blockchain-based systems can enhance transparency and auditability

in the post-trade stage, but it remains legal, technical and supervisory challenging to
implement the systems into existing market infrastructure. In the absence of harmonised
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regulatory standards, the adoption of blockchain can only continue to disintegrate
markets instead of strengthening regulations.

Altogether, algorithmic trading requirements address three essential elements of
scalability such as latency issues and volume of data requirement as well as hardware
cost. These issues will continue to be crucial to the organizations that seek to maintain
their operational leverage, as well as their operational effectiveness. The invention of
quantum computing and blockchain technologies has good chances of overcoming the
problem of scalability but their potential usage requires further circulation as well as the
integration of the technology in relation to the availability of the existing systems. Firms
that want to achieve success in algorithmic trading must constantly invest in technology
and infrastructure solutions that embrace new solutions since this will propel them to
success in the changing market.

6. Ethical Issues

The amplification of market practices in the form of improved efficiency and liquidity by
the means of algorithmic trading poses numerous ethical issues that companies should
research thoroughly. The three primary ethical issues pertaining to algorithmic trading
are connected to the manipulation of the market and the disparity between institutional
and retail investors and insufficient systems of the Al trading model.

To fit the framework of this study, the ethical issues are studied not in the context of
the abstract moral concern but in the context of the regulatory efficiency or inefficiency.
Regulatory ethics like manipulations in the market, unfair access, and lack of transparency
in the decision-making process become an issue in case the current checks and balances
prove insufficient to prevent harm or accountability. Based on this fact, the ethical aspects
that arise in this section are examined as the effects of regulatory design, enforcement
capabilities, and supervisory constraints.

6.1 Market Manipulation

The trading algorithms by trading in high-frequency trading platforms accomplish many
trading activities within a brief period. The ability to make many trades within a short time
is the cause of market manipulation fears since algorithms generate false price movements
that deceive other members of the market. The effects of these methods are averse to the
investment values and result in an unstable market. It is possible that the trading bots
operated by the Al systems may change their attitudes towards the manipulation when
trying to achieve the most optimal results in their trading activities despite the fact that
they may not have been programmed to do such a market manipulation (Mittelstadt et
al,, 2016).

From a regulatory perspective, market manipulation by algorithmic trading brings about
a limitation in the speeds of detection and its ability to enforce them. Even though
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spoofing and layering are strictly banned by the current regulatory measures, the fact
that they still occur points to the idea that surveillance systems are used in a retrospective,
as opposed to a preventative mode. This disjunction between prohibition on a normative
level and the implementation creates questions about the effectiveness of the current
monitoring tools in the high-speed trading setting.

6.2 Institutional vs. Retail Inequality

The modern technology and the vast resources that the institutional investors enjoy
accord them spectacular superiority over the retail investors. Optimal Al tools combined
with information collected with the help of real-time data allow institutions to achieve
superior trading results. Systematic disadvantages of retail investors result in an
unbalanced competition causing risks to the fair functioning of the market as well as its
integrity (Biais et al., 2015).

The difference between institutional and retail investors is not only an ethical issue but also
aregulatory point that is based on the fairness and equal access to the market. Regulation
schemes exist to make sure that no one has an advantage over another; nevertheless,
technological resource imbalances and latency benefits continue to exist even though
regulations are formally followed. This implies that in cases where structural technological
imbalance has not yet been addressed, regulatory neutrality in terms of access may not
suffice.

6.3 Opaque Al Models

Artificial intelligences that are used in algorithmic trading operations pose great moral
challenges since they function as complex systems that are difficult to understand.
The black box systems are very problematic as they make the process of making trade
decisions unclear and transparency and accountability becomes an issue. The lack of
clarity in Al models does not reveal the biases that Al models have and subsequently
creates biased and discriminatory trading scenarios. It is not countering the fact that
the difficulty of monitoring Al decision-making mechanisms does not allow assigning
responsibility whatsoever in those instances when trading activities are found to be
wrong or unethical.

The regulators are hindered by the lack of Al-driven trading model explainability and
traceability due to its opaque nature (Meding, 2025). Disruption of market cannot be
ascribed with ease, which leads to issues in assigning responsibility to market disruptions
when the processes of making decisions, which are based on algorithms, cannot be
easily interpreted. This absence of transparency undermines enforcement systems and
calls into question the current regulatory assumptions on accountability, and it should
be emphasized that regulatory standards need to be updated by having explainable and
auditable algorithmic systems.
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6.4 Defining Ethics in the Context of Algorithmic Trading

Ethics in the context of algorithmic trading cannot be reduced to a single moral principle
or a self-regulatory code of conduct. Roncella and Ferrero (2021) define ethical algorithmic
trading as designing, deploying, and supervising automated systems in a way that respects
regulatory requirements, market integrity, and genuine fairness toward all participants
— not just those with the best technology. The concept plays out on three levels. At
the procedural level, it means algorithms must stay within explicit legal boundaries:
no spoofing, no layering, no quote stuffing, no front-running, and full compliance with
MiFID Il Article 17 and Commission Delegated Regulation (EU) 2017/589 (Busch, 2016).
At the substantive level, it asks whether the competitive conditions themselves are fair
— whether retail and less technologically equipped participants are being systematically
disadvantaged simply because the formal rules happen to be satisfied (Budish et al., 2015).
And at the systemic level, ethics means that market actors should not be able to offload
risk onto the broader financial system through latency races, liquidity withdrawal during
stress events, or opaque autonomous decision-making (Aquilina et al., 2021).

This distinction between levels matters for regulatory analysis because it separates
procedural compliance from ethical adequacy — two things that don't always go together.
Alrm1.1] trading firm may achieve full procedural compliance with RTS 6 organisational
requirements while still producing substantively unfair outcomes through privileged
access to co-location, proprietary market data, or millisecond latency advantages (Baron
et al., 2014). The ethical question, then, is really about what automated systems actually
do in practice, not what their designers intended (Gupta et al., 2024). Throughout this
paper, ethics is treated as a property of the algorithmic-regulatory system as a whole,
assessed through the four-pillar framework — fairness, accountability, transparency, and
robustness — developed in section 6.5.

6.5 Methods for Evaluating the Ethics of Algorithmic Trading
Systems

The literature on ethical evaluation of algorithmic systems has settled around a handful
of operational frameworks that translate reasonably well to the trading context. The most
widely used is the Fairness, Accountability, and Transparency (FAT) framework, originally
developed for general algorithmic systems and since extended by adding robustness as
afourth pillar (Selbst et al., 2019; Mirishli, 2025). Hertweck et al. (2022) take a justice-based
approach, formalising the tension between decision-maker utility and substantive fairness
through welfare-economic concepts — egalitarianism, prioritarianism, sufficientarianism
— and mapping out a Pareto-efficient frontier of acceptable decision rules. Gupta et al.
(2024) offer a complementary multi-criteria method covering non-maleficence, privacy,
fairness, and accountability, with particular attention to lifecycle auditing. What these
approaches share is their insistence on converting abstract values into measurable
indicators, requiring both ex-ante design checks and ex-post outcome monitoring, and
producing auditable evidence rather than declarative statements of compliance.
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Drawing on these foundations, this paper proposes that ethical evaluation of algorithmic
trading systems be structured around four pillars, each tied to concrete indicators. The
fairness pillar assesses whether a system avoids systematically disadvantaging particular
market participants — measurable through latency-symmetry tests, order-to-trade ratio
distributions across firm sizes, and execution-quality differentials between institutional
and retail flow (Baron et al., 2014). The accountability pillar requires that every algorithm
has an identifiable owner, a complete change-management log, and pre-deployment
authorisation traceable to a named individual — consistent with the FCA's (2025) good-
practice findings. The transparency pillar concerns model explainability, operationalised
through documented model logic, feature-importance reporting, and explainable-Al
techniques in cases where black-box models cannot be avoided. The robustness pillar,
finally, tests whether a system behaves predictably when things go wrong — through
stress testing, adversarial-scenario simulation, and analysis of how the system interacts
with circuit breakers (Kirilenko et al., 2017).

In practice, this four-pillar approach should be implemented through three instruments.
First, an Algorithmic Impact Assessment (AlA) before deployment, covering expected
market impact, fairness implications, and stress-test results — applying the same
logic as the EU Al Act's Fundamental Rights Impact Assessment (Art. 27), but oriented
toward market-integrity outcomes. Second, independent ethics audits on a rolling basis,
conducted by parties with no commercial ties to the trading firm, using methodology
comparable to model-risk validation under SR 11-7 in the U.S. and to Article 18 RTS 6 self-
assessment requirements in the EU. Third, post-trade outcome monitoring that generates
continuous fairness indicators across participant categories, building on the supervisory
data infrastructure of the Consolidated Audit Trail (Markham, 2024) and the forthcoming
MiFIR consolidated tape (D'Agostino and LIM 2024). Taken together, these instruments
shift the regulatory focus from rule compliance to substantive ethical adequacy — which
is the central practical recommendation this analysis leads to.

6.6 The EU Al Act and Its Application to Algorithmic Trading

Regulation (EU) 2024/1689 — the EU Al Act — came into force on 1 August 2024 and
introduces a horizontal, risk-based layer of regulation that cuts directly across the existing
MIFID Il framework for algorithmic and high-frequency trading (European Union, 2024;
Azzutti, 2024). The Act sorts of Al systems into four risk categories — unacceptable, high,
limited, and minimal — and attaches graduated obligations to each. Article 6 and Annex
Ill do not list algorithmic trading as a standalone high-risk category, but Azzutti (2024)
and Meding (2025) show that Al systems used in trading frequently qualify as high-risk
through their role in credit-related decisions, employment processes, or essential services
within the broader financial firm. More concretely, ESMA (2026) has clarified that when an
algorithmic trading system meets the Act's definition of an Al system, it must comply with
both regimes — meaning Al Act obligations get folded into existing MiFID Il organisational
requirements. An Al-based trading system is not automatically high-risk, but if it interacts
directly with natural persons it may fall under the limited-risk category, which triggers the
transparency obligations of Article 50.
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Three specific Al Act requirements are directly relevant here. The data-governance
provisions of Article 10 demand representative, error-free, and bias-monitored training
data — which aligns neatly with the fairness pillar from section 6.5 and builds on the
back-testing and validation duties already in RTS 6 Article 5. The transparency and human-
oversight requirements of Articles 13 and 14 mean that high-risk Al systems must be
designed so that a human can actually intervene during operation — including stopping
the system outright — which echoes the kill-switch requirements in MiFID Il Article 17 and
the SEC's Market Access Rule (Rule 15c3-5). And the post-market monitoring obligations
of Article 72 go further than the periodic self-assessments under RTS 6 Article 9, creating
ongoing supervisory expectations closer to continuous model validation in banking
(Mirishli, 2025).

Bringing the Al Act into the algorithmic-trading picture has three policy implications
worth spelling out. Investment firms should map every Al component of their trading
infrastructure against the Act's risk categories and consolidate the resulting obligations
into a single compliance register that works alongside their existing MiFID Il RTS 6 self-
assessment. National competent authorities should issue joint technical guidance with
their Al Act counterparts to prevent firms from having to navigate two parallel regimes
without coordination — following the precedent set by the ESMA (2026) supervisory
briefing. And trading venues should make algorithmic impact assessment and post-
market monitoring a standard admission requirement for members deploying high-risk Al
systems. Without these steps, the Al Act risks becoming just another compliance checkbox
rather than a genuine tool for the kind of substantive ethical adequacy that this paper
argues regulation should actually be aiming for.

6.7 Addressing Ethical Challenges

There are several important measures that can be used to prevent ethical problems in
algorithmic trading. The regulatory supervision is very important in maintaining equitable
financial markets by intensification of supervisory agencies like the U.S. Securities and
Exchange Commission (SEC) and the U.K. Financial Conduct Authority (FCA). These rules
should be reviewed and changed across the board on a regular basis to monitor the
invention of new technology (Jobin et al., 2019). The other step that is necessary is to foster
transparency. Organisations must instill explainability capabilities into the Al systems
and establish legal frameworks that enhance transparent algorithms. The fair use of Al in
trading would involve endless communication between the regulators, developers, and
stakeholders that keep functioning in this field.

By creating equal opportunities, the absence of biases within algorithms that may cause
discriminatory measures will ensure fairness. Regulations in the industry require automatic
checks of the algorithms to identify and eliminate biases avoiding unfair setbacks of
some players in the market (Floridi et al., 2018). A financial sector that implements such
procedures adopter a consistent system of ethical algorithmic trading that coordinates
technological improvements with principles of equity, transparency, and accountability.
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Ethical issues that arise in algorithmic trading can only be solved by regulation and not
self-governance. The application of the principles of ethics like fairness, transparency and
accountability should be implemented using binding measures of regulations, regulatory
technologies and responsibility requirements. In the absence of the ethical approach to
the regulatory systems, the controlling mechanisms will stay formal but not substantial.

7. Synthesis and Future Directions

Algorithms trading offers links between rules and expansion facilities and ethical
behaviours besides establishing complex connections among these factors. Markets in
Financial Instruments Directive Il (MiFID Il) by the EU is a regulatory document designed to
promote the markets transparency and at the same time uphold the integrity of financial
markets (Azzutti, 2024). The modern rate of technological advancement of trading presents
a challenge to regulators undertaking supervision due to the fact that the regulatory
laws are lagging behind the technical changes. The scalability technical constraints also
increase ethical issues such as market manipulation and institutional investors beating
the retail investors due to gain of the retailers through better accessibility. Due to the
fact that the way the Al models work cannot be easily comprehended, it becomes highly
impossible to ensure fairness and non-conformity of the decisions that were made with
the models.

New regulation should also be able to build flexible systems of governance capable of
abiding by the technological innovation. The systems of monitoring in real-time combined
with the industry stakeholder’s co-operation with regulators will guarantee total control
as a part of such future endeavours (Azzutti, 2022). Scalability problems should be
overcome by investing in recent technological solutions such as quantum computing and
blockchain to increase the processing power along with data protection. Ethical attention
development of Al systems must involve developing transparent explainable models to
establish fairness and accountability within systems. These strategies should be combined
by the financial industry to have a successful trading to sustain both inventive innovations
and ethical responsibility (ECB, 2019).

The combination of the ethical concerns related with algorithmic trading and high-
frequency trading is an empirical measure of regulatory shortcomings. The pattern of
constant manipulation, inequity in access and unclear decision-making processes are
indicators that the current regulatory systems, which, in theory, are sound and healthy,
might have the technological and institutional ability to impose ethical market behaviour
in real time. These results support an argument of having regulatory adaptation instead
of individual ethical discourse.
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8. Discussion

The challenge associated with algorithmic and high-frequency trading regulation
is a complex and dynamic phenomenon due to the combination of the high rate of
technological innovation, market incentives on profits, and the constrained supervisory
effectiveness of the regulatory authorities. However, as the above-discussion shows,
despite continuous improvements in the regulatory frameworks, including MiFID Il, and
the regulatory framework of the U.S securities and exchange commission, the practical
efficacy of the regulatory frameworks remains limited by the speed, scale, and flexibility
of algorithmic trading systems (ESMA, 2021; SEC, 2021).

One of the major results of this study is that the effectiveness of regulation does notliealone
in the presence of elaborate regulations, but in the capacity to enforce such regulations
given the prevailing market situations in real time. This result must be considered in its
context of conflicting empirical evidence. Research revealing that algorithmic trading
enhances liquidity and price discovery suggests that policy should not involve stamping
out algorithmic trading (Brogaard et al., 2014; Hendershott et al., 2011). But other studies
on flash crashes, competition for speed and withdrawal of liquidity indicate that these
technologies can be destabilising during periods of stress (Baron et al., 2014; Kirilenko et al.,
2017). Hence, the regulatory task is selective and contingent: regulators need to separate
the algorithmic trading that benefits market quality from the algorithmic trading that
causes vulnerability, manipulation or unfair competitive advantage. Circuit breakers, limit
of order to trade ratios, and compulsory pre-trade risk controls are some of the measures
that have been put to limit the size and extent of extreme market events (Budish et al.,
2015). Nevertheless, these tools are mostly containment tools but not preventive enemies.
Formal adequacy does not always ensure lack of instability as in cases of market disruption
asrecorded in regulatory assessments and so, the speed at which an algorithmic feedback
loop is run when it exceeds the ability of supervision (European Central Bank [ECB], 2019).

The closer look at the European and U.S. regulatory practices also shows that there are
structural disparities in regulatory enforcement philosophy which influences regulatory
outcomes. The MiFID Il European framework focuses on the ex-ante organisational
demands, system testing, and venue-based regulations, indicating a preventative
regulatory rationale (ESMA, 2021). By contrast, the U.S.regulatory model gives transparency
and accountability of post-trade more prominence, implying the surveillance system,
such as the Consolidated Audit Trail (Markham, 2024). Although each methodology
focuses on different aspects of the market risk, both methods show weaknesses in the
face of technologically connected and globally oriented trading houses. Jurisdiction
fragmentation results in social utility as market agents engage with a strategic response
to this change, so the effectiveness of all regulatory interventions at national levels
decreases (Budish et al., 2015).

Scalability and technical complexity also contribute to regulatory problems, with the
establishment of long-term asymmetry between the participants of the markets and the
supervisory bodies. Trading institutions invest constantly to keep up with the dynamic
low-latency infrastructure, co-location services, and high-level data-processing facilities
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in order to enjoy competitive advantage (Hasbrouck & Saar, 2013). By comparison,
regulators tend to use data that is retrospective, and inefficient surveillance mechanisms,
and can therefore do very little to be proactive in responding to market stress that can
happen quickly. This asymmetry supports one of the regulatory lag mechanisms whereby
regulatory control systems respond to failures as opposed to predicting them, which
compromises the preventative nature of regulatory design (ECB, 2019).

The ethical implications of the application of algorithmic and high-frequency trading,
including market manipulation, unfair access, and obfuscated decision-making, are
consequently not presented as their own moral problems, but as effects of regulatory and
technological dysfunction. Although the application of practices, including spoofing and
layering, is explicitly banned, their persistence in enforcement efforts indicates that current
surveillance technologies have not kept pace with the rate and rapidity of algorithmic
behaviour (SEC, 2021; ESMA, 2021). Likewise, the differences between institutional and
retail investors remain even when there are formal regulations of fairness in the market,
which has shown that equal access is impossible only through compliance with rules in
technologically asymmetric markets.

One limitation of this review is that it does not present a complete quantitative meta-
analysis with pooled statistical estimates. The empirical evidence reviewed is based
on different markets, time periods, asset classes, regulatory settings and measures of
algorithmic trading or high-frequency trading. For instance, Hendershott et al. (2011)
investigate algorithmic trading and liquidity in shares, Brogaard et al. (2014) look at the
effects of HFT on price discovery, Kirilenko et al. (2017) study the 2010 Flash Crash, and
Baron et al. (2014) examine performance and speed competition among HFT firms. Their
results can therefore not be pooled into a single statistical effect size without generalizing.
Rather, this paper conducts a qualitative empirical synthesis of the studies' direction,
context, and policy implications. This paper could be built upon by a formal meta-analysis
of empirical studies that use similar measures of liquidity, volatility, spreads, market depth,
and price discovery.

In general, the results of the research indicate that current regulating systems have clearly
enhanced the market transparency, documentation, and formal risk controls. However,
they are still subject to a certain degree of reactivity, and they are limited by enforcement
capacity, technological asymmetricity and fragmentation across borders. Devoid of
adaptive regulatory design involving integration of technical know-how, real-time
monitoring aptitude and harmonized international supervision, regulatory structures will
lag increasingly behind the operations realities of algorithmic trading (ESMA, 2021). This
supports this conclusion that the effectiveness of regulation in the future will mainly be
determined not by the enlargement of rules but through better supervisory infrastructure
and institutional flexibility.
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9. Conclusion

In conclusion, this paper aimed at critically assessing the efficacy of the existing regulatory
frameworks of algorithmic and high-frequency trading. The discussion shows that though
markettransparency hasbeenadvanced andformalrisk controlsin place, especially through
regulatory measures like MiFID Il and the regulatory tools adopted by the U.S. Securities
and Exchange Commission, there remains a lot of gaps on how they can deal with the
challenge of technological driven market behaviour. The results also reveal that regulatory
interventions do better at regulating the effects of extreme market events than regulating
the causes of these events. The structural features, such as latency competition, volume,
and complexity of the algorithms, remain the obstacles to supervisory enforcement and
present the opportunities to regulatory adaptation by market participants. The presence
of ethical considerations with algorithms trading then reinforces the results reached on
the issue that the effectiveness of regulations is related to enforceability, as opposed
to formal compliance only. In order to increase the effectiveness of the regulation, the
new policy making should focus on the adaptive framework of governance that would
be able to cope with the technological innovation. This is consisting of investment in
real-time supervisory technologies, more cross- jurisdiction coordination, and regulatory
standards that includes the transparency and accountability requirements in the alert
algorithm systems. With regulatory design that is consistent with operational features of
contemporary financial markets regulators are better placed to maintain market integrity,
and to encourage responsible technological innovation.
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The Impact of Tax Audits and Digitalization on
the Amount of Tax Arrears: Analysis of Factors
Influencing the Efficiency of Tax Collection

JIRi SLEZAK

Abstract

Background: Digitalization has become one of the most important trends in modern
tax administration and public sector management. Tax authorities increasingly rely on
digital technologies to improve administrative efficiency, enhance taxpayer services, and
strengthen tax compliance. Despite significant investments in digital tools, the extent to
which digitalization contributes to reducing tax arrears remains an open question.

Aim: The aim of the article is to analyse the factors influencing the amount of personal
income tax arrears in the Czech Republic during the period 2013-2024, with particular
emphasis on digitalization and selected tax administration instruments.

Methods: The study is based on annual data obtained from the reports of the Czech
Financial Administration. The analysis includes indicators related to the number of tax
entities, tax audits, electronically filed tax returns, assessed taxes, procedures for clearing
doubts, tax arrears and arrears recovered through enforcement actions. Monetary
variables were adjusted for inflation using the Consumer Price Index published by the
Czech Statistical Office. Pearson correlation analysis and multiple linear regression analysis
were employed to examine the relationships among the selected variables.

Results: The results revealed a strong positive relationship between the number of tax
audits and tax arrears. The regression model explained 95.4% of the variability in tax
arrears and identified tax audits as the most significant predictor. The number of tax
entities exhibited a statistically significant negative effect on tax arrears, suggesting that
a broader taxpayer base may contribute to lower levels of unpaid tax liabilities. Although
electronically filed tax returns showed a significant negative correlation with tax arrears,
their effect was not statistically significant in the multivariate regression model. This
finding suggests that digitalization may influence tax arrears indirectly through broader
improvements in tax administration efficiency rather than through a direct effect.

Conclusions: The findings indicate that effective tax administration cannot rely solely
on digitalization. While digital tools contribute to administrative modernization and
may support tax compliance, the reduction of tax arrears appears to depend primarily
on effective control mechanisms and the overall functioning of tax administration. The
study contributes to the ongoing discussion on the role of digital transformation in tax
administration and provides empirical evidence on factors associated with tax arrears in
the Czech Republic.
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Introduction

Digitalization is currently one of the most important tools in the functioning of public
administration. New tools are being introduced or developed, such as electronic filing,
automated information exchange, digital control mechanisms, etc. However, digitalization
cannot automatically be considered a universal solution, and the outcome depends on
the broader institutional, legal, and economic context of individual countries. In the
Czech Repubilic, a significant digital transformation focused on electronic filing of tax
returns, modernization of information systems and changes in control procedures can be
observed over the past 20 years. Despite this development, the question of the real impact
of digitalization on tax discipline, specifically on the amount of tax arrears in personal
income tax, remains insufficiently empirically researched. The relationship between the
electronification of tax processes and traditional tax administration tools, such as tax
audits, whose role may be strengthened rather than weakened in the digital environment,
deserves special attention.

The aim of this article is therefore to analyse the factors influencing the amount of personal
income tax arrears in the Czech Republic in the period 2013-2024, focusing on the role
of digitalization of tax administration and tax audits. The study contributes to the current
expert debate on the limits and possibilities of digitalization in financial administration
and provides empirical findings that can be used in the creation of tax policy and in the
further development of tax administration tools.

1 Literature review

Shevchuk (2015) examined the nature of tax audit as a function of tax administration
and its relationship to government fiscal policy. His research suggests that tax control
is an indispensable main component of state and internal financial control of tax
entities. Siglé et al (2022) dealt with the perceived procedural fairness and transparency
of tax entities (especially businesses) in dealing with the tax authority. He found that
this relationship is positively related to the quality of the relationship between the tax
entity and the tax authority. The increased quality of this relationship affects corporate
income tax compliance. However, this relationship has not been demonstrated for value
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added tax compliance. According to this research, it can be concluded that the quality of
internal tax control contributes to taxpayer transparency and compliance, by preventing
unintentional errors.

Semerdd and Bartunkova (2016) dealt with control reporting for value added tax in the
Czech Republic. According to this research, the introduction of control reporting brings
benefits to tax administrators. However, fairly acting entities are mainly burdened by
sanctions, and fraudulently acting entities do not improve tax collection. Vighova (2022)
analysed control activities with a focus on value added tax and also the effectiveness of
control activities of individual tax offices within the Slovak Republic. He outlined the most
frequently occurring tax evasion on value added tax.

Lisi (2015) dealt with the relationship between tax compliance and tax morale within the
social welfare function of optimal tax policy. It was found that the optimal combination of
policy instruments to deter tax evasion depends on the morality of taxpayers. For honest
tax subjects, increased monitoring should be compensated by tax reduction. For unfair
tax subjects, increased monitoring should be accompanied by higher sanctions.

Cruz, Sousa and Wilks (2022) analysed the impact on the behaviour of tax subjects with
secondary or higher education in Portugal. regarding two fiscal policy measures - tax
lottery and tax benefits. According to this research, it was found that financial rewards
should be considered in tax policies that aim to maximize citizens’cooperationin reducing
tax evasion, and that reward policies complement those that seek to control and sanction
tax evasion. lvanchenkova et al (2022) analysed the impact of digital technologies on the
organization of tax compliance control by state-funded institutions. A direct relationship
was found between the degree of application of digital technologies in tax compliance
control and the level of fiscal discipline in the country.

Amzuica, Mitelu and Nisulescu (2023) analysed the impact of business digitalization
on tax evasion. According to this research, inflation, unemployment, and economic
freedom do not have a significant effect on tax evasion. The findings show a negative and
meaningful relationship between business adoption of digitalization and tax evasion,
suggesting that digitalization helps reduce tax evasion.

Syrtseva et al (2021) found that the creation of a modern information and analytical
resource of the tax service will optimize the accounting and control system, which will
lead to the introduction of more effective mechanisms for tax administration, shielding
the economy, and increasing control over money circulation.

Although tax arrears are often discussed in connection with tax compliance and tax
evasion, these concepts should not be considered identical. Tax evasion generally refers
to the deliberate avoidance or concealment of tax obligations, whereas tax arrears arise
when an existing tax liability is not paid within the legally prescribed period. While both
phenomena negatively affect public revenues, tax arrears may also result from economic
difficulties, liquidity problems, or insolvency. For this reason, the present study focuses
specifically on tax arrears as an indicator of unpaid tax obligations and examines the
factors associated with their occurrence.
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2 Research methods

The article focuses on the analysis of factors influencing the amount of tax arrears in the
Czech Republic with an emphasis on the impact of digitalization and control mechanisms.
Sevenindicators were selected for the empirical analysis, as presented in Table 1. Allindicators
were first examined using Pearson correlation analysis to identify the strength and direction
of relationships among the variables. For the multiple regression model, three explanatory
variables were selected: the number of tax entities, the number of tax audits and the
number of electronically filed tax returns. These variables were chosen because they directly
correspond to the main objective of the article, which is to examine the role of digitalisation
and control mechanisms in relation to tax arrears. The values are expressed either in absolute
numbers (e.g. number of tax entities, number of controls) or in monetary units (e.g. amount
of arrears in million crowns). The analysed data relate to personal income tax administration
in the Czech Republic and were obtained from the annual reports of the Czech Financial
Administration. The dataset includes indicators associated with both personal income
tax from dependent employment activities and personal income tax assessed through
individual tax returns. Therefore, the analysis covers the two principal components of
personal income taxation and is not limited solely to self-employed individuals or taxpayers
filing returns independently. To eliminate the impact of inflation, monetary variables were
adjusted using the Consumer Price Index (CPI) published by the Czech Statistical Office. This
adjustment was applied to monetary indicators to express their values in real terms and
improve comparability across the analysed period.

The data were analysed using IBM SPSS Statistics software, which was used to calculate
correlation coefficients, estimate regression parameters and perform diagnostic tests of the
regression model. The results were interpreted regarding the statistical significance of the
variables (p-value = 5%), the values of the regression coefficients and their standard errors.
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Table 1: Definition of indicators

Indicator Description Unit Source Role in
analysis
Number of Total number of Pcs Financial Explanatory
electronically electronically filed tax administration |variable
filed tax returns |returns
Number of tax | Total number of taxable Pcs Financial Explanatory
entities entities subject to tax administration |variable
obligations
Number of tax | A control procedure that the |Pcs Financial Explanatory
audits tax administrator uses when administration |variable
it is necessary to verify the
claims of a tax entity
Taxes assessed | The amount that was Thousand | Financial Correlation
additionally assessed to CZK administration |analysis only
entities after tax audits
Arrears Tax liabilities not paid by the | CZK Financial Dependent
statutory due date million administration | variable
Number of A procedure used by tax Pcs Financial Correlation
procedures to | administrators when they administration | analysis only
clear doubts have doubts regarding a
submitted tax claim
Arrears Arrears recovered after CZK Financial Correlation
recovered enforcement actions have million administration | analysis only
through been carried out, e.g. before
enforcement tax execution is ordered
actions

Source: Financial administration (2024), own processing

Correlation analysis was used to analyse the relationships between variables, which
enabled the identification of statistically significant relationships between individual
factors. Pearson's correlation coefficient was used to measure the strength and direction
of the relationship between variables. The coefficient values range from -1 to 1. A value
close to T means a strong positive correlation. A value close to -1 means a strong negative
correlation. A value close to 0 means that there is no linear relationship between the
variables. The results of the correlation analysis help determine which variables have
the most significant relationship to the amount of arrears, which serves as the basis for
selecting variables for the regression model.

Furthermore, regression analysis was applied, specifically a linear regression model,
which enabled the quantification of the influence of individual factors on the amount of
tax arrears. The dependent variable in the regression model was tax arrears adjusted for
inflation. The explanatory variables were the number of tax entities, the number of tax
audits and the number of electronically filed tax returns, see (1).
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Tax arrears= B+, - x, + B, x,+ B, - x, + & where (1)
B, = constant

B, = regression coefficients that indicate the influence of each independent variable on
the amount of arrears

X, = number of tax entities

X, =number of tax audits

X, = number of electronically filed tax returns
€ =residual component of the model

The regression model was tested using the Variance Inflation Factor (VIF) to identify
multicollinearity between the explanatory variables. The Durbin-Watson test was used to
check for autocorrelation of the residuals, which verified whether there was a systematic
dependence between the errors in the model, which is important for the validity of the
regression analysis.

The article aims to answer the following research questions:

+ What is the relationship between the number of tax audits and the amount of
assessed taxes and tax arrears?

«  To what extent is electronic filing of tax returns associated with the level of tax
arrears?

«  What is the relationship between the number of tax entities and the level of tax
arrears?

+  How do doubt-removal procedures correlate with assessed taxes and tax arrears?

3 Solutions and Results

The normality of regression residuals was assessed using the Shapiro-Wilk test. The test
did not indicate a statistically significant deviation from normality (W = 0.964, p = 0.846).
Therefore, the assumption of normally distributed residuals can be considered satisfied.

The correlation analysis examined the relationships among seven variables, namely the
number of tax entities, the number of tax audits, the number of electronically filed tax
returns, assessed taxes adjusted for inflation, procedures for clearing doubts, tax arrears
adjusted for inflation and arrears recovered through enforcement actions adjusted for
inflation. The results are presented in Table 2.
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Table 2: Correlation analysis results

Tax entity | Number | Electronic | Taxes |Procedures | Arrears Arrears
of tax | taxreturn | assessed | for clearing recovered
audits doubts through

enforcement
actions
Tax entity 1 -,738%* ,780** -,568 -,227 -,820%* -,480
Number of -,738%* 1 -,700* ,690%* ,647* ,960%* ,197
tax audits
Electronic ,780%* -,700* 1 -,326 -,588* -,696* -,049
tax return
Taxes -,568 ,690* -,326 1 377 ,657* 460
assessed
Procedures -227 ,647% -,588* 377 1 A79 -,165
for clearing
doubts
Arrears -,820%* ,960** -,696* ,657% A79 1 ,249
Arrears -480 ,197 -,049 460 -, 165 ,249 1
recovered
through
enforcement
actions

Source: Own processing
* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

The strongest relationship was identified between the number of tax audits and tax arrears
(r =0.960, p < 0.001). This result indicates an extraordinarily strong positive association
between audit activity and the amount of detected tax arrears. From a practical perspective,
the finding suggests that tax audits remain one of the mostimportantinstruments available
to the tax administration for identifying unpaid tax liabilities. A higher number of audits is
associated with a higher volume of detected arrears, which may reflect the effectiveness
of control activities in uncovering tax non-compliance. The result also indicates that tax
audits play a crucial role in maintaining the integrity of the tax system and improving tax
collection performance. Although correlation does not imply causality, the strength of the
relationship suggests that audit activity is intricately linked to the detection of unpaid tax
obligations.

Another statistically significant relationship was identified between the number of tax
entities and tax arrears (r = -0.820, p = 0.001). This strong negative correlation indicates
that periods characterized by a larger number of registered tax entities were associated
with lower levels of tax arrears. One explanation is that a broader tax base contributes
to a more stable distribution of tax obligations and reduces the relative importance of
individual delinquent taxpayers. From the perspective of tax administration, the result
may indicate that supporting economic activity and maintaining a broad taxpayer base
can contribute to improved tax compliance and lower arrears. The finding may also reflect
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the positive impact of simplified registration procedures and digital services that facilitate
taxpayer participation in the tax system.

The number of electronically filed tax returns was negatively correlated with tax arrears
(r=-0.696, p = 0.012). This statistically significant relationship suggests that a higher level
of digitalization is associated with lower tax arrears. The result supports the assumption
that electronic filing may contribute to more efficient communication between taxpayers
and the tax administration, reduce administrative errors and increase overall compliance.
Digital tools can simplify tax obligations, improve access to information, and facilitate
timely filing, which may indirectly contribute to lower levels of unpaid taxes. Although the
subsequent regression analysis provides a more nuanced picture of this relationship, the
correlation results indicate that digitalization remains an essential element of modern tax
administration.

A positive and statistically significant relationship was also identified between assessed
taxes and tax arrears (r = 0.657, p = 0.020). This result suggests that higher levels of
additional tax assessments are associated with higher volumes of tax arrears. Such
afinding may indicate that taxpayers subject to additional assessments are also more likely
to accumulate unpaid tax liabilities. From a practical perspective, the result highlights
the importance of post-assessment monitoring and effective collection procedures. The
relationship may also reflect the fact that a portion of assessed liabilities is not immediately
settled by taxpayers and subsequently becomes part of recorded arrears.

The analysis further revealed a positive relationship between the number of tax audits
and procedures for clearing doubts (r = 0.647, p = 0.023). This finding suggests that
various control mechanisms used by the tax administration tend to complement each
other. Periods characterized by increased control activity are also associated with a higher
use of procedures for clearing doubts. This result supports the view that effective tax
administration relies on a combination of preventive and investigative instruments rather
than on a single enforcement mechanism.

Overall, the correlation analysis demonstrates that tax arrears are associated with several
key aspects of tax administration, including audit activity, taxpayer participation, and
digitalization. The strongest relationship was observed for tax audits, confirming their
significant role in detecting tax non-compliance. At the same time, the results indicate
that digitalization and the development of a broader taxpayer base may contribute to
reducing tax arrears. These findings provide valuable insights for tax policymakers seeking
to improve tax compliance and strengthen the effectiveness of tax administration.

To further investigate the factors influencing tax arrears, a multiple linear regression model
was estimated using the number of tax entities, the number of tax audits and the number
of electronically filed tax returns as explanatory variables. The dependent variable was tax
arrears adjusted for inflation. The statistical summary of the model is presented in Table 3.
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Table 3: Statistical summary of the regression analysis of tax arrears

Model R R Square | Adjusted | Std. Error | F df2 Sig. Durbin-
R Square | of the Watson

Estimate
Model 0,977 0,954 0,937 1116,15 | 55,233 8 <,001 1,347

Source: Own processing

The results indicate an extraordinarily strong relationship between the selected
explanatory variables and tax arrears. The multiple correlation coefficient reached a value
of R =0.977, which demonstrates that the model captures the relationship between the
independent variables and tax arrears very effectively. The coefficient of determination
(R* = 0.954) shows that approximately 95.4% of the variability in tax arrears can be
explained by changes in the selected predictors. Such a high value suggests that the
model provides a substantial explanation of variations in tax arrears over the analysed
period.

The adjusted coefficient of determination (Adjusted R* = 0.937) remains only slightly
lower than the original R? value, indicating that the explanatory power of the model
is not artificially inflated by the number of variables included. Even after adjusting for
model complexity, more than 93% of the variability in tax arrears remains explained. This
result confirms the robustness of the estimated model and suggests that the selected
explanatory variables capture the key determinants of tax arrears within the analysed
dataset.

The overall significance of the model was confirmed by the F-test. The calculated F-statistic
reached a value of 55.233 with a significance level below 0.001. This result indicates
that the regression model is statistically significant and provides a substantially better
explanation of tax arrears than a model containing only the intercept. Consequently, the
null hypothesis that all regression coefficients are simultaneously equal to zero can be
rejected.

The standard error of the estimate reached 1,116.15, representing the average deviation
between observed and predicted values of tax arrears. Considering the scale of the
analysed variable, this value indicates a relatively good fit of the model to the observed
data. The Durbin-Watson statistic reached a value of 1.347. Although the ideal value is
close to two, the obtained result does not indicate severe autocorrelation of residuals and
can be considered acceptable given the limited number of observations included in the
analysis.

Table 4 presents the estimated regression coefficients for the individual explanatory
variables included in the model.
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Table 4: Regression coefficients of the tax arrears prediction model

Variable B Std. Error Beta t Sig. VIF
Constant 46079,460 | 19161,624 — 2,405 0,043 —
Number of -0,016 0,007 0,312 -2,320 0,049 3,136
tax entities

Number of 0,847 0,123 0,811 6,889 <0,001 2,407
tax audits

Number of 0,002 0,002 0,116 0,910 0,389 2,800
electronically

filed returns

Source: Own processing

The number of tax audits proved to be the most influential explanatory variable in the
model. The estimated coefficient reached a value of 0.847 and was highly statistically
significant (p < 0.001). This finding indicates that an increase in the number of tax audits
is associated with a higher level of detected tax arrears. The standardized coefficient
(Beta = 0.811) confirms that tax audits exert the strongest effect among all explanatory
variables included in the model. This result highlights the importance of audit activity as
a key instrument for identifying unpaid tax obligations and detecting non-compliance
within the tax system.

The number of tax entities exhibited a negative coefficient (B = -0.016) and reached
statistical significance at the 5% level (p = 0.049). This result suggests that a larger
number of registered taxpayers is associated with lower levels of tax arrears. One possible
interpretation is that a broader taxpayer base contributes to a more stable distribution
of tax liabilities and reduces the relative impact of individual delinquent taxpayers. The
finding may also reflect improvements in tax administration efficiency associated with
a larger and more diversified taxpayer population.

The number of electronically filed tax returns showed a positive but statistically
insignificant coefficient (B = 0.002; p = 0.389). Although previous correlation analysis
revealed a significant negative relationship between electronic filing and tax arrears,
the effect disappeared after controlling for the influence of tax audits and the number
of tax entities. This result suggests that digitalisation may not affect tax arrears directly.
Instead, its impact may be indirect and mediated through broader improvements in tax
administration processes, taxpayer compliance and communication between taxpayers
and tax authorities.

The variance inflation factor (VIF) values ranged from 2.407 to 3.136, which remains well
below commonly accepted critical thresholds. Therefore, no serious multicollinearity
problems were identified. The estimated coefficients can thus be interpreted with an
acceptable degree of confidence.

Tax audits exhibit the strongest statistical association with recorded tax arrears. This
finding is not surprising, as tax audits represent one of the primary mechanisms through
which previously unidentified tax liabilities are detected and formally recorded. At the
same time, the analysis suggests that a broader taxpayer base may contribute to reducing
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arrears. Although electronic filing is associated with lower arrears at the bivariate level,
its direct effect was not confirmed within the multivariate model. These findings imply
that digitalisation alone is unlikely to reduce tax arrears unless accompanied by effective
control mechanisms and broader improvements in tax administration.

Based on the estimated coefficients, the following regression equation can be formulated
see (2)

y =46079,460 - 0,016x,+0,847x,+ 0,002x,, where: (2)
y = estimated amount of tax arrears
x, = number of tax entities
x, = number of tax audits

x, = number of electronically filed tax returns

4 Discussion

The findings of this study provide several important insights into the factors associated
with tax arrears in the administration of personal income tax in the Czech Republic.
The analysis confirmed that tax audits represent the most crucial factor associated with
the detection of tax arrears. Both the correlation and regression analyses consistently
identified a strong positive relationship between audit activity and the volume of arrears.
This result suggests that tax audits continue to play a fundamental role in uncovering
unpaid tax liabilities and identifying cases of tax non-compliance. At the same time,
the findings indicate that the effectiveness of tax administration cannot be assessed
solely through the volume of recovered arrears but must also consider the ability of the
administration to detect previously hidden liabilities.

A particularly interesting result concerns the role of digitalisation. The correlation
analysis revealed a statistically significant negative relationship between the number of
electronically filed tax returns and tax arrears. This finding indicates that higher levels
of electronic filing are generally associated with lower levels of unpaid tax obligations.
Such a relationship is consistent with the broader expectations associated with digital
transformation in public administration. Electronic filing systems reduce administrative
burdens, simplify communication between taxpayers and tax authorities, and contribute
to greater transparency of tax processes. These factors may improve voluntary tax
compliance and reduce the likelihood of procedural errors that subsequently lead to tax
arrears.

However, the regression analysis produced a more nuanced picture. After controlling
for the effects of tax audits and the number of tax entities, the number of electronically
filed tax returns no longer remained a statistically significant predictor of tax arrears.
This finding suggests that the effect of digitalisation may be indirect rather than direct.
In other words, digitalisation alone may not automatically lead to lower tax arrears. Its
contribution is likely realised through improvements in administrative efficiency, data

ACTA VgFS, 1/2026, vol. 20, www.vsfs.cz/acta




availability, taxpayer services, and risk management capabilities. The results therefore
indicate that digitalisation should not be viewed as a standalone solution but rather as
one component of a broader tax administration strategy.

The strong relationship identified between tax audits and tax arrears should be interpreted
with caution. Tax audits constitute one of the principal mechanisms through which
previously unidentified tax liabilities are detected and recorded by the tax administration.
Consequently, a positive association between audit activity and recorded arrears is to
some extent inherent in the institutional design of the tax system. The finding therefore
does not necessarily imply that audits generate arrears, but rather that they contribute to
their identification and formal recognition.

A potential explanation for the stronger relationship between tax audits and tax arrears
compared with the relationship between assessed taxes and tax arrears lies in the
different nature of these indicators. The number of tax audits reflects the intensity of
control activity carried out by the tax administration, whereas assessed taxes represent
the monetary value of additional liabilities identified during audits. Not every audit result
in a substantial additional assessment, and tax arrears may also arise from tax liabilities
declared by taxpayers but not subsequently paid. Consequently, tax arrears cannot be
viewed solely as a direct consequence of additional tax assessments. This may explain
why the correlation between tax audits and tax arrears is stronger than the correlation
between assessed taxes and tax arrears.

Another noteworthy finding concerns the number of tax entities. The regression model
identified a statistically significant negative relationship between the number of registered
taxpayers and the volume of tax arrears. This result may indicate that a broader taxpayer
base contributes to a more stable and diversified tax system. It may also reflect the fact
that tax administration can operate more efficiently in an environment characterised by
a larger number of economically active taxpayers. Although this relationship requires
further investigation, it suggests that policies aimed at supporting entrepreneurship and
reducing unnecessary administrative barriers may have indirect positive effects on tax
compliance.

The positive relationship identified between assessed taxes and tax arrears also
deserves attention. The analysis indicates that periods characterised by higher levels
of additional tax assessments tend to be associated with higher levels of arrears. This
finding is understandable because additional assessments often arise from detected
irregularities and may subsequently become unpaid obligations. At the same time, the
result highlights the importance of effective post-audit collection procedures. Detecting
additional liabilities represents only the first step; ensuring their actual payment remains
equally important for the overall effectiveness of tax administration.

Fromabroader perspective, the findings suggest that effective taxadministration requires
a combination of preventive, digital and control-oriented measures. While technological
innovations can improve the quality of taxpayer services and simplify compliance, they
cannot fully replace traditional control mechanisms. The results indicate that tax audits
continue to represent the most powerful instrument for identifying tax arrears, whereas
digitalisation appears to function primarily as a supporting mechanism that enhances
the overall efficiency of tax administration. Future research could therefore focus on
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the interaction between digital technologies and enforcement activities, as well as on
the long-term effects of digital transformation on tax compliance. Due to the limited
number of observations, formal stationarity tests were not performed. Consequently,
the results should be interpreted as exploratory evidence rather than definitive causal
relationships.

5 Conclusion

The aim of this study was to analyse the relationship between selected indicators of
tax administration and tax arrears in the area of personal income taxation in the Czech
Republic during the period 2013-2024. Particular attention was devoted to the role of
digitalisation, represented by the number of electronically filed tax returns, and to the
effectiveness of selected control mechanisms.

Theresults of the correlation analysis revealed several statistically significant relationships.
The strongest positive relationship was identified between the number of tax audits and
tax arrears, indicating that increased audit activity is associated with a higher volume of
detected unpaid tax liabilities. Significant negative relationships were identified between
tax arrears and both the number of tax entities and the number of electronically filed
tax returns. These findings suggest that a broader taxpayer base and higher levels of
digitalisation may be associated with lower levels of tax arrears.

The regression analysis provided a more detailed understanding of these relationships.
The estimated model explained more than 95% of the variability in tax arrears and proved
to be statistically significant. Among all explanatory variables, the number of tax audits
exhibited the strongest statistical relationship with tax arrears and represented the most
influential variable in the estimated model. However, this finding should be interpreted
in the context of the role of tax audits as a primary mechanism for detecting and
recording previously unidentified tax liabilities. The number of tax entities also exhibited
a statistically significant negative effect. In contrast, the number of electronically filed tax
returns did not remain statistically significant after controlling for the influence of the
other variables. This result indicates that the impact of digitalisation on tax arrears is likely
indirect and mediated through broader improvements in tax administration processes.

The practical implications of the study are relevant for both tax policymakers and tax
administrators. The findings suggest that investments in digital technologies should
be accompanied by effective control mechanisms and risk-based audit strategies.
Digitalisation can improve administrative efficiency and taxpayer services, but its
effectiveness appears to depend on its integration with broader compliance and
enforcement measures. At the same time, the results confirm the continuing importance
of tax audits as a key instrument for identifying tax non-compliance.

Despite the valuable findings, the study is subject to several limitations. The analysis was
based on annual data covering a relatively short time period and focused on a limited set
of indicators available from public sources. Future research could incorporate a longer
time horizon, additional explanatory variables and comparative analyses involving other
taxes or countries. Nevertheless, the study contributes to the growing discussion on
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digital transformation in tax administration and provides empirical evidence regarding
the factors associated with tax arrears in the Czech Republic.
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Sustainability Reporting and Value of Listed
Manufacturing Firms in Nigeria:
The Moderating Role of Foreign Ownership
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Abstract

The interconnection among sustainability reporting, foreign ownership and value of
firms remains an unresolved issue in developing economies, especially for the Nigerian
manufacturing sector, where sustainability practices and foreign investment are
important. This study examined the interactive effect of sustainability reporting and
foreign ownership on the value of manufacturing firms listed on the Nigerian Exchange
Group. Ex-post facto research design was employed and the study utilized 46 listed
manufacturing firms using purposive sampling technique from 2015 to 2024. “Least
Square Dummy Variable” regression method was applied in analyzing the panel data, with
Tobin's Q and Market-to-Book Value (Mtbv) as proxies for firm value. Explanatory variables
were environmental reporting, social reporting and governance reporting, with foreign
ownership as the moderating variable. The findings revealed that the interaction between
environmental reporting and foreign ownership significantly enhance firm value (Tobin’s
Q) while the interaction effect was insignificant for Mtbv. The interactive effect of social
reporting and foreign ownership had an adverse effect on firm value when measured as
Mtbv and did not have significant influence on Tobin’s Q. Furthermore, the interactive
effect of governance reporting and foreign ownership showed no significant impact on
firm value when measured as Tobin’s Q and Mtbv. Thus, managers are advised to align
sustainability strategies with global reporting standards, while policymakers should
strengthen regulatory frameworks to enhance transparency and investor confidence.
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1. Introduction
The concept of sustainability reporting has gained significant attention in the global

business discourse as companies striving to create a balance between achieving economic
goal as well as environmental and social responsibility. It is the practice of reporting
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non-financial information about environmental, social and governance (ESG) activities,
in which stakeholders can use to evaluate the sustainability of a business enterprise
(Sulemana et al., 2025). The use of sustainability reports allows companies to analyze their
contribution to different aspects of environmental, social, and governance degradation
and promotes more transparency in disclosing the risks and opportunities confronting
the companies (Feng, 2025). Furthermore, sustainability reporting has become an
accountability tactic, as well as a strategic instrument of modern business organizations,
which increases performance and legitimacy (Almashhadani & Almashhadani, 2023).
Voluntary and compulsory disclosure of sustainability practices has been on the rise in the
last decade as a result of regulatory frameworks, expectations of investors and corporate
governance reforms (Khamisu & Paluri,2024). In the developed markets, companies use
sustainability reporting to create transparency and accountability, thus improving their
corporate image and minimizing information asymmetry (Alamoudi, 2025;Van Linh, 2022).
Sustainability reporting adoption in Africa including Sub-Saharan countries remains
inconsistent mainly due to weak enforcement in some countries, cost implications,
and lack of standardized reporting framework (Igwe et al., 2023). In Nigeria, however,
the regulatory bodies (Financial Reporting Council of Nigeria (FRCN) and the Nigerian
Exchange Group (NGX) introduced the guidelines of sustainability disclosure, influencing
listed companies to incorporate their ESG considerations into their corporate strategy,
although the implementation is still voluntary (Agbakwuru, 2024).

Despite the increasing adoption of sustainability reporting, its impact on value of the
firm remains a subject of debate. Firm value is a significant tool of business performance,
and it indicates the financial well-being of a firm, investors’ worth and long-term growth
prospect. Empirical literature indicates that companies that have high-quality sustainability
reporting have better investor confidence, lower capital costs, and better valuation of the
company (Hasanah et al., 2023). Nevertheless, few studies have asserted that sustainability
reporting can impose financial burdens on firms, especially in emerging markets, thereby
affecting short-term profitability (Dase et al., 2024; Hasanah et al., 2025). However, in the
manufacturing industry of Nigeria, business enterprises often find it difficult to achieve
and sustain high value due to various structural and governance-related issues (Akinleye
& Olanipekun, 2024). Manufacturing sector is a key element in the development of the
economy of Nigeria by being a major source of employment, industrialization as well
as innovation. Also, poor infrastructure, unstable power supply and volatile government
policies limit their performance and value creation (Onye et al., 2023). In addition, Nigerian
manufacturing companies have not fully integrated sustainability practices into their
reporting system attributable to uncertain financial return, laxity in regulatory requirement
and limited expertise thus raising question of whether sustainability reporting enhance
value of the firm or a mere regulatory compliance. Therefore, there is need to examine
whether sustainability disclosure practices can enhance the value of the firms.

Another critical determinant of firm value is the ownership of firms especially the presence
of a foreign investor. One of the factors that have gained considerable prominence is
foreign ownership as the proportion of a firm’s equity held by investors outside the home
country (Nofal, 2020; Roedder & Schmid, 2025). Foreign ownership has the potential
to enhance corporate governance, improve financial performance and promote the
adoption of international best practices in sustainability reporting as foreign investors

ACTA VgFS, 1/2026, vol. 20, www.vsfs.cz/acta




usually demand a greater level of disclosure and compliance with international reporting
frameworks (Fuadah et al., 2022; Ghosh, & Sahu, 2024). Foreign ownership isimportant for
emerging markets where domestic capital is often limited. The role of foreign ownership
as a moderating variable remains underexplored, especially in the manufacturing industry
of Nigeria where ownership structure of firms differs largely. In Nigeria, foreign capital is
vital not only for bridging financing gaps but also for promoting reforms in disclosure
practices, such as environmental, social and governance (ESG) reporting (Yahaya, 2025).
By moderating the relationship between sustainability reporting and firm value, foreign
ownership offers an analytical perspective to the strategic and performance-related
impacts of sustainability disclosure, this is important for policy makers, investors and
corporate managers. Thus, this research addresses the gap by revealing the impact of the
sustainability reporting on the firm value as well as the moderating role of the foreign
ownership of firms operating in the manufacturing sector in Nigeria.

2. Literature Review
Conceptual Literature Review

Firm value has received a considerable amount of academic interest in the fields of
accounting and corporate finance; it reflects the market’s perception of a business
enterprise economic worth. It is generally described as the overall financial health and
the future growth potential of a firm, measured with financial indicators such as Tobin’s
Q, market capitalization, returns on assets (Bui et al., 2023). It is considered to be one
of the most important factors that can influence investor’s confidence, incorporating
profitability, efficiency, and firm risk exposure, thus making it an important measure of
evaluating the long-term viability of a firm and its investment attractiveness (Bagh et al.,
2025). Firm value can be evaluated based on the financial framework applied but tends
to base on the performance, market stability and shareholder value creation. In the case
of emerging economies like Nigeria, firm value is highly susceptible to macro-economic
changes, regulatory adjustments and investor sentiment making it a key subject of interest
to financial analysts and policymakers. Corporate governance practices are often related
to firm value, as well-built governance systems promote transparency, reduce agency
conflicts and improve investor confidence (Bagh et al., 2025). Governance related factors,
such as board composition, ownership concentration and adherence to regulations can
remarkably influence the value of the firm (Bunyaminu et al., 2025). This study measures
firm value using market to book value and Tobin’s Q.

Sustainability reporting involves the standard reporting on environmental, social and
governance (ESG) practices of firms in order to communicate their sustainability initiatives
and corporate responsibility to the stakeholders. It entails the systematic disclosure
of impact of a firm on the economic, environmental and social aspects, as a way of
enhancing accountability and transparency (Acheampong et al., 2025). Sustainability
reporting has received a lot of attention in recent times as organizations strive to
reconcile both the financial performance and responsible business practices. International
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reporting frameworks like “Global Reporting Initiative” (GRI), “Sustainability Accounting
Standards Board” (SASB) and the Integrated Reporting Framework have intensified firms
to standardize and improve their disclosure activities. Sustainability reporting helps
companies to show that they are in compliance with regulations and ethical requirements,
fostering trustamong investors, customers, and other stakeholders (Sulemana et al., 2025).
The increasing emphasis on sustainable business practices has positioned sustainability
reporting as an integral part of corporate governance and strategic decision-making.

Environmental reporting is extremely relevant in key industries such as manufacturing,
building and construction, agriculture, oil and gas, which face increased stakeholder
pressure due to therisks of overexploitation of resources and high rates of carbon emissions.
It relates to disclosure of information about a company concerning its environmental
performance, policies and its effect on the ecological sustainability. The key aspects of
environmental reporting are greenhouse gas emissions, carbon disclosure, energy usage,
waste management, protection of biodiversity, and environmental legislation standards.
Moreover, Social responsibility is an ethical duty of corporations to give back to the society
through solving social problems, fair employment policies and community development.
Itis a key element of sustainability reporting and is important in ensuring that businesses
disclose the social effects, which include their labor practices, health and safety at work,
human rights, community involvement, public policy, product responsibility, and training
and education, among others (GRI, 2021). Furthermore, governance reporting plays an
important role in ensuring accountability and transparency of a corporation as it provides
insights into how firms are governed and controlled. It addresses the board composition,
internal controls, shareholder rights, risk management, executive remuneration, etc.
Governance reporting thus is very critical in reducing agency problems between the
managers and shareholders, as it helps to ensure that management’s actions align with
the interests of the shareholders and that of stakeholders. Nonetheless, sustainability
reporting adoption is industry and geographical based with the developed economies
showing higher levels of compliance than the emerging markets. In North America and
Europe, companies have gone to great efforts in embedding sustainability reporting in
their financial reporting procedures with a significant percentage of these initiatives
promoted by regulatory requirements and growing stakeholder sensitivity (Suhatmi
et al., 2024). Conversely, sustainability reporting in the emerging economics such as
Nigeria is highly voluntary, most companies engage in selective disclosure practices
to meet the expectations of their investors rather than to conform with the global
sustainability demands. Lack of stringent regulation on certain jurisdictions has resulted
in inconsistencies in the quality of sustainability reporting, which effectively restrains the
effectiveness of its disclosures.

Foreign ownership is the percentage of the company equity that is possessed by the
investors or other people or organizations that are not domiciled in the jurisdiction of
the firm. These investors can be institutional investors like mutual funds, hedge funds,
pension funds, and multinational corporations, and are often deemed as a key aspect
of corporate governance structure since they may affect management decision-making,
operational policy, as well as performance. Foreign investors, particularly institutional
ones, often push for cost-efficiency, innovation and strategic expansion into new markets
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(Drobetz et at., 2024). They may encourage firms to adopt globally competitive business
models, invest in research and development, and implement sustainability initiatives
to meet international standards. In developing economies, foreign ownership has been
associated with improved financial performance, as it introduces advanced managerial
expertise, access to superior technology, and enhanced operational efficiencies (Webster
etal, 2022).

Theoretical Underpinning and Hypothesis Development

The interrelation among sustainability reporting, foreign ownership and value of the
business enterprise is best explained by stakeholder’s theory. Developed by Freeman
(1984), the theory implies that companies are accountable and obliged to broad diverse
of stakeholders, such as shareholders, customers, employees, suppliers, regulators and
the community, in general. This perspective shifts corporate decision-making beyond
the traditional shareholder-oriented paradigm of profit maximization to a more inclusive
approach that prioritizes long-term sustainability and interests of all stakeholders (Hasanah
et al, 2023). Sustainability reporting aligns with the core principles of Stakeholder
Theory, as firms engage in Environmental, Social and Governance (ESG) disclosures
to demonstrate their commitment to responsible business practices. This can help in
building trust and legitimacy among the stakeholders, therefore, may potentially improve
the value of the firms by attracting ethical-oriented investors, strengthening the brand
reputation and fostering customer loyalty (Handoyo & Anas, 2024; Sulemana et al., 2025).
In addition, foreign investors tend to favor companies with transparent sustainability
practices, as these reflect sound corporate governance and risk mitigation strategies
(Aksan & Gantyowati, 2020). This emphasizes the moderating role of foreign ownership
in influencing how sustainability reporting translates into firm value. The theory suggests
that business enterprise that effectively engage the stakeholders through sustainability
programs may experience reduced regulatory scrutiny, increased access to financial
markets and lower capital costs, contributing to improved firm value (Naseer et al., 2025;
Rohara, 2025). Conversely, corporate organization that neglect stakeholder demands,
i.e., environmental degradation, unethical labor practices, face the risk of losing their
market worth by divesting investors and suffering a negative reputation (Zakaria, 2025).
The global trend toward sustainable finance and responsible investing reinforces this
dynamic, as institutional investors, including foreign shareholders, increasingly integrate
ESG criteria into their investment decisions. Also, organizations with significant foreign
ownership can be influenced to align with global best practices, as multinational investors
demand higher transparency and accountability. As a result, foreign ownership serves as
an external governance mechanism, enhancing the credibility of sustainability disclosures
and making it go beyond non-financial reporting, which is superficial (Adejumo et al.,
2025; James et al., 2025). The stakeholder theory is appropriate to this study since it
provides a comprehensive approach to the synergies among sustainability reporting,
foreign ownership and firm value. It clarifies the rationale behind the companies engaging
in sustainability disclosures and the impact of disclosures on the value of firms through
the expectation and preference of various stakeholders.
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Review of Empirical Studies
Sustainability Reporting, Foreign Ownership and Firms’ Value

In terms of those that conducted studies on the three variables, review for the studies of
Laurensia et al. (2024) reported that foreign ownership and sustainability disclosure does
not affect firm performance. Also, Putri et al. (2024) in Indonesia found that institutional
ownership did not moderate the relationship between sustainability disclosures and
firm value. Hasanah et al. (2023) in Indonesia examined how sustainability reporting and
foreign ownership jointly impact value and found that firms with higher sustainability
disclosure and substantial foreign ownership experienced significant improvements
in value. Likewise, in Egypt, Abousamak et al. (2023) studied the banking sector and
discovered that sustainability reporting and foreign ownership positively influenced firm
value. Rukmiyati et al. (2023) disclosed that investor’s assessment had great influence
on the positive link between sustainability reporting and firm value. In contrast, Liou
et al. (2023) disclosed for the observed listed firms in Taiwan that foreign ownership
weakens the connection between SR and firms’ performance. Similarly, Muhammad and
Aryani (2021) studied Indonesian listed firms and found that while foreign investors
encourage sustainability reporting, the pressure for short-term profits may sometimes
result in financial instability, thereby lowering firm value. Also, Aksan and Gantyowati
(2020) reported that firms that engage in sustainability disclosure and with strong foreign
ownership structure attract more foreign investors, leading to enhanced firm value for the
sampled Indonesian firms.

Going by the conceptual and empirical review of literature, it was noted that many
researchers (e.g., Abousamak et al., 2023; Aksan & Gantyowati, 2020; Hasanah et al.,
2023; Husnaini & Basuki, 2020; Muhammad & Aryani, 2021; Onoh et al.,, 2022; Putri et al.,
2024; Rukmiya et al., 2023) have investigated the effect of sustainability reporting on
firm value, however, their results are inconclusive. One notable gap of this study is the
lack of comprehensive studies that examine the moderating role of foreign ownership
in the relationship between sustainability reporting and firm value. Also, many existing
studies employed aggregated sustainability measures, failing to distinguish between
environmental, social and governance components, which may have diverse effects on
firm value. It is in lieu of these diverse findings we hypothesize that:

H,,: Foreign ownership does not significantly moderate the relationship between

sustainability reporting and value of listed firms operating in Nigeria manufacturing
sector.

3. Methodology

The study employed an ex-post facto research design, due to the fact that past firm
information which cannot be manipulated was used. The data collected for the study
was through secondary source obtained from financial statements, annual reports as
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well as sustainability disclosures that are released by listed manufacturing companies
between the years 2015 and 2024. The population of this study consisted of all the
fifty-nine (59) manufacturing firms listed on the Nigerian Exchange Group (NGX) as of
2024. Due to the need for complete sustainability reporting data over the period of the
study, purposive sampling technique was employed to select 46 firms that consistently
disclosed environmental, social and governance (ESG) information. This approach aligns
with previous studies (Hasanah et al., 2023) that examined the same subject matter in an
emerging economy. The method of analysis is the panel regression analysis.

Model Specification
For the purpose of this study, the following models are specified:

Model 1: Moderating Role of Foreign Ownership in the Relationship between
Sustainability Reporting and Firms’ Value using TOBIN’S Q

Tobq,=A,+AEnvd +A,Socd, +A,Govd, + A, Fown, + A (Fown x Envd ) + A (Fown, x Socd,)
+A,(Fown, x Govd,) + A Fsiz,+ A Eaps, + A, Mcap,+ A, Deta, + u, (M

Model 2: Moderating Role of Foreign Ownership in the Relationship between
Sustainability Reporting and Firms’ Value using Market-to-book-value

Mtbv, =1, + 1,Envd_+7,50cd, + 7,Govd, + T,Fown_ + T, (Fown, X Envd,) + T (Fown, X Socd )
+1,(Fown, x Govd,) + 7,Fsiz, + 7 ,Eaps, + 7, Mcap,+ 7, Deta, + u, (2)

Where: Tobq = Tobin’s Q, Mtbv = market-to-book value, Envd = environmental reporting,
Socd = social reporting, Govd = governance reporting, Fown = foreign ownership, Fsiz =
firm size, Eaps = earnings per share, Mcap = market capitalization, Deta = leverage, B, q,
A\ T = coefficients of explanatory variables employed, y = error terms, i = firm indicator, t
= time indicator.
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Table 1: Measurement and Operationalization of Variables

Variable Measurement Sources

Dependent Variables

Tobin’s Q (Tobq) Addition of market Butt et al. (2023)
capitalization and total
liabilities minus cash divided
by total assets.

Market-to-Book Value (Mtbv) | Market capitalization scaled Benslama et al. (2025)
by book value of equity

Independent Variables

Environmental Reporting Measured using the GRI GRI (2021), Atanda et al., 2021
(Envd) environmental disclosure

index
Social Reporting (Socd) Measured using the GRI social | GRI (2021), Atanda et al., 2021

disclosure index

Governance Reporting (Govd) | Measured using governance | GRI(2021), Atanda et al., 2021
disclosure scores

Moderating Variable

Foreign Ownership (Fown) Percentage of shares held by | Saini & Singhania (2019)
foreign investors

Control Variables

Firm Size (Fsiz) Natural logarithm of total Islam et al. (2023)
assets
Earnings Per Share (Eaps) Net profit after tax scaled by | Gharaibeh et al. (2022)

total outstanding shares

Market Capitalization (Mcap) | Natural logarithm of market Narayan et al. (2011)
capitalization

Leverage (Deta) Total debt divided by total Njoku & Lee (2025)
assets

Source: Authors’ Compilation (2025)

4., Results Presentation
Descriptive Statistics

Thissection presentedimportant statisticalinformation and overview of the characteristics
of the explanatory variables (environmental reporting, social reporting and governance
reporting), dependent variables (Tobin’s Q and Market-to-Book Value), and moderating
variable (foreign ownership). Table 2 revealed the descriptive statistics for the study.
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Table 2: Descriptive Statistics

Variable Obs. Mean Std. Dev. Minimum Maximum
Tobq 460 1.668 1.740 0.030 15.050
Mtbv 460 3.245 9.623 -76.190 91.690
Envd 460 0.135 0.257 0.000 1.000
Socd 460 0.333 0.191 0.000 1.000
Govd 460 0.384 0.200 0.000 1.000
Fown 460 0.482 0.500 0.000 1.000

Fsiz 460 7.168 0.949 5.120 9.520
Eaps 460 2.002 7.251 -32.340 57.630
Mcap 460 6.935 1.149 4.700 11.990
Deta 460 65.694 37.219 2.010 351.720

Source: Authors’ Computation (2025)

Tobin’s Q (Tobq) - the dependent variable had a mean value (1.668) with a standard
deviation value (1.740), indicating that, on average, the market value of the listed
manufacturing firms in Nigeria was about 1.67 times their asset replacement costs.
The high standard deviation implied considerable variability in firm values across the
sample. The minimum and maximum values range from 0.030 to 15.050, suggested that
while some firms had relatively low market valuations, others were valued significantly
higher, highlighting disparity in firm value within the industry. The second measure of
firm value, Market-to-Book Value (Mtbv), had a mean value (3.245) with relatively high
standard deviation value (9.623), reflecting wide disparity in the firms’ market valuation
relative to their book value. The minimum value and maximum value were -76.190 and
91.690 respectively. The negative minimum value suggested that some firms may have
experienced financial distress, leading to market values falling below their book values.

For the independent variables, Environmental reporting (Envd) had a mean score of
0.135 with a standard deviation of 0.257. This low mean suggested that the level of
environmental disclosure among the sampled firms was generally low. The maximum
score of 1.000 indicated that some firms provided comprehensive environmental
reporting. Social reporting (Socd) showed a mean of 0.333 and a standard deviation of
0.191, indicated a relatively higher level of social disclosure compared to environmental
reporting. The maximum score of 1.000 showed that some firms fully comply with social
reporting standards, while others did not engage in social disclosures at all as indicated
by the minimum score of zero. Governance reporting (Govd) had a mean value (0.384)
with std. dev. value (0.200), suggested moderate governance disclosure levels among the
firms. While some firms provided full governance disclosure, others still lag.

The moderating variable, Foreign Ownership (Fown), had a mean value (0.482) with
standard deviation value (0.500). This suggested that, averagely, about 48% of the
ownership in the sampled firms was held by foreign investors. The minimum and
maximum values of 0.000 and 1.000, respectively, indicated that while some firms had
no foreign ownership, others were fully owned by foreign investors. For the control
variables employed, the mean and std. dev. values for firm size (Fsiz) were 7.168 and
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0.949 respectively. The minimum value of 5.120 and maximum value of 9.520 implied
a moderate spread in firm sizes, suggested that while some firms were relatively small,
others were considerably larger. Earnings per share (Eaps) had a mean of 2.002 and a high
standard deviation of 7.251, suggested substantial variability in profitability across firms.

Normality Test

Normality test was conducted to assess whether the data distributions for firm value,
sustainability reporting components, as well as the moderating variable, Foreign
Ownership (FOWN), and control variables followed a normal distribution. The Shapiro-
Wilk test was employed to evaluate the normality of the data distributions for key
variables.

Table 3: Result for Data Normality

Variables Obs. w \ z Prob >z
Employed

tobq 460 0.594 149.173 12.085 0.000
mtbv 460 0.433 208.627 12.895 0.000
envd 460 0.904 35.178 8.597 0.000
socd 460 0.955 16.526 6.772 0.000
govd 460 0.977 8.513 5.171 0.000
fown 460 1.000 0.097 -5.625 1.000
fsiz 460 0.985 5.541 4.134 0.000
eaps 460 0.484 189.831 12.667 0.000
mcap 460 0.969 11.572 5.912 0.000
deta 460 0.757 89.481 10.851 0.000

Source: Authors’ Computation (2025)

Table 3 above revealed that the dependent variables of Tobin's Q (tobq) (prob>z = 0.000)
and Market-to-book value (mtbv) (prob>z = 0.000) - were “not normally” distributed since
the probability values (z-statistics) were at 1% significance level. Similarly, explanatory
variables - envd, socd, govd were not normally distributed given the probability value
(prob>z =0.000) significant at 1% level. In addition, the control variables, fsiz, eaps, mcap,
deta also exhibited non-normal distributions as indicated by the significant probabilities
of the z-statistics at the 1% level. However, the moderating variable, Foreign Ownership
(fown), with a probability value of (prob>z = 1.000), followed a normal distribution
since its z-statistic was insignificant at both the 5% and 1% significance levels. Given the
prevalence of non-normality in most of the variables, as indicated by the Shapiro-Wilk test,
the study adopted appropriate corrective measures and for the purpose of examining
the association among the variables, the “Spearman rank” correlation technique was
employed. This approach was suitable for handling non-normally distributed data,
thereby ensuring the robustness and reliability of the statistical inferences drawn from
the analysis.
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Result of Correlation Analysis

The results gotten by employing Spearman Rank Correlation for testing the association
among the variables as disclosed in Table 4.

Table 4: Result for Correlation Analysis

o]l @] e le | ol e o©]d)

Variables
Employed

(1) tobq 1.000
(2) mtbv 0.673 | 1.000
(3) envd 0.047 | 0.184 | 1.000
(4) socd 0.044 | 0.198 | 0.422 | 1.000
(5) govd 0.177 | 0.203 | 0.249 | 0.563 | 1.000

(6) fown 0.033 | 0.153 | 0.158 | 0.148 | 0.186 | 1.000

(7) fsiz 0.016 | 0.250 | 0.483 | 0.547 | 0.440 | 0.288 | 1.000
(8)

9)

(10

8) eaps 0.138 | 0.325 | 0.346 | 0.398 | 0.317 | 0.226 | 0.525 | 1.000
9)mcap | 0.324 | 0.527 | 0.455 | 0.567 | 0.494 | 0.278 | 0.883 | 0.596 | 1.000
10) deta | 0.247 | -0.048 | 0.014 | -0.170 | -0.204 |-0.085 |-0.072 | -0.326 | -0.192 | 1.000

Source: Authors’ Analysis (2025)

The results in Table 4 disclosed that Tobin's Q (tobq) - dependent variable, exhibited
a positive association with market-to-book value (mtbv) (0.673), indicated that as one
measure of firm value increases, the other tends to increase as well. All the independent
variables showed weak positive association with both tobqg (0.047) and mtbv (0.184).
These positive correlations suggested a general alignment between the dimensions of
sustainability reporting and firm value, though the associations were weak. Regarding
the moderating variable, foreign ownership (fown) was positively associated with tobq
(0.033) and mtbv (0.153). It also revealed weak positive association with the three
explanatory variables (envd, socd, govd) with the values (0.158, 0.148, 0.186) respectively.
Itimplied that foreign ownership had slight positive association with both firm value and
sustainability reporting, although the strength of these associations was low.In terms of
the control variables, firm size (fsiz) had positive correlation with Tobin’s Q (tobq) (0.016)
as well as market-to-book value (mtbv) (0.250). The results revealed that multicollinearity
problem did not exist as all the associations among the independent variables employed
were moderate.

Regression Analysis

To examine the relationship between firm value measured by [Tobin’s Q (tobq) and
Market-to-book value (mtbv)], as the dependent variables and the explanatory variables,
as well as to test the formulated hypothesis, panel regression estimate was employed. This
was needed as the outcomes revealed absence of homoscedasticity (heteroscedasticity),
and this could influence the accuracy of standard ordinary least squares (OLS) estimates.
The results were presented in Table 5 and discussed below.
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Table 5: Sustainability Reporting and Firm Value: The Role of Foreign Ownership

m @ 3) 4 ) (6) 7) @®)

Variables OLS FE RE LSDV oLS FE RE LSDV
Employed
envd S1I8T*¥¥* | -1.284%%% | -1.193%** | -1.284*** -3.874 -4.345 -4.635 -4.345
(0.000) (0.000) (0.000) (0.000) (0.121) (0.126) (0.072) (0.126)
socd 0317 -0.397 -0.206 -0.397 9.088** 3.724 6.605 3724
(0.478) (0.411) (0.653) (0.411) (0.014) (0.408) (0.098) (0.408)
govd 0.377 0.609 0.384 0.609 -11.545%%* -4.577 -8.298** -4.577
(0.310) (0.160) (0.331) (0.160) (0.000) (0.257) (0.014) (0.257)
fown 0.348 -0.250 -0.023 -0.250 0.297 -0.515 1.273 -0.515
(0.103) (0.552) (0.936) (0.552) (0.866) (0.896) (0.573) (0.896)
fown xenvd | 0.915** | 1.125%** | 0.980%* | 1.125%** 2.8364 5.021 4.539 5.021
(0.022) (0.008) (0.015) (0.008) (0.387) (0.200) (0.197) (0.200)
fown x socd | -0.243 0.751 0.535 0.751 -17.452%** | -15.923** | -16.073*** | -15.923**
(0.692) (0.255) (0.395) (0.255) (0.001) (0.010) (0.003) (0.010)
fown x -0.992** | -0.935 -0.856 -0.935 14.935%** 5.141 10.587** 5.141
govd (0.045) (0.108) (0.106) (0.108) (0.000) (0.343) (0.020) (0.343)
fsiz -2.231%¥% | -2.046%** | -2.267%** | -2.046*** | -2.787*** -2.598 -2.683*** -2.598
(0.000) (0.000) (0.000) (0.000) (0.001) (0.124) (0.009) (0.124)
eaps 0.032*** | -0.026*** -0.006 -0.026*** | 0.602*** | 0.321*** | 0.493*** | 0.327***

(0.000) (0.004) (0.444) (0.004) (0.000) (0.000) (0.000) (0.000)

mcap 2.303%¥% | 2.597**% | 2.485%%% | 2597%*¥*% | 3532%*% | 3,692%** | 3.835%** | 3,692%**

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
deta 0.018*** | 0.014*** | 0.015*** | 0.014*** | 0.032*** | 0.059*** | 0.046*** | 0.059***

(0.000) (0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.000)
Intercept 0.372 -2.372 -0.198 -2.516%* -2.993 -5.572 -6.870 -6.805

(0.352) (0.066) (0.766) (0.032) (0.365) (0.644) (0.143) (0.533)
Obser- 552.000 | 552.000 | 552.000 | 552.000 552.000 552.000 | 552.000 | 552.000
vations
R? 0.690 0.614 0.814 0.307 0.115 0.469
Adj R? 0.684 0.570 0.793 0.293 0.014 0.409
F-stat 109.385 71.563 38.624 21.738 5.823 7.815
Year No No No Yes No No No Yes
Dummy
Hettest 508.19 421.77

{0.000} {0.000}
FE/RE 7.30 214.75 3.36 48.05

{0.000} {0.000} {0.000} {0.000}
VIF 4.79 4.79
Hausman 44.73 27.78
{0.000} {0.004}

Notes: The figures in parentheses rep. p-values (*** p<.01, ** p<.05).
Source: Authors’ Computation (2025)
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Table 5 showed the results that were obtained after estimating the models using the
ordinary least squares (OLS) regression method for Tobin Q model and the Market-to-Book
Value model. For Tobin’s Q model, the endogenous variable had an adjusted R-Square
value (0.684). This implied that the 68% systematic variation in Tobin’s Q was caused by
explanatory as well as the control variables. The remaining unexplained percentage was
captured by the error term. Similarly, for Market-to-book value, OLS regression model
adjusted R-Square value was 0.307, inferred that the explanatory and control variables
could account for 30.7% of the variation in market-to-book value. In terms of significance,
the F-statistic for the Tobin’s Q model was 109.385, which was significant at the 1% level
(p<0.000). This indicated that the model as a whole was statistically significant, and
the independent variables had significant influence on Tobin’s Q. The F-statistic for the
market-to-book value model was 21.738, with prob. Value (p<0.000) indicates 1% level of
significance, confirming that the market-to-book value model was statistically significant.
However, due to the presence and correction of heteroscedasticity in both models and
owing to the nature of panel data being used, the need to conduct panel (fixed and
random effect) regression estimate was necessary.

To determine whether the fixed or random effects estimate was more appropriate, the
Hausman specification test was conducted. In the case of Tobin Q model, the Hausman
test produced chi-square value (44.73), with a p-value (0.000), implied that the fixed effects
model was selected over the random effects model. Similarly, in the case of the market-
to-book value model, Hausman test result reveal chi-square value (27.28), with p-value
(0.004) which supported the fixed effects model as the appropriate estimation method.
Using the Hausman test, LSDV was preferred to account for unobserved variations over
time. For Tobin’s Q model, the LSDV model revealed an adjusted R-Squared value of
0.793, implied that 79.3% of the variation in Tobin’s Q was being accounted for by the
explanatory variables when accounting for time effects. The value for adjusted R-squared
(0.409) was gotten for market to book value using the LSDV model.

5. Discussion of Findings
Sustainability Reporting and Firms’ Value: The Role of Foreign Ownership

The empirical results revealed that foreign ownership had a moderating influence on
the correlation between environmental reporting and firm value when measured using
Tobin's Q. This indicated that foreign investors tend to place higher value on firms with
robust environmental disclosure, and this aligned with global trends where sustainability
conscious investors prefer firms with strong environmental transparency. These results
are in agreement with the findings of Fitri et al. (2019); Garanina and Aray (2021)
who reported that foreign ownership enhances economic value of firms involved in
environmental sustainability practices especially in the emerging market setting.

Conversely, the results revealed that foreign ownership exerted no substantial moderating
impact on the association between environmental reporting and the firm value when
measured as market-to-book value (mtbv). This infers that although, environmental
transparency is perceived to be important by foreign investors, this are not are not
necessarily reflected by high market-to-book valuations. This finding contradicts the
results of Hasanah et al., (2023), who found a significant positive moderating effect of
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foreign ownership in the connection between sustainability reporting and value among
observed Indonesian firms. A possible explanation for this divergence is that foreign
investors may focus more on short-term stock market performance, reflected in Tobin’s Q,
rather than long-term asset valuation based on mtbv. It is advised that regulatory bodies
and policymakers can consider the implementation of incentives to motivate companies
to integrate sustainability practices in their long-term asset management policies, and
not necessarily concentrate on the immediate financial performance of the business
organizations.

Furthermore, the interaction between foreign ownership and social reporting reveals
no significant effect on firm value for Tobin’s Q, but a significant negative effect for
mtbv. This suggests that foreign investors do not consider social reporting as a value-
enhancing mechanism and may even perceive it as a cost burden, leading to a decline
in firm valuation when measured through mtbv. This aligns with the findings of Saini
and Singhania (2019), who observed that social disclosures do not necessarily translate
into financial rewards for firms, especially in such markets where shareholders are
more concerned with profitability than corporate social responsibility. The implication
for managers is to adopt a strategic approach to social responsibility by ensuring that
initiatives contribute to profitability and shareholder value rather than serving as mere
compliance measures. This information may be used by investors particularly the foreign
institutional investors to distinguish those firms undertaking substantive social initiatives
from those undertaking superficial reporting with no underlying financial payoff.

Also, the results show that foreign ownership does not significantly moderate the
relationship between governance reporting and firm value for both Tobin’s Q and
mtbv models. This suggests that foreign investors do not necessarily view governance
disclosures as a key determinant of firm value, which contradicts prior studies by Laurensia
et al. (2024), who found that strong governance reporting enhances investor confidence
and firm valuation. Regulators, however, should ensure that governance disclosures are
not merely compliance-driven but are designed to enhance transparency and investor
confidence. Financial analysts and accounting professionals should also reassess how
governance disclosures are evaluated in firm valuation models.

Conclusion and Recommendations

This study addresses the moderating influence of foreign ownership on the relationship
between sustainability reporting and value among listed manufacturing firms operating
in Nigeria. The key concern arises as a result of the growing emphasis on sustainable
practices and the unresolved impact of foreign investors in shaping corporate value. One
major inference from the study is that foreign investors tend to reward firms with robust
environmental practices, emphasizing the need for firms to align their sustainability
strategies with global expectations. However, social and governance disclosures require
deeper integration into value creation strategies to be appreciated by foreign investors.

Also, the differential impact of Tobin’s Q and mtbv suggests that firms must balance
market perceptions with book value fundamentals to optimize their valuation. This
study highlights the strategic value of aligning sustainability initiatives to the interests
of investors and market demands, especially in the emerging markets like Nigeria. In
general, the study recommends that listed manufacturing firms in Nigeria should adopt
comprehensive and strategic sustainability reporting practices, ensuring that their

ACTA VgFS, 1/2026, vol. 20, www.vsfs.cz/acta




disclosures align with international standards to attract and retain foreign investment.
Additionally, regulators should strengthen the frameworks guiding sustainability
disclosures to enhance transparency and investor confidence.

Contribution to Knowledge

This study contributes to the growing body of knowledge on sustainability reporting
and firm value in several ways. Contextually, it enriches the literature by providing
empirical insights into the Nigerian manufacturing sector, a region underrepresented in
sustainability discourse. The study also extends understanding of how foreign ownership
moderates sustainability reporting, offering nuanced insights into the role of external
investors in influencing firm value. Methodologically, the use of the LSDV regression
model contributes to advanced empirical analysis by controlling for unobserved
heterogeneity, thereby enhancing the robustness of results. Theoretically, the study
offers new perspectives on the interaction between sustainability reporting and value
of corporate organizations, suggesting that foreign ownership can either strengthen or
weaken these relationships depending on the type of disclosure. Empirically, the findings
advance knowledge by distinguishing between market-based (Tobin’s Q) and book-based
(mtbv) valuations, thereby offering a comprehensive understanding of investor behavior
and valuation mechanisms. For accounting practice, the study presents predictive
models that can aid in accurately forecasting the impact of sustainability disclosures on
firm valuation.
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Co-opetition in Financial Markets: Rational
Benchmarks, Behavioral Implementability,
and Coordination

ONDREJ CERNIK

Abstract

Background: Financial market interactions often combine rivalry with interdependence:
counterparties compete for margins, order flow, and informational advantage while relying
on shared infrastructure, standards, clearing, and liquidity conventions. This creates a co-
opetitive setting in which cooperation expands feasible outcomes and competition or
convention selects a surplus division.

Aim: This paper formalizes co-opetition in financial markets as a two-layer bargaining
structure in which cooperation expands the feasible bargaining set S (through
infrastructure, standards, clearing, and admissible information-sharing), while competition
or convention selects an agreement on the Pareto frontier P(S).

Methods: Two axiomatic bargaining solutions—the Nash solution (NS) and the Kalai-
Smorodinsky solution (K-S)—are used as replicable rational benchmarks. Convex
bargaining environments are compared with regime-type nonconvex environments,
and the behavioral layer is expressed through an implementability criterion based on
proportional asymmetry.

Results: In convex settings, NS and K-S provide alternative benchmark selections that
differ in product efficiency and proportionality. In regime-nonconvex settings, Pareto
efficiency alone does not determine the branch on which coordination should occur; the
K-S ray-intersection is therefore interpreted as a publicly readable focal candidate for
regime selection.

Conclusions: The paper does not claim an empirical proof of market-wide behavioral
stability. Instead, it formulates behavioral implementability as a testable coordination
condition: under regime nonconvexity and repeated or reputational interaction, observed
agreements are expected to be closer to proportional K-S-like selections than to product-
efficient extremes. A minimal observational, structural, and experimental verification
strategy is outlined.

Keywords
co-opetition; bargaining; Nash solution; Kalai-Smorodinsky; Pareto frontier; focal points;
financial markets; liquidity; OTC; RFQ; market making
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Introduction

Financial market interaction is frequently characterized by simultaneous rivalry and
interdependence. Competitors may rely on shared infrastructure (clearing, settlement,
quoting conventions), benefit from common standards, and jointly sustain liquidity,
while still competing for margins, order flow, and informational advantage. A purely
dichotomous view—competition versus cooperation—remains analytically insufficient
whenever value creation (expanding feasible outcomes) and value appropriation
(splitting surplus) occur at the same time.

The purpose of this paper is twofold. First, a replicable rational benchmark is provided:
for a given bargaining problem (S, d, u*) two standard axiomatic solutions—NS and
K-S—are computed and interpreted. Second, a behavioral layer is added to explain
why a mathematically efficient candidate may be unstable if perceived as excessively
asymmetric. In relationship-based interactions, legitimacy, reputational costs, and
renegotiation risk shape what is implementable, not only what is optimal in a one-shot
sense.

Relative to the earlier treatment of co-opetition in financial markets (Cernik, 2025a), the
present paper adds an explicit bargaining-model formulation, a nonconvex coordination
interpretation, and a verification logic.

The contribution is therefore situated at the intersection of (a) cooperative bargaining
theory (Nash, 1950; Kalai & Smorodinsky, 1975), (b) a convex vs nonconvex comparison
that captures regime-type feasibility, and (c) a coordination interpretation of K-S in
nonconvex environments inspired by focal-point reasoning (Schelling, 1960). The paper
is written to be usable by researchers of financial markets: the formal model is explicit,
the numerical illustration is verifiable, and the discussion is anchored in standard market
language (OTC, RFQ, spreads, margin, market making).

The paper is structured as follows. Section 1 introduces the setting and the research
objective. Section 2 defines the relevant actors and formalizes co-opetition as a two-
layer structure in bargaining terms. Section 3 presents the bargaining model and the
two solution concepts. Section 4 reports results for convex and nonconvex cases and
formulates a testable hypothesis. Section 5 discusses implications for market functions,
limitations, robustness, and verification. The Conclusion summarizes the rational and
behavioral insights. An Appendix provides a mathematically stronger formulation of the
coordination claim.
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1 Theoretical framework

Co-opetition is defined as simultaneous competition and cooperation. In the present
financial-market interpretation, cooperation is associated with actions that expand the
feasible set of outcomes—by lowering frictions or improving enforceability—whereas
competition (or, more broadly, convention) determines how the resulting surplus is
divided. This split is consistent with the value-creation vs value-appropriation distinction
and avoids conflating legitimate cooperation with collusive outcome coordination. This
understanding is consistent with the strategy-literature interpretation of co-opetition as
the simultaneous pursuit of competitive and cooperative advantages (Brandenburger &
Nalebuff, 1996).

1.1 Actors in financial markets (for modelling purposes)

Formodelling purposes, 'actors' are defined as two counterpartiesin a concrete interaction
whose utilities u1 and u2 are affected by whether an agreement is reached. Typical pairs
include: (i) investor/portfolio manager versus dealer/market maker (e.g., RFQ execution),
(ii) issuer or underwriting syndicate versus buy-side distribution (allocation and pricing),
(iii) two OTC counterparties negotiating contract terms (spread, haircut, collateral
schedule), or (iv) two competing institutions that may share a standard or infrastructure
while competing on margin and volume.

Institutions such as exchanges, CCPs, settlement infrastructure, and regulation are
treated as an exogenous environment: they shape frictions, admissible information,
constraints, and enforceability, thereby deforming the feasible bargaining set S and the
disagreement point d. Accordingly, 'player 1 and player 2' are counterparties, while the
market microstructure and institutional design determine the geometry of S.

1.2 Formal writing of co-opetition in the model

Co-opetition is formalized as a two-layer structure:

(i) Cooperation is represented as an enlargement of the feasible bargaining set S. In
a financial-market context, such enlargement is generated by improved infrastructure,
standardization, legally admissible transparency, reduced transaction costs, and higher
reliability of post-trade processes. These measures expand the set of implementable
utility pairs without requiring outcome collusion.

(ii) Competition/convention is represented as a selection of a point on the Pareto frontier
P(S). Given S, counterparties compete over how the surplus is split; bargaining solutions
(NS, K-S) provide replicable selection rules. The separation is essential: cooperation that
expands S must be distinguished from collusion that narrows competition by jointly
fixing outcomes against third parties.

1.3 Why the behavioral layer makes co-opetition realistic

Rational bargaining solutions provide a benchmark: for a given (S, d, u*) they identify
candidate points on P(S). In real financial interactions, however, implementability is
influenced by perceived legitimacy, renegotiation risk, and reputational constraints.
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A mathematically efficient point may be unstable if perceived as disproportionately
asymmetric. In repeated or relationship-based settings, such instability may reduce
future cooperation, thereby shrinking S and destroying value over time.

This paper does not claim a universal empirical “behavioral implementability” of financial
markets. Instead, it introduces a behavioral layer as an implementability supplement:
in relationship-based interactions, legitimacy, renegotiation risk, and reputational
constraints affect which Pareto-efficient outcomes are accepted and sustained.
Accordingly, the contribution is a falsifiable prediction about implementability of
selection rules under regime nonconvexity, not an econometric generalization for
markets as a whole.

Proportional rules such as K-S are often more publicly readable: proportionality with
respect to a shared reference (utopia) is easier to communicate and defend than an
extreme product-efficient outcome. Accordingly, K-S can be interpreted as a reputational
anchor that lowers conflict probability and improves the likelihood that cooperation (i.e.,
the expansion of S) is sustained.

2 Methodology and bargaining model

In this section, the bargaining problem is defined, the Pareto frontier is introduced, and
the two benchmark solutions are stated. The exposition is intentionally explicit to ensure
replicability and verifiability.

2.1 Bargaining problem and basic objects

A two-player bargaining problem is defined as a triple (S, d, u*), where S is a subset of
S € R? is the feasible set of utility pairs (u;, uy), d = (d1, d2) € S is the disagreement
point (outside option), and u* = (u1*, u2*) is the utopia point used as a reference for
proportionality.

The Pareto frontier P(S) is the set of feasible points that are not Pareto dominated within
S. In applications, S is shaped by market frictions, contract constraints, and institutional
design. Two calibrations are considered: (i) a convex benchmark with a smooth frontier
and (i) a regime-type nonconvex case with an envelope consisting of two branches
(AU B).

2.2 Nash solution (NS) and iso-product curves

The Nash solution selects a feasible point that maximizes the product of surpluses over
the disagreement point, subject to individual rationality:

uMe € arg max{(u; — dy)(u, — dy) : (U, uy) €5, u > di} (1

Iso-product curves (u, — d,)(u, — d)) = const are hyperbolas centered at d in the (u;, uy)
plane. In the smooth convex case, NS is interpreted geometrically as the tangency point
between an iso-product hyperbola and the Pareto frontier P(S).
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2.3 Kalai-Smorodinsky solution (K-S) and the ray construction

The Kalai-Smorodinsky solution preserves proportionality of gains with respect to the
utopia point. It is obtained by intersecting the Pareto frontier with the ray starting at d
and directed toward u*:

ue€P@S)N{d+tu*-d):t€[01]} (2)

Equivalently, u¥® is the farthest feasible point along the ray d — u* that remains on P(S).
Compared to NS, K-S typically yields a more symmetric outcome (closer to the fairness
diagonal u; = u,) in convex cases.

3 Analysis and results

This section reports results for the convex benchmark and the regime-nonconvex case.
The aim is to separate the classical efficiency-fairness trade-off from the additional
coordination problem that arises under nonconvexity.

3.1 Convex bargaining set: NS versus K-S (Figure 1)

In the convex benchmark, S is connected and P(S) is smooth. The difference between NS
and K-S is read as a standard trade-off: NS emphasizes product efficiency (larger surplus
product), potentially at the cost of greater asymmetry; K-S enforces proportionality
relative to u* and is therefore typically closer to the diagonal u, = u,.
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Figure 1: Convex bargaining set S and Pareto frontier P(S): Nash solution (NS) versus
Kalai-Smorodinsky solution (K-S)
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3.2 Nonconvex bargaining set: regime structure AUB

The nonconvex case captures regime-type feasibility, where two qualitatively different
implementation modes coexist. The Pareto envelope P(S) = A U B contains an 'intermediate
valley' between branches. Economically, such structure is consistent with states such as
normal vs stressed liquidity, cleared vs uncleared implementations, or alternative contract
packages (tight spread/high margin vs wide spread/low margin).

Under nonconvexity, Pareto efficiency alone does not identify the branch on which
coordination should occur. A product-efficient optimum may be located at an extreme of
the envelope and may therefore be difficult to implement in repeated interactions.
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3.3 K-S as aregime-selection rule on the Pareto envelope (Figure 2)

Figure 2: K-S as a coordination rule on a nonconvex Pareto envelope: intersection of the
ray d — u* with P(S)
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3.4 Comparative table (NS x K-S; convex x nonconvex)

Table 1: Comparative table (NS x K-S; convex x nonconvex)

Environment Solution Coordinates Efficiency vs Behavioral aspect
(ut,u2) fairness (implementability
/ coordination
readability)
Convex S NS see Figure 1 product may be contested
efficiency; if fairness is salient;
potentially more | renegotiation risk
asymmetric
Convex S K-S see Figure 1 proportional publicly readable;
outcome; closer |often more
toul =u2 implementable in
repeated relations
Nonconvex AU B | NS see Figure 2 efficient but conflict-prone;
may select an weaker coordination
extreme branch |readability
Nonconvex A U B | K-S see Figure 2/ proportional focal candidate;
Table B1 compromise on |reputational
the envelope anchor; higher
implementability

Source: Own elaboration

4 Testable hypothesis and verification logic

In this section, the logical role of the hypothesis is stated. First, the rational benchmark
locates standard candidates on P(S). Second, the behavioral layer explains why
some mathematically efficient candidates may be unstable (rejection, renegotiation,
reputational loss, withdrawal from cooperation). Third, the nonconvex extension shows
that regime-type feasibility introduces an additional coordination problem; the ray-based
K-S construction yields a publicly readable candidate for regime selection.

Definition (Behavioral implementability). We model implementability as the probability
that a candidate agreement u € P(S) is accepted and sustained in relationship-based
interaction. Let normalized gains be g(u) = (u, — d)/(u* — d) and define proportional
asymmetry A(u) = |g;(u) — g,(u)|. Implementability satisfies m'(A) < 0: higher proportional
asymmetry increases rejection/renegotiation/reputational risk. Hence K-S-like outcomes
(low A) are predicted to be selected more often under repetition and reputation than

product-efficient extremes.

4.1 Testable hypothesis (H1)

H1 (Proportional outcomes under regime nonconvexity and relationships). In regime-
nonconvex and relationship-based interactions (i.e., when feasibility is branch-structured
and counterparties interact repeatedly or reputationally), observed agreements are
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expected to be closer to proportional rules (K-S-like selections) than to product-efficient
extremes (NS-like extremes).

4.2 What is meant by “closer to proportional rules”

An agreement is considered K-S-like if it lies near the ray from d to u* on the Pareto
envelope and exhibits limited deviation from proportional gains. Operationally, this can
be expressed by a smaller absolute asymmetry |u; — u,| (after normalization), or by lower
distance to the computed K-S prediction compared to the NS prediction.

Operationalization. For each task instance (S, d, u*), compute u™ and u¥. For an observed
choice u, define D_KS = |ju — u*| and D_NS = |u — u™| (Euclidean distance on normalized
utilities), and proportional asymmetry A(u) = |g;(u) — g(u)| with g,(u) = (u—d)/(u*-d).
Outcomes are classified as K-S-like if D_KS < D_NS (and/or A(u) is below a threshold).

4.3 Minimal verification design (to avoid ambiguity)

To ensure verifiability rather than narrative plausibility, a minimal verification design is
proposed. The design is structured so that the core objects (d, u*, and an empirical proxy
for S or for agreement outcomes) can be observed or approximated.

Table 2: Minimal verification design: model objects and experimental proxies

Model object Experiment proxy (what is shown/
measured)

S/P(S) Discretized Pareto-efficient candidate set
shown to participants (two branches A
and B).

d Disagreement / fallback payoff if no
agreement is reached.

u* Common utopia reference displayed for
proportionality (ray construction).

u (choice) Selected point on the envelope
(agreement) or d if no agreement.

NS, K-S Benchmark points computed for the task
instance; used for D_NS and D_KS.

Implementability Manifests as selection of points with lower

A(u) in repeated/reputation treatments.

Regime nonconvexity Branch structure A U B implemented by
design; convex control condition available.

Source: Own elaboration
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4.3.1 Empirical (observational) verification

First, a domain should be selected in which relationship-based interaction is plausible:
OTC trading, RFQ protocols, long-term dealer—client relations, prime brokerage, or
repeated market-making relationships. Second, situations with regime shifts should be
identified, such as normal vs stressed liquidity or cleared vs uncleared implementations.
Third, agreement outcomes should be operationalized by contract terms and prices:
spreads, fees, haircuts, margin requirements, or allocation terms.

Fourth, proportionality versus extremes should be proxied. K-S-like outcomes should
display more consistent proportional splits over time and lower asymmetry, whereas NS-
like extremes should be associated with pronounced asymmetry and higher variability.
Fifth, robustness should be checked with alternative definitions of d and u*, and with
alternative stress indicators (volatility, liquidity metrics).

4.3.2 Structural verification (calibrating S)

Where feasible, an approximation of S can be calibrated from historical constraints and
observed feasible contract packages. Predicted NS and K-S points can then be computed
for the estimated (S, d, u*), and observed outcomes can be compared by distance-to-
prediction. H1 would be supported if relationship-based and regime-nonconvex contexts
yielded systematically smaller distances to K-S than to NS-extremes.

4.3.3 Experimental verification (focal coordination under repetition and reputation)

Experimental verification (fully specified). The proposed experiment implements
a controlled bargaining task with a regime-nonconvex Pareto envelope P(S)=A U B,
a given disagreement point d and utopia reference u*. Participants repeatedly select an
agreement point u from a discretized set of Pareto-efficient candidates (two branches
A and B), or fall back to d if no agreement is reached. We use a 2x2 design: (i) one-shot
vs repeated interaction (same counterpart for multiple rounds) and (ii) anonymous vs
reputational setting (history/score visible). Primary outcome measures are distances to
the rational benchmarks (D_KS = |ju — u®|, D_NS = |u — u™|) and proportional asymmetry
A(u) = |gs(u) — g,(u)|. H1 is supported if repeated and reputational treatments yield
systematically lower D_KS than D_NS (and lower A(u)) compared to one-shot anonymous
settings.

5 Discussion

This section interprets the analytical results for financial market functions, states
limitations, and clarifies robustness conditions. The aim is to make explicit what the
rational benchmark can and cannot explain, and where the behavioral layer becomes
necessary for implementability.
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5.1 What the rational benchmark explains—and what it does not

For a given (S, d, u¥), the rational layer yields clear predictions: NS and K-S are uniquely
defined selection rules on P(S). In convex environments, the difference is naturally
interpreted as efficiency versus proportional fairness. In nonconvex environments,
however, an additional coordination problem arises: multiple efficient candidates coexist
across branches, and a product-efficient solution may land on an extreme.

5.2 Why the behavioral layer determines implementability and
legitimacy

The behavioral layer is not treated as a denial of rationality, but as an implementability
supplement. In repeated or relationship-based interactions, a one-shot surplus-
maximizing outcome can be rejected, renegotiated, or punished via future terms (wider
spreads, stricter margin, reduced willingness to provide liquidity) if it is perceived as
excessively asymmetric. Implementability is therefore associated with outcomes that are
publicly defensible, predictable, and compatible with reputational capital. Proportional
rules such as K-S are often more readable and less vulnerable to being attacked as
arbitrary.

5.3 Coordination readability in nonconvex settings: K-S as regime-
-selection

Under regime nonconvexity, Pareto efficiency does not determine which branch should
be selected. The K-S construction is therefore interpreted as a publicly reproducible
regime-selection rule: if the ray r(t) = d + t(u*—d) intersects the Pareto envelope in
a unique point, a single compromise is determined without additional meta-bargaining
about the regime. This interpretation links the model to coordination reasoning and
motivates H1 as a testable claim rather than a normative statement.

5.4 Implications for five market functions (rational x behavioral)

(1) Price formation. Under rational assumptions and low frictions, competition aggregates
information into prices; cooperation mainly expands S by reducing costs and improving
enforceability. Under behavioral frictions (sentiment, framing), implementability can be
enhanced by readable conventions and transparent rules, provided collusion is avoided.

(Il) Capital allocation. Rationally, allocation follows risk-adjusted returns and information;
cooperation reduces due-diligence and information costs, expanding feasible portfolios.
Behaviorally, benchmarking, reputational constraints, and herding can favor legitimate
proportional compromises when continuity of cooperation dominates short-run
extremes.

(Il Risk transfer. Rationally, derivatives and clearing allocate risk to those best able to
bear it; standardization is embedded cooperation. Behaviorally, loss and ambiguity
aversion can amplify regime shifts; proportional governance may support participation
but may create moral hazard if misread as an implicit guarantee.
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(IV) Liquidity. Rationally, liquidity provision is priced via spreads and inventory risk;
cooperationreducesfrictions and expands feasible volumes. Behaviorally, liquidity is trust-
sensitive and may evaporate under stress; market-making obligations and reputational
commitments increase implementability, supporting the use of proportional, readable
conventions in repeated settings.

(V) Trading volume and holding periods. Rationally, lower costs raise volume and
shorten holding periods; cooperation improves infrastructure and competition improves
execution. Behaviorally, overtrading and attention-driven trading can generate excess
volume; co-opetition should therefore be evaluated not only by cost efficiency but by
implementability and welfare under realistic behavior.

5.5 Limitations and robustness

The model treats d and u* as exogenous reference points. In practice, outside options and
aspirations can be endogenous to institutional design and market power. Nonconvexity
is a stylized representation of regime structure; the shape of A U B must be calibrated
for the domain. Cooperation must be sharply distinguished from collusion: the model’s
cooperative layer concerns S-expansion (friction reduction, infrastructure), not joint
fixing of outcomes against third parties.

Robustness is assessed by sensitivity to (i) shifts in d, (ii) alternative definitions of u*, (iii)
changes in curvature of P(S) in convex cases, and (iv) depth and location of the nonconvex
‘valley’ These changes determine whether NS selects an extreme and whether the K-S
intersection remains unique.

Conclusion

Co-opetitioninfinancial markets has been formalized as a two-layer structure: cooperation
expands the feasible set S, while competition or convention selects a point on the Pareto
frontier P(S). The rational benchmark compares NS and K-S as two replicable axiomatic
selections. In convex settings, the differenceis naturally interpreted as a trade-off between
product efficiency and proportional fairness. In regime-nonconvex settings, the problem
is not only to select an efficient point, but also to coordinate on a regime. The ray-based
K-S construction provides a publicly reproducible candidate for such coordination.

From a rational viewpoint, the benchmark clarifies where candidate agreements lie
and how the outcome shifts with the selection criterion. From a behavioral viewpoint,
implementability is shaped by legitimacy, renegotiation risk, and reputational costs.
In repeated financial interactions-OTC relationships, RFQ execution, market making-
excessive asymmetry can undermine future cooperation, widening spreads, tightening
margin, or reducing liquidity provision. Proportional outcomes are therefore interpreted
as potentially more implementable, not merely more equitable.

The coordination interpretation does not claim that markets always implement K-S.
Instead, it yields a falsifiable hypothesis: in relationship-based and regime-nonconvex
environments, observed agreements should more often resemble proportional (K-S-
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like) selections than product-efficient extremes. A minimal observational, structural, and
experimental verification design has been provided to keep the claim falsifiable.
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Appendix A (mathematically stronger formulation)

A technically stronger formulation is provided to render the existence and uniqueness
claim for the intersection of the ray r(t) = d + t(u*—d) with the Pareto envelope P(S) forma-
lly correct. For scope reasons, only a sketch is used in the main text.

Proposition A1 (existence and uniqueness of the ray—envelope intersection). Let S be
a non-empty compact subset of RA2, and let P(S) be its Pareto envelope. Let d € S be
the disagreement point and let u* € RA2 satisfy u* > d (componentwise strict). Assume
a continuous parametrization p:[0,1] = P(S) with p(0) = p_min and p(1) = p_max, such that
p, is nondecreasing and p, is nonincreasing. Define g(t) = det[p(t)—d, u*—d]. If p(0) and p(1)
lie on opposite sides of the line L = {d+tau(u*—d) : tau € R}, then there exists t_bar € [0,1]
such that p(t_bar) lies on the ray r(tau) = d + tau(u*—d), tau > 0. If moreover g is strictly
monotone on [0,1], the intersection point is unique.

Proof. Continuity of p implies continuity of g. Opposite signs of g(0) and g(1) yield
existence of t_bar with g(t_bar) = 0 by the intermediate value theorem.Then p(t_bar)-d is
linearly dependent with u*—d, hence p(t_bar) lies on L. Under standard feasibility ordering
(d < =p(t)) and u* > d, tau = 0 can be selected so that p(t_bar) = d + tau(u*—d). Strict
monotonicity of g implies uniqueness of the root on [0,1]. QED

Note. This is one convenient technical route. Alternatively, P(S) can be projected onto the
ray r and compactness can be used to ensure existence of a maximal tau; uniqueness then
requires additional conditions excluding multiple tangency points (e.g., suitable quasi-
concavity or monotonicity of the envelope in the given direction).
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Appendix B (numerical illustration values)

Calibration note (Cernik, 2025b; demonstrational benchmark). The numerical illustration
uses a transparent normalization: the disagreement point is d = (0,0) and the utopia
reference is u* = (10,10). These values are not treated as measured market objects; they
are scaling anchors that make the NS and K-S constructions directly reproducible.

Computation of benchmark values. In the convex case, the frontier is represented by a
smooth discretized curve; NS maximizes the Nash product (u;—d,)(u,—d,), while K-S is
computed as the Pareto point closest to the ray d+t(u*—d). In the regime-nonconvex
case, the Pareto envelope is represented by two discretized branches A U B and the same
computations are applied.

Link to verification. In a real experiment, participants would choose an agreement point
u from the displayed task objects (d, u*, and the discretized envelope). The resulting
observations would be evaluated by the metrics D_KS, D_NS, and A(u) defined in Section
4.2 and structured according to Appendix C.

Table B1 reports the calibration used in the benchmark examples and provides an explicit
numerical reference for replication.

Table B1: Numerical values for the convex and regime-nonconvex illustrations used in
this paper

Case d u* uhs uks Nash Notes
product

Convex (0.000000, |(10.000000, |(5.775862, |(6.086207, |38.490008 |NS/K-S
benchmark [0.000000) |10.000000) |6.663942) |6.295809) comparison

Regime- (0.000000, |(10.000000, |(10.000000, |(6.285714, |55.000000 |K-S focal
nonconvex |0.000000) 10.000000) [5.500000) |[6.428571) rule
(AUB)

Source: Own elaboration based on Cernik (2025b)
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Appendix C (experimental dataset schema)
Table C1 defines the minimal dataset schema for the proposed experiment. The variables
are sufficient to record treatment assignment, participant choices, and the derived metrics

needed to test H1 across repetition and reputation treatments.

Table C1: Dataset schema for the experimental module (Variant 1)

Variable Type Description Example
participant_id int Unique participant 17

identifier
treatment str one_shot_ repeated_reputation

anonymous /
one_shot_reputation
/ repeated_
anonymous /
repeated_reputation

round int Round index within |6
participant session
task_id int Task identifier (links |2

to task_meta.csv and
envelope_points.csv)
point_idx int Index of the selected |1
point within
envelope_points.csv
ul_choice, u2_choice | float Chosen agreement (6.29, 6.43)
point on the
envelope
D_KS float Distance to K-S 0.21
benchmark
D_NS float Distance to Nash 1.03
benchmark
A_asymmetry float Proportional 0.07
asymmetry A(u)
KS_like int Indicator: 1 if D_KS 1
<D_NSelse0

Source: Own elaboration
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Appendix D (simulated pilot illustration of the metrics)

Table D1 provides selected rows from the simulated pilot file (choices_simulated_pilot.
csv). The rows are illustrative only; they demonstrate how D_KS, D_NS, A(u), and KS_like
are computed and stored before real experimental observations are collected.

Table D1: Selected rows from the simulated pilot sample showing computed metrics

participant_ | treatment | round | task_ | ul_choice |u2_ D_KS D_NS A_ KS_

id id choice asymmetry | like

1 one_shot_ |1 1 6.396552 |5.908413 | 0.496376 | 0.977793 | 0.048814 |1
anonymous

1 one_shot_ |2 2 9.142857 |5.714286 | 2.945075 | 0.883523 | 0.342857 |0
anonymous

1 one_shot_ |3 1 6.396552 |5.908413 | 0.496376 | 0.977793 | 0.048814 |1
anonymous

1 one_shot_ |4 2 7.142857 |6.214286 |0.883523 | 2.945075 | 0.092857 1
anonymous

2 repeated_ |1 1 5.775862 |6.663942 | 0.481493 | 0.000000 | 0.088808 |0
reputation

2 repeated_ |2 2 6.285714 |6.428571 | 0.000000 | 3.828598 [ 0.014286 |1
reputation

2 repeated_ |3 1 6.086207 |6.295809 | 0.000000 | 0.481493 | 0.020960 |1
reputation

2 repeated_ |4 2 6.571429 |6.357143 | 0.294508 | 3.534091 [ 0.021429 |1
reputation

3 one_shot_ |1 1 6.086207 |6.295809 | 0.000000 | 0.481493 | 0.020960 |1
anonymous

3 one_shot_ |2 2 10.000000 | 5.500000 |3.828598 | 0.000000 | 0.450000 |0
anonymous

Source: Simulated data; own elaboration
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Appendix E
(graphical demonstration of the experimental module)

This appendix provides a reader-oriented visual demonstration of the model. It links
the calibration from Appendix B and the data structure from Appendices C-D to the
graphical representation of rational benchmarks, regime nonconvexity, and behavioral
implementability.

Calibration and provenance of the illustrative data. Table E1 restates the normalization
used in the figures. The disagreement point d = (0,0) and the utopia reference u* = (10,10)
are illustrative anchors; the feasible frontiers are discretized examples constructed to
demonstrate the computations, not empirical market estimates.

Table E1: Numerical calibration and benchmark values

Case d u* u_NS u_Ks Nash product
Convex (0,0) (10,10) (5.7759, (6.0862, 38.4900
benchmark 6.6639) 6.2958)

Regime- (0,0) (10,10) (10.0000, (6.2857, 55.0000
nonconvex 5.5000) 6.4286)

AUB

Source: Own elaboration based on Cernik (2025b)

Interpretation. The benchmark solutions NS and K-S represent the rational layer; the
regime-nonconvex envelope illustrates the coordination problem; and the simulated
choices show how behavioral implementability can be operationalized by distances to
the benchmarks.

NOTICE (Rational benchmarks in a convex environment). Figure E1 shows the baseline

case in which NS and K-S can be computed mechanically from the same publicly known
objects: S, d, and u*. The ray d—=u* makes the K-S construction transparent.
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Figure E1: Convex benchmark: the feasible frontier with d = (0,0), u* = (10,10), and the NS
and K-S benchmark points

10+ ut A
'/
1_/
ra
-
B - /"
focal point /'
Ks _°
o rayd—u”
Z 6
E .
~ _/
g .
o ~
. g /'
re
rd
-
'/
2 | = Pareto envelope P(5)
el — - rayd-u’
Fad X d
~ u*
d ~ N5 {Nash benchmark)
ol ><-" K-5 (focal candidate)
0 2 4 ] 8 10

Player 1 utility

Source: Own elaboration

Note on regime branches A and B. The branches denote regime-specific Pareto-
efficient components. They are plotted separately because the efficient envelope may
be disconnected even if the underlying feasible regimes overlap in a Pareto-dominated
interior region. The coordination problem is therefore to select both a regime and an
outcome on P(S).

NOTICE (Coordination problem under regime nonconvexity). Figure E2 shows that Pareto
efficiency alone does not determine the branch on which agreement should occur. The
K-S ray-intersection is used as a publicly reproducible focal candidate because both
parties can reconstruct it from d and u*.

The figure plots only the Pareto-efficient envelope P(S). The full feasible regions are

omitted because the NS/K-S computations and the experimental choice task require the
efficient boundary, not the dominated interior.
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Figure E2: Regime-nonconvex A U B: the coordination problem, with K-S identified by
the ray from d to u* and NS located on the product-efficient branch. The K-S point is the
focal candidate given by the ray-intersection
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NOTICE (Behavioral implementability as observable choices). Figure E3 shows how the
experimental module records choices relative to NS and K-S. Behavioral implementability

is operationalized by D_KS, D_NS, and A(u), as defined in Section 4.2.

As in Figure E2, the plot focuses on the Pareto-efficient branches because all benchmark
points and recorded choices are evaluated on that envelope.
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Figure E3: Simulated pilot choices on the regime-nonconvex task. The plot shows how

participant choices can be recorded relative to NS a

nd K-S under different treatments
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Source: Own elaboration

NOTICE (Coordination outcome summarized). Figure E4 reports the share of choices
classified as K-S-like, for example by the criterion D_KS < D_NS. The figure illustrates the
intended reporting format; it is not presented as market-wide empirical evidence.
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Figure E4: Simulated pilot summary: mean KS_like share by treatment. This demonstrates
how coordination-oriented outcomes can be summarized within the limited scope of the
article.
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Generation of pilot data. The simulated pilot uses the same d, u*, and discretized feasible
sets as the benchmark example. Each simulated row stores the chosen point u and the
derived metrics D_KS, D_NS, A(u), and KS_like. In the actual experiment, these simulated
entries would be replaced by observed participant choices.

Table E2: Simulated pilot summary by treatment

treatment mean_D_KS | mean_D_NS | mean_A mean_KS_ n
like

one_shot_ 1.6319 1.043 0.2057 0.35 20

anonymous

repeated_ 0.5551 1.8589 0.0734 0.8 20

reputation

Source: Simulated data; own elaboration
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Scope of the demonstration. The article does not claim broad empirical testing of financial
markets. The appendix demonstrates how empirical material would be generated and

processed: the calibration, benchmark values, feasible-set geometry, and observation
schema are made explicit for replication.
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Central Bank Digital Currencies:
Systemic Risk, Liquidity Transmission,
and Regulatory Governance

Abstract

Background: Central Bank Digital Currencies (CBDCs) represent a structural transformation
of monetary architecture. Every major monetary innovation has reconfigured rather than
eliminated systemic risk, and CBDCs follow this pattern introducing design-contingent
liquidity risk, novel operational and cybersecurity vulnerabilities, and regulatory
governance gaps at sovereign scale.

Aim: This paper examines CBDCs through an integrated risk-based framework, analysing
liquidity risk, monetary transmission effects, operational and cyber risks, and user adoption
dynamics as interconnected rather than independent dimensions.

Methods: A comparative analytical review synthesizes monetary economics models,
macro-network simulations, institutional reports (BIS, IMF, ECB), and an Austrian user
survey (n=2,006) across three analytical expectations.

Results: Liquidity and transmission effects are design-contingent; operational and cyber
risks are qualitatively distinct from those of prior financial technologies due to sovereign-
scale concentration; adoption dynamics interact with the risk architecture: crisis-driven
conversion to CBDC poses greater systemic risk than voluntary gradual adoption.

Conclusions: CBDCs do not remove systemic fragility; they redistribute it across liquidity,
operational, privacy, and governance channels. The evidence suggests that policy
outcomes depend primarily on design choices and rollout conditions, which makes
cautious, cash-like, privacy-sensitive implementation the most prudent baseline.
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Introduction

Central Bank Digital Currencies (CBDCs) are increasingly framed as the next evolutionary
stage in sovereign money. As Tang and Si (2025) describe, a CBDC is "a digitized liability of
the central bank designed to function as legal tender in electronic form," a definition that
positions CBDCs not as a payment system upgrade but as a fundamental reconfiguration
of the monetary architecture. The Bank for International Settlements (BIS) draws the same
conclusion: "issuing a CBDC should not be considered to be a technological project but
rather a fundamental change in the way that the central bank operates" (BIS, 2023).

As of 2024, over 130 countries representing 98 per cent of global GDP were investigating
CBDC projects (Atlantic Council, 2024). Live deployments include the Bahamas Sand
Dollar, Nigeria eNaira, Jamaica JAM-DEX, and China e-CNY. The ECB digital euro project
has advanced to its preparation phase. Yet despite this momentum, the academic and
policy literature has treated CBDC risks in silos: financial stability researchers examine
disintermediation; cybersecurity specialists analyse attack surfaces; regulatory scholars
debate privacy-compliance trade-offs; and user-adoption researchers study payment
preferences. An integrated framework that connects these dimensions is largely absent.

Prior studies have addressed these risk dimensions individually: financial stability research
examines disintermediation (Keister & Sanches, 2023; Luu et al., 2023); operational and
cybersecurity work analyses attack surfaces and governance gaps (BIS, 2023); legal
scholarship debates privacy-compliance architectures (Soana & de Arruda, 2024); and
behavioural research studies adoption determinants (Abramova et al., 2022; Singh et al.,
2025). What the literature lacks is a framework that models the interactions between these
dimensions how adoption success shapes operational risk exposure, how a privacy breach
triggers compliance obligations that erode user trust and amplify liquidity stress, and how
design choices intended to improve monetary transmission simultaneously determine the
run-risk profile. This paper's distinctive contribution is to make these feedback dynamics
explicit, offering an integrated risk architecture analysis that is more than the sum of its
disciplinary parts.

A systematic review of 140 peer-reviewed CBDC studies proposes a 'design trilemma':
no retail CBDC architecture can simultaneously maximise privacy, financial stability, and
regulatory compliance (Said & Lansky, 2026). The integrated risk framework proposed in
this paper complements this finding by modelling the feedback dynamics through which
failures in one risk dimension propagate and amplify risk in others.

This paper addresses that gap by examining CBDCs through a unified risk-based lens.
It draws on two analytical foundations. The first is the historical observation that every
major monetary innovation from fractional-reserve banking to the introduction of real-
time gross settlement (RTGS) systems has reshuffled rather than reduced systemic risk.
The second is the BIS taxonomy of money (Bech & Garratt, 2017), which distinguishes
retail from wholesale CBDCs, and token-based from account-based architectures, as the
foundational design variables that determine how risks materialize.
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The paper investigates three analytical expectations. (AET) CBDC-induced liquidity and
transmission effects are design-contingent and structurally ambiguous: depending on
remuneration, holding limits, and market structure, they can either amplify or reduce
financial fragility. (AE2) Operational, cyber, and regulatory risks introduced by CBDCs are
qualitatively distinct from those of prior financial technologies, because they operate at
the core of sovereign monetary systems. (AE3) User adoption dynamics interact with the
risk architecture: privacy concerns, security perceptions, and digital experience shape not
only adoption likelihood but also the nature of liquidity risk that materializes in practice.

Section 1 reviews the literature across four thematic dimensions, Section 2 presents
the methodology, Section 3 reports the findings, Section 4 discusses the integrated
risk framework, and Section 5 sets out the policy recommendations. The conclusion
synthesizes the main insights and identifies directions for future research.

1. Literature Review
1.1 Monetary Innovation and the Reconfiguration of Systemic Risk

The historical record of monetary innovation offers the most important prior for evaluating
CBDC risks: transformations in monetary architecture consistently reconfigure systemic
risk rather than eliminate it. The US free banking era (1830-1863), during which private
banknotes circulated widely against volatile state bond collateral, produced a system
"economically inefficient and prone to runs" (Martino, 2024). The National Banking
Act of 1863 centralized note issuance, but systemic fragility persisted in new forms
through the banking panics of the late 19th century. The creation of the Federal Deposit
Insurance Corporation in 1933 reduced depositor run risk but gave rise to moral hazard.
The introduction of RTGS systems in the 1990s eliminated settlement risk between large
counterparties but created new concentration risks in payment infrastructure.

Paniagua Prieto (2022) documents this pattern in institutional terms, arguing that central
banks themselves did not emerge through efficiency-driven design but through "recurrent
political bargains" under conditions of incomplete contracts. The Bank of England began
as a private profit-seeking institution, acquiring monopoly privileges in exchange for fiscal
support to the state. This "entangled political economy" where monetary architecture
reflects political negotiation rather than welfare optimization is a recurring structural
feature. The same logic applies to CBDC design: choices about remuneration, access, and
privacy are not purely technical but are shaped by the distributional interests of states,
commercial banks, and financial regulators, and the resulting architecture will reflect
those negotiations as much as any welfare-optimal blueprint.

The implication for CBDC analysis is clear: risk assessment should not evaluate CBDCs

against an idealized benchmark of perfect monetary stability, but against the historically
observed pattern of innovation-driven risk reconfiguration. CBDCs will likely reduce some
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existing risks settlement risk, counterparty exposure, cash management costs while
introducing qualitatively new vulnerabilities at sovereign scale.

1.2 Liquidity Risk and Monetary Transmission under CBDCs

The primary financial stability concern associated with retail CBDCs is bank
disintermediation: the risk that households and firms shift deposits from commercial
banks into CBDC, draining the funding base that supports credit creation. The ECB
articulates the mechanism directly: "given its safety (plus the potential to carry interest),
CBDCis considered to increase run incentives converting bank deposits into CBDC shields
them from the risk associated with a bank failure" (Ahnert et al., 2024). Infante et al.
(2024) document that even moderate adoption could produce "a sizable outflow of bank
deposits into CBDC holdings," forcing banks onto more expensive wholesale funding and
contracting credit supply.

Macro-network simulations by Castrén, Kavonius, and Rancan (2022) reinforce the
systemic dimension of this risk: even a 20 per cent deposit shift can create substantial
bank funding gaps, forcing asset sales that depress corporate bond prices and restrict
household borrowing through second-order contagion effects. Tercero-Lucas (2023),
using a Diamond-Dybvig framework, shows that the relationship between CBDC interest
rates and bank stability is nonlinear: moderate remuneration may improve competitive
outcomes and financial inclusion, but high remuneration accelerates the disintermediation
that creates fragility. Critically, Nyffenegger (2024) demonstrates that the nature of CBDC
use is determinative: when CBDCs function as a medium of exchange, disintermediation
effects are limited; when used as a savings vehicle, disintermediation "almost doubles."

However, the disintermediation narrative is contested. Brunnermeier and Niepelt (2019)
demonstrate formally that under certain conditions, a swap between private and public
money leaves equilibrium allocation unchanged the "equivalence theorem" provided
the central bank lends back to commercial banks the deposits it absorbs (pass-through
funding). Chiu and Davoodalhosseini (2023) find that a cash-like CBDC can crowd in
banking intermediation by improving payment efficiency and reducing transaction
costs, increasing bank intermediation by up to 10.2 per cent in a calibrated US model.
Luu, Nguyen, and Nasir (2023), in the largest cross-country empirical study to date (1,176
banks, 86 countries), find that retail CBDC adoption is associated with improved bank
stability on average, though effects are heterogeneous by bank size and market structure.

On monetary transmission, CBDCs introduce both enhancements and complications.
A remunerated CBDC strengthens interest-rate pass-through: because CBDC holdings
are more responsive to policy rate changes than commercial deposits which adjust
sluggishly due to market power CBDCs can accelerate the transmission of rate decisions
to final borrowers (Ahnert et al., 2024). In concentrated banking markets, this competitive
pressure may increase bank lending rather than reduce it (Chiu et al., 2022, as cited in
Ahnert et al., 2024). Programmability introduces an additional transmission channel:
central banks could embed spending conditionality into CBDC (for instance, directing
stimulus payments to essential goods categories) or eliminate the zero lower bound by
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applying negative rates directly to CBDC holdings (Dionysopoulos et al., 2024). However,
volatility in CBDC demand driven by portfolio adjustment behaviour and flight-to-safety
during stress could complicate interest rate corridor management and make short-term
money markets less predictable (Ahnert et al., 2024).

It is important to acknowledge that the risk-focused framing of this section reflects the
paper's analytical focus, not an absence of countervailing evidence. A distinct strand of the
literature identifies conditions under which CBDCs are stabilising or welfare-enhancing.
Luu et al. (2023), in the largest cross-country empirical study available, find that CBDC
adoption is associated with improved bank stability on average across 1,176 banks in
86 countries. Financial inclusion benefits are among the most consistently cited policy
rationales for CBDC adoption in emerging markets (IMF, 2023). Payment system efficiency
gains from reducing settlement friction have also been documented as positive CBDC
effects (BIS, 2023). This paper does not contest these findings. Its focus on risk dimensions
reflects the view that effective risk governance is a precondition for realising CBDC's
potential benefits: the downside scenarios must be managed before the upside can be
confidently captured by policymakers.

1.3 Operational, Cyber, and Regulatory Risks

The operational risk profile of CBDCs is qualitatively distinct from that of prior payment
innovations. Unlike the gradual digitization of interbank settlement or the incremental
adoption of online banking, CBDCs embed the central bank directly in retail payment
infrastructure, a domain previously managed by commercial banks. The BIS identifies risks
across operating, technological, third-party, and continuity domains (BIS, 2023). It warns of
potential gaps in central banks internal capabilities and skills that may force outsourcing
to private technology providers. This creates vendor concentration and supervision risks
analogous to commercial banks historical dependence on card networks and telecoms
infrastructure.

Historical analogies are instructive. The deployment of ATMs in the 1970s-1980s
introduced fraud and reconciliation vulnerabilities before controls matured. Online
banking in the 1990s scaled faster than internal cybersecurity governance. In each case,
the pattern identified by Tang and Si (2025) obtained: technological innovation promising
efficiency was followed by rapid expansion beyond institutional governance, emergence
of systemic risk and public concern, and eventual regulatory stabilization. CBDCs are
currently in the "experimental and pilot-heavy stage globally" that corresponds to the
early phases of this cycle.

Cybersecurity risk for CBDCs is qualitatively more severe than for private financial
systems because a successful attack on CBDC infrastructure would directly threaten
trust in sovereign currency not merely in a commercial institution. Murphy et al. (2024)
document that "the aggregation of retail payment data within a central infrastructure
raises heightened cybersecurity and surveillance vulnerabilities." Offline CBDC designs
introduce an additional attack surface: Michalopoulos et al. (2025) caution that secure-
element-based offline architectures must balance "tamper resistance with compliance
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enforcement," since physical device compromise could enable illicit transactions that
bypass central monitoring entirely.

Regulatory risk involves a fundamental redistribution of supervisory power. Soana and
de Arruda (2024) argue that CBDCs may "radically change the allocation of burden and
the responsibility over the supervision of retail transactions" roles traditionally held by
commercial banks and financial intelligence units. This echoes the disruption caused by
the rise of shadow banking, which created regulatory gaps that were not addressed until
after the 2008 financial crisis. Murphy et al. (2024) identify the core governance question
as: "which entities are responsible for compliance monitoring and data protection” in
a CBDC system where the central bank is both issuer and infrastructure operator? This
dual role represents a structural conflict of interest with no clear historical precedent in
the modern central banking tradition.

1.4 Privacy Architecture: Technical Solutions and Their Limits

Privacy design sits at the intersection of all three risk dimensions. Kaur (2024) finds in
a systematic literature review that direct-model CBDCs generate extensive data collection
and central bank data retention challenges in hybrid approaches. Soana and de Arruda
(2024) warn that eliminating the anonymity properties of cash would dismantle the
remaining cone of shadow that cash guarantees. This privacy baseline has historically
constrained state financial surveillance, regardless of the regulatory framework in place.
Quantitative synthesis across 140 peer-reviewed CBDC studies confirms the structural
nature of this tension: tiered privacy, which partially sacrifices both privacy and compliance
to maintain a feasible design, is endorsed in 71.4% of privacy-coded articles, while full
anonymity is endorsed by only 3.6% (Said & Lansky, 2026).

The technical literature identifies several architectures for privacy-preserving CBDC.
Zero-knowledge proof (ZKP) protocols allow users to prove transaction validity without
revealing identifying information to the ledger operator. Blind signature schemes, used
in early e-cash systems (Chaum, 1983), enable transaction anonymity at the point of
transfer. Pseudonymous account models where users hold CBDC in addresses not directly
linked to civil identities offer intermediate privacy at the cost of reduced AML traceability.
Each of these approaches involves a privacy-compliance trade-off: the more robust the
privacy guarantee, the weaker the AML enforcement capacity a structural tension that no
technical architecture has yet resolved without design concessions on one or both sides.

Singh, Yadav, and Gupta (2025) provide empirical evidence that perceived anonymity
is a significant positive driver of CBDC adoption intentions, particularly among privacy-
sensitive user segments. This creates a market pressure for strong privacy that directly
conflicts with the regulatory demand for traceability. The design resolution identified
consistently in the literature tiered privacy by transaction size and user type is technically
feasible but politically demanding; it requires legislative definition of what constitutes
a "small" transaction exempt from full KYC, cross-jurisdictional agreement on
interoperability standards, and institutional commitment to data minimization principles
that may be eroded by mission creep.
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1.5 User Adoption and Behavioural Risk

User adoption is not merely a communications challenge; it is a risk management variable.
If adoption is lower than expected, the monetary policy rationale for CBDC (improved
transmission, reduced private-money dependence) weakens. If adoption is concentrated
in certain demographics or triggered by stress events (flight-to-safety runs), it amplifies
liquidity risk. Abramova et al. (2022), in a nationally representative survey of 2,006 Austrian
residents, find that only approximately 54 per cent expressed moderate interest in
a digital euro, with interest concentrated among younger, digitally engaged individuals.
Satisfaction with existing payment options particularly cash and debit cards were already
remarkably high across the sample.

The Austrian data carry important limitations for generalization. Austria is characterized
by high institutional trust, a well-developed banking sector, and a population close to
the European median on privacy attitudes. Countries with lower trust in government
institutions, weaker banking infrastructure, or histories of currency crises may exhibit
qualitatively different adoption dynamics. Nigeria's eNaira experience illustrates this:
despite being a live CBDC, adoption remained persistently low, attributed partly to limited
digital literacy and partly to distrust of the central bank's data governance intentions (IMF,
2023). Generalizing from high-trust, high-income survey data to global CBDC adoption
policy therefore requires caution.

Kahn and Lifares-Zegarra (2016) provide foundational evidence on the security-
behaviour nexus: identity theft incidents cause statistically significant shifts toward more
secure payment instruments, and even second-hand exposure to fraud alters payment
choices. This finding has a critical implication for CBDC risk: if users perceive the CBDC as
a surveillance instrument or as technically vulnerable, they will not merely decline to
adopt it they will actively shift toward cash and private alternatives, potentially reinforcing
the cash-reliance that CBDC policy seeks to reduce.

2. Methodology
2.1 Approach and Justification

This paper employs a comparative analytical review methodology, synthesizing evidence
from theoretical models, institutional reports, empirical cross-country studies, macro-
network simulations, and a user-preference survey. This approach is warranted by the
current state of CBDC research: most jurisdictions have not yet deployed retail CBDCs
at scale, limiting primary empirical data collection. As Kahn, Rivadeneyra, and Wong
(2018) observe, "empirical evaluation of user behaviour with new monetary instruments
is severely limited by the abstract nature of CBDC as a still-non-existent product” in most
developed economies.
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Rather than testing formal hypotheses which would require primary data not yet
available the paper frames its inquiry as three analytical expectations (AEs) grounded in
theoretical predictions from the literature. This framing is epistemologically appropriate:
AEs specify what the evidence should show if the underlying mechanisms operate as
theorized, without asserting causal claims that the available evidence cannot support.
The distinction between a hypothesis (a falsifiable empirical claim) and an analytical
expectation (a theoretically grounded prediction evaluated through triangulated
evidence) is methodologically significant: it allows honest acknowledgement of the limits
of inference from secondary data.

Literature Selection. The review follows a semi-systematic (structured narrative) approach,
appropriate given that CBDC research spans monetary economics, financial stability,
cybersecurity, law, and behavioural science. Searches were conducted in Scopus, Web
of Science, Google Scholar, and institutional repositories of the BIS, ECB, and IMF. Search
terms included combinations of: 'central bank digital currency, 'CBDC, 'liquidity risk,
'operational risk, 'privacy, 'financial stability, and 'monetary policy transmission. The
search period covered 2017-2025. Inclusion criteria required that sources address CBDC
design, risk, or policy implications through theoretical, empirical, or institutional analysis.
Opinion pieces without scholarly or institutional grounding were excluded. Where strong
policy claims draw on working papers or institutional reports rather than peer-reviewed
sources, this is flagged explicitly in the text.

2.2 Analytical Framework

The analytical framework integrates three research streams. The first is monetary
economics and financial stability literature, drawing on formal models (Diamond-Dybvig,
Brunnermeier-Niepelt, Tercero-Lucas, Keister-Monnet) and cross-country empirical work
(Luu et al., 2023) to evaluate AE1.The second is financial risk management and technology
governance literature, drawing on BIS operational risk taxonomy, IMF fintech notes, IEEE
technical assessments, and historical analogies to evaluate AE2. The third is behavioural
finance and technology adoption literature, drawing on the Austrian survey (Abramova et
al., 2022) and payment behaviour research (Kahn & Lifares-Zegarra, 2016) to evaluate AE3.

The analytical strategy triangulates across these streams to identify convergences and
divergences. Source evaluation follows a graduated hierarchy: peer-reviewed empirical
studies with large samples carry primary evidential weight; institutional reports from
the BIS, ECB, and IMF inform the policy context as secondary evidence; and theoretical
models are evaluated for their boundary conditions rather than accepted as universal
predictions. Where multiple independent methodologies (theoretical modelling, cross-
country empirics, simulation, survey data) converge on the same conclusion, confidence
is high. Where they diverge, as with the disintermediation debate, the paper specifies the
conditions under which each prediction holds rather than adjudicating between them.
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2.3 Data Sources and Limitations

The primary empirical anchors are: the Austrian CBDC user survey (Abramova et al., 2022;
n=2,006, nationally representative); the cross-country banking stability study (Luu et al.,
2023; 1,176 banks, 86 countries, 2010-2021); the BIS operational risk report (BIS, 2023); the
IMF privacy and data-use note (Murphy et al,, 2024); and the Castrén et al. (2022) macro-
network simulation. These are supplemented by theoretical models and policy analyses
cited throughout.

Key limitations: (1) the Austrian survey reflects attitudes toward a hypothetical digital
euro, not behaviour toward a live CBDC stated preferences may diverge from revealed
preferences; (2) the Luu et al. cross-country study uses a CBDC adoption index based on
announcement and investigation stage, not actual deployment, limiting inferences about
live-system effects; (3) the BIS operational risk analysis is based on expert assessment
rather than incident data, since few CBDC cyber incidents have been publicly documented;
(4) the paper does not include primary data collection. These limitations are addressed by
triangulating across multiple independent sources and by specifying the conditions under
which each finding holds rather than asserting universal generalizability.

3. Findings
3.1 AE1: Liquidity and Transmission Effects Are Design-Contingent

AE1 is supported with important nuance. Empirical evidence confirms that CBDC-induced
liquidity effects are not mechanically destabilizing; they are design-contingent and
market-structure-dependent. Three conditions amplify disintermediation risk. Fragility
is elevated: (i) when CBDC is interest-bearing at rates competitive with bank deposits;
(ii) when CBDC functions as a savings vehicle rather than a transaction buffer; and (iii)
when banking markets are competitive, preventing banks from absorbing funding shocks
through deposit rate adjustments (Keister & Sanches, 2023). Three conditions support
improved stability. CBDC reduces fragility: (i) when designed as cash-like (zero or low
interest, offline-capable), substituting for physical cash rather than deposits; (ii) when
the central bank implements pass-through funding; and (iii) when CBDC introduces
competitive pressure in concentrated banking markets, improving deposit terms and
expanding financial inclusion (Luu et al.,, 2023; Chiu & Davoodalhosseini, 2023).

On monetary transmission, the empirical evidence supports AE1's expectation that CBDCs
strengthen pass-through. Ahnert et al. (2024) demonstrate that a remunerated CBDC
"could be more responsive to changes in policy rates" than bank deposits, strengthening
the transmission of rate decisions to funding costs and lending rates. The programmability
channel is theoretically compelling but empirically under-evidenced: it is technically
feasible to embed spending conditionality or negative rate floors into CBDC, but no
live central bank deployment has yet demonstrated these capabilities at scale without
generating adoption resistance.
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Empirically, the Castrén et al. (2022) network simulation provides the most granular
quantitative insight: a 20 per cent deposit shift produces second-order contagion across
corporate bond markets and household lending, suggesting that CBDC-related liquidity
risks are systemic rather than idiosyncratic. This finding implies that existing prudential
frameworks calibrated for bank-specific liquidity shocks may be inadequate to manage
CBDC-driven run dynamics, which would propagate through the financial network before
regulatory intervention could occur.

Empirically, recent panel evidence by Rizwan, Ahmad, and Qureshi (2025) adds a further
implementation-stage nuance: while CBDC-related news is associated with lower
systemic risk in the long run overall, countries in advanced CBDC development stages
exhibit a significant positive association between CBDC-related news and systemic risk.
This suggests that the risk profile may shift as CBDC projects move from abstract policy
signalling toward operational implementation.

At the theoretical extreme of the design space, Bossone and Haines (2023) propose a 'next-
level CBDC' architecture aimed at 'super-stability’: moving all deposits off commercial
bank balance sheets and onto the central bank's ledger, thereby eliminating fractional-
reserve fragility entirely. Under this model, the central bank issues money and channels
it to banks as direct loan advances; commercial banks retain their credit intermediation
function but become fully funded pass-through entities, insulating the payment system
from insolvency risk. While radical, the proposal is analytically important because it defines
the outer boundary of the design-contingency claim in AE1: stability is achievable by
design, but only at the cost of a structural transformation of banking that no jurisdiction
has yet attempted. Most real-world CBDC frameworks are calibrated at the opposite pole
precisely to avoid this degree of disintermediation which is why design choices around
remuneration and holding limits carry such high analytical weight.

3.2 AE2: Operational and Cyber Risks Are Qualitatively Novel

AE2 is strongly supported. Empirical and institutional evidence shows that CBDC
operational and cyber risks differ from those of prior financial technologies in three
dimensions that create qualitatively new governance challenges.

First, scale and concentration. Previous financial technology introductions ATMs, online
banking, payment cards expanded risk exposure within existing intermediary structures.
CBDCs centralize transactional value within a single sovereign infrastructure, creating
a systemic single point of failure with no private-sector analogue. A successful attack on
a CBDC ledger would compromise trust in the currency itself, not merely in a commercial
institution. The BIS (2023) identifies this as the defining feature of CBDC cyber risk: its
consequences are intrinsically systemic.

Second, capability gap. Central banks have historically operated in wholesale settlement
and cash issuance not in retail-facing digital service delivery. The BIS (2023) warns
explicitly of "potential gaps in central banks' internal capabilities and skills" that may
force outsourcing to private technology vendors. This creates vendor concentration risk
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and supervision gaps, since central banks may lack the technical expertise to audit the
systems, they are contractually dependent upon. The historical parallel is the dependence
of commercial banks on card network infrastructure a dependency that became a systemic
vulnerability when network operators experienced outages or security breaches.

Third, privacy-surveillance duality. CBDC systems that aggregate retail transaction
data create a surveillance infrastructure whose misuse risk is qualitatively different
from commercial data breaches. Murphy et al. (2024) frame this as "the aggregation
problem™: centralized retail payment data enables inference of behavioural patterns,
political affiliations, health conditions, and social networks from transaction histories
alone information categories that are not captured by existing financial data protection
frameworks. Soana and de Arruda (2024) document the regulatory gap: AML and financial
integrity frameworks were designed for intermediated systems where commercial banks
hold transaction data; they do not provide adequate protections when a state institution
holds the data.

The 'Cyber: offline hardware' risk category for which no close historical analogue exists
has attracted specific technical responses. Technical evidence from Michalopoulos et al.
(2025) demonstrates through a working prototype that a combination of Secure Elements
(SE) and Zero-Knowledge Proofs (ZKPs) can create a '‘compliant-by-design' architecture for
offline CBDC transactions. Under this design, regulatory constraints transaction limits, age-
restricted payment checks are enforced at the hardware level without revealing the user's
identity or transaction details to the central authority. Critically, the prototype achieves
a transaction latency below five seconds, placing it within the performance envelope of
modern payment systems. This technical pathway is significant for the integrated risk
framework because it directly addresses the privacy-compliance trade-off identified in
AE3: SE+ZKP architecture can, in principle, deliver AML-compatible offline functionality
without the surveillance exposure that drives privacy-sensitive adoption resistance. The
constraint is not technical feasibility but regulatory readiness most jurisdictions lack the
legal frameworks and certification standards needed to deploy SE-based offline CBDC at
scale.

Table 1 summarizes the CBDC risk categories, their historical analogues, and the
amplification factors that make CBDC risks qualitatively distinct.
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Table 1: CBDC Risk Categories, Historical Analogues, and Amplification Factors

Risk Historical Analogue CBDC Amplification Key Sources
Category Factor
Operational: | ATM deployment; online | Sovereign scale; central BIS (2023); Tang & Si
retail banking rollout bank capability gap; (2025)
infrastructure vendor concentration
Cyber: Card credential theft; Systemic trust impact; Murphy et al.
ledger attack |online banking phishing |single point of failure; no | (2024); BIS (2023)
private-sector backstop
Cyber: offline | No close analogue Physical device Michalopoulos et al.
hardware compromise enables (2025)
untraceable illicit transfers
Regulatory: | Shadow banking Central bank in dual role: | Soana & de Arruda
supervisory | regulatory gap (2004- issuer and compliance (2024); Murphy et
reallocation |2008) monitor al. (2024)
Privacy: Government financial Retail-scale behavioral Kaur (2024); Murphy
surveillance |intelligence databases inference from payment et al. (2024)
duality data
Liquidity: Money market fund Instant digital transfer Castrén et al. (2022);
deposit flight | growth (1970s-1980s) amplifies run velocity Tercero-Lucas (2023)

Source: Author's own compilation, based on: BIS (2023); Castrén, Kavonius, & Rancan (2022); Kaur (2024);
Michalopoulos et al. (2025); Murphy et al. (2024); Soana & de Arruda (2024); Tang & Si (2025); Tercero-Lucas (2023).

3.3 AE3: Adoption Dynamics Interact with Risk Architecture

AE3 is supported, with important qualifications about the limits of the Austrian data. The
Abramova et al. (2022) survey identifies three user segments with distinct risk implications.
First, digitally engaged early adopters, younger and cryptocurrency-experienced, show
high adoption intent and lower privacy sensitivity. This segment drives the network-effect
dynamics central to monetary policy success, but is demographically narrow. Second,
security-sensitive users condition their adoption on fraud protection, consistent with Kahn
and Linares-Zegarra (2016). This majority segment can be secured through robust security
architecture and transparent institutional communication. Third, privacy-maximizing
cash users reject traceable digital money entirely. This segment will remain outside CBDC
regardless of design and must be accommodated through a cash coexistence policy.

The interaction between adoption patterns and liquidity risk is significant and under-
explored in the literature. If CBDC adoption is concentrated among the digitally engaged
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and security-conscious, the deposit shift will be moderate and gradual, manageable
through conventional prudential instruments. But if a crisis event triggers a flight-to-
safety run in which even cash-preferring users rapidly convert deposits to CBDC (as the
ECB disintermediation mechanism predicts), the risk profile changes qualitatively: the
run population becomes the entire depositor base, the velocity is digital, and the scale
is systemic. Theory predicts that the distinction between voluntary adoption and crisis-
driven substitution is a critical variable that existing CBDC risk models calibrated on
steady-state adoption may systematically underestimate.

Singh et al. (2025) provide the most granular empirical evidence on the predictors of CBDC
adoption intent. Their extended UTAUT model identifies Digital Financial Literacy (DFL) as
the strongest predictor of adoption intent and as a cognitive enabler of CBDC uptake—
more influential than performance expectancy, social influence, or effort expectancy—
because it determines whether users can process the risk-benefit trade-offs inherent in
digital monetary instruments at all. This finding reinforces the view that CBDC adoption
is not a purely functional decision, but a logically processed and emotionally regulated
mechanism shaped by users' capacity to interpret privacy, security, and usability trade-offs.
Perceived anonymity emerges as the second most significant driver, reinforcing the privacy-
adoption linkage identified in Abramova et al. (2022). Together, these findings reframe the
adoption challenge: successful CBDC implementation is as much a cognitive preparedness
problem as it is a technical or privacy design problem. This creates a compounded design
tension increasing privacy protection to drive adoption addresses the anonymity barrier
but does nothing for populations with low DFL, while DFL investment is a precondition
for any privacy architecture to translate into actual adoption behaviour. This tension is
not resolvable through communication alone; it requires genuine architectural trade-
offs between privacy, stability, and AML compliance to be complemented by structured
financial education programs delivered ahead of deployment.

From a theoretical perspective, the risk-architecture implication of the DFL finding is
significant and under-examined in the structural CBDC literature. In populations with
low DFL including many older and rural cohorts across CEE (European Commission,
2023) even a well-designed CBDC with strong privacy protections may fail to achieve
the adoption thresholds necessary for monetary policy effectiveness, not because the
design is inadequate, but because users lack the cognitive infrastructure to evaluate it.
CBDC deployment strategies that do not incorporate DFL investment as a prerequisite
condition are therefore systematically underestimating the behavioural preconditions for
the monetary policy outcomes that justify the infrastructure investment.

4, Discussion
4.1 The Integrated Risk Framework

The most important finding of this review is that CBDC risks do not operate independently;
they are structurally interconnected. The liquidity risk profile (AE1) is a direct function
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of user adoption patterns (AE3). Voluntary, gradual adoption by digitally engaged
early adopters produces manageable and predictable deposit shifts. Crisis-driven mass
conversion to CBDC, by contrast, creates a run dynamic structurally indistinguishable from
a bank run, but faster, larger, and harder to interrupt through conventional lender-of-last-
resort mechanisms. Similarly, the operational and cyber risk profile (AE2) is amplified by
adoption success: a widely adopted CBDC is a more valuable attack target and a more
consequential point of failure than a niche instrument with low uptake.

This interconnection implies that CBDC risk cannot be managed in silos. A design
optimized for monetary transmission (high remuneration, wide accessibility) maximizes
disintermediation and run risk. A design optimized for cybersecurity (centralized
architecture, strong KYC) maximizes surveillance risk and suppresses adoption among
privacy-sensitive users. A design optimized for user adoption (offline capability,
pseudonymity) weakens AML compliance. The core structural tension can be stated as
a trilemma: privacy versus stability versus compliance, but the operational risk dimension
identified in AE2 must be added as a fourth vertex: in practice this paper argues the
trilemma is a quadrilemma, where no design choice can simultaneously optimize all four
dimensions.

Figure 1: Interconnections within the Integrated CBDC Risk Framework
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4.2 Engaging with Opposing Views

Several influential arguments in the literature challenge the risk-focused view of CBDCs
presented here. Brunnermeier and Niepelt (2019) demonstrate formally that under the
equivalence theorem, a CBDC that is backed by pass-through central bank lending to
commercial banks leaves all real allocations unchanged—no disintermediation, no credit
contraction, no welfare loss. This result is theoretically elegant, but it requires the central
bank to implement pass-through funding at scale and to maintain it under stress, when
the political pressure to restrict lending to distressed banks may be most acute. Luu et
al. (2023) find net positive stability effects from CBDC adoption, but their CBDC adoption
index proxies investigation and announcement rather than live deployment the positive
effects may reflect the signalling value of CBDC research commitment rather than the
causal impact of CBDC issuance.

Keister and Monnet (2022) offer perhaps the most compelling counter-argument to
the fragility narrative. A well-designed CBDC can reduce bank run risk through two
mechanisms. The first is the maturity transformation channel: banks offer less insurance
when depositors have a CBDC exit option, making them less run-prone. The second is the
information channel: monitoring CBDC inflows enables faster identification and resolution
of weak banks. Their model shows that the information effect alone can eliminate the
multiple-equilibria bank-run problem. However, this result depends on central banks
having the technical and institutional capacity to use CBDC flow data for real-time bank
health monitoring, precisely the kind of capacity that BIS (2023) identifies as currently
absent in most central bank institutions.

At the far end of the architectural spectrum, Bossone and Haines (2023) propose a more
radical resolution: their 'next-level CBDC' model achieves 'super-stability' by moving all
deposits off commercial bank balance sheets entirely and onto the central bank's ledger.
Under this design, fractional-reserve fragility is eliminated there are no commercial
bank liabilities to run against and the central bank channels money back to banks as
direct loan advances, preserving credit intermediation while insulating the payment
system from insolvency risk. This proposal marks the theoretical outer boundary of AE1's
design-contingency claim: systemic run risk is fully solvable by architectural choice, but
only at the cost of a structural transformation of banking that no jurisdiction has yet
attempted and that raises profound questions about central bank mission creep and
democratic accountability. The conservative 'cash-like design' recommendation in Section
5 is calibrated precisely against this boundary: it accepts residual disintermediation
risk as the price of preserving the commercial banking system, rather than resolving
stability by eliminating the system that creates it. Policymakers who find this trade-off
unacceptable should engage seriously with the Bossone-Haines model as a structural
alternative acknowledging that the choice between conservative and radical CBDC design
is ultimately a choice about how much of the existing monetary architecture to preserve.

The most honest assessment is therefore one of structural ambiguity: the direction of CBDC

effects on financial stability is theoretically indeterminate and empirically conditional.
Policymakers who dismiss disintermediation concerns as theoretically resolved (citing
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Brunnermeier-Niepelt) or who dismiss stability-enhancement arguments as naive (citing
Castrén et al.) are both overstating the current evidence. The appropriate response is
design that minimizes downside risk rather than design that assumes a particular outcome.

4.3 Historical Pattern Recognition and Its Limits

The historical analogies deployed throughout this paper free banking instability, ATM
deployment, online banking governance gaps are analytically useful but must be applied
with care. CBDCs differ from all previous monetary technologies in one critical respect: they
are issued by the sovereign itself. Private banknote runs were dangerous but self-limiting
they destroyed the private issuer, not the monetary system. ATM fraud was costly but
isolated it affected individual banks, not the entire payment infrastructure. CBDC failures
would directly impair public trust in sovereign money, a loss that cannot be absorbed
by market mechanisms because there is no private backstop for central bank credibility.

This distinction suggests that the "regulatory stabilization" phase of the historical
innovation cycle which eventually contained the risks of ATMs, online banking, and mobile
payments may not arrive quickly enough for CBDCs. The speed of digital financial flows
means that run dynamics and cyber-attacks operate on timescales of minutes to hours,
while regulatory responses and legislative frameworks operate on timescales of months
to years. The governance gap may therefore be structurally larger for CBDCs than for any
previous financial technology.

4.4 Implications for the Czech Republic and Central and Eastern
Europe

The Czech and broader Central and Eastern European (CEE) context reinforces several of
the paper’s findings. The Czech National Bank (CNB) has adopted a cautious stance toward
retail CBDCs, stating that the current payment ecosystem is efficient and that “there is no
urgent need for a digital koruna” (CNB, 2023). The Czech Republic also remains one of the
most cash-intensive economies in the EU: Eurostat data show that Czechs use cash for
everyday transactions at significantly higher rates than the EU average, reflecting strong
preferences for privacy and transaction certainty (Eurostat, 2022). Digital literacy across
CEE is similarly heterogeneous; the European Commission’s DESI index places several
CEE countries below the EU average in digital skills, particularly among older and rural
populations (European Commission, 2023). These structural features high cash reliance,
uneven digital readiness, and historically lower institutional trust in post-transition
economies (Mishler & Rose, 2001) imply that CBDC adoption dynamics in the Czech
Republic may diverge from those observed in high-trust, high-digital-literacy countries
such as Austria or the Nordics. For policymakers in CEE, CBDC design must therefore
account for stronger privacy expectations and the legacy of institutional distrust that
continues to shape monetary behaviour.
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5. Policy Recommendations

Five integrated policy recommendations are derived from the analytical findings. These
are normative design positions grounded in the empirical and theoretical evidence
reviewed above, and should be calibrated to local institutional conditions:

1. Adopt cash-like design as the baseline architecture. Set CBDC remuneration at zero or
amodest floor, restrict holdings to a transaction buffer (e.g., EUR 3,000, consistent with ECB
proposals), and design for offline peer-to-peer transfer. Evidence from Nyffenegger (2024)
and Abramova et al. (2022) supports this configuration: it minimizes disintermediation
risk, preserves monetary transmission enhancement without creating a savings vehicle
that competes with deposits, and most closely replicates the cash properties preferred by
the broad user population. However, a cash-like design constrains monetary policy reach:
zero or low remuneration limits the transmission enhancement that a rate-responsive
CBDC could provide, and holding limits may restrict access for users requiring larger
digital balances, potentially limiting financial inclusion for certain user segments.

2. Implement tiered privacy with legally enforceable data minimization. Below a defined
transaction threshold (e.g., EUR 50 per transaction, EUR 500 per day), transactions should
be pseudonymous with no reporting obligation beyond aggregate statistics. Above
the threshold, standard KYC applies. Data retention periods should be legally defined
and minimized. Zero-knowledge proof protocols or blind signature schemes should be
evaluated for the low-value tier. This paper recommends tiered privacy as the only design
cluster that simultaneously satisfies the security majority (who accept monitoring for
fraud protection), the privacy minority (who require meaningful anonymity for ordinary
transactions), and the AML compliance framework (Soana & de Arruda, 2024). This
architecture is technically and legally demanding. Legislative thresholds are subject to
gradual expansion through mission creep. Zero-knowledge proof implementations add
computational overhead and require significant key management infrastructure that most
central banks do not currently possess (Michalopoulos et al., 2025).

3. Invest in distributed resilience architecture and third-party risk governance before
deployment. CBDCs should not be built on a single centralized ledger without offline
fallback systems and geographically distributed infrastructure. Central banks should
develop internal technical capability for CBDC system management rather than relying
entirely on private technology vendors. Vendor contracts should include systemic risk
provisions, mandatory security audit rights, and liability clauses for infrastructure failures.
Evidence from BIS (2023) identifies the operational risk taxonomy as the appropriate
governance baseline; this paper recommends its formal adoption. For offline capability
specifically, the Michalopoulos et al. (2025) prototype demonstrates that Secure Elements
(SE) combined with Zero-Knowledge Proofs (ZKPs) can enforce regulatory constraints
transaction limits, age-restricted payment checks directly at the hardware level, without
transmitting user identity or transaction details to the central authority. This 'compliant-by-
design' architecture achieves sub-five-second transaction latency, directly addressing the
privacy-versus-compliance tension identified in Section 4.1: ZKP-based offline CBDC can
satisfy AML regulatory requirements without the surveillance exposure that suppresses
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adoption among privacy-sensitive users. The binding constraint is regulatory readiness
standardized certification frameworks for SE-based CBDC devices should be developed
in parallel with technical infrastructure. Distributed architecture introduces its own
complexity: synchronization across geographically distributed nodes increases latency
and creates data-consistency challenges that centralised systems avoid. Developing
internal capacity requires sustained investment and competes with other institutional
priorities, while continued vendor reliance carries the concentration risks identified in
AE2.

4. Establish clear regulatory boundary allocation before launch. Legislation should
specify which supervisory functions AML monitoring, fraud investigation, data protection
compliance rest with the central bank and which rest with commercial banks and financial
intelligence units. The dual-role conflict identified by Soana and de Arruda (2024) central
bank as both currency issuer and transaction monitor require explicit governance design,
not assumption that existing frameworks will extend naturally. Historically, the shadow
banking precedent suggests that regulatory gaps left by design tend to be exploited
before they are closed. Pre-assignment of supervisory responsibilities carries the risk of
regulatory rigidity: if novel risk categories emerge post-launch, fixed legislative allocations
may impede adaptive governance responses. Structured flexibility within clearly bounded
mandates may in some cases be preferable to exhaustive pre-specification.

5. Pursue phased rollout with mandatory cash coexistence guarantee. Begin with a pilot
targeting the digitally engaged early-adopter segment (cryptocurrency users, fintech
customers, younger urban demographics), generate real-world usage and risk data, iterate
the design, and extend coverage incrementally. Maintain legal tender status for physical
cash throughout. Privacy-maximizing users who will not adopt digital money regardless
of design must be accommodated their exclusion from CBDC does not constitute
a policy failure if cash remains available. Empirically, the Nigeria e-Naira experience where
low adoption was compounded by the simultaneous restriction of cash withdrawals
demonstrates the governance cost of forcing substitution before adoption readiness
is established. A phased rollout defers network-effect benefits: monetary transmission
enhancement, payment efficiency gains, and financial inclusion all scale with adoption
breadth and are postponed under a gradual approach. Policymakers must weigh risk-
reduction benefits against the opportunity costs of delayed deployment.
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Table 2: Summary of Analytical Expectations and Evidence Assessment

Analytical Evidence Assessment Key Condition / Primary Sources
Expectation Qualification

AE1: Supported with nuance: Disintermediation Tercero-Lucas (2023);
Liquidity and | direction of effect amplifies when CBDC is Luu et al. (2023); Chiu
transmission | depends on design interest-bearing savings | & Davoodalhosseini
effects are choices (remuneration vehicle; contained when | (2023); Bindseil (2020);
design- rate, holding limits) designed as medium of Nyffenegger (2024)
contingent exchange

AE2: Strongly supported: Risk amplification is not BIS (2023); Murphy et al.
Operational/ |sovereign scale, continuous with prior (2024); Michalopoulos
cyber/ capability gap, and financial technology risk it | et al. (2025); Soana & de
regulatory surveillance duality is qualitatively distinct in | Arruda (2024)

risks are create amplification kind, not merely degree

qualitatively |factors absent from prior

novel payment innovations

AE3: Supported: user segments | Austrian data cannot Abramova et al. (2022);
Adoption generate different liquidity | generalize to low-trust Kahn & Lihares-Zegarra
dynamics risk profiles; crisis-driven | or low-income contexts; |(2016); Singh et al.
interact conversion is qualitatively |adoption-run interaction |(2025)

with risk more dangerous than is under-modelled in

architecture | voluntary adoption existing frameworks

Source: Author's own analytical synthesis, based on: Abramova et al. (2022); Bindseil (2020); BIS (2023); Chiu
& Davoodalhosseini (2023); Kahn & Linares-Zegarra (2016); Luu, Nguyen, & Nasir (2023); Michalopoulos et al.
(2025); Murphy et al. (2024); Singh, Yadav, & Gupta (2025); Tercero-Lucas (2023).

Conclusion

This paper has examined CBDCs as an integrated risk management problem rather
than a monetary policy instrument with manageable side effects. The three analytical
expectations — design-contingent liquidity and transmission effects; qualitatively novel
operational and cyber risks; and adoption dynamics that interact with the risk architecture
- are all supported by the evidence, subject to the conditions and qualifications specified
in the findings.

The central conclusion is that CBDC risks are interconnected and cannot be managed in
silos. A design choice that reduces disintermediation risk (low remuneration, holding limits)
also determines the monetary transmission channel available to policymakers. A design
choice that improves cybersecurity (centralized ledger, full KYC) amplifies surveillance risk
and suppresses adoption. A design choice that maximizes adoption (high privacy, offline
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capability) weakens compliance. The task facing CBDC designers is not to optimize any
single dimension but to navigate the quadrilemma: stability, privacy, compliance, and
operational resilience, finding the configuration that minimizes aggregate welfare loss
across all four dimensions.

The historical record provides both comfort and caution. Comfort: every major monetary
innovation has eventually been institutionally absorbed, with risk frameworks catching
up to technological realities. Caution: the absorptive capacity of governance institutions
may be slower than the speed of digital financial flows, and the stakes for a sovereign-
scale failure of public trust in currency are higher than for any prior financial technology
disruption.

Future research should prioritize empirical evidence from live CBDC deployments
beyond the current set of small-economy pilots. The e-CNY presents the most data-rich
environment, but Chinese institutional context limits generalizability to democratic, high-
trust polities. The ECB digital euro preparation phase offers the most relevant near-term
opportunity for European-context evidence. As that evidence accumulates, the design
conditions under which CBDCs enhance rather than destabilize financial systems can
be specified with the precision that current modelling and survey research cannot yet
provide.
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Quantifying Institutional Fiscal Discipline
— Development and Application of the Fiscal
Rule Strictness Index (FRSI) in Germany, the
USA, and the Czech Republic (2000-2024)

LINUS HOLZMANN

Abstract

Background: Assessing fiscal discipline is often based on observed outcomes such as
debt and deficit levels. However, these indicators reflect policy results rather than the
underlying institutional design of fiscal rules. Existing datasets primarily capture the
presence of rules but fail to evaluate their functional strictness.

Aim: This paper develops a multidimensional index to systematically quantify the
institutional strictness of fiscal rules and applies it to a comparative analysis of Germany,
the United States, and the Czech Republic over the period 2000-2024.

Methods: The study introduces the Fiscal Rule Strictness Index (FRSI), which aggregates six
institutional dimensions: legal bindingness, numerical tightness, coverage, enforcement,
escape clauses, and monitoring. The index is constructed using qualitative legal analysis
and standardized coding of de-jure fiscal frameworks based on primary legislation and
international datasets.

Results: The findings reveal substantial cross-country differences in institutional strictness.
Germany exhibits a highly restrictive framework due to constitutional anchoring and
tight numerical constraints. The Czech Republic shows a significant increase in strictness
following the 2017 reform but remains vulnerable to crisis-induced relaxations. In contrast,
the United States scores lowest due to the absence of binding federal fiscal rules, despite
strong subnational constraints.

Recommendations: Future fiscal frameworks should strengthen coverage, limit
circumvention through off-budget instruments, and ensure credible return paths after the
activation of escape clauses.

Practical relevance/social implications: The FRSI provides policymakers with a transparent
tool to assess the credibility of fiscal commitments and improve communication with
financial markets, particularly in high-debt environments.

Originality/value: The study contributes to the literature by introducing a theoretically
grounded and empirically applicable index that moves beyond outcome-based measures
and captures the multidimensional nature of institutional fiscal strictness.

Keywords

Fiscal rules, discipline, governance, public debt, FRSI, institutional design, time inconsistency
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1 Introduction: Quantifying Institutional Fiscal
Discipline through the FRSI

While many observers evaluate a country’s fiscal health by looking at its debt-to-GDP
ratio, these numbers are often just the final ripples in a much larger pool of institutional
choices. In reality, debt figures represent policy results rather than the underlying de-
jure institutional design that governs how decisions are made. This paper argues that
to truly understand the restrictive power of a fiscal regime, one must look past the ever-
changing outcomes and analyze the de-jure institutional design itself. Establishing this
clear distinction between an outcome and a rule is critical for determining whether fiscal
guardrails serve as meaningful commitment devices or merely as symbolic placeholders
that politicians can ignore when convenient. By shifting the focus to the structural
properties of these rules, we can better assess their long-term credibility in an increasingly
volatile global economy where mere numbers can be misleading.

The persistent tendency toward deficit bias remains a defining challenge for modern
developed economies. This bias is largely driven by political incentives that favor short-
term spending increases to secure electoral support, often at the expense of long-term
stability (Wyplosz, 2013). From a theoretical perspective, this phenomenon is rooted
in the twin problems of time inconsistency and the common pool resource dilemma.
Politicians frequently find it tempting to backtrack on stability promises when faced with
immediate pressure, while various interest groups treat the national budget as a shared
resource to be exploited rather than a limited pool to be managed (ibid.). Without binding
institutional constraints that act as counterweights to these pressures, announced fiscal
targets often lose their credibility in the eyes of financial markets (ibid.). When investors
doubt a government’s commitment to discipline, the resulting uncertainty can lead to
higher risk premiums and reduced economic stability.

While international databases have made significant progress in cataloging the global
spread of fiscal rules, they often lack the evaluative depth required to measure functional
strictness (Alonso et al., 2025). Most existing indices primarily track the formal presence
of a rule rather than its actual restrictive power. For example, current datasets frequently
fail to differentiate between granular design nuances, such as the qualitative clarity of
escape clauses or the genuine independence of monitoring bodies (Chrysanthakopoulos
& Tagkalakis, 2024). This methodological gap makes it exceedingly difficult for researchers
and policymakers to identify why some frameworks remain robust during economic crises
while others are easily circumvented or suspended (Alonso et al., 2025). Without a way
to quantify the difference between a paper tiger rule and a truly binding constraint, our
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understanding of institutional fiscal discipline remains incomplete. This study seeks to
bridge that gap by developing a more diagnostic approach to rule evaluation.

Scientific relevance stems from the fact that fiscal discipline is not a static, year-by-
year outcome but rather a medium-to-long-term characteristic (Wyplosz, 2013). This
perspective acknowledges that while temporary slippages may occur during downturns, a
credible regime must have mechanisms for eventual correction. Recent research indicates
that the effectiveness of such rules is highly contingent on the specific country context
and the overall quality of the institutional design (Chrysanthakopoulos & Tagkalakis, 2024).
Consequently, there is an urgent need for a dynamic and multidimensional indicator that
can capture how institutional strictness evolves in response to massive economic shocks.
By moving beyond simple binary markers of rule existence, we can better understand the
fine line between rules that are too soft to be useful and those that are so rigid they are
simply ignored. This research contributes to the field by providing a tool that reflects the
evolving nature of commitment.

The practical importance of this research has been magnified by the aftermath of the
COVID-19 pandemic. During the height of the crisis, over 80 percent of countries with
budget balance rules saw their deficits exceed prescribed limits, illustrating a period
of widespread non-compliance (Alonso et al., 2025). As governments now move to re-
activate these rules and consolidate their fiscal positions, measuring the actual strictness
of these frameworks has become essential for market signaling and policy planning
(Chrysanthakopoulos & Tagkalakis, 2024). The Fiscal Rule Strictness Index (FRSI) introduced
in this work provides a practical tool for policymakers to assess the credibility of their
fiscal commitments during the recovery phase. In an era of high debt and mounting
spending pressures, a transparent measure of institutional strength helps governments
communicate their stability goals to international creditors more effectively. This signaling
function is vital for reducing sovereign risk and ensuring that the return to discipline is
viewed as credible by the pubilic.

Despite the clear need for rigorous measurement, the existing literature lacks a
theoretically founded index that aggregates various dimensions such as enforcement
and legal bindingness into a single, comparable score. While de-jure arrangements are
cataloged in various reports, their actual restrictive power remains largely unquantified
in current academic discussion. This oversight means that a constitutional provision and
a simple political agreement are often treated with similar analytical weight, despite their
vastly different impacts on political behavior. This paper addresses this significant void
by introducing the Fiscal Rule Strictness Index (FRSI) as a systematic measurement tool.
By creating a framework that moves beyond traditional outcome-based measures, this
research provides a new way to quantify the institutional strength of fiscal guardrails
across different legal systems and economic environments.

The central objective of this research is to answer how the institutional strictness of

fiscal rules can be systematically quantified and what specific trends the FRSI reveals in
a comparative study of Germany, the USA, and the Czech Republic.
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2 Theoretical Foundations of Fiscal Discipline

Fiscal rules are meant to keep governments focused on stability, but political pressure
often makes short-term debt more attractive for winning elections. This tension makes it
difficult to manage public finances responsibly. In this paper, this chapter identifies the
key political and economic reasons for this trend. By exploring these theories, we can see
why certain institutional designs are necessary to make fiscal promises credible.

2.1 Time Inconsistency and the Role of Rules as Commitment
Devices

Time inconsistency arises when governments have incentives to deviate from previously
announced optimal policies, undermining credibility in a dynamic setting where private
agents form expectations about future actions (Kydland, 2004; Kydland & Prescott,
1980). Without binding commitments, announced policies lack credibility, leading to
suboptimal outcomes compared to a commitment regime (Kydland, 2004). This provides
the theoretical foundation for the Legal Bindingness dimension of the FRSI, as institutional
constraints are required to anchor expectations and limit discretionary policy shifts.

In practice, policymakers face incentives to prioritize short-term gains, such as reducing
unemployment through inflation surprises or shifting debt burdens to future generations
(Dennis, 2003; Kumar et al., 2009; Wyplosz, 2013). Governments may also attempt to erode
debt through inflation, further weakening long-term commitments (Dennis, 2003). These
dynamics create a persistent deficit bias, highlighting the need for binding constraints
captured in the Numerical Tightness and Coverage dimensions of the FRSI.

Fiscal rules—defined as permanent numerical constraints on key budget aggregates—
serve as institutional guardrails that stabilize expectations and reduce fiscal volatility
(Kumar et al., 2009; Kydland & Prescott, 1980). Legal anchoring increases their credibility
by raising the political cost of reversal, while broader institutional stability reinforces their
commitment function (Kumar et al., 2009; Crain & Tollison, 1993).

Beyond internal discipline, fiscal rules signal credibility to financial markets and can
significantly reduce borrowing costs (Kumar et al., 2009). Empirical evidence shows that
their presence lowers sovereign spreads, even during crises, as long as a credible return
to compliance is expected (Barreto et al., 2024). Indeed, countries typically re-establish
compliance within a few years, suggesting that temporary deviations do not necessarily
undermine long-term credibility (ibid.).

However, overly rigid rules can become costly or unsustainable during shocks, while overly
flexible ones risk losing effectiveness (Wyplosz, 2013). Independent fiscal institutions can
help reconcile this trade-off by enabling controlled flexibility while preserving credibility
(ibid.). Ultimately, rule-based frameworks aim to improve welfare by constraining
discretionary behavior, though their effectiveness depends on achieving a balance
between commitment and adaptability (Kydland, 2004).
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2.2 The Common Pool Problem and the Theoretical Roots of Deficit
Bias

Inthe context of publicfinance, the common pool problem arises when multiple actors draw
from a shared revenue source without internalizing the full social cost of their spending
decisions (Eyraud et al., 2018). When access to public resources is weakly constrained,
agents have incentives to extract immediate rents, often leading to overexploitation,
consistent with the “rule of capture” (Libecap, 2025). This dynamic explains why political
actors tend to prioritize constituency-specific interests over aggregate welfare (Aghion &
Bolton, 1989), generating a structural bias toward excessive public expenditure.

The resulting fiscal externalities take two main forms. Intratemporal externalities arise
when geographically targeted spending is financed through a common tax base, leading
to an inefficiently high demand for public goods (Alesina & Perotti, 1999). Intertemporal
externalities emerge when governments shift the burden of current spending to future
taxpayers, thereby avoiding immediate political costs (Wyplosz, 2013). This “money grab”
dynamic implies that public debt accumulation can function as an intergenerational
transfer mechanism, intensifying social conflicts and undermining fiscal stability (Aghion
& Bolton, 1989).

Political uncertainty further amplifies these incentives. When incumbents face a significant
probability of losing office, their incentives to preserve fiscal resources weaken, leading to
short-term oriented spending behavior (Amador, 2002). This “sharing” inefficiency results
in a self-reinforcing cycle of fiscal indiscipline, as current policymakers anticipate similar
behavior by future governments (ibid.). Consequently, political turnover becomes a key
driver of deficit bias.

The severity of the common pool problem is closely linked to institutional fragmentation
and societal heterogeneity. Higher levels of inequality, political fragmentation, and
diversity are associated with stronger fiscal externalities and larger deficits (Wyplosz,
2013). In such environments, decentralized actors engage in non-cooperative behavior,
attempting to free-ride on shared revenues (Alesina & Perotti, 1999). Limited transparency
further exacerbates this problem by creating “fiscal illusion,” reducing voter awareness of
future tax burdens and weakening incentives for fiscal discipline (Alesina & Perotti, 1999;
Aghion & Bolton, 1989).

To mitigate these dynamics, formal institutional constraints are required. As Libecap (2025)
argues, informal controls are insufficient in heterogeneous settings, making binding rules
a necessary “second-best” solution. Fiscal rules thus serve as institutional guardrails that
internalize fiscal externalities and constrain discretionary behavior, helping to counteract
the deficit bias inherent in political systems (Eyraud et al., 2018).
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2.3 Fiscal Rules as Institutional Commitment Devices: Design and
Functions

Fiscal rules are defined as enduring numerical constraints on fiscal policy that set
quantitative targets for deficits, debt, or expenditure (Alonso et al., 2025; Eyraud et al.,
2018, Lam et al., 2025). They differ from procedural budget rules, which govern the budget
process rather than its substantive limits (Raudla, 2014). Common types include debt rules,
budget balance rules, and expenditure rules, each targeting different dimensions of fiscal
discipline (Alonso et al., 2025; Potrafke, 2023). By constraining key fiscal aggregates, these
rules directly limit political discretion.

Theoretically, fiscal rules function as commitment devices that mitigate time inconsistency
by binding policymakers to long-term objectives (Potrafke, 2023; Raudla, 2014). They also
serve a signaling role, communicating fiscal credibility to markets and voters, thereby
reducing sovereign risk and stabilizing expectations (Aaskoven, 2024; Alonso et al., 2025).
Empirical evidence shows that stricter rules are associated with lower risk premiums and
improved market confidence (Aaskoven, 2024; Potrafke, 2023).

The effectiveness of fiscal rules depends critically on their design. Strong legal anchoring—
particularly at the constitutional level—enhances credibility and is associated with
significantly lower debt levels (Alonso et al., 2025; Potrafke, 2023; Raudla, 2014). Equally
important is broad coverage across the general government to prevent circumvention
through off-budget entities or subnational shifting (Eyraud et al., 2018; Wyplosz, 2002).
Without comprehensive scope, fiscal constraints can be diluted by institutional loopholes.

Enforcement mechanisms and monitoring are essential for maintaining credibility.
Effective frameworks include pre-defined correction procedures and often rely on
independent fiscal councils to enhance transparency and accountability (Alonso et al.,
2025; Eyraud et al., 2018; Geier, 2011). These institutions increase reputational costs of
non-compliance and strengthen the binding nature of fiscal rules, often more effectively
than formal sanctions (Aaskoven, 2024; Wyplosz, 2002).

Finally, rule design requires balancing simplicity, flexibility, and enforceability (Eyraud et
al., 2018). Escape clauses allow temporary deviations during crises but must be tightly
defined to prevent opportunistic use (Alonso et al., 2025; Geier, 2011). Excessively rigid or
poorly grounded rules risk being undermined by political pressure or creative accounting
(Hemming, 2003; Wyplosz, 2002). Sustainable fiscal frameworks therefore combine
credible constraints with limited, well-governed flexibility.

3 Evaluating Current Fiscal Rule Metrics and Identifying
the Research Gap

International databases have been effective at documenting how fiscal rules have spread
across the globe. However, these lists are often purely descriptive and do not necessarily
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show the actual restrictive power of different institutional designs. Most current
assessments focus on the formal legal arrangements but miss the functional strictness
that determines how a rule performs in practice. Furthermore, judging fiscal discipline
solely by outcomes like debt levels can be misleading, as these figures are frequently
driven by economic cycles rather than the rules themselves.

3.1 Methodological Foundations and Limitations of IMF and EU
Fiscal Rule Datasets

The International Monetary Fund defines fiscal rules as “long-lasting constraints on fiscal
policy through numerical limits on budgetary aggregates” (International Monetary Fund,
2025).1ts 2025 dataset covers 123 economies and classifies rules into budget balance, debt,
expenditure, and revenue categories (Eichengreen & Gupta, 2024; International Monetary
Fund, 2025). However, the framework focuses exclusively on de-jure arrangements,
documenting legal design rather than practical adherence (International Monetary
Fund, 2025). While it records features such as legal anchoring and coverage, it lacks the
granularity to differentiate the restrictive power of legal tiers, such as constitutional versus
statutory rules (ibid.). This limitation motivates the development of the FRSI, which applies
a more refined scaling of institutional commitment.

The European Commission assesses fiscal rule strength using a composite index based on
legal basis, monitoring independence, enforcement, correction mechanisms, and media
visibility (European Commission, 2008). This index bears a structural resemblance to the
FRSIin that both instruments seek to capture the institutional quality of fiscal frameworks
rather than their outcomes. However, several important differences distinguish the two
approaches. The EU index is designed primarily for benchmarking compliance within the
European fiscal governance architecture and is not directly applicable to non-EU countries
such as the United States. The FRSI, by contrast, is constructed as a country-agnostic
instrument applicable across different legal and institutional contexts. Furthermore,
the EU index incorporates media visibility as a proxy for political salience, a dimension
that the FRSI deliberately excludes in order to maintain focus on de-jure institutional
design rather than political communication. The FRSI also introduces the Numerical
Tightness dimension with a refined ordinal scale, which the EU index does not separately
operationalize. Complementary datasets track“numerical compliance,”evaluating whether
fiscal aggregates remain within rule limits (Larch et al., 2023). Evidence shows that EU
member states are compliant in only about half of cases, with patterns often appearing
procyclical and masking underlying risks during economic expansions (ibid.). Moreover,
a gap exists between numerical indicators and official institutional assessments, which
frequently involve political discretion and tolerance of non-compliance under favorable
macroeconomic conditions (ibid.).

More broadly, existing indices tend to describe the presence of fiscal rules rather than
their functional effectiveness (Franek & Postula, 2021). Empirical findings show that higher
index scores do not necessarily translate into improved debt outcomes, as some high-
debt countries maintain strong formal rule frameworks (Dziemianowicz & Kargol-Wasiluk,
2024). In addition, uneven country coverage and limited updates reduce the ability to
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capture institutional changes following global shocks (Eichengreen & Gupta, 2024). These
limitations highlight the need for a more granular, multidimensional measure. The FRSI
proposed in this paper addresses this gap by systematically quantifying the restrictive
power of fiscal rules across dimensions such as legal bindingness and enforcement.

Itis important to acknowledge that the FRSI itself draws on data from the IMF Fiscal Rules
Dataset for several of its dimensions, including enforcement and escape clauses, where the
IMF provides binary indicators. This is not a contradiction of the critique levelled above.
The FRSI's contribution lies in three specific advances: first, it introduces a dedicated
Numerical Tightness dimension that applies a refined three-point scale rather than
a simple presence/absence flag; second, it explicitly distinguishes between constitutional,
statutory, and political-agreement anchoring within the Legal Bindingness dimension,
a granularity absent from the IMF dataset; and third, it integrates all six dimensions into
a single, time-varying composite score that enables longitudinal comparison. Where the
FRSI continues to rely on binary IMF coding — notably for enforcement and monitoring
— this reflects the current limits of available primary data rather than a methodological
oversight. Future iterations of the index should develop finer-grained scales for these
dimensions as richer institutional data become available.

3.2 Limitations of Outcome-Based Measures in Fiscal Assessment

A fundamental challenge in evaluating fiscal regimes is the tendency to equate annual
fiscal outcomes with the quality of underlying rules. This paper argues that fiscal
discipline is inherently a medium- to long-term attribute, not a sequence of annual results
(Wyplosz, 2013). Establishing causality between rule adoption and fiscal performance is
methodologically difficult, as observed improvements may be coincidental or driven by
underlying political preferences (Lindgren & Nilsson, 2025). As a result, simple indicators
such as deficit counts or debt levels can be misleading and fail to capture the true
restrictive power of fiscal institutions (Lindgren & Nilsson, 2025; Wyplosz, 2013).

External conditions further distort outcome-based assessments. Favorable environments—
such as strong growth or low interest rates—can make weak frameworks appear effective,
while rising debt often reflects exogenous shocks rather than institutional failure (Lindgren
& Nilsson, 2025). Unadjusted fiscal data therefore struggle to distinguish between
structural consolidation and cyclical effects. The German debt brake illustrates this issue,
as its apparent overperformance has been largely attributed to favorable macroeconomic
conditions rather than intrinsic rule strictness.

Measurement challenges reinforce these limitations. Estimating structural balances
requires complex and often opaque methodologies that are susceptible to political
manipulation and misclassification of cyclical effects (Truger & Will, 2011). Moreover,
outcome-based indicators act as lagging signals and provide limited guidance for real-
time policy assessment (Wyplosz, 2013). These weaknesses highlight the need for a more
transparent and forward-looking approach.

122 ACTA VSFS, 1/2026, vol. 20, www.vsfs.cz/acta




To address these limitations, this study develops the Fiscal Rule Strictness Index (FRSI),
which shifts the focus from macroeconomic outcomes to the de jure design of fiscal rules,
providing a more stable and comparable measure of fiscal commitment.

3.3 Research Gap: The Need for Multidimensional Strictness
Measurement

While existing datasets from international organizations have successfully cataloged the
global spread of fiscal guardrails, they remain largely descriptive in nature. As Brandle
& Elsener (2024) suggests, trackers provided by the IMF and the European Commission
primarily focus on the presence and types of rules rather than their functional restrictive
power. A major limitation of these indices is that they frequently fail to distinguish between
granular design nuances, such as the specific nature of debt anchors or the qualitative
differences between legal anchors. For instance, many indices do not differentiate the
“differences of a sound debt anchor and a hard ceiling” (Brandle & Elsener, 2024). This
lack of depth suggests that existing measures reach a methodological boundary, as they
cannot capture the full institutional complexity or the actual restrictive power of fiscal
guardrails (ibid.). This study argues that treating a constitutional provision and a mere
political agreement with the same analytical weight overlooks the fundamental hierarchy
of legal commitments.

Traditional research has frequently relied on debt-to-GDP ratios or annual deficit levels to
judgeruleeffectiveness,failingtomovebeyondthese“outcome-based measures"toevaluate
inherent institutional properties. This reliance creates a significant methodological hurdle
known as the outcome fallacy, where favorable external conditions—such as economic
growth or falling interest rates—mask underlying institutional weaknesses. Establishing
a causal link is further complicated by endogeneity; as Brandle & Elsener (2024) points out,
governments more concerned with sound fiscal policies and fiscal sustainability, are also
more likely to introduce and implement fiscal rules. This causal ambiguity suggests that
simply observing a positive correlation between rules and performance may lead to an
overestimation of the rules’ actual impact (ibid.). Consequently, there is a clear necessity
to focus on de-jure institutional design to disentangle structural strictness from observed
fiscal results. To address these deficiencies, this paper introduces the Fiscal Rule Strictness
Index (FRSI) as a systematic response to the identified research gap.

4 Methodological Framework of the Fiscal Rule
Strictness Index

The methodological framework emphasizes transparency and replicability by translating
qualitative legal texts into standardized quantitative scores. This chapter is organized
into three main parts. Section 4.1 defines the six core variables that comprise the index,
while Section 4.2 operationalizes the scoring scales and the aggregation formula. Finally,
Section 4.3 details the document extraction process and the coding protocol used to
ensure consistent data analysis across different legal systems.
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4.1 Conceptual Construction and Variable Selection for the FRSI

The Fiscal Rule Strictness Index (FRSI) is designed as a multidimensional framework to
quantify the institutional hardware of fiscal discipline. By summarizing desirable features
of fiscal design across several key dimensions, the index provides a more nuanced
evaluation than simple presence-checks. The construction of the index builds on
established methodologies that link specific design elements, such as legal anchoring and
independent oversight, to improved fiscal outcomes and stronger discipline. In this paper,
the FRSI aggregates six distinct variables into a single quantitative measure, allowing
for a systematic assessment of a regime’s restrictive power. This approach represents
a shift from binary indicators toward a detailed analysis of de-jure institutional properties,
ensuring that the formal legal rules are evaluated based on their structural design and
potential for enforcement.

Debt rules (DR) and budget balance rules (BBR) are both included, consistent with the
IMF classification of fiscal rules. The index does not treat these rule types as conceptually
identical, but evaluates their contribution to borrowing constraints based on the
restrictiveness of their numerical limits.

Debt rules, which constrain the stock of public debt, and budget balance rules (BBR), which
constrain the deficit flow, differ institutionally, but they jointly determine the evolution
of public debt. The index therefore treats them as functionally equivalent borrowing
constraints operating through different channels.

Furthermore, the FRSI explicitly incorporates the multi-level structure of fiscal governance.
For member states of the European Union, supranational fiscal rules — such as the Stability
and Growth Pact - constitute a common baseline constraint. National rules are evaluated
relative to this baseline, allowing the index to capture additional institutional strictness
beyond supranational requirements.

This conceptualization ensures that the FRSI measures not only whether fiscal rules exist,
but how strongly they constrain borrowing in practice.

Concretely, the index aggregates the following dimensions:

1. Legal Bindingness

2. Numerical Tightness

3. Coverage

4. Enforcement

5. Escape Clauses

6. Monitoring and Oversight

Each dimension reflects a distinct mechanism through which fiscal rules constrain

discretionary borrowing. When choosing the dimensions for measuring fiscal strictness
this paper draws on the classification framework of the IMF fiscal rule dataset. Some of the

124 ACTA VSFS, 1/2026, vol. 20, www.vsfs.cz/acta




variables were recoded, some were purely implemented while the dimension of numerical
tightness was added, as it is not covered in the IMF dataset.

The fundamental hardware of the fiscal rule is defined by its legal anchoring and the
specificity of its targets. Legal Bindingness reflects the institutional hierarchy ranging from
mere political agreements to constitutional provisions. High legal anchoring is essential
for signaling commitment to financial markets and enhancing the overall credibility of
the fiscal framework (Alonso et al., 2025). Complementing this is the Numerical Tightness
variable to measure the quantitative restrictiveness of specific deficit or debt thresholds.
Together, these two dimensions establish the core structural constraints on political
discretion, providing the primary basis for assessing the de-jure strictness of a country’s
fiscal regime.

To prevent the erosion of fiscal discipline through decentralization, the FRSI includes
aCoveragedimension.Thisvariable evaluates the breadth of rule application, distinguishing
between rules that only bind the central government and those that encompass the entire
general government sector. By specifically accounting for the scope of the rule, the index
identifies potential institutional vulnerabilities, such as the use of off-budget items or
subnational spending to bypass federal constraints. This dimension ensures that the FRSI
captures the true extent of the public sector subject to the fiscal guardrails, providing
a more accurate reflection of the regime’s overall restrictive power.

The credibility of any fiscal limit is largely dependent on the mechanisms intended
to correct rule breaches. Enforcement captures the existence of formal enforcement
mechanisms, as recorded in the IMF dataset. An effective design requires pre-specified
actions that establish a clear and credible path back to compliance once a threshold is
crossed (Alonso et al.,, 2025). Research suggests that the automaticity of such correction
tools is vital for maintaining the restrictive power of the rule, as it reduces the room for
political procrastination or discretionary forbearance (ibid.). Without robust enforcement,
even a constitutionally anchored rule may fail to act as a meaningful constraint, as weak
or suspended mechanisms significantly diminish the effective strictness of the fiscal
framework (Lopez-Villavicencio & Zoumenou, 2025).

Modern fiscal design necessitates a balance between rigid commitment and the flexibility
required to manage extraordinary economic events. The Escape Clauses dimension in
the FRSI assesses whether exceptions are possible or not. This reflects the transition to
second-generation fiscal rules, which incorporate flexibility to handle severe external
shocks without forcing a permanent abandonment of discipline (Alonso et al., 2025).

The final component of the FRSI is the Monitoring and Oversight variable, which measures
the presence of independent fiscal councils or audit bodies. These institutions play
a critical role in enhancing transparency by providing unbiased assessments of rule
compliance, thereby increasing the reputational and political costs of fiscal deviations
(Alonso et al., 2025). While the adoption of such oversight bodies has increased over the
last two decades, a significant portion of countries with fiscal rules still lacks external
monitoring, leaving rule implementation vulnerable to internal government bias (ibid.). In
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the context of this paper, including this binary variable ensures that the index accounts for
the quality of the monitoring framework. This dimension completes the multidimensional
assessment of the FRSI, providing a comprehensive view of how institutional transparency
supports the de-jure strictness of the fiscal regime.

4.2 Operationalization of Scales and the Aggregation Formula

The Fiscal Rule Strictness Index (FRSI) is developed within this paper as an evaluative tool to
track how institutional design elements have changed over time across different countries.
Building on the methodology of the European Commission, the index operationalizes four
main institutional criteria: the legal basis, the monitoring framework, enforcement and
correction mechanisms, and the flexibility of the rules. This approach involves a detailed
mapping where qualitative characteristics of fiscal guardrails are translated into numerical
scores. By summarizing desirable features like simplicity and enforceability, the FRSI
produces a systematic strength index that moves beyond simple descriptive lists. This
methodological foundation ensures that the restrictive power of a regime is quantified in
a way that allows for objective comparative analysis across various economic frameworks.

The construction of the FRSI follows three guiding principles. First, all relevant fiscal rules
are considered, including national and supranational rules. For each dimension, the most

restrictive applicable rule determines the score.

Second, the index measures institutional design (ex-ante strictness). It does not directly
incorporate policy outcomes or temporary deviations.

Third, the absence of a rule is treated as a meaningful institutional condition and coded
accordingly.

The different dimensions of the FRSI are coded as follows:
Legal Bindingness

Legal bindingness captures the formal legal status of the rule. It is coded on a three-point
scale based on the IMF classification:

2 constitutional provision or international treaty
LB =31 statutory law
0 political commitment or no rule

When multiple rules apply, the highest level of legal authority is used. Supranational EU
rules are classified as international treaty-level constraints.
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Numerical Tightness

Numerical tightness measures the restrictiveness of the most binding numerical rule
affecting public debt accumulation. It incorporates both debt rules and budget balance
rules.

For EU member states, numerical tightness is defined relative to the supranational
baseline, which includes the Maastricht debt criterion (60 percent of GDP), the deficit
ceiling (3 percent of GDP), and structural balance requirements. The component is coded
as:

2 national rule is stricter than the EU baseline
NT =41 EU baseline only or equivalent national rule
0 no meaningful numerical constraint

National rules are considered stricter if they impose lower debt thresholds, tighter deficit
limits, or balanced-budget requirements exceeding EU standards.

For non-EU countries also the Maastricht debt criterion applies as a baseline with the
numerical value of 1. These values correspond to widely used fiscal standards and
provide a consistent basis for cross-country comparison. A score of 2 is assigned when
the applicable rule imposes stricter limits than these benchmarks, a score of 1 when it
corresponds approximately to the benchmark, and a score of 0 when constraints are
weaker or absent. This unified approach ensures that the index is comparable across
countries, irrespective of their membership in supranational fiscal frameworks.

A note on the application of the Maastricht criteria to the United States is warranted. The
60% debt-to-GDP and 3% deficit-to-GDP thresholds were originally designed within the
European monetary union context and do not formally apply to the United States. Their
use as a comparative baseline for the US reflects a pragmatic methodological choice: in
the absence of a universally accepted benchmark for fiscal sustainability, the Maastricht
thresholds represent the most widely recognized and empirically grounded reference
values in the international fiscal governance literature. This choice introduces a caveat for
the interpretation of the US Numerical Tightness score, as the United States benefits from
the global reserve currency status of the US dollar and operates within a federal system
that differs fundamentally from European institutional arrangements. Readers should
therefore interpret the US score on this dimension as a comparative signal rather than
a normative judgment about the appropriate level of US federal debt.

When both debt and budget balance rules are present, the most restrictive rule determines
the score.
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Coverage

Coverage captures the institutional scope of the rule across levels of government:
2 general government
COV =31 central government anly
0 partial coverage

Broader coverage reduces the possibility of shifting debt across government tiers.
Enforcement
Enforcement measures the existence of formal mechanisms to ensure compliance. The

IMF dataset records enforcement as a binary indicator, which we use directly:

1 enforcement mechanism exists

B = {0 none

We do not attempt to differentiate between degrees of enforcement strength, as the data
do not support such distinctions.

Escape Clauses

Escape clauses capture the conditions under which fiscal rules can be suspended. The
IMF dataset provides a binary indicator for the existence of escape clauses but does not
measure their restrictiveness. To align with the concept of borrowing constraints, we
recode this variable

1 no escape clause
0 escape clause exists

ESC={

This transformation reflects the idea that the presence of escape clauses weakens the
effective constraint on borrowing.

Monitoring and Oversight

Monitoring captures the presence of independent fiscal institutions:

1 independent fiscal council exists

= {0 none

Independent oversight enhances transparency and may strengthen compliance.
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Table 1: Overview of variables and coding

Variable Score Range Coding Rule Definition
Legal 0-2 2 = Constitutional or Captures the formal legal
Bindingness international treaty (incl. |authority of the fiscal rule.
(LB) EU rules); Higher values indicate
1 = Statutory law; stronger legal entrenchment
0 = Political commitment |and greater resistance to
or no rule discretionary changes.
Numerical 0-2 2 = Stricter than Measures the restrictiveness
Tightness benchmark (Debt < of the most binding
(NT) 60% or Deficit < 3%); numerical rule affecting
1 = Corresponds to borrowing. Uses 60% debt
benchmark (=60% debt or | and 3% deficit as global
~=3% deficit); reference benchmarks.
0 = Weaker or no Applies to both debt rules
numerical constraint and budget balance rules.
Coverage 0-2 2 = General government; |Indicates the institutional
(Cov) 1 = Central government | scope of the rule. Broader
only; coverage limits the
0 = Partial or limited possibility of shifting debt
coverage across government levels.
Enforcement 0-1 1 = Enforcement Captures the existence of
(ENF) mechanism exists; formal procedures to correct
0 = No enforcement rule violations. Based on
mechanism IMF binary coding; does
not measure strength or
automaticity.
Escape 0-1 1 = No escape clause; Measures the rigidity of fiscal
Clauses (ESC) 0 = Escape clause exists rules. The presence of escape
clauses reduces the effective
constraint on borrowing.
Monitoring 0-1 1 = Independent fiscal Captures the presence of
& Oversight institution exists; independent monitoring
(MON) 0 = None bodies (e.g., fiscal councils)

that enhance transparency
and accountability.

Source: Own elaboration
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This additive process results in a theoretical maximum score of 9, which represents the
highest possible degree of institutional strictness across the measured categories. The
aggregation formula is defined as: FRSI = LB, + NT, + COV,_ +ENF_+ESC,_+ MON,, where
each subscript denotes country i and year t. Choosing an unweighted sum maximizes
methodological transparency and ensures that each dimension contributes equally
to the assessment of restrictive power. This design choice is deliberate: no a priori
theoretical basis exists for assigning greater importance to any single dimension, as all six
capture distinct and non-substitutable mechanisms through which fiscal rules constrain
discretionary borrowing. For instance, strong legal bindingness does not compensate for
a total absence of enforcement, nor does broad coverage substitute for weak numerical
tightness. Each dimension represents an independent channel of fiscal constraint. This
simple aggregation logic provides a clear and replicable signal of fiscal commitment,
allowing researchers to track shifts in institutional strength without the complexity of
subjective weighting schemes.

A central distinction in the measurement of fiscal rules concerns the difference between
institutional design and their effective operation. Fiscal frameworks may be formally strict,
yet temporarily relaxed through the activation of escape clauses. To account for this, we
distinguish between an institutional FRSI, and an effective FRSI .

The baseline index captures the ex-ante institutional strictness of borrowing constraints.
It reflects the formal characteristics of fiscal rules, including their legal status,
numerical restrictiveness, coverage, enforcement provisions, flexibility, and monitoring
arrangements. Formally, the index is defined as:

FRSI,=LB,+ NT,+ COV, + ENF,+ ESC,+ MON,

where each component captures a distinct institutional dimension of fiscal rules. This
measure is time-varying only insofar as rule design changes, and it is independent of
whether rules are actively enforced or temporarily suspended.

However, fiscal rules are not always binding in practice. Many frameworks include escape
clauses that allow governments to deviate from numerical limits under exceptional
circumstances, such as severe economic downturns or crises. When such clauses are
activated, the formal constraints on borrowing may be effectively relaxed, even though
the institutional framework remains unchanged.

To capture this distinction, we define an effective constraint measure:

FRSI .= FRSI - (1-ECA)
where ECA is an indicator variable equal to one if an escape clause is activated in country
iinyeart, and zero otherwise. This formulation implies that the effective constraint is fully

suspended when escape clauses are activated, and identical to the institutional index
when they are not.
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The distinction between FRSI, and FRSI_ allows us to separate two conceptually different
dimensions of fiscal governance. The former captures the structural strictness of the fiscal
framework, while the latter reflects the actual binding force of borrowing constraints in
agivenyear.Thisis particularly relevant in periods of systemic shocks, such as the activation
of the general escape clause in the European Union during the COVID-19 pandemic, when
formally stringent rules were temporarily relaxed across all member states.

Empirically, this distinction enables us to assess whether fiscal rules influence outcomes
through their institutional design, their effective application, or the interaction of both. By
explicitly separating these channels, the framework avoids conflating rule existence with
rule enforcement and provides a more precise measure of fiscal constraint.

4.3 Data Extraction Process

The data extraction process for this paper focuses exclusively on de-jure arrangements
to assess the formal design of fiscal limits rather than their practical adherence. As
International Monetary Fund (2025) indicates, the IMF Fiscal Rules dataset highlights that
documenting the formal legal design is a distinct analytical task from measuring how
well rules are followed in practice. This de-jure focus provides a foundational baseline for
quantification by separating institutional properties, often referred to as the institutional
hardware, from real-world outcomes such as debt levels (ibid.). Data collection involves
a systematic qualitative review of primary legal documents and secondary institutional
reports to identify the specific structural features of a fiscal regime. This approach ensures
that the study targets institutional features including numerical limits, legal bindingness,
and enforcement mechanisms without the confounding influence of cyclical economic
results.

To build a robust dataset, primary sources including national constitutions, federal budget
laws, and official fiscal reports from finance ministries were harvested. The extraction
process is supported by international comparisons from the IMF dataset, which provides
systematic information on rule design across 123 economies (ibid.). For the specific case
studies of Germany, the USA, and the Czech Republic, legislative archives provide the raw
text required for scoring the six dimensions of the FRSI.

5 Comparative Analysis of Institutional Fiscal Discipline
(2000-2023)

While the Fiscal Rule Strictness Index (FRSI) provides a standardized framework for
measurement, its practical application reveals that institutional discipline follows highly
diverse paths depending on different legal and political traditions. In this paper, this
chapter moves from the theoretical construction of the index to its empirical application,
specifically focusing on how the restrictive power of fiscal regimes has evolved over time.
The primary objective is to quantify the de-jure strictness of budgetary frameworks by
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applying the established scoring protocol to national legislative documents and official
reports over a twenty-three-year period from 2000 to 2023.

5.1 The German Debt Brake: Institutional Evolution and Reform
Pressures

The German fiscal framework is characterized by a high degree of institutional hardware,
as the debt brake is deeply embedded within the Basic Law (Basic Law for the Federal
Republic of Germany, 2025). This constitutional anchoring ensures that the rules are
not merely symbolic but act as a permanent constraint on political discretion. Any
amendment to these provisions requires a significant political consensus, specifically
a two-thirds majority in both the Bundestag and the Bundesrat (Basic Law for the Federal
Republic of Germany, 2025). Within the framework of this paper, this status corresponds
to a maximum score of 2 in the FRSI Legal Bindingness dimension, reflecting the highest
possible level of legal commitment. The transition to this model occurred during the 2009
reform, which fundamentally altered the institutional landscape by replacing previous,
less effective deficit rules with a strict “Schuldenbremse” (Fuest & Thone, 2013). This
shift from macroeconomic software, or simple policy outcomes, to a rigid constitutional
anchor established Germany as a stability leader in the Eurozone, providing a credible
commitment device that is difficult for shifting political majorities to reverse (ibid.).

A central component of the German institutional design is its high numerical tightness,
which is defined by a strict borrowing limit. For the federal budget, net borrowing is
constitutionally restricted to 0.35% of the nominal gross domestic product (Basic Law for
the Federal Republic of Germany, 2025). This specific threshold is notably narrower than
broader European standards, which typically focus on the general government deficit
rather than specific federal limits (Grimm et al., 2024). Empirical research suggests that
this rigid design has been highly effective; the debt brake causally reduced the federal
debt-to-GDP ratio by approximately 20 percentage points by the year 2021 (Feld et al.,
2024). Furthermore, the framework imposes even stricter requirements on the federal
states, or Lander, which have been prohibited from any structural net borrowing since
2020 (Beznoska et al., 2024; Fuest & Thoéne, 2013). This combination of a tight federal
ceiling and a zero-borrowing rule for subnational entities ensures that the numerical core
of the German fiscal regime remains among the most restrictive globally, though it has
faced criticism for potentially limiting necessary public modernization efforts (Beznoska
etal, 2024).

The 2023 Federal Constitutional Court ruling represents a decisive turning point for
the enforcement of fiscal discipline in Germany. By annulling a 60 billion Euro credit
transfer to the Climate and Transformation Fund, the court significantly tightened the
legal interpretation of the debt brake (Huther, 2024). This decision explicitly prohibits
the practice of transferring emergency credit authorizations to special funds for use in
future years (Grimm et al., 2024). This ruling serves as a de-facto enforcement mechanism,
making the institutional framework much stricter in practice than it had been previously
(Grimm et al., 2024). Consequently, the government can no longer rely on multi-year credit
reserves and must instead declare a new emergency annually if it intends to exceed the
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standard credit limits (ibid.). This judicial intervention has forced a return to the principles
of budgetary clarity and truth, effectively closing procedural loopholes that allowed for
the strategic circumvention of the structural deficit ceiling while increasing the pressure
for immediate fiscal consolidation (Huther, 2024).

Despite high legal bindingness, the German framework faces a significant coverage
vulnerability due to the proliferation of special funds outside the core budget. To navigate
the restrictive handlings of the debt brake, the government has increasingly relied on
these shadow budgets to finance large-scale public spending (Beznoska et al., 2024).
For example, Article 143h explicitly permits a special fund of up to 500 billion euros for
infrastructure and climate-neutrality investments, which is exempt from the standard
debt limits defined in Articles 109 and 115 (Basic Law for the Federal Republic of Germany,
2025). These extra-budgets can account for a substantial portion of public debt; data
from 2011 indicated that such entities already carried over 13% of state-level debt (Fuest
& Thone, 2013). Critics argue that these mechanisms dilute the binding effect of the
constitutionally anchored debt brake by allowing for significant debt accumulation that
is not captured by the central deficit ceiling (Beznoska et al., 2024).

The constitutional amendments enacted in March 2025 signal a significant shift toward
a more flexible, second-generation fiscal rule design. These changes have notably
loosened the debt brake’s original restrictive power by exempting defense expenditures
that exceed 1% of GDP from the federal borrowing limit (Buttner, 2025). Additionally, the
reform increased the net borrowing ceiling for the federal states from a strict zero percent
to 0.35% of their economic output (ibid.). These relaxations are intended to create the
fiscal space necessary for strategic investments in defense and infrastructure, which were
previously hindered by the rigid 2009 framework (ibid.). While these amendments provide
more policy leeway, they also reflect an evolutionary path where the institutional hardware
is adapted to accommodate modern economic and geopolitical pressures (Zettelmeyer,
2025). This transition highlights the dynamic nature of fiscal strictness in Germany, as the
framework moves away from absolute rigidity toward a model that attempts to balance
long-term sustainability with the pragmatic need for flexibility in extraordinary spending
areas (Grimm et al., 2024).

The evolution of the German debt brake illustrates a persistent tension between domestic
stability goals and supranational requirements. On one hand, the rule remains a “miracle”
of fiscal sustainability, as its structural balance mechanism ensures that the debt-to-
GDP ratio will eventually stabilize regardless of the initial debt level (Zettelmeyer, 2025).
Furthermore, the debt brake has successfully lowered public refinancing costs, with
interest rates on average 0.46% lower than they would have been without the rule (Feld
et al., 2024). On the other hand, the projected rise in debt under the 2025 amendments
creates a significant conflict with the European Union’s 60% reference value (ibid.). Current
financial planning suggests that Germany’s debt trajectory may not meet the EU’s annual
reduction targets, as the new borrowing capacity could lead to steady-state debt levels
as high as 94% of GDP under certain growth scenarios (ibid.). Ultimately, the German
case demonstrates that institutional strictness is not static; it fluctuates between rigid
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constitutional anchors and the pragmatic flexibility required to respond to global shocks
and national strategic priorities (Fuest & Thone, 2013).

5.2 USA: Divergent Fiscal Frameworks

The federal fiscal framework in the United States has historically been defined by notable
regime instability, alternating between active and passive phases since 1960 (Favero
& Monacelli, 2005). Within this paper, this volatility is viewed as a consequence of
shifting political priorities regarding debt stabilization. Significant legislative attempts to
introduce discipline include the Gramm-Rudman-Hollings Act of 1985, which established
deficit targets and automatic spending cuts, and the Budget Enforcement Act of 1990
(Auerbach, 2000). These rules evolved from rigid deficit targets toward more flexible “caps”
ondiscretionary spending and pay-as-you-go requirements (ibid.). Despite these structural
changes, empirical evidence suggests that a strict passive regime—one consistently
focused on stabilizing debt—only emerged in the early 1990s (Favero & Monacelli, 2005).
This historical pattern indicates that federal commitment to fiscal discipline has been
reactive and subject to stochastic variations rather than being a constant institutional
feature (ibid.).

The restrictive power of federal rules is often undermined by weak enforcement and the
strategic behavior of legislators. Evaluation of these rules suggests that their effectiveness
is frequently challenged by “end runs” where political actors seek ways to bypass
restrictive limits (Auerbach, 2000). Common stratagems include the reclassification of
direct spending as tax expenditures—such as re-labeling scholarships as tax benefits—
or the utilization of “one-time” savings and asset sales (Auerbach, 2000; Azzimonti, 2013).
Furthermore, the proliferation of “emergency” spending and the use of off-budget entities
serve to dilute the numerical tightness of federal constraints (Auerbach, 2000). Provisions
that allow for supermajority overrides in proposed amendments could also weaken the
long-term effectiveness of these rules by making them contingent on temporary political
consensus (Azzimonti, 2013). This indicates that the federal FRSI score for Enforcement
and Compliance is inherently limited by the ease with which statutory limits can be
circumvented through procedural maneuvers.

In contrast to the federal level, the subnational landscape in the United States exhibits
a high degree of institutional rigidity. Every state except Vermont currently operates
under some form of balanced budget rule, many of which are constitutionally anchored
(Azzimonti, 2013). Empirical research indicates that these state-level rules are notably
effective in enforcing fiscal discipline and increasing primary surpluses (Alesina
& Bayoumi, 1996). The stringency of these rules varies, but the most effective designs are
those requiring “ex-post” balancing, which mandates that any deficit must be corrected
within the current fiscal cycle rather than carried over (Azzimonti, 2013). Interestingly,
while these tighter subnational rules increase budget rigidity, evidence suggests they do
not necessarily lead to higher state output variability (Alesina & Bayoumi, 1996). However,
despite the strength of these subnational constraints, the Fiscal Rule Strictness Index
for the United States is coded as zero. The index captures borrowing constraints at the
level of the general government or sovereign fiscal authority, rather than subnational
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fiscal discipline. In the U.S,, fiscal rules are fragmented across states and do not impose
a binding constraint on federal borrowing, which accounts for the majority of public debt.
Moreover, there is no unified fiscal rule framework governing the general government,
nor a mechanism through which state-level rules aggregate into a coordinated national
constraint.

The design of state fiscal institutions significantly influences market perceptions and
borrowing costs in the municipal bond market. Lenders appear to distinguish between
various rule types, demanding higher returns from states with lax antideficit provisions
(Poterba & Rueben, 1999). States categorized as having weak rules face borrowing costs
approximately 13 to 15 basis points higher than those with strict frameworks (ibid.). While
binding expenditure limits are viewed favorably and can reduce yields by 7 basis points,
revenue limits are often perceived as increasing default risk, potentially raising yields
by nearly 18 basis points (ibid.). This market sensitivity is not static; for each percentage
point increase in the unemployment rate in states with revenue limits, bond yields rise
by an additional 5 basis points relative to states without such limits (ibid.). These findings
demonstrate that financial markets act as a de-facto enforcement mechanism, penalizing
perceived institutional weakness and reinforcing the necessity of transparent fiscal
guardrails.

The US case study reveals a distinct dual-track system characterized by high subnational
strictness and volatile federal commitment (Alesina & Bayoumi, 1996). However, despite
the strength of these subnational constraints, the Fiscal Rule Strictness Index for the
United States is coded as zero. The index captures borrowing constraints at the level
of the general government or sovereign fiscal authority, rather than subnational fiscal
discipline. In the U.S., fiscal rules are fragmented across states and do not impose
a binding constraint on federal borrowing, which accounts for the majority of public debt.
Moreover, there is no unified fiscal rule framework governing the general government,
nor a mechanism through which state-level rules aggregate into a coordinated national
constraint.

As a result, subnational fiscal rules—while institutionally strong—do not translate into an
effective constraint on aggregate public borrowing. The U.S. therefore represents a case of
high subnational fiscal discipline coexisting with the absence of binding federal borrowing
constraints, which is reflected in a zero score on the index. A significant vulnerability at
the federal level is the dilution of Coverage scores due to massive “contingent public
debt,” which includes secondary liabilities like loan guarantees estimated to be six times
larger than direct primary liabilities (Natelson, 2017). While short-term surpluses may
occasionally mask these trends, long-term projections indicate a substantial fiscal gap
driven by age-based entitlement spending (Auerbach, 2000). Consequently, the overall
US framework presents a paradox where the stabilizing role of subnational rules is robust,
yet the federal architecture remains susceptible to political impatience and the exclusion
of significant liabilities from the core budget aggregates.
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5.3 Czech Republic: Development of Fiscal Discipline

Czech fiscal policy during the 1990s and early 2000s operated in what researchers
describe as a dualistic manner (Bezdék et al., 2003). While official statistics suggested
a certain level of discipline, the actual financial situation was obscured by significant quasi-
fiscal operations conducted outside the formal budget by transformation institutions
(ibid.). These bodies, such as the Czech Consolidation Agency, were primarily used to
restructure the banking sector for privatization, but they effectively served as off-budget
budgetary instruments (ibid.). The evidence suggests these transactions generated
an average indirect deficit of approximately 1.5% of GDP annually, which masked the
true expansionary nature of fiscal policy during this period (Bezdék et al., 2003). As
a result of these hidden primary balances, government debt rose significantly from 14%
of GDP in 1996 to nearly 41% by 2011 (Komarkova et al., 2012). Within this paper, this
era is characterized by low transparency and significant coverage vulnerabilities, as the
institutional hardware failed to capture a large portion of state liabilities (ibid.).

Prior to the implementation of major reforms, the Czech Republic displayed a persistent
deficit bias and lacked formal numerical fiscal rules until 2017 (Ptak & Wielechowski, 2023).
The country’s institutional framework performed poorly in international comparisons
during this time, ranking 22nd among 27 EU member states in fiscal rule strength indices
(Baxa & Paulus, 2016). This early phase can be described as a permissive framework where
governments could violate fiscal targets without facing formal sanctions or significant
political costs (Baxa & Paulus, 2016). Although the Czech government bond market initially
enjoyed high levels of trust and low yields due to satisfactory demand, the underlying
structural trends were recognized by experts as potentially risky and unsustainable
(Komarkova et al., 2012). This institutional vacuum meant that while the debt-to-GDP
ratio remained relatively low, there were few mechanisms to prevent a gradual erosion
of fiscal discipline, highlighting the necessity for a more robust and transparent scoring
framework (Ptak & Wielechowski, 2023).

A significant paradigm shift occurred with the introduction of the 2017 Act on Budgetary
Responsibility, which was designed to promote responsible behavior and ensure long-
term sustainability (Ptak & Wielechowski, 2023). This statutory framework integrated
EU fiscal rules into national legislation, establishing key budgetary principles such
as annuality, timeliness, and long-term balance across all government tiers (Radvan &
Tomaskova, 2024). A central feature of the reform was the introduction of a debt brake
triggered when public sector debt exceeds 55% of GDP, alongside specific debt limits for
regional and local governments (Ptak & Wielechowski, 2023; Radvan & Tomaskova, 2024).
Although the Act is statutory law rather than a constitutional provision, it represents
a substantial increase in the Legal Bindingness dimension of the FRSI compared to
previous political agreements (Pospisil, 2016; Radvan & Tomaskova, 2024). This legislative
momentum effectively established the institutional hardware necessary to anchor fiscal
expectations and mitigate the common pool problem that characterized earlier Czech
budget processes (Baxa & Paulus, 2016; Pospisil, 2016).
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The creation of the Czech Fiscal Council serves as a decisive component of the post-
2017 framework, acting as an independent expert body tasked with monitoring rule
compliance (Radvan & Tomaskovd, 2024). According to Radvan & Tomaskova (2024), the
Council evaluates the sustainability of public finances and aims to reduce the risk of state
over-indebtedness through transparent reporting. This oversight is further supported
by the Committee for Budget Prognoses, which provides independent evaluations of
macroeconomic and budgetary forecasts used by the Treasury (Baxa & Paulus, 2016;
Pospisil, 2016). By providing unbiased assessments that are difficult for political actors to
ignore, these bodies enhance the overall transparency and restrictive power of the fiscal
framework (Radvan & Tomaskovd, 2024). This shift toward independent oversight marks
a critical maturation in Czech fiscal governance, moving away from internal ministerial
monitoring toward a more credible, third-party evaluation system (Pospisil, 2016).

The COVID-19 pandemic acted as a severe stress test for the newly established Czech fiscal
framework, leading to a rapid deterioration of public finances as the general government
deficit reached 6.2% of GDP in 2020 (Mora & Galus¢éak, 2021). In response to the crisis, the
structural deficit limit was significantly loosened from 1% to 4% through amendments to the
Fiscal Responsibility Act in 2020 (Radvan & Tomaskova, 2024). Furthermore, the activation
of the EU’s general escape clause allowed for a temporary suspension of national rules,
which provided necessary fiscal space but also revealed the vulnerability of the framework
during extraordinary shocks (Mora & Galusc¢ak, 2021; Ptak & Wielechowski, 2023). This
period demonstrated that enforcement can be weakened by legislative amendments that
effectively create de facto unlimited fiscal space (Mora & Galusc¢ak, 2021).

Despite the institutional improvements, long-term projections consistently indicate that
the Czech fiscal path remains unsustainable due to the challenges of population aging
(Bezdék et al., 2003; Krejdl, 2006). Primary expenditures are projected to increase by 7.3
percentage points of GDP, driven largely by rising costs in the pension and healthcare
sectors (Krejdl, 2006). Research suggests that addressing this imbalance would require
significant fiscal consolidation, including a tax gap adjustment of nearly 7% of GDP to
satisfy long-term budget constraints (Krejdl, 2006). The Czech case underscores that while
the 2017 reforms improved FRSI strictness scores, the underlying demographic reality acts
as a persistent stress test for the institutional framework (Pospisil, 2016). Without further
structural reforms to age-related spending, even a high score in institutional strictness may
be insufficient to prevent explosive debt trajectories in the coming decades, reinforcing
the need for rules that include clear return paths after crisis-induced suspensions (Bezdék
et al., 2003; Krejdl, 2006).

5.4 Systemic Patterns and Institutional Resilience under Economic
Shocks

The comparative analysis of Germany, the United States, and the Czech Republic reveals a set
of systematic patterns in the design, effectiveness, and resilience of fiscal rule frameworks.
Despite substantial differences in institutional architecture, all three cases illustrate that
fiscal rule strictness is neither static nor uniformly binding, but instead shaped by the
interaction between legal design, political incentives, and macroeconomic shocks.
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A first key pattern is the distinction between institutional strictness and effective
constraint. Germany represents a case of high institutional strictness, characterized by
constitutional anchoring, tight numerical limits, and strong enforcement through judicial
oversight. However, even in this setting, the activation of escape clauses during the
COVID-19 crisis and the use of special funds temporarily weakened the effective constraint
on borrowing. This highlights that even highly rigid frameworks can be selectively relaxed
without formal institutional change.

The Czech Republicillustrates a similar dynamic, albeit within a less entrenched statutory
framework. The post-2017 reforms significantly increased institutional strictness, yet
the pandemic-induced loosening of deficit limits and the activation of escape clauses
demonstrated that legislative flexibility can rapidly dilute effective fiscal constraints.
In both cases, the divergence between formal rules and their application underscores
the importance of distinguishing between ex ante rule design and ex post policy
implementation.

In contrast, the United States represents a limiting case where institutional strictness at
the federal level is largely absent. Despite strong subnational rules, the lack of a unified
federal framework implies that both institutional and effective borrowing constraints
remain weak. This confirms that fragmented fiscal governance cannot substitute for
a coherent sovereign-level constraint.

A second pattern concerns the role of multi-level fiscal governance. Both Germany
and the Czech Republic operate within a layered system combining national rules with
supranational EU constraints. This structure creates a baseline level of fiscal discipline, but
also introduces tensions between domestic policy objectives and external requirements.

Germany’s case demonstrates that even a highly restrictive national framework may
come into conflict with EU fiscal benchmarks when domestic reforms expand borrowing
capacity. Similarly, the Czech Republic’s integration of EU rules into national legislation
strengthened its institutional framework, yet did not fully eliminate vulnerabilities related
to enforcement and crisis flexibility.

By contrast, the United States lacks an equivalent supranational or federal coordination
mechanism. The result is a dual-track system, where strong subnational discipline coexists
with weak federal constraints. This fragmentation prevents the emergence of a binding
general government rule and highlights the importance of institutional coherence across
government levels.

A third systemic pattern relates to coverage limitations and the use of off-budget
instruments. In all three cases, governments have developed mechanisms to circumvent
formal constraints by shifting liabilities outside the core budget.

In Germany, the expansion of special funds and extra-budgetary entities has created

“shadow budgets” that weaken the effective coverage of the debt brake. Similarly, the
Czech Republic’s pre-reform reliance on quasi-fiscal institutions obscured the true fiscal
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position and allowed for hidden deficits. In the United States, contingent liabilities and
off-budget commitments further dilute the transparency of fiscal policy.

These patterns indicate that formal numerical limits alone are insufficient if significant
portions of public liabilities remain outside the scope of the rule. Coverage, therefore,
emerges as a critical determinant of effective fiscal discipline.

A central finding across all cases is that global economic shocks act as stress tests for fiscal
institutions. The COVID-19 pandemic, in particular, triggered a synchronized relaxation of
fiscal rules across advanced economies.

In Germany and the Czech Repubilic, the activation of escape clauses allowed governments to
temporarily suspend numerical constraints and implement large-scale fiscal support measures.
While this flexibility was economically necessary, it also revealed a structural vulnerability: the
ease with which strict rules can be deactivated in extraordinary circumstances.

The U.S. case further underscores this point, as fiscal expansion during crises occurs in the
absence of binding federal constraints, relying instead on discretionary policy responses.
This suggests that institutional rigidity is systematically counterbalanced by built-in
flexibility mechanisms, which become dominant during periods of economic stress.

Finally, all three cases point toward an emerging trend in fiscal governance: the transition
from rigid first-generation rules toward more flexible second-generation frameworks.
Germany'’s 2025 reforms, which introduce targeted exemptions for defense spending
and relax subnational borrowing constraints, exemplify this shift. Similarly, the Czech
Republic’s temporary adjustment of deficit limits during the pandemic reflects an adaptive
approach to rule design.

This evolution suggests that fiscal frameworks are increasingly designed to balance
credibility and flexibility, rather than maximizing strictness alone. However, this comes at
the cost of reduced predictability and potentially weaker long-term constraints.

Taken together, the three case studies demonstrate that fiscal rule strictness must be
understood as a multi-dimensional and dynamic concept. High legal bindingness and
numerical tightness do not automatically translate into effective constraints, particularly
in the presence of escape clauses, off-budget instruments, and political discretion.

The distinction between institutional strictness (FRSIit) and effective constraint (FRSleff) is
therefore crucial for empirical analysis. While the former captures the formal design of fiscal
frameworks, the latter reflects their actual binding force under varying economic conditions.

More broadly, the findings suggest that the effectiveness of fiscal rules depends less on
their formal stringency alone and more on the interaction between design, coverage,
enforcement, and crisis adaptability. This highlights the need for measurement approaches
that go beyond static indicators and account for the conditional nature of fiscal constraints
in practice.
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Table 2 presents the annual FRSI scores for Germany, the United States, and the Czech
Republic over the period 2000-2024. Several patterns are noteworthy. Germany
consistently achieves the highest scores, reflecting its constitutionally anchored debt brake
and tight numerical constraints. The United States records the lowest scores throughout
the observation period, driven by the absence of binding federal fiscal rules; the relatively
higher subnational strictness is not captured at the aggregate federal level reported
here. The Czech Republic shows a clear structural break after 2017, with FRSI scores
rising substantially following the introduction of the Act on Budgetary Responsibility,
before temporarily declining during the COVID-19 crisis due to escape clause activation.
These dynamics illustrate the index’s capacity to distinguish between stable institutional
frameworks and those subject to reform-driven or crisis-induced variation.

6 Conclusion

This paper set out to address a central limitation in the analysis of fiscal discipline: the
tendency to evaluate fiscal regimes based on observed outcomes rather than their
underlying institutional design. By developing the Fiscal Rule Strictness Index (FRSI),
the study provides a multidimensional framework that captures the de-jure restrictive
power of fiscal rules, thereby offering a more precise and forward-looking measure of
fiscal commitment.

The theoretical discussion demonstrated that persistent deficit bias is rooted in structural
political economy problems, particularly time inconsistency and the common pool
problem. These mechanisms create systematic incentives for policymakers to prioritize
short-term gains over long-term stability. Fiscal rules, when properly designed, act as
institutional commitment devices that can mitigate these distortions by constraining
discretionary behavior and anchoring expectations. However, their effectiveness depends
critically on specific design features, including legal bindingness, numerical tightness,
coverage, enforcement, flexibility, and monitoring.

The empirical application of the FRSI to Germany, the United States, and the Czech
Republic highlights substantial cross-country variation in institutional strictness. Germany
emerges as a case of high formal strictness, driven by strong constitutional anchoring
and tight numerical limits, though its effectiveness is partially undermined by off-budget
mechanisms and evolving flexibility provisions. The Czech Republic demonstrates a clear
improvement in institutional design following the 2017 reforms, yet remains vulnerable to
discretionary relaxations during economic shocks. In contrast, the United States illustrates
the absence of a coherent federal constraint, as strong subnational rules do not translate
into a binding restriction on aggregate public borrowing.

A key finding of this study is the importance of distinguishing between institutional
strictness and effective constraint. While the FRSI captures the formal design of fiscal
frameworks, the analysis shows that the actual binding force of rules can be significantly
weakened through the activation of escape clauses, legislative amendments, or the use of
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off-budget instruments. The COVID-19 crisis provided a clear illustration of this dynamic,
as formally stringent rules were temporarily suspended across countries. This underscores
that fiscal discipline is not a static property, but rather a conditional outcome shaped by
both institutional design and political responses to external shocks.

Thefindings also point to several broaderimplications for fiscal governance. First, high legal
bindingness alone is insufficient if coverage is incomplete or if enforcement mechanisms
are weak. Second, excessive flexibility risks undermining credibility if escape clauses are
not clearly defined and limited. Third, transparency and independent monitoring play
a crucial role in sustaining compliance by increasing the reputational costs of deviation.
These insights suggest that effective fiscal frameworks must balance commitment and
adaptability while minimizing opportunities for circumvention.

From a methodological perspective, the FRSI makes concrete contributions to the fiscal
governance literature. First, it introduces a Numerical Tightness dimension with a refined
ordinal scale that captures the restrictive power of fiscal targets beyond their mere
presence — a distinction that existing datasets, including the IMF Fiscal Rules Dataset
and the European Commission index, do not operationalize at this level of granularity.
Furthermore, by constructing a time-varying composite score for three structurally diverse
economies over 25 years, the index demonstrates how institutional strictness responds to
major economic shocks — a dynamic that static, cross-sectional indices cannot capture.
These contributions are empirically illustrated by the finding that Germany’s high formal
strictness did not prevent the activation of escape clauses during the COVID-19 crisis,
while the Czech Republic’s post-2017 reform trajectory is quantifiably traceable through
the index. By focusing on de-jure design rather than outcomes, the index avoids the
endogeneity and cyclical biases that affect outcome-based measures, providing a more
stable and forward-looking signal of fiscal commitment.

Future research could extend this framework by integrating measures of compliance and
enforcement outcomes, exploring the interaction between institutional strictness and
political economy variables, or applying the index to a broader set of countries. In particular,
combining the FRSI with outcome-based indicators may help to better understand the
conditions under which fiscal rules translate into sustainable public finances.

In conclusion, this paper shows that understanding fiscal discipline requires a shift from
observing outcomes to analyzing institutions. The Fiscal Rule Strictness Index offers
a transparent and replicable tool to capture this dimension, providing valuable insights
for both academic research and policy design in an era of heightened fiscal pressures.
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