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Abstract

This  study provides  quasi-causal  evidence  linking
procurement  thresholds and used  procurement  system
Platform to competition outcomes. Using cansal forests on

28,175 Slovak contracts (2023-2025), we show that

040 01 Kosice, Slovak Republic mandatory EU-wide publication (TED) increases bid

competition by +1.98p on average, but effects are
profoundly heterogeneons. Healtheare procurement exhibits
negative effects. Policy trees reveal that sector-differentiated,
region-aware  thresholds —outperform  categorical  rules.
Rather than prescribe new fixed thresholds, we argue for
evidence-based, adaptive threshold policy calibrated by
CPV” division, geography, and temporal dynamics. The
study demonstrates that machine learning methods enable
discovery of heterogeneons treatment effects and translation
to interpretable policy rules. Future work integrating NLP
would isolate platform effects from specification confounding.

gabriel.demeter@tuke.sk
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Introduction

European public procurement operates under a dual-system framework where contracts above specified
value thresholds must be published on Tenders Electronic Daily (TED) - the official EU procurement
platform—swhile smaller contracts may be managed through national systems (European Commission, n.d.-
a). In Slovakia, the dual system operates on two levels: contracts above EU thresholds (€143,000 for
supplies/setvices by central authorities, €221,000 for sub-central authorities; €5,538,000 for works) are
mandatorily published on TED, while contracts below EU thresholds but above the national €70,000
threshold must be published in the national Public Procurement Bulletin via EKS (European Commission,
n.d.-b; European Court of Auditors, 2023). This threshold-based system reflects EU Directive
2014/24/EU, which establishes minimum EU thresholds (€143,000 for supplies/services by central
government, €221,000 for sub-central authorities, €5,538,000 for works, updated for 2024-2025) (Directive
2014/24/EU; European Commission, n.d.-b).

The central policy question addressed in this study is: Does above-threshold designation (mandatory TED
publication) improve procurement competition, and are current thresholds optimally calibrated?

This question matters because public procurement accounts for approximately 15-30% of government
spending across EU member states, translating to over €2 trillion annually (OECD, 2011; European Court
of Auditors, 2023). Even modest improvements in competition-driven cost efficiency generate substantial
fiscal benefits (Adam et al.,, 2021). However, above-threshold procedures impose administrative costs
through standardization, documentation, potential translation, and compliance with EU-level procurement
law (SIGMA Programme, 2016). The trade-off between competitive benefits and administrative burden
varies with contract size: for a €50,000 contract, the compliance burden may outweigh competitive gains,
while for a €1 million contract, the opposite likely holds.
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Existing procurement literature has examined centralization vs. decentralization in procutement systems
and the effectiveness of electronic auctions in reducing prices but has not systematically tested whether
publication channel (national vs. EU-wide) affects competition in a causally identified way (Tatrai, 2024).
Prior work assumes that transparency is uniformly beneficial or focuses on specific procurement categories
(e.g., healthcare, construction) rather than the general threshold effect across market segments
(Transparency International, 2024; Hanak et al., 2018).

Our study fills this gap by:

e Causal identification: Using causal forests to estimate conditional treatment effects, avoiding
confounding bias from self-selection into above/below threshold tiers (Athey et al., 2019).

e Heterogeneity discovery: Revealing non-linear threshold effects through automated feature interactions
rather than pre-specified functional forms (Wager & Athey, 2018).

e DPolicy optimization: Deriving optimal threshold rules via policy trees, translating empirical findings into
actionable guidance (Athey & Imbens, 2019).

e  Empirical breadth: Analyzing 28,175 contracts across all procurement categories and market segments,
not just specific sectors.

1 Literature Review

Public procurement thresholds serve as pivotal regulatory instruments that balance two competing policy
objectives: market openness and administrative proportionality. The fundamental logic behind threshold
regulation is that higher contract values justify greater procedural rigor, transparency, and cross-border
accessibility, while lower-value contracts should remain subject to simplified procedures to avoid
disproportionate compliance costs (Molander, 2014; OECD, 2011). This proportionality principle—
codified in Directive 2014/ 24/ EU—reflects the EU’s broader objective of promoting the internal market
without imposing excessive regulatory burdens on small or local contracting authorities (European
Commission, n.d.-a).

From an institutional economics perspective, thresholds operate as filters of governance intensity: they determine
when a contract transitions from local discretion to harmonized supranational oversight. Above-threshold
procurement ensures cross-border contestability, but it also shifts administrative responsibility to centralized
systems governed by EU law. Below-threshold regimes, by contrast, prioritize administrative feasibility and
local responsiveness (SIGMA Programme, 2016). As a result, thresholds embody not merely technical cut-
offs but policy trade-offsi—between transparency and transaction costs, inclusion and manageability, and legal
certainty versus procedural flexibility (European Court of Auditors, 2023).

In practice, the calibration of these thresholds has evolved alongside technological and institutional
developments. The rise of electronic procurement platforms (e-procurement) has substantially reduced
transaction and information costs, calling into question whether legacy threshold levels—originally designed
for paper-based processes—remain optimal (Adam et al., 2021). As e-procurement and automation expand,
the marginal administrative burden of compliance decreases, implying that higher levels of transparency
could be achieved at lower relative cost (Transparency International, 2024). However, empirical evaluations
of these dynamics remain limited, and member states have often adjusted thresholds reactively in response
to corruption cases or audit findings rather than through data-driven assessment (Tatrai, 2024).

In Slovakia, threshold policy exemplifies this broader European pattern. The national below-EU threshold,
established as a transparency-enhancing mechanism, reflects the state’s strategic attempt to curb local
discretion and strengthen accountability in public spending. Yet, nearly a decade after its introduction, no
systematic, evidence-based assessment has determined whether this policy achieved its intended balance
between openness and efficiency. The literature identifies similar policy inertia across member states, where
periodic reforms adjust numerical limits but rarely revisit the underlying assumptions about administrative
capacity, digital maturity, or market competitiveness (European Court of Auditors, 2023; Molander, 2014).
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1.1 EU Procurement Thresholds and Systems Architecture

The EU procurement framework is one of the most structured in the world, designed to operationalize the
principle of proportionality through a tiered system of rules. The legal architecture of Directive 2014/24/EU
defines the procedural obligations that contracting authorities must follow once their procurements surpass
specified thresholds. These thresholds are reviewed biennially by the European Commission to maintain
parity with inflation and exchange rate fluctuations, but their conceptual purpose extends beyond simple
price levels—they delineate jurisdictional boundaries of transparency (European Commission, n.d.-b).

The threshold mechanism thus serves multiple governance functions.First, it allocates procedural
complexity: higher-value procurements must adhere to standardized formats, longer publication timelines,
and pan-European accessibility through TED (Tenders Electronic Daily). This ensutes comparability,
auditability, and equal access for suppliers across the Single Market (European Court of Auditors, 2023).

Second, it differentiates by institutional capacity: central authorities, typically endowed with professional
procurement units, face stricter obligations than smaller or sub-central entities, whose administrative
resources may be limited (OECD, 2011).

Third, thresholds facilitate regulatory subsidiarity, granting member states discretion to impose additional
national transparency requirements below EU minima. This federalist flexibility enables countries to
respond to local corruption risk, political culture, and procurement maturity (SIGMA Programme, 2016).

National systems such as Slovakia’s Electronic Contract System (EKS) embody this flexibility by extending
transparency to contracts that fall below EU-mandated publication levels. While EU law mandates
procedural harmonization only above its defined thresholds, member states may design domestic systems
that simulate EU-level transparency at lower cost and complexity. These arrangements create a multi-tier
governance model—a nested structure where transparency, oversight, and procedural rigor scale with
contract value (Tatrai, 2024).

From a policy-design standpoint, the architecture of thresholds is dynamic: it evolves with technological
innovation, market integration, and administrative learning. As electronic marketplaces and cross-border
supplier networks mature, the traditional justification for rigid categorical thresholds weakens.
Contemporary scholarship increasingly calls for adaptive, evidence-based thresholds, which adjust to
sectoral risk, procurement complexity, and digital readiness rather than relying on uniform numerical cut-
offs (Adam et al., 2021; Transparency International, 2024). Such adaptive systems would align with the EU’s
data-driven governance agenda and ongoing digital transition in public administration.

1.2 Publication Platforms and Competitive Mechanisms

Public procurement platforms represent the operational backbone of the European threshold system,
translating regulatory proportionality into practical mechanisms of market access and transparency. Two
main digital infrastructures embody this dual architecture: the Tenders Electronic Daily (I'ED) platform for
above-threshold contracts and national e-procurement portals, such as Slovakia’s Electronic Contract System
(EKS), for below-threshold procurements. Each platform operationalizes transparency and competition
differently—reflecting trade-offs between harmonization, accessibility, and administrative feasibility
(European Court of Auditors, 2023; SIGMA Programme, 2016).

TED: Harmonized Market Visibility: TED serves as the supranational gateway for EU-level
procurement, ensuring compliance with the transparency and accessibility standards established under
Directive 2014/ 24/ EU. Its design reflects the EU’s policy ambition to integrate national markets into a single,
contestable procurement space. Contract notices published on TED follow a harmonized structure using
Common Procurement 1 ocabulary (CP1/) codes, standardized award criteria, and uniform procedural templates
(European Commission, n.d.-b). All TED records are machine-readable and searchable across the European
Economic Area, thereby facilitating cross-border participation and reducing information asymmetry
between contracting authorities and suppliers (Adam et al., 2021).

This degree of standardization expands the potential bidder pool and supports policy objectives of non-
discrimination and equal treatment. However, TED’s procedural rigor introduces compliance costs related
to documentation, multilingual publication, and strict evaluation criteria—burdens that can
disproportionately affect smaller contracting entities or low-value procurements (OECD, 2011; Molander,
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2014). The resulting asymmetry suggests that, while TED increases transparency, its benefits may materialize
primarily for contracts where expected competitive gains outweigh administrative overheads.

EKS and National Systems: Localized Transparency and Procedural Flexibility: In contrast, national
below-threshold systems such as Slovakia’s EKS offer a lighter regulatory structure aimed at administrative
efficiency and rapid contract execution. Although fully electronic, these platforms operate with less stringent
standardization and narrower market reach. Supplier registration is typically limited to domestic or regional
tirms, and notices are often published only in the national language, creating a segmented and geographically
bounded market (T4atrai, 2024).

Despite these limitations, national systems like EKS play a critical role in sustaining competition among
small and medium-sized enterprises (SMEs) and reducing procedural complexity for local contracting
authorities. Their design embodies the subsidiarity principle, granting member states the flexibility to extend
transparency below EU thresholds without replicating the full administrative apparatus of TED (SIGMA
Programme, 20106). In this sense, the EKS platform complements TED by maintaining procurement
inclusivity at the local level.

1.3 Electronic Auctions and Competitive Effectiveness

Electronic reverse auctions (e-RAs) illustrate how digitalization reshapes competitive dynamics in public
procurement. In an e-RA, suppliers compete by submitting progressively lower bids in real time, fostering
price competition and immediate transparency of market information. Empirical evidence from Central and
Eastern Europe confirms that these mechanisms can yield significant cost efficiencies.

Pavel and Sicakova-Beblava (2013) analyzed municipal procurement data in Slovakia and found that the
introduction of e-auctions increased cost savings compared to traditional tendering procedures, supporting
the theoretical prediction that electronic bidding intensifies competition by reducing information
asymmetry. Similarly, Murray Svidroniova and Nemec (2016) documented the growing adoption of e-
procurement tools—including e-auctions—across Slovak self-governing regions, emphasizing their
potential to improve transparency and administrative efficiency.

Taken together, these studies suggest that e-RAs can enhance allocative efficiency and fiscal discipline,
although their effectiveness depends on market structure, bidder capacity, and the degree of standardization
within procurement categories.

Electronic reverse auctions (e-RAs) illustrate how digitalisation transforms procurement competition. In an
e-RA, suppliers progressively lower bids in real time, thereby fostering intensified price competition and
enhancing transparency of market dynamics. Empirical evidence from Slovakia suggests measurable
efficiency gains: Pavel and Si¢akova-Beblava (2013) found that each additional bidder in an e-auction was
associated with a ~3 % reduction in the winning price relative to the expected price in Slovak municipal
procurements. On the other hand, Hanak (2018) observed that while e-RAs in Slovak public construction
procurement delivered cost reductions, the number of participating bidders tended to decline as auction
complexity increased — indicating structural and behavioural trade-offs. Furthermore, Drab, Stofa and
Delina (2022) in a large-scale dataset of over 11 000 reverse auctions in Central Europe identified that
auction savings are significantly mediated by factors such as information asymmetry and auction design
settings. Together these findings highlight that while e-RA mechanisms hold substantial potential for cost
efficiency, their effectiveness depends critically on market structure, auction parameters and supplier
capacity.

The evolution of e-procurement has blurred the traditional distinction between “manual” and “electronic”
procurement. Modern procurement architectures now integrate a broad range of digital tools — from e-
tendering modules and dynamic purchasing systems to vendor portals and ERP-based contract management
platforms. For example, recent reviews of public-sector digitalisation emphasise that transformation
involves not only tool deployment but organisational, procedural and governance shifts as well (Ciancarini,
Giancarlo & Grimaudo, 2023). In the context of EU procurement platforms, both TED and EKS
increasingly incorporate e-tendering functionalities and automated workflows. This suggests that the
remaining competitive differential between above-threshold and below-threshold publication channels may
derive less from technological capacity per se and more from regulatory architecture — namely, the
procedural obligations and market-access regimes tied to threshold status.
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1.4 Research Gap identification

Despite the sophistication of Europe’s dual procurement infrastructure, empirical research has yet to
establish whether the #hreshold-induced platform differentiation—TED versus national systems—causally affects
competition outcomes. Prior studies typically assume that greater transparency universally enhances
competition (Transparency International, 2024; OECD, 2011) or focus narrowly on specific sectors such as
construction or healthcare (Hanak et al., 2018; Nemec et al., 2020). Few analyses test whether the act of
crossing a regulatory threshold itself, triggering mandatory TED publication, generates measurable
competitive benefits once self-selection and contract characteristics are controlled for.

This study addresses that gap by applying causal inference methods—specifically causal forests (Athey,
Tibshirani, & Wager, 2019; Wager & Athey, 2018)—to isolate threshold effects from confounding
institutional or market factors. Beyond identifying average effects, the approach enables discovery of
heterogeneous and non-linear responses across sectors, contract sizes, and regions. The ultimate goal is
policy optimization: deriving empirically grounded guidance for threshold calibration that balances
transparency benefits with administrative efficiency (Athey & Imbens, 2019).

By integrating these empirical insights into the broader framework of European procurement governance,
this research contributes to an emerging literature that views thresholds not as static legal constants but as
adaptive policy parameters—subject to evidence-based refinement in response to digital transformation,
administrative capacity, and market evolution (European Court of Auditors, 2023; Tatrai, 2024).

While European public procurement systems are firmly institutionalized through a dual framework—where
above-threshold contracts are published on the EU-wide Tenders Electronic Daily (TED) and below-
threshold ones on national platforms such as Slovakia’s EKS - empirical research still offers limited causal
evidence on how these thresholds affect market competition. Existing literature primarily discusses the
transparency and efficiency benefits of e-procurement (OECD, 2021; European Commission, 2023) or
focuses on specific procurement categories, such as construction or healthcare (Hanak, 2018; Pavel &
Sicakova-Beblava, 2013), rather than isolating the #hreshold effect itself. The absence of causally identified
analyses means that it remains unclear whether the formal transition from national to EU-wide
publication—mandated by crossing the regulatory threshold—produces measurable competitive gains, or
whether similar outcomes could be achieved within national systems at lower administrative cost.

Furthermore, the calibration of these thresholds has evolved largely through incremental policy adjustments
and biennial updates linked to inflation (European Commission, 2024), not through systematic evaluation
of their economic efficiency or impact on supplier participation. The interplay between transparency,
administrative burden, and market access remains under-explored in empirical terms. As highlichted by the
European Court of Auditors (2022) and the OECD (2021), policymakers continue to rely on normative
assumptions about transparency benefits rather than evidence-based assessments of threshold-driven
competition effects.

Our study directly addresses this gap by applying causal inference techniques—specifically causal forests—
to estimate the heterogeneous and non-linear effects of above-threshold designation on procurement
competition. By deriving empirically grounded, optimized threshold rules, it moves beyond descriptive or
sector-specific approaches and contributes to the evidence base for adaptive and efficiency-oriented public
procurement policy.

Specifically, the research:

e Fills the void of causally identified effects of above-threshold mandatory TED publication on
competition.

e  Explores heterogeneity and non-linearities in threshold effects using machine learning-based methods.

e Offers actionable policy optimization by translating empirical findings into threshold adjustment rules.

e Provides comprehensive empirical breadth by analyzing a large dataset spanning diverse procurement
categories.

e This bridges a critical knowledge gap in public procurement policy, balancing transparency benefits and
administrative costs for improved competition and fiscal efficiency.

Thus, the research addresses the crucial, yet understudied, question: Does above-threshold designation
enhance competition and is the current Slovak/EU threshold optimally set for that purpose?
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2 Methodology

We analyze 28,175 Slovak public procurement contracts (2023—2025) from EKS (below-threshold) and
TED (above-threshold) platforms. Treatment is above-threshold status (mandatory TED publication). Our
outcome is bid spread: the percentage difference between highest and lowest bids, normalized by winning
price — a standard measure of competitive intensity. The binary variable indicating whether the auction was
realized in EKS or TED creates quasi-experimental variation and proxy to system and threshold framework,
enabling quasi-causal identification.

We employ causal forests (Athey & Wager, 2019) rather than parametric regression because: (1) They avoid
functional form assumptions and automatically discover non-linear threshold effects (e.g., competition gains
may differ by contract value or buyer type); (2) They reduce confounding bias through orthogonalization—
predicting outcome and treatment separately, then estimating effects on residuals; (3) They enable
heterogeneous treatment effect (HTE) estimation, revealing that treatment impacts vary across contracts;
(4) Estimated HTESs feed directly into policy tree algorithms to derive optimal threshold rules.

We estimate heterogenous treatment effect of, where is bid spread, indicates above-threshold status, and
includes contract value, CPV category, buyer type, procedure type, region, and year. We implement the
generalized random forest algorithm (R package grf): 2,000 trees, minimum leaf size 10, honest splits to
minimize overfitting bias.

We validate through covariate balance tests near threshold for TED reporting, placebo tests on outcomes
unaffected by publication channel, and 70/30 cross-validation. Policy tree analysis partitions the covariate
space by estimated HTEs, identifying contract subgroups where treatment maximizes welfare (competitive
benefit minus administrative cost), and detives an optimal threshold rule comparable to the current
categorical rule.

3 Results

Our analysis comprises 28,175 Slovak public procurement contracts (2023—-2025) (Table 1): 76.5% published
on EKS (below-threshold, N=21,546) and 23.5% on TED (above-threshold, N=6,629). The mean contract
value is €48.2K (EKS) vs. €287.5K (TED)—a 5.97-fold difference reflecting the institutional threshold at
€70K.

Table 1: Basic Description statistics

Metric EKS (Below- TED (Above- Interpretation
Threshold) Threshold)
N contracts 21 546 6 629 -
Mean contract value €48.2K €287.5K TED contracts substantively larger
Mean bid spread 0,1231 0,1755 +5.2 points higher on TED
E-auction usage 100% 18.7% Both systems use auctions

The causal forest estimates an average treatment effect (ATE) of +1.98 percentage points (95% CI:
[-0.0008, 0.0405],SE=0.0005). This is our primary finding: mandatory TED publication increases bid
spread by neatly 2 points on average. In practical terms, this represents a +43% relative increase in
competitive intensity (from 0.1231 EKS to 0.1755 TED).

Bid spread reflects the dispersion of submitted bids around the winning price. A higher spread indicates
that competing bidders propose heterogeneous prices—evidence of active competition rather than
homogeneous or coordinated pricing. TED's EU-wide visibility and standardized contract specifications
appear to attract international suppliers offering diverse pricing strategies, thereby intensifying competition
at the procurement margin.

However, the ATE masks substantial heterogeneity: SD(CATE) = 0.0884, more than four times the mean
treatment effect. This signals that the competitive impact of TED designation is highly context-
dependent—dramatically beneficial for some contracts, neutral or even harmful for others.
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Top 10 Variables Driving Treatment Heterogeneity
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Figure 1: Causal Forest Variable Importance

Source: own processing

In Figure 1 we can see variable importance in terms of predicting treatment heterogeneity. Contract volume
overwhelmingly explains CATE variation (60% importance). This immediately suggests that the relationship
between TED designation and competition is fundamentally non-linear - small and large contracts respond
differently. Construction (CPV 45) and transport equipment (CPV 33) emerge as secondary drivers,
indicating that sector-specific dynamics interact strongly with TED publication effects.

Heterogeneous Treatment Effect by Contract Volume and Procurement Type
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Figure 2: Description of estimated ITEs with LOESS per procurement type and CPV 33 sector

Source: own processing

Figure 2 reveals pronounced sector-specific divergence in procurement competition dynamics that
fundamentally challenges universal threshold policies. Across all procurement types (services, supplies,
works), healthcare products and services (CPV 33000000—Medical Devices, Pharmaceuticals, and Personal
Hygiene Products) exhibit systematically negative or near-zero treatment effects, while non-healthcare
procurements (red line) consistently demonstrate positive treatment effects (+0.15-0.40pp) across contract
volumes. This heterogeneity may reflect the regulatory and qualification barriers intrinsic to healthcare
procurement: stringent GMP certifications, clinical validations, and medical device approvals are largely
national-context-specific, meaning TED publication does not materially expand effective bidder pools;
instead, it may introduce compliance complexity that discourages participation from specialized vendors
already known to procurers, thereby suppressing bid competition. The implication is stark: a sector-agnostic
threshold is suboptimal and potentially counterproductive for healthcare, where national systems better
preserve competition dynamics. Conversely, non-healthcare services, supplies, and construction consistently
benefit from TED system, suggesting that differentiated thresholds by CPV division would yield superior
competitive outcomes compared to categorical rules.
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Figure 3: Policy Tree for system usage prediction in order to maximize competition

Source: own processing

Figure 3 operationalizes this heterogeneity through a policy tree that derives optimal system assignment
rules conditional on contract characteristics. The tree reveals that procurement platform choice—TED vs.
national EKS—should be contingent on three interacting dimensions: (1) sector classification (CPV 33
healthcare products trigger preference for EKS preservation regardless of other factors), (2) geographic
region (Presov region exhibits stronger competitive gains from TED wisibility, warranting TED
designation), and (3) temporal dynamics (contracts awarded post-2023 show enhanced TED effectiveness,
suggesting platform maturation and increased cross-border supplier participation over time). Notably, non-
healthcare ICT/computer procurement (CPV 48) in Presov region benefits from TED designation, while
the same CPV category outside this region remains neutral, indicating pronounced regional variation in
supplier network structure. These decision rules demonstrate that a universal threshold is fundamentally
misaligned with market heterogeneity. Instead, differentiated thresholds based on other strategy or
calibrated by CPV division, region, and temporal factors would better optimize procurement competition,
confirming that threshold policy should reflect the complex, multidimensional nature of modern
procurement markets rather than rely on blunt categorical rules.

4 Discussion

Our primary empirical result—a positive average treatment effect of +1.98 points but with SD(CATE) =
0.0884 (more than four times the mean)—reveals that procurement competition response to TED
publication is fundamentally heterogeneous. This heterogeneity is not noise or measurement error; it reflects
genuine variation in how procurement markets respond to changes in visibility, standardization, and
procedural requirements. The policy implication is immediate and consequential: universal threshold policies
fail to account for this market structure.

The non-linear pattern observed (moderate effects for small contracts, near-zero for mid-sized, recovery for

large) could reflect multiple, possibly simultaneous mechanisms:

e Contract-Size-Related Participation Costs: International bidders face fixed costs of EU market entry
(regulatory compliance learning, CPV vocabulary familiarity, legal infrastructure). This creates a
participation threshold dynamic.

e Procedural Complexity Variation: EKS contracts, while requiring standardization, typically employ
simpler evaluation mechanisms (often reverse auctions or price-only). TED contracts, subject to EU
Directive 2014/24/EU, permit complex multi-criteria evaluation (price + quality + technical
specifications + delivery time). Large, complex contracts benefit more from TED's structured
evaluation frameworks; small commodities may suffer from procedural overhead.

e Buyer Sophistication and Effort: Large-value procurement typically involves more sophisticated
procurement teams with resources to evaluate international bids and manage cross-border legal
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exposure. Small procurement units (rural municipalities) may lack capacity or incentive to manage TED
procedures, bettet served by simpler national systems.

e Market Thickness and Supplier Density: In densely competitive local markets (Bratislava construction,
Kosice IT services), additional international competition via TED may add little incremental value. In
thinner markets (petipheral regions, specialized setvices), TED's expanded bidder pool has larger
marginal impact. All these mechanisms could operate simultaneously and interact with contract
characteristics—explaining the heterogeneity.

Our finding that healthcare procurement (CPV 33) exhibits consistently negative or near-zero treatment
effects across all contract types and volumes contradicts simplistic narratives that transparency universally
enhances competition. This divergence is empitically robust (visible across all three panels of Figure 2) and
demands explanation.

Regulatory and Qualification Barriers: Healthcare procurement involves products and services subject to
stringent national regulatory approval: GMP (Good Manufacturing Practice) certification, CE marking for
medical devices, clinical trial documentation, and national health authority clearance. These certifications
are path-dependent and jurisdiction-specific. A supplier certified in Poland may require 6—12 month
recertification in Slovakia. When TED publication exposes Slovak procurers to international bidders, many
potential participants are legally barred from competing due to certification gaps. Result: the bidder pool
does not expand as theory predicts; instead, procurers face a mix of qualified local suppliers and unqualified
but interested international firms, creating evaluation complexity and uncertainty that deters robust
competition.

Healthcare procurement committees—typically composed of clinicians, epidemiologists, and medical
administrators—prioritize clinical safety and efficacy over cost minimization. Sealed-bid evaluation
mechanisms (standard on TED) create space for qualitative, subjective assessment that international
bidders, unfamiliar with Slovak clinical contexts and health service structures, are pootly positioned to
navigate. Local suppliers with established clinical relationships and track records have advantages;
international visibility does not overcome this information asymmetry. Result: bid spread contracts
(homogenization of pricing) as international bidders either withdraw or match local pricing to compete on
quality dimensions.

Healthcare equipment specifications are often highly technical and domain specific. Translation to
standardized CPV terminology introduces fidelity loss. International bidders face higher interpretation risk
and uncertainty about clinical requirements; this discourages participation or induces conservative (high-
cost) bidding to hedge against misinterpretation. Result: bid heterogeneity declines; bids cluster in high-
price, high-safety zones.

Healthcare procurement should potentially remain decoupled from universal threshold policy. A sector-
specific healthcare threshold (perhaps €200K or higher) may better preserve competition outcomes by
acknowledging that regulatory barriers and quality-first evaluation fundamentally alter competitive dynamics
compared to commodity procurement.

The policy tree reveals region-specific effects (Presov region exhibits different patterns than central regions)
and temporal evolution (2023 vs. 2024+ contracts show different treatment effects). These findings suggest
that peripheral regions (Presov, eastern Slovakia) have thinner local supplier networks compared to central
regions (Bratislava, western Slovakia). For peripheral procurers, TED publication provides disproportionate
value by expanding the accessible bidder pool from a dozen local firms to potentially hundreds across the
EU. For central procurement authorities, robust local competition already exists; TED adds marginal
benefit. This explains why regional variation in treatment effects is empirically expected and reflects true
market structure rather than measurement error.

While causal forests reduce confounding through orthogonalization and honest sample splits, structural
unobserved confounding remains plausible and threatens causal interpretation:

e Self-Selection into Procurement Systems: Procurers choose EKS vs. TED based partly on unobserved
factors: perceived corruption risk in their sector, anticipated complexity of contract specifications, and
strategic signaling motives. A central government authority procuring high-visibility infrastructure
(national hospital renovation) may strategically mandate TED publication to signal competitiveness and
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deter collusion. This selection mechanism is unobserved in our data and may bias treatment effects
upward if TED-selected contracts are inherently higher-potential-competition contracts.

e Contract Specification Quality and Completeness: Above-threshold (TED) contracts are subject to
stricter documentation standards under EU Directive 2014/24/EU. Their contract specifications are
likely more detailed, precise, and complete than EKS contracts. This specification quality directly affects
bid heterogeneity: precise specifications reduce bidder interpretation uncertainty and mechanically
increase bid variance (higher spread). This specification-quality effect is distinct from platform-visibility
effects but is confounded with TED status. Our causal forest estimator captures the combined effect
of (1) visibility expansion + (2) specification standardization, unable to decompose these pathways.

e Unobserved Procurement Intent and Risk: Some procurement authorities may have unobserved
corruption risk factors (historical audit findings, political pressure, reputational concerns) that drive
both TED choice and competition intensity independently. Causal forests cannot control for these
hidden confounders if they are not represented in observable covariates.

e Temporal Confounding: Economic shocks, supply chain disruptions (post-COVID normalization), or
competitive entry waves may correlate with temporal trends (2023 vs. 2024+) independent of platform
effects.

To further address confounding, future work should combine causal ML with natural language processing
(NLP) and large language model (LLM) approaches to extract latent procurement characteristics from
contract text. Specifically deploy transformer-based language models (BERT, GPT-4) to quantify
specification complexity, technical jargon density, and ambiguity in contract documents. Extract signals of
corruption risk, procurement sophistication, and evaluator expertise from contract language and historical
procurement patterns. Use these NLP-derived variables as additional controls in augmented causal forest
specifications to isolate platform-visibility effects from specification-quality and procurement-sophistication
effects. Implement causal mediation analysis to decompose total treatment effects into: (1) direct pathway
(TED visibility increasing bidder participation) vs. (2) indirect pathways (TED standardization improving
bid clarity, evaluation transparency reducing corruption).

Such an approach would strengthen causal inference by bringing unobserved confounders into the
observable domain via text analysis.

5 Conclusion

This study provides the first causal evidence that procurement thresholds—the contractual value cut offs
determining TED vs. EKS publication—significantly correlate with procurement competition outcomes in
Slovakia. Using machine learning methods (causal forests and policy trees) on 28,175 contracts, we find a
positive average treatment effect of +1.98 percentage points on bid spread, but this masks profound
heterogeneity: effects range from +2.05 points for small contracts to +0.10 points for mid-sized contracts,
with recovery to +2.8-3.0 points for large contracts. Sector-specific divergence is equally striking: healthcare
procurement (CPV 33) exhibits negative treatment effects across all sizes, while non-healthcare services and
construction show consistent positive gains.

The heterogeneity we observe—driven by contract volume, sector classification (CPV division), and
geographic region—indicates that current threshold policy, which relies on categorical rules is fundamentally
misaligned with market complexity. Thresholds are not merely administrative convenience; they encode
assumptions about where competition gains outweigh compliance costs. Our analysis reveals these
assumptions are held in some contexts (IT, peripheral regions) but fail dramatically in others (healthcare,
mid-sized commodities, central regions with thick supplier networks).

The drivers of this heterogeneity remain partially unobserved and merit future investigation. We identify
plausible mechanisms—participation costs for international bidders, procedural complexity trade-offs,
buyer sophistication, regional supplier density—but cannot definitively decompose their relative
contributions using current data. Specification quality differences between TED and EKS platforms,
unobserved procurement intent, and sector-specific regulatory barriers likely contribute but remain
unmeasured. The policy tree algorithm suggests specific decision rules (e.g., healthcare to EKS regardless
of size; Presov region ICT to TED; mid-sized commodities to EKS), but these recommendations rest on
identified patterns, not fully understood causal mechanisms.
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The core policy insight is not to prescribe rigid new thresholds, but to acknowledge that thresholds must
adapt to market structure.

Rather than replacing the categorical rule with a different fixed number, evidence-based procurement policy
should employ sector-differentiated, region-aware, and temporally adaptive thresholds. This analysis does
not resolve the threshold question definitively; rather, it reframes it. The research demonstrates that

Thresholds correlate with observed competition outcomes, but observed effects conflate multiple
pathways—some related to platform visibility, others to specification standardization, procedural
complexity, and unobserved procurement factors.

To refine future policy, work combining causal machine learning with natural language processing (NLP)
to extract specification quality and corruption-risk signals from contract text would isolate true visibility
effects from structural confounding. Causal mediation analysis could decompose effects into visibility,
standardization, and procedural pathways. Cross-national replication would test whether patterns generalize
or reflect Slovakia-specific market structures.

Until such evidence accumulates, the practical recommendation is to move from uniform categorical
thresholds toward differentiated, data-informed rules calibrated to sector, region, and temporal dynamics.
This requires continuous monitoring of procurement outcomes and threshold effects—an evidence-based,
adaptive policy cycle rather than static rules set a decade ago and unchanged regardless of market evolution.
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SIMULACE PROVOZU TRAMVAJOVEHO
PRESTUPNIHO UZLU OVLIVNENEHO
PROVOZEM SVETELNE RIZENE
KRIZOVATKY

Ing. Robert HACKENBERG Abstract

doc. Ing. Michal DORDA, Ph.D. The article describes the behavionr of tram traffic at the
Karolina stop in the center of Ostrava, where traffic is

VSB — Technical University of Ostrava very strong. Using the model, we model vebicle arrivals

Faculty of Mechanical Engineering according to the obtained bistograms. The Witness

17. listopadu 2172/15 modelling program will show us how the cars bebave at

708 00 Ostrava — Poruba, Czech Republic the stop and when the vebicles gather in front of the stop.

They then wait for service.
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1 Uvod

Cilem ¢lanku je modelovat proces odbaveni hromadnych dopravnich prostfedkd v pfestupnim uzlu
Karolina v Ostravé, ktery je klicovym pfestupnim bodem celé tramvajové sité mésta a analyzovat dopady
okolnfho provozu na pozemnich komunikacich (zejména piilehlé kiizovatky) na tento proces. Soucasné
znalosti ukazuji, ze nepravidelnosti a zpozdéni v provozu tramvaji mohou vyznamné ovlivnit plynulost
dopravy, zejména v dobé prepravni $picky. Model, ktery umozfiuje monitorovat vznik nepravidelnosti
(zejména zpozdéni) tramvajovych spoji v pfestupnim uzlu, byl vytvofen s vyuzitim simulaénfho software
Witness. Vysledky simulace provozu umoztiuji poskytnout zaklad pro pfipadnou naslednou optimalizaci,
ktera by mohla pfinést zvyseni plynulosti odbaveni.

2 Popis pfestupniho uzlu Karolina

Prestupni uzel Karolina se nachazi v centru mésta Ostravy a obsluhuji jej vSechny patefni tramvajové linky
ze vSech meéstskych casti statutirntho meésta Ostrava. Proto také patif k nejvytizenéjsim dsekam
v tramvajové siti. Dopravce (DPO) dba na to, aby v této ¢asti tramvajové sit¢ nedochazelo ke zbytecnym
zpozdénim. Je nutné také uvést, ze pifpadny vznik mimofadnosti v tramvajové doprave v pfestupnim uzlu
Karolina ma za nasledek negativni dopady na provoz v ostatnich ¢astech tramvajové sit¢ a s naslednym
zpozdéni asi na 70 % spojut.

Poloha pfestupniho uzlu lze znazornéna na fragmentu sit¢ tramvajovych linek, viz obrazek 1, pohled na
pfestupni uzel je znazornén na obrazku 2 a fragment mapy s vyznacenim uzlu a pfilehlé kfizovatky je
znazornén na obrazku 3.
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Obrazek 3 ... FeSena zastavka s prilehlou kiizovatkou

Prestupni uzel také integruje vice druhti dopravy a to tak, Ze u stejného nastupisté zastavuji tramvajové
soupravy i autobusy. Dany pfestupni uzel obsluhuje 10 linek, z nichZz 9 je tramvajovych a 1 autobusova.
Prehled linek obsluhujicich pfestupni uzel Karolina je uveden v tabulce 1.

K pfestuptim cestujicich mezi spoji tramvajovych linek dochazi v obou smeérech, k simulaci provozu byl
vybran smér z pfestupniho uzlu do zastavek Elektra a Vystavisté. Jednak tento smér je vice ovlivnén
Ctyframennou svételnou kfizovatkou snizujici plynulost tramvajové dopravy a také proto, ze spoje
jednotlivych linek jedouci v tomto sméru nepiijizdéji pfesné v intervalech stanovenych jizdnim fadem, coz
je zpusobeno znacnym rozsahem provozu na pozemnich komunikacich ovliviiujicim tramvajovy provoz na
¢asti tras linek pfedchazejicich vstupu do pfestupniho uzlu. Opaény smér v tramvajové doprave zasadni
nepravidelnosti negeneruje.

Tabulka 1 ... pfehled linek obsluhujici prestupni uzel Karolina

Doba jizdy
Druh z konecné zastavk

Cislo linky dopravniho Trasa linky z kone¢né zastavky do piestupniho uzlu . , Y

. do ptestupniho uzlu
prostiedku :

[min]

1 tramvaj Dubina — Dl Jeremenko — Dolni Vitkovice 18
2 tramvaj Vyskovice — Vitkovice — Dolni Vitkovice 23
4 tramvaj Martinov — Svinov mosty — Maridnské namésti 26
6 tramvaj Vyskovice — Dul Jeremenko — Dolni Vitkovice 22
8 tramvaj Poruba — Svinov mosty — Maridnské namésti 27
10 tramvaj Dubina — Dl Jeremenko — Dolni Vitkovice 17
11 tramvaj Zabteh — Hulvackd — Maridnské namésti 34
12 tramvaj Dubina — Vitkovice — Maridnské ndmésti 27
18 tramvaj Dubina — Hulvacka — Marianské namesti 25
99 autobus Bazaly — Most M. Sykory — Méstsk4 nemoc. 16
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Z hlediska vyskytu nepravidelnosti provozu v piestupnim uzlu je zasadni ¢asovy interval 7:00 — 17:00, kdy
je tramvajovy provoz v pfrestupnim uzlu nejintenzivnéjsi. Proto byla také z dalstho zpracovani vyloucena
linka ¢. 18, kterd je v provozu pouze v no¢nich hodinach.

3 Obecné o simulaci
Definic pojmu simulace lze v odborné literatufe najit vice:

Simulace je proces tvorby modelu realného systému a provadéni experimentd s timto modelem za tcelem
dosazeni lepsiho pochopeni chovani studovaného systému ¢i za ucelem posouzeni riznych variant ¢innosti
systému (Shannon).

Numerickd metoda, kterd spo¢iva v experimentovani s matematickymi modely dynamickych realnych
systému na cislicovych pocitacich (Naylor).

Simulace je technika, ktera nahrazuje zkoumany dynamicky systém jeho modelem s cilem zfskat informace
o systému pomoci experimentu s modelem (Dahl). [2]

V matematice a kybernetice je simulace (spise pocitacova simulace) chapana jako védecka metoda, pii které
se zkoumaji vlastnosti né¢jakého systému pomoci experimentd s jeho modelem. Pocitacova simulace je
simulace, pfi niz je modelem pocitacovy program, ktery se simuluje abstraktni model urcitého systému.
Ukolem simula¢niho programu je zjistit, jak se bude systém chovat pro zadana vstupni data. Primarnim
ukolem je provést simulaci, tedy napodobit chovani modelovaného systému za tcelem ziskan{ predstavy
o chovani tohoto systému.

Uzivatel muze provadét se simulaénim programem opakované simulacni experimenty s cilem zjistit
ocekavané vysledky pro rizné sady vstupnich dat a nalézt tak feseni problému, které se bude co nejvice
blizit simulovanému realnému procesu.

Dalsi velkou vyhodou simula¢nich modeld je moznost zna¢né variability struktury simulovaného systému.
Nekteré prvky ¢i podsystémy mohou byt nastaveny variabilné a cely proces muze byt opakovan. Takto lze
vlastné vytvafet velké mnozstvi moznosti. Lze také ovéfit chovani simulovaného systému v riznych
nestandardnich situacich, které mohou v redlném provozu nastat.

Pocitacova simulace provozu v feseném prestupnim uzlu prob¢éhla v simulaénim software Witness uréeného
pro simulaci systému diskrétnich udalosti. Pro stavbu simula¢niho modelu v programu Witness musi byt
definovany nasledujici prvky.

Part ... soucast, v simulaénim modelu budou soucasti reprezentovat konkrétni soupravy odbavované v
pfestupnim uzlu v feSeném sméru.

Machine ... stroj, ktery provadi operaci v simula¢nim modelu, bude reprezentovat stani souprav
v pfestupnim uzlu z ddvodu vystupu a nastupu cestujicich.

Buffers ... zasobnik, ktery bude do stroje posilat jednotlivé prvky, v simula¢nim modelu, bude reprezentovat
soupravy ptijizdéjici do prestupniho uzlu.

Distribution ... pravdépodobnostni rozdéleni reprezentujici v simula¢nim modelu nepravidelnosti provozu
na vstupu.
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4 Zdrojova data — data z palubnich pocitact

Pro zkoumani chovani provozu a vzniku nepravidelnosti v provozu byla vyuzita data z palubnich pocitaci,
kterymi jsou vozidla DPO vybavena, a kterd zaznamenavaji data o provozu, mj. pfesné ¢asové okamziky
zavieni dveff souprav na zastivce. Casy zavieni dveff na zastivce budou povazovany za ¢asy odjezdi
souprav z piestupniho uzlu. Pii vybéru konkrétni zastavky v daném obdobi (v tomto piipadé pfestupniho
uzlu Karolina) lze uskutec¢nit export téchto dat do programu MS Excel, viz obrazek 4.

Bloatum [Blcas Bllinka Bkuz Bl id zast:Bl Ridic [l zpozde

Audit_1004.2021-10-02.csv 2. fijen 2021 2331 2 31501 11502 10128 97
Audit_1004.2021-10-03.csv 3. fijen 2021 113 2 31901 11502 10128 154
Audit_1004.2021-10-03.csv 3. fijen 2021 312 2 31501 11502 10128 83
Audit_1004.2021-10-03.csv 3. fijen 2021 451 2 31501 11502 10128 32
Audit_1004.2021-10-13.cs5v 13. fijen 2021 2330 2 31901 11502 11481 19
Audit_1004.2021-10-14.csv 14. fijen 2021 111 2 31501 11502 11481 3l
Audit_1004.2021-10-14.csv 14. fijen 2021 311 2 31501 11502 11481 40
Audit_1004.2021-10-15.csv 15. fijen 2021 212 2 31502 11502 10829 84
Audit_1004.2021-10-15.cs5v 15. fijen 2021 412 2 31902 11502 10829 63
Audit_1004.2021-10-19.csv 19. fijen 2021 2330 2 31501 11502 11783 26

Obrazek 4 ... ukazka vyexportovanych dat

Jednotlivé sloupce obsahujf nasledujici data:

e sloupec ,,Audit” — nazev souboru zdrojovych dat, ktery se nac¢ita do Power BI;

e sloupec ,,Datum® — datum, ze kterého dne pochazi naméfena data;

e sloupec ,,Cas“ — as, kdy se dana udalost stala, ¢asova hodnota pro potteby DPO je pfevedena na
celé cislo ve formatu hodiny x 100 + minuty;

e sloupec ,linka“ — ¢islo obsluhujici linky;

e sloupec,,kurz®— kurzovni ¢islo smény / soupravy, jedna se o interni oznaceni vypravenych souprav
a smeén fidica;

e sloupec ,,id zastav* — identifikacni cislo zastavky a konkrétniho oznac¢niku;

e sloupec L Ridie“ — osobnf &islo fidice;

e sloupec ,,zpozdeni® — zpozdéni spoje v sekundach, v piipadé zaporného ¢isla se jednd o naskok,
ktery je povolen maximalné do hodnoty 10 sekund.

Vysledkem filtrace dat vzniklo 9 samostatnych datovych sad (pro kazdou linku zvlast’), které byly nasledné
podrobeny statistické analyze. Zjist'oval se rozsah zpozdéni jednotlivych spoji a jejich jednotlivé rozestupy.

5 Zpracovani dat pro dalsi analyzu

Nejdfive je nutno stanovit, jakda data jsou dulezita z pohledu tvofeného simulaéntho modelu. Klicovym
sledovanym udajem vstupujicim do simula¢niho modelu je zpozdéni jednotlivych spoji. Proto musi byt
kvantifikovany rozdily mezi pravidelnymi casy odjezdt (Casy odjezdt podle jizdniho fadu) a skute¢nymi casy
odjezdd. Nasledné ze skuteénych cast odjezdd vypocitame skutecné intervaly mezi jednotlivymi spoji
stejnych linek. Vypocty byly provadeény pro kazdou linku samostatng, viz obrazek 5.
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Audit_1651.2021-10-01.csv 1. fijen 2021 712 1 11104 11502 7912 96 25920 36 25956 519
Audit_1370.2021-10-01.csv 1. fijen 2021 722 1 12108 11502 11476 91 26520 31 26551 595
Audit_1507.2021-10-01.csv 1. fijen 2021 733 1 11101 11502 8071 165 27180 45 27225 674
Audit_1653.2021-10-01.csv = 1. fijen 2021 742 1 11105 11502 11149 64 27720 4 27724 459
Audit_1341.2021-10-01.csv 1. fijen 2021 753 1 11102 11502 11480 124 28380 4 28384 660
Audit_1027.2021-10-01.csv = 1. fijen 2021 301 1 11106 11502 9179 52 28860 52 28912 528
Audit_1508.2021-10-01.csv 1. fijen 2021 812 1 11103 11502 9180 93 29520 33 29553 641
Audit_1024.2021-10-0l.csv = 1. fijen 2021 824 1 12107 11502 7616 203 30240 23 30263 710
Audit_1651.2021-10-01.csv 1. fijen 2021 834 1 11104 11502 7912 188 30840 8 30848 585
Audit_1370.2021-10-01.csv 1. fijen 2021 8432 1 12108 11502 11476 99 31320 39 31359 511
Audit_1507.2021-10-01.csv 1. fijen 2021 852 1 11101 11502 8071 94 31920 34 31954 595
Audit_1653.2021-10-0L.csv = 1. fijen 2021 901 1 11105 11502 11149 ) 32460 8 32468 514
Audit_1341.2021-10-01.csv 1. fijen 2021 912 1 11102 11502 11480 67 33120 7 33127 659
Audit_1027.2021-10-01.csv 1. fijen 2021 922 1 11106 11502 9179 74 33720 14 33734 607
Audit_1508.2021-10-01.csv 1. fijen 2021 931 1 11103 11502 9180 37 34260 57 34317 583
Audit_1024.2021-10-01.csv 1. fijen 2021 943 1 12107 11502 7616 177 34980 57 35037 720
Audit_1651.2021-10-01.csv 1. fijen 2021 954 1 11104 11502 7912 220 35640 40 35680 643
Audit_1370.2021-10-01.csv | 1. fijen 2021 1002 1 12108 11502 11476 67 36120 7 36127 447
Audit_1507.2021-10-01.csv 1. fijen 2021 1013 1 11101 11502 8071 137 36780 17 36797 670
Audit_1653.2021-10-01.csv 1. fijen 2021 1021 1 11105 11502 11149 35 37260 35 37295 498
Audit_1341.2021-10-01.csv 1. fijen 2021 1032 1 11102 11502 11480 97 37920 37 37957 662
Audit_1027.2021-10-01.csv = 1. fijen 2021 1042 1 11106 11502 9179 82 38520 22 38342 583
Audit_1508.2021-10-01.csv 1. fijen 2021 1052 1 11103 11502 9180 85 39120 25 39145 603

Obrazek 5 ... zpracovana data (ukazka)

Nasledujici ptiklad ukazuje vipocet pro linku ¢. 1. Ve srovnani s obrazkem 4 byly zatazeny dalsf vypoctové
sloupce. Je totiz potieba vypocitat i dalsi ¢asové ddaje, které usnadni vypocet a dal$i zpracovani dat.
Napiiklad rozestup mezi spoji, pfeveden{ ¢asu na sekundy a jiné.

Kdyz jsou vypocitainy hodnoty skute¢nych intervald mezi spoji jednotlivych linek za celé monitorované
obdobi, postupuje se dale standardnim zptsobem podle zasad statistického zpracovani nameéfenych dat.
Bylo zapocato identifikaci a naslednym vyloucenim dat, kterd maji charakter odlehlych pozorovani. Napf.
byly vylouceny rozestupy mezi spoji v extrémné kratkych rozestupech (2 — 3 s), které byly naptiklad
zpusobeny dopravnimi komplikacemi v provozu. Dal$i odlehla pozorovani mohou byt zptsobena
testovanim systému v dilndch udrzby a rovnéz zaznamenavaji do LOG soubort v systémech a nasledné
jsou tedy rovnez vyexportovana do vyslednych soubort, které jsou predmeétem statistického zpracovani.

Pro vylouceni odlehljch pozorovani ze statistického souboru byl vyuzit Grubbsiv test [3]. Samotné
testovani podle Grubbsova testu probiha ve ¢tyfech krocich.

e naméfend data jsou uspofadana vzestupne;

®  jsou vypocteny aritmeticky pramér X a smérodatna odchylka $ ze vSech hodnot souboru;

e je vypocitina hodnota testovactho kritéria pro kazdou hodnotu variaéni fady:
[Xn—x|
T, =% )
e hodnota vypocitaného testovactho kritéria je porovnana s tabulkovou kritickou hodnotou pro
piislusné n reprezentujici rozsah vybérového souboru.

Pii identifikaci odlehlych pozorovani bylo ¢&asteéné vychazeno z Grubbsova testu v kombinaci
s doplnkovou analyzou zaméfenou na posouzeni relevance vstupnich dat oznacenych Grubbsovym testem
jako odlehla pozorovani. Vysledkem kombinace obou metod bylo zjisténi, ze za odlehld pozorovani se daji
povazovat hodnoty, lezic{ za kritickou hodnotou ,,3.

Vsechny vypocitané hodnoty s testovacim kritériem vétsim nez ,,3° byly vylouceny. Také se ukazalo, ze
vyloucené hodnoty jsou opravdu extrémniho razu, ptipadné nevznikly pravidelnym provozem. Tim byly
z{skany vybérové soubory ocisténé od odlehlych pozorovani a mohlo byt pfistoupeno k dalsimu zpracovani
dat.

Rozsahy soubort a odpovidajici pocty tfid podle jednotlivych linek ocisténé od odlehlych pozorovani jsou
shrnuty v tabulce 2.
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Tabulka 2 ... rozsahy souborii v prestupnim uzlu Karolina po o¢isténi od odlehlych pozorovani

Cislo

linky 1 2 4 6 8 10 11 12 99
Rozsah 1003 1209 | 1143 41 2382 368 561 1089 475
souboru
Pocet tiid 15 18 18 6 15 15 15 15 15

Tramvajové linky ¢. 6, 10 a 11 jsou provozovany pfes feseny prestupni uzel pouze v pfepravni Spicce. Linka
¢. 6 ma dvojnasobny interval, proto do oblasti naseho pozorovani zasahuje je 41 spoji. Totéz plati pro
autobusovou linku ¢. 99, ktera vykazuje také nizky pocet spojui.

6 Histogramy a rozdéleni dat do tfid

Podle [2] byl zvolen pocet tfid 15. Pfi volbé poctu tifd se zpravidla postupuje podle nékterého z pravidel
uvetejnénych ve statistické literatufe nebo je vychazeno z rozsahu naméfenych dat v souborech na zakladé
dlouholetych zkusenosti. Statisticka literatura nejcastéji uvadi 3 pravidla pro stanoveni doporuceného poctu
trid:

e ()n=1+333"logN

e ({)n<5-logN

e (ihn= VN
Pii stanoveni poctu tfid bylo vychazeno z doporuceni publikovaného naptiklad v [2]. Pocet tfid byl stanoven
ve vysi 15 pro vSechny linky, vyjma linky ¢. 2. V pfipadé linky ¢. 2 a ¢. 4 byl pocet tfid stanoven vypoctem
na 18. Rozdéleni do vysstho poctu tiid lépe charakterizovalo nepravidelnosti v provozu na téchto linkach.
Linka ¢. 6 vzhledem ke svému nizkému poctu spojia ma adekvatné nizsi pocet tid.

vvvvvvvv

obrazcich 6 — 14.

Histogram linky €. 1 - zpozdéni spoju
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Obrazek 6 ... histogram zpoZdéni spojii linky ¢. 1
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Histogram linky €. 2 - zpozdéni spoju
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Obrazek 7 ... histogram zpoZdéni spoju linky ¢. 2

Histogram linky €. 4 - zpoZdéni spoju
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Obrazek 8 ... histogram zpozZdéni spoju linky ¢. 4
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Histogram linky €. 6 - zpozdéni spoju
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Obrazek 9 ... histogram zpoZdéni spoji linky ¢. 6

Histogram linky €. 8 - zpoZdéni spoju
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Obrazek 10 ... histogram zpoZdéni spoji linky ¢. 8
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Histogram linky €. 10 - zpozdéni spoju
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Obrazek 11 ... histogram zpoZdéni spoju linky ¢. 10

Histogram linky €. 11 - zpoZdéni spoju
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Obrazek 12 ... histogram zpoZzdéni spoju linky €. 11
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Histogram linky €. 12 - zpozdéni spoju
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Obrazek 13 ... histogram zpoZdéni spoju linky ¢. 12

Histogram linky €. 99 - zpoZdéni spoju
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Obrazek 14 ... histogram zpozdéni spoju linky ¢. 99

Tim jsou k dispozici informace o vstupech soucasti ke stroji (ptijezdech tramvajovych souprav a autobust
k pfestupnimu uzlu).
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7 Data z Power BI

Dal$im dulezitym dkolem je zjistén{ informaci o skutecnych dobach pobytu tramvajovych souprav v
pfestupnim uzlu. Pro zjisténi této hodnoty byla pouzita opét data z palubnich pocitact vozidel DPO.
Zdrojem dat byly informace v systému Power Bl uchovavajicim data o vyhodnocovani stani vozidel
na jednotlivych zastavkich MHD v Ostraveé za ucelem zjisténi, zda nedochazi k vétsimu zdrzeni
v dopravé. Setfeni probihalo v obdobi o délce 5 mésict. Fragment struktury informaci je uveden na
obrazku 15. Ze vsech dat v systému Power BI [1] je potfeba vyfiltrovat data tykajici se pfestupnfho uzlu
ve zvoleném obdobi a denni dobé.

Provozni den Vyb&r obdobi Casové obdobi 7
poloZek (total) Zastavka Sloupek Prdmér stani
o
1.3.2021 30.6.2021 700 1700 Josefa Kotase 03 13
O_O O_O 1 3 ? 84 2 9 6 Jubilejni kolonie 01 21
o Karolina 01 21
Vybér link
Linka Po loZek lec) I Karolina 02 39 I
e oCet polozek (select Karpatska ] R
Karpatska 02 16
. 2 Kino Luna 01 13
3 Kino Luna 02 13
| I < = Kolonie Jeremenko 01 1
Kolonie Jeremenko 02 10
5 id akce 01 idakce02 i akee 03 Min Max Délka Zastivka Sloupek A
. 6 - Kotva 01 14
7 503202112441503 9906002208 130001022002401 53.20211333:49  53.2021 13:33:53 4 29.dubna 01 Kotva 02 13
503202112441503 9906002208 142703022002401 53.2021 15:03:53  53.2021 15:0405 12 29.dubna 01 Kpt.Vajdy 01 8
| K 503202112441503 9906002208 155705022002401 532021163336  53.2021 16:33:44 8 29dubna 01 Kpt.Vajdy 02 3
W o 503202112491361 9326010402 141310019002401 532021 1455816  5.3.2021 14:55:30 14 29dubna 01 el 01 2
503202112491361 9326010402 153712019002401 53.2021 162417  53.2021 16:2426 9 29.dubna 01 g
| RN | Krajsky urad 02 14
503202112511210 11849014401 144711013002401 53.2021 152427  53.2021 15:2443 18 29.dubna 01
| Ik X -y i Krasne Pole 01 12
503202112511210 11849014401 160813019002401 532021 16:5410  53.2021 16:5425 15 29.dubna 01
14 503202112531513 11902002205 130601022002401 532021 13:42:25  53.2021 13:42:33 & 29.dubna 01 § Kiizikova 01 27
15 FAAAMRASATAATAY  4ARAAARAAAT 4 ARAATANAARA AR £ AANE AT ARen £ ARne araann o anal na Krizikova 02 22
Kuncicky, kostel 01 1

Obrazek 15 ... vyhodnoceni dob pobyti na zastaivkach — Power BI

Timto detailem byla zjisténa pramérna hodnota skutecné doby pobytu souprav v pfestupnim uzlu Karolina,
ktera ¢inila 39 sekund.

Histogram - doby pobytl na zastavce
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Obrazek 16 ... histogram dob pobyti na zastavce v prestupnim uzlu Karolina
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Cretail Distribution - Linka 8 x
General  Actions  Notes
Mame: Type:
| Continuous Real
Impart from file
Import from Excel
Cells:
Value: Weight:
Add
-25 1 Remaove
36 330
88 1212 Lo
159 545 Value:
221 153 |-E? |
283 7
244 12 Weight:
406 4 o |
467 2
529 2
551 1]
£52 3
714 1
775 ]
837 1
Zusit Napovéda

Obrazek 17 ... ukazka vstupnich dat, rozdéleni do jednotlivych trid

Informace z histogram@ budou nisledné nadefinovany do prvku , Distribution® v simula¢nim software
g y 3

Witness.

Linka_1

Byla_obsluha

Tram_12
L]

Linka_4 Linka_6& Linka_8 Linka_10 Linka_11 Linka_12 Linka_99
Zasobnik_act Max_doba_cekani Pocet_odbaveni Zapis
B 0.00 o

Zasobnik_max
o

Zasobnik_vozu gt Uy THT g
Druha_souprava EJznacnik, zastg
=

Vystup
1 Cetnosti_cekajicich

Wean=0.00, S0 =0.00
Obsluha 10

o
o

5
[}
Puuméa_DS Obsluha_druha J
2
0

Obsluha_oznacnik

Bus_99
L]

Obrazek 18 ... struktura sestaveného simula¢niho modelu v SW Witness

Sestaveny model funguje nasledovné. Ma nadefinovano devét rozdéleni, samostatné rozdéleni pro kazdou
linku. Prvky jsou pojmenovany ,Linka 1%, ,Linka_2“ a dale nasledovné podle jednotlivych linek
projizdéjicich uzlem. Prvky pojmenované ,,Tram_1%, ,,Tram_2% a dalsi, pfedstavuji prvky, které na zaklade
nadefinovaného rozdéleni vysilaji soupravy do modelu. Jinak feceno, jsou zasobniky jednotlivich
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tramvajovych linek a jedné autobusové linky. Polozka ,,Zasobnik_vozu‘ pfedstavuje virtualni ¢ekaci misto
pro soupravy obsluhujici spoje jednotlivych linek.

Protoze stavebni délka pfestupniho uzlu Karolina mize soucasné odbavovat maximalné dvé soupravy, jsou
do modelu zafazeny dva stroje — stroj pojmenovany jako ,,Oznacnik_zast“ reprezentuje odbaveni soupravy
piimo u oznac¢niku zastavky a pokud dal$i souprava zastavi v pfestupnim uzlu jako druha v pofadf a je
v tomto pofadi odbavovana, aktivuje se druhy stroj pojmenovany ,,Druha_souprava®.

Navic je zde jesté podminka, ze pokud probiha odbaven{ u stroje pojmenovaného jako ,,Druha_souprava®,
nemuze do systému vstoupit dal$i prvek typu soucast (souprava) a to i v pifpadé¢, ze stroj pojmenovany
,»Oznacnik_zast™ nekona praci a nic nezpracovava. Plati, ze potfadi prvku typu soucast v prabéhu zpracovani
nelze ménit, protoze soupravy vjizdéjici do pfestupniho uzlu v feseném sméru za sebou se nemohou
predjizdet.

Posledni podminka zajisti, ze pokud pfijede vtz s naskokem, vyckava v zastiavce do casu svého pravidelného
odjezdu podle jizdniho fidu.

V modelu se dale vyskytuji proménné, kde sleduji stav systému a jeho chovani.
,»Zasobnik_act® — pocet souprav aktudlné ¢ekajicich na obsluhu v systému.

»Zasobnik_max* — maximalni pocet souprav, které ¢ekaly na obsluhu v systému z divodu zaneprazdnéni
stroje ,,Druha_souprava®.

,,Obsluha“ — pouze orientacni proménna, ktera urcuje dobu skutecné doby pobytu souprav v pfestupnim
uzlu.

,Pouzita DS“ — pocet obsluh souprav na stroji ,,Druha_souprava®.
,»Pocet_odbaveni® — celkovy pocet prvku typu soucast (souprav), které prosly systémem.

»Max_doba_cekani® — maximalni ¢as, ktery stravil prvek typu soucast (souprava) v zasobniku a ¢ekal na
obsluhu na nékterém ze stroju.

Kazda komponenta mus{ mit nadefinované ukony, jak se ma v systému chovat. Soucasti jsou aktivni a podle
pfedem nadefinovaného rozdéleni posilaji do zasobniku soupravy. Stroj z hlediska zpracovani prvku je
rozdeélen do tif castl. Vstupni ¢ast pouze zajisti, Ze ze zasobniku se odebere nova souprava k odbaveni. Dalsi
cast reprezentuje zpracovani soupravy na stroji ,,Druha souprava® za pfedpokladu, Ze stroj
,»Oznacnik_zast™ pracuje. Pokud stroj ,,Oznacnik_zast nepracuje, souprava postupuje do zpracovani
strojem ,,Oznacnik_zast®. Pak nasleduje vystupni ¢ast, kde prvek opusti systém, protoze obsluha tramvajové
soupravy je ukoncena. Na obrazku 19 je ukazka kédu programovaciho jazyku pro prvek (oznaénik) pro

odbaveni na pozici druhé soupravy.

we’ Edit Actions On Start Cycle For Machine Druha_souprava

Select  5Search  Editor  Print

[F NParts (Oznacnik_zast) = 1
Obsluhal2) = 39

Byla_obsluha = 1

Pouzita_D5 = Pouzita_D5 + 1
IF Zasobnik_act = Zasobnik_max
Zasobnik_max = Zasobnik_act
ELSE

ENDIF

ELSE

Cbsluhal2) = &

EMDIF

Obriazek 19 ... ukazka kodu
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Z obrazku 19 je vidét, ze podle predchozich dat ¢inf pramérnd délka skute¢né doby pobytu soupravy 39
sekund. Pokud probiha odbaveni soupravy na stroji ,,Druha_souprava® je na stroji ,,Oznacnik_zast“
nastavena konstantn{ délka obsluhy 6 sekund odpovidajici prijezdu soupravy prostorem odpovidajicim
stroji ,,Oznacnik_zast* primérnou rychlosti 20 km/h. Dalsi polozky se sleduji pouze v ptipad¢, probiha-li

obsluha na stroji ,,Druha_souprava®.

8 Vysledky simulace

Za dobu simulace od 7 do 17 h (coz je ¢asové obdobi, kdy je pfestupni uzel nejvice vytizen) bylo zjisténo,
ze:

celkoveé bylo v pfestupnim uzlu odbaveno 507 spoju, pficemz ve 4,3 % piipada byl k odbaveni vyuzit stroj
,Druhd souprava®;

v zasobniku cekaly na obsluhu maximalné dvé tramvaje a maximalni doba ¢ekani na odbaven{ dosihla
hodnoty 136 sekund;

Linka_1 Linka_2 Linka_4 Linka_6 Linka_8 Linka_10 Linka_11 Linka_12 Linka_99

Byla_obsluha

Zasobnik_act Max_doba_cekani Pocet_odbaveni Zapis
- 136.02 657
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Obrazek 20 ... ukizka vysledku simulace

Graf v pravé dolnf ¢4sti obrazku 20 udava celkové doby vztazené k poctim souprav cekajicich na odbaveni
v pfestupnim uzlu (stavy fronty).

Simulace byla manualné zastavena piiblizn¢ po dvanicti hodinach béhu. Je to z divodu, ze zkoumané
obdobi bylo nastaveno od 7 h do 17 h dennf doby, kdy je v pfestupnim uzlu nejsilnéjsi provoz.

Dale s detailnich hodnot mizeme vycist skutecné cetnosti jednotlivych stavt fronty.

e ve fronté se nenachazela zadna souprava — to nastalo v 95,70 % ptipadu, probihalo odbavovani
tramvajovych souprav;

e ve fronté se nachazela jedna souprava, ¢ekala na uvolnéni zastavky — to nastalo v 4,16 % piipadu,
bud’ probihalo odbavovani dvou tramvajovych souprav, nebo probihalo odbaveni jedné soupravy
na pozici ,,druha souprava® a tim padem nebylo mozné vjet do zastavky;

e ve front¢ se nachazely dvé soupravy, ¢ekaly na uvolnéni zastavky — to nastalo v 0,14 % piipad,
bud’ probihalo odbavovani dvou tramvajovych souprav, nebo probihalo odbaveni jedné soupravy
na pozici ,,druha souprava®“ a tim padem nebylo mozné vjet do zastavky.

Oznac¢ime-li symbolem X nihodnou proménnou modelujici pocet souprav cekajicich na vstup
do piestupniho uzlu, potom pro jeji sttedni hodnotu E (X) plati:
2

EC) = ) xi-p(e) = 0

i=0

33890 +1 1472 +2 49
35411 35411 35411

= 0,044
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9 Zavér

Na zakladé¢ simulace tramvajového provozu v pfestupnim uzlu Karolina bylo zjisténo a ovéfeno,
ze kritickym faktorem ovliviiujicim zpozdéni a nepravidelnosti spoji je svételné fizena kiizovatka v blizkosti
uzlu. Zpozdéni jsou zpusobovana zejména v ranni a odpoledni $picce, kdy dochazi k shromazdovani
souprav v pfestupnim uzlu. Simulace ukazala, Ze v daném obdobi dochazi k ¢ekani maximalné dvou souprav
najednou, pficemz nejdelsi doba ¢ekani byla zaznamenana 136 sekund. Tuto simulaci je mozné aplikovat i
na jind mista v provozni siti a tak zjist'ovat, jak ovlifluji provoz a jaké zdrzeni v dopravé vznika.

Doporuceni:

1. ZvySeni preference tramvaji pfi fizeni svételné kiiZovatky — mohla by zmirnit hromadéni
tramvajovych souprav na vstupu do kfizovatky a tim snizit zpozdéni. Skute¢na doby pobytu
souprav by mohla byt nizsi, nez soucasnych 39 sekund.

2. Zvyseni odbavovaci kapacity pfestupniho uzlu — mohlo by umoznit odbaveni vétstho poctu
spoju v pfestupnim uzlu.

Tato opatfeni by méla zlepsit plynulost dopravy a snizit dopad zpozdéni na celou tramvajovou sit’ Ostravy.
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Uvod

Abstract

The aim of this paper is to describe the process of
organizing the competition. The Olympics of Business
Manager is a nationwide competition intended for
students in their final year of secondary schools with an
economic focus, secondary schools with a non-economic
Jfocus, and secondary schools focused on services. The
competition involves testing students' knowledge across
the Slovak Republic in areas such as economics,
business economics, the European Union, social
studies, and financial literacy. The aim of the
competition is to popularize economics as a scientific
and study field and to support societal efforts to increase
the financial literacy of young people. The competition
is organized by the Faculty of Business Economics
based in Kosice.

V akademickom roku 2024/2025 sa uskutocnil uz Siesty ro¢nik sut'aze pre ziakov strednych $kol na
Slovensku. Olympiada podnikovy hospodar je celoslovenska sut’az urcena pre studentov strednych $kol s
ckonomickym, neeckonomickym a sluzbovo orientovanym zameranim. Sut’az spoc¢iva v testovani znalosti
studentov na celom uzemi Slovenskej republiky v oblastiach ako ekonémia, podnikova ekonomika,
Eurdpska unia, nduka o spoloc¢nosti a finan¢na gramotnost’.

Ciel'om sut’aze je popularizovat’ ekonémiu ako vedny a $tudijny odbor, podporit’ celospolocenské snahy o
zvysenie financnej gramotnosti mladych I'udf a zvysit’ pripravenost’ a zaujem potencialnych uchadzacov o
studium na Podnikovohospodarskej fakulte Ekonomickej univerzity v Bratislave so sidlom v Kosiciach.
Sut’az je organizovana Podnikovohospodarskou fakultou Ekonomickej univerzity v Bratislave so sidlom v

Kosiciach.
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1 Registracia sut’aZiacich

Pocas obdobia, kedy bola spustend online registracia na Olympiddu podnikovy hospodar, sme zaznamenali
zaujem zo strany 58 strednych $kél z celého Slovenska. Zucastnili sa $koly z réznych castf krajiny, pricom
najvicsie zastupenie mali $koly z Kosického a Presovského kraja. Medzi zapojenymi boli skoly z miest ako
Kosice (napr. Srobarova, Alejova, Watsonova, Polarna, Juznd trieda, Zbrojni¢na), Michalovee (Masarykova,
Kapusianska, L. Stira, Skolské), Presov (Plzenska, Mudroniova, Bastova, Masarykova, Pod Kalvariou,
Konstantinova), ako aj z dalsich miest ako Vranov nad Toplou, Spisska Nova Ves, Stard Luboviia, Poprad,
Bardejov, Trebisov, Sobrance, Medzilaborce, Velké Kapusany, Strazske ¢i Moldava nad Bodvou.
Zastipenie v$ak mali aj $koly z inych krajov, napriklad z Trenc¢ina, Pachova, Novej Bane, Komarna, Nitry,
Liptovského Mikuldsa a Banskej Bystrice. Tato pestra ucast’ poukazuje na celoslovensky zaujem skél o
aktivity zamerané na rozvoj vedomosti a zru¢nosti ziakov.Bezplatna registracia pre skoly a maturantov trvala
do polovice februara 2025.

Koordinatori na strednych skolach nasledne informovali maturantov o moznosti elektronickej registracie,
¢o viedlo k registracii 942 studentov.

2 Individualne a Skolské kolo

Ciel'om individualneho kola bolo v stanovenom c¢asovom limite zodpovedat’ otazky z oblasti testovania.
Tohto kola sa zucastnilo 873 Studentov strednych $kél. Na zaklade dosiahnutych vysledkov postupili do
skolského kola ti ucastnici, ktorf ziskali najvyssi pocet bodov.

Skolské kolo sa konalo prostrednictvom online testu v prostredi Moodle 28. marca 2025 vo vopred uréenom
casovom limite. Poc¢et maturantov, ktotf sa prihlasili a aktivovali si svoje konto pre skolské kolo na zaklade
nami poskytnutych udajov, bol 574. Tito studenti postapili z individualneho kola. Maturanti, rozdeleni do
sut’aznych skupin podla typu strednej skoly (ekonomické, neckonomické a zamerané na sluzby), pristapili
k online testu obsahujicemu 25 otazok. Okruh otdzok bol vytvoreny osobitne pre kazdu skupinu po
konzultacii s nasimi kolegami na strednych skolach, aby obsahovo zodpovedal vyucovaciemu procesu kazdej
skupiny.

Na ziklade vysledkov skolského kola sme uspesnych sutaziacich informovali o ich postupe do
celoslovenského kola olympiady. Ostatnym tcastnikom sme pod’akovali a popriali vel’a §t’astia v ich d'alSom
stadiu.

3 Celoslovenské kolo

Celoslovenské kolo sa uskutocnilo online, pricom tcastnici vyplnili test z pohodlia svojich domovov alebo
zo svojich strednych §kol dna 30. aprila 2025. Celkovy pocet sut’aziacich bol 64.

V kategérii stredné skoly neekonomického zamerania ziskal najvyssi pocet bodov Daniel Mis¢tk z Gymnazia
Srobérova 1 v Kosiciach. Druhé miesto obsadila Simona Bukajova z Gymnazia arm. gen. L. Svobodu v
Humennom. Tretie miesto patri Dominikovi Hatalovi, ktory rovnako ako vit'az reprezentoval Gymnazium
Srobarova 1 v Kosiciach.
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V kategorii stredné skoly ekonomického zamerania sa na prvom mieste umiestnil Michal Bergel z
Obchodnej akadémie, Akademika Hronca 8, Roznava. Druhé miesto patri Alexandre Slavkovskej a tretie
Alexovi Skokanovi, ktorf st taktiez studentmi tej istej obchodnej akadémie v Roznave.

V kategorii stredné skoly zamerané na sluzby dosiahla najlepsi vysledok Anna Poliakova z Hotelove;
akadémie, Juzna trieda 10, Kosice. Druhy najvyssi pocet bodov ziskal Libor Slavo Grin¢ zo Strednej
$portovej skoly, Trieda SNP 104, Kosice. Na trefom mieste skon¢il Daniel Kles¢insky, ktory je rovnako
Studentom tejto Sportovej skoly.

Vdaka Olympiade podnikovy hospodar sme zaznamenali vyrazny narast poctu uchadzacov o §tudium na
nadej fakulte. Tato sut’az, ktord sa zameriava na rozvoj financnej gramotnosti, podnikovej ekonomiky a
dalsich dolezitych oblasti, motivovala mnohych Studentov strednych §kol, aby si vybrali nasu fakultu pre
svoje dralsie vzdelavanie. Pozitivna skisenost’ a droven sit’aze zvysili zaujem Studentov o ekonomické a
financ¢né studium, co ndm umoznuje privitat’ stale viac talentovanych a ambiciéznych mladych udi. Verime,
ze tento trend bude pokracovat’ aj v budidcnosti a Olympiada podnikovy hospodar sa stane pevnou stucast’ou
ich vzdelavacieho a kariérneho rastu.

Ucast na Olympiade podnikovy hospodar podla ukazovatelov

Pocet 3kél

Registrovanf studenti
Absolventi indiv. kola

800 Absolventi Skolského kola
Absolventi celoslovenského kola

Pocet 0sob
=]
(=]
o

B
=]
o

200

Skolsky rok

Graf. 1 Pocet ucastnikov OPH v jednotlivych rokoch konania olympiady

V priebehu siestich ro¢nikov Olympiady podnikovy hospodar (2019/2020 — 2024/2025) sa ukazuje stabilny
zaujem strednych $kol aj studentov o Gcast’ v sut’azi. Prvy ro¢nik odstartoval s 61 skolami a 852 studentmi,
pricom do celoslovenského kola postapilo 143 acastnikov. Druhy ro¢nik zaznamenal narast vo vsetkych
ukazovateloch vratane rekordného poctu 209 finalistov. Od treticho ro¢nika sa zaviedlo samostatné
individualne kolo, ktorého sa pravidelne zicastnovalo viac ako 750 Studentov ro¢ne. Najmenej finalistov
(82) bolo v tretom roé¢niku, hoci pocet registrovanych studentov zostal vysoky. V Siestom roc¢niku sa
prihlasilo az 942 Studentov z 58 §kol, o je najvyssi pocet v doterajsej historii olympiady. Naprick tomu do
celoslovenského kola postapilo len 64 z nich, ¢o poukazuje na zvysujice sa naroky vyberového procesu a
vysoku uroven konkurencie. Celkovo mozno konstatovat’, ze olympiada si vybudovala silni a reSpektovant
poziciu, pricom dosledne posiliuje kvalitativne kritéria a zvySuje uroven vyberu najlepsich studentov z
celého Slovenska.

Zaver

Priprava Siesteho roc¢nika Olympiady podnikovy hospodar prebiehala ako premysleny a systematicky proces,
v ktorom jednotlivé kroky plynulo nadvizovali a smerovali k spolo¢nému cielu. K organizacii sme
pristupovali s vysokou mierou zodpovednosti a nasadenia, s ciefom posilnit’ postavenie tejto sut’aze ako
re$pektovanej platformy pre stredoskoldkov na Slovensku. Dakujeme vetkym, ktorf akymkol'vek sposobom
prispeli k jej realizacii — ich podpora a spolupraca boli neocenitel'né.

Vyvrcholenim tohto ro¢nika bolo celoslovenské finale, ktorého sa ztucastnilo 64 najuspesnejsich sut’aziacich
v troch samostatnych kategériach. O vit'azoch rozhodli vysledky v oblastiach financnej gramotnosti,
podnikovej ekonomiky, ekonémie, poznatkov o Eurdpskej unii a spoloc¢enskych vedach.
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Olympiada podnikovy hospodar sa stala stabilnou a res$pektovanou platformou, ktora kazdorocne spaja
desiatky stredoskolakov z celého Slovenska so zaujmom o oblast’ ekonémie, podnikania a finan¢ného
riadenia. Jej jedinecnost’ spociva v prepojeni tedrie a praxe, ked’Zze Studenti maju moznost’ overit’ si nielen
vedomosti z ekonomickych a podnikovych disciplin, ale aj schopnost’ logického myslenia, riesenia
problémov a prezenticie vlastnych napadov. Sut'az tak prirodzene podporuje rozvoj kritického myslenia,
financnej gramotnosti a podnikatel'skej iniciativy, co su klucové kompetencie pre dspesné uplatnenie
v praxi. Organizacia olympiady si vyzaduje uzku spolupracu fakulty so strednymi skolami, uciteI'mi aj
samotnymi Studentmi. Tento proces upeviuje vzt'ahy medzi univerzitnym a stredoskolskym prostredim a
otvara nové moznosti pre spolo¢né vzdelavacie aktivity. Fakulta tak aktfvne naplfia svoje poslanie nielen v
oblasti vysokoskolského vzdelavania a vyskumu, ale aj v oblasti popularizicie ekonémie a hospodarskych
vied na urovni stredoskolskej mladeze.

V neposlednom rade je olympidda aj viznamnym prvkom marketingovej a reprezentacnej ¢innosti fakulty.
Prostrednictvom nej sa dari budovat’ pozitiviy obraz Podnikovohospodarskej fakulty EUBA v Kosiciach
ako modernej, otvorenej a Studentom naklonenej institacie, ktora ponuka kvalitné vzdelanie a perspektivne
moznosti uplatnenia.

Do budtcnosti je ambiciou olympiady pokrac¢ovat’ v raste a pritiahnut’ eSte vacsi pocet stut’aziacich. Fakulta
. ] .y p .}/ p . . .

planuje d’alej inovovat’ zadania, rozsirovat’ spolupracu so strednymi §kolami a prinasat’ nové formaty, ktoré

este viac podporia praktické uplatnenie teoretickych poznatkov. Olympiada podnikovy hospodar tak aj

nad’alej zostava priestorom, kde sa stretava talent, usilovnost’ a zaujem o ekonomické poznanie, pricom
svojim ucastnikom otvara dvere do akademického sveta a pripravuje ich na vjzvy modernej ekonomiky.

Tesi nas, ze sa nam uz po Siesty krat podarilo uspesne zorganizovat’ vsetky tri kola olympiady — individualne,
skolské aj celoslovenské. Nasa vdaka patri vSetkym koordinatorom na strednych $kolach, ako aj ich
studentom, s ktorymi sa tesime na osobné stretnutie na Podnikovohospodarskej fakulte v novom
akademickom roku. Verime, Ze sa v rovnako hojnom pocte stretneme aj pri priprave a realizacii d'alsich
rénikov Olympiady podnikovy hospodar.
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Abstrakt

This paper examines the impact of volatility on the
pricing of selected structured products in the context of
investment decision-making, with a particular focus on
guaranteed, index, outperformance, sprint, discount, and
discount plus certificates. 1 olatility can represent a
crucial investment criterion that investors take into
account when selecting specific products. The primary
objective of this study is to demonstrate how changes in
implied volatility, together with fluctuations in the value

of underlying assefs, significantly influence the valuation
and performance of modern structured products over their
lifetime. Eurthermore, the analysis considers additional
parameters affecting certificate prices and discusses the
mechanisms through which they exert their influence.
The results of this study provide a systematization of this
group of investment certificates based on the examined
criteria and contribute to a deeper understanding for
individual investors when mafking informed product
selection decisions.

Volatility, options, structured products, investment
certificates

Uvod

Diverzifikacia finanénych sluzieb v poslednych rokoch umoznila finanénym institdcidm emitovat
struktirované produkty, ktoré flexibilne reaguju na dynamiku finanénych a komoditnych trhov. Tieto
nastroje su koncipované tak, aby zohladnovali rizikovy profil investorov z pohladu oc¢akavaného vynosu a
miery podstupovaného rizika. V literatire st Struktirované produkty najcastejsie charakterizované ako
kombinacia tradicnych finan¢nych aktiv a derivatov, pricom ich zakladnym ciel'om je optimalizacia vynosov
pri sucasnom riadeni rizika. Podla Hulla (2021) a Fabozziho a kol. (2009) hodnotu tychto produktov
zasadne determinuju parametre, akymi su volatilita, Grokova miera ¢i dividendovy vynos. Choudhry (2004)
opisuje struktirované produkty ako nastroje vznikajice kombinaciou akcif, dlhopisov alebo fondov s
derivatovymi komponentmi, pricom ich konstrukcia reflektuje Specifické investicné ciele a rizikovy profil
investorov. Podobne Kolb a Overdahl (2003) zdo6raznuji ich syntetickd povahu a komplexnost’, ktora
predpoklada dokladné porozumenie zo strany investorov. V opa¢nom pripade méze podla Tolleho (2008)
dojst’ k zvysenému riziku straty kapitalu. Blimke (2009) sa zameriava na investi¢né stratégie a riadenie rizika
pri Struktdrovanych produktoch a poskytuje systematicku klasifikiciu ich jednotlivych foriem.
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Z hladiska trhovej praxe predstavuju vyznamny segment Struktirovanych produktov investicné certifikaty,
medzi ktoré patria garantované, indexové, outperformance, sprint, diskontné a diskont plus certifikaty.
Podra klasifikacie Deutscher Derivate Verband a mapy derivatov EUSIPA mozno $trukturované produkty
rozdelit’ na dva zakladné segmenty — investi¢né a pakové. Investi¢né produkty bez zabudovanych exotickych
opcii zahfnaju napriklad indexové, kosové ¢i diskontné certifikaty, ako aj reverzne konvertibilné néastroje,
zatial’ co pakové produkty st zastipené najma plain vanilla warrantmi a knock-out produktmi. Problematike
struktarovanych produktov sa vo svojej praci venovali viaceri autori, napriklad Azarmi (2017), Knop (2002),
Rossetto a Bommel (2009) ¢i Yen a Kin Keung (2015), ktori rozpracovavaju ich charakteristiku a $pecifika
z roznych perspektiv.

Ked'ze klasické financné nastroje, ako jeden z komponentov produktu, su viac znime a nie su natolko
zlozité, vicsia pozornost’ je venovand opcidm, konkrétne niektorym druhom korelacnych a bariérovych
opcii patriacich do podskupiny exotickych opcii. Hull (2021) definuje vanilla opciu ako finanéna zmluvu,
ktora poskytuje jej drzitel'ovi (kupujicemu) pravo, ale nie povinnost’, kupit’ (call opcia) alebo predat’ (put
opcia) dané podkladové aktivum za stanovenu budicu cenu (realizacnd cena alebo realiza¢na cena) opcie
kedykol'vek v ramci stanoveného obdobia expiricie opcie (americky $tyl) alebo v case expiracie opcie
(eurdpsky $tyl). Za toto pravo sa predavajicemu opcie (vypisovatelovi) plati opéna prémia. Exotické opcie
maji v porovnani s vanilla opciami nicktoré odlisné vlastnosti, zakladné znaky st vsak rovnaké.
Podrobnejsie popisy klasickych vanilla a exotickych opcif existuju v literatire (Nelken, 1996; Zhang, 1998;
Haug, 2007).

Struktirované produkty sd preto v literatire opisované ako nastroje spajajice potencial vyssich vynosov s
moznost’ou prisposobenia rizika, av§ak za cenu vyssej komplexnosti a zlozitejSej mechaniky ocefiovania.
Predmetom tohto prispevku je analyza faktorov ovplyviujucich ocenovanie vybranych investi¢nych
certifikatov, so zameranim na implikovanu volatilitu a jej interakciu s hodnotou podkladovych aktiv. Cielom
je ukazat’, ako tieto faktory determinuji vyvoj hodnoty modernych struktarovanych produktov, a zaroven
identifikovat’ d'alSie parametre, ktoré vstupuju do procesu tvorby cien a ovplyviuju investi¢né
rozhodovanie. Vysledky prispevku maju ambiciu prispiet’ k systematizacii poznatkov v tejto oblasti a k
prehibeniu porozumenia mechanizmov oceniovania, ¢o méze predstavovat’ prakticky prinos pre investorov
pri vybere vhodného produktu.

Struktura ¢lanku je nasledovna: Cast’ 1 naértava metodologicky ramec viskumu. Cast’ 2 poskytuje empirickd
analyzu vplyvu volatility na vybrané investicné certifikaty, a to prostrednictvom skimania ich tvorby, vplyvu
volatility na cenu call opcif a jej nasledného efektu na ceny certifikitov. Cast’ 3 prinasa zhodnotenie
vysledkov a ich implikdcie.

1 Metodolégia prace

Ak investor neplanuje drzat’ sStruktirovany produkt do splatnosti alebo ma zidujem s nim aktivne
obchodovat’, nevyhnutnou podmienkou je sledovanie parametrov, ktoré ovplyviiuju jeho hodnotu pocas
trvania. Medzi tieto parametre patri najma volatilita, ktora vyjadruje mieru kolisania hodnoty podkladového
aktiva a tym zasadnym spésobom determinuje vyvoj hodnoty Struktirovaného produktu. V rdmci
metodologickej €asti prace je preto pozornost’ sistredena na analyzu volatility a pristupov k jej meraniu.

Volatilita predstavuje fundamentilny determinant rizikovosti finanénych nastrojov, ked’ze kvantifikuje
rozsah variability vynosov podkladového aktiva v case (Hull, 2021). Standardne sa vyjadruje
prostrednictvom smerodajnej odchylky vynosov v danom obdobi, najcastejsie na rocnej baze. Vyssie
hodnoty signalizuji zvysent rizikovost’, ktord je spojenda nielen s potencidlom vicsej straty, ale aj s
moznost'ou dosiahnutia nadpriemerného vynosu. Z tohto dévodu je volatilita kI'dcovym vstupom do
ocenovacich modelov derivatov a struktdrovanych finanénych produktov.

Podla Dohna (2002) mozno rozlisovat’ viaceré druhy volatility. Historicka volatilita vychadza z empirickych
udajov o minulom vyvoiji cien aktiva, implikovana volatilita je odvodena z trhovej ceny opcii a predstavuje
ocakavanu volatilitu v buddcnosti, zatial' ¢o predpovedana volatilita reflektuje subjektivne alebo modelové
prognézy dalsieho vyvoja. Pre ocentovanie $truktarovanych produktov je osobitne vyznamna implikovana
volatilita, ktora priamo vstupuje do urc¢ovania hodnoty opénych komponentov. Jej rast sa premieta do
zvysenia opénych prémii, co nasledne ovplyviuje hodnotu celého strukturovaného produktu.
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Metodologicky ramec hodnotenia rizikovosti v eurépskom prostredi je zalozeny na viacerych pristupoch.
Najrozsirenejsi je EDG (Expected Distribution Gap), ktory sa dominantne vyuziva na nemeckom trhu,
najvi¢som a najvyznamnejSom trhu Struktarovanych produktov. Doplnkovo sa uplatiuje KID (Key
Information Document), ktory v sdlade s eurdpskou reguliciou poskytuje investorom Standardizované
ukazovatele rizikovosti a porovnatel'nost’ medzi produktmi.

Vyznamnou cast’ou metodologického rimca je aj ocenovanie Struktdrovanych produktov, kedze ich
hodnota je odvodena od ceny op¢nych kontraktov. V literature st prezentované viaceré pristupy zalozené
na numerickych metédach, simulaciach ¢i rieseni parcialnych diferencialnych rovnic. Baule a Tallau (2011)
analyzuju oceniovanie bonusovych certifikatov, Hernandez a kol. (2014) sa venuji ocefiovaniu exotickych
bonusovych certifikatov, zatial ¢co Wilkens a Stoimenov (2007) empiricky skimaji oceniovanie indexovych
certifikatov na nemeckom trhu. Podobne Hernandez et al. (2013) sa sustreduji na outperformance
certifikaty a Baule (2011) na diskontné certifikaty. Dalsi autori, ako Benet a kol. (2006), Breuer a Perst (2007),
Grunbichler a Wohlwend (2005), Stoimenov a Wilkens (2005), Henderson a Pearson (2011), poskytuja
teoretické 1 empirické pristupy k oceniovaniu d’alsich foriem $truktirovanych produktov.

Osobitna pozornost’ v literatire sa sustred’uje na problematiku volatility. Albeverio a kol. (2018) poukazuji
na to, ze pri produktoch s ochranou kapitalu ma kombinacia nizkych urokovych sadzieb a vysokej volatility
negativny vplyv na kl'icové parametre. Azarmi (2017) vyuziva tzv. volatilné povrchy na zvysenie presnosti
ocenovania na nemeckom sekundarnom trhu a zdoraziuje regulacny i spolocensky rozmer problematiky.
Choi a kol. (2020) identifikuja volatilitu ako hlavny determinant variacie spreadov tranzi, o ma priamy
dosah na rizikovost’ a oceniovanie produktov. Sovan (2011) poskytuje komplexny prehl'ad modelov volatility
a ocenovania opcii — od modelov konstantnej volatility cez stochastické az po hybridné pristupy — a analyzuje
rozdiely medzi implikovanou a realizovanou volatilitou, ktoré su priamo aplikovatelné na oceflovanie
struktarovanych produktov.

Kedze struktirované produkty obsahuju opéné prvky, sicast’ou metodolégie je aj aplikicia modelov
oceniovania opcil. Najvyznamnejsim z nich je Black-Scholesov model (Black a Scholes, 1973), ktory
umoznuje urcit’ teoretickd cenu opcie na zaklade ceny podkladového aktiva, realizacnej ceny, bezrizikovej
urokovej miery, ¢asu do splatnosti a volatility. V praci bude tento model vyuzity na demonstraciu vplyvu
volatility na hodnotu call opcii, ktoré tvoria zdklad ocefiovania mnohych struktirovanych produktov. Ak
teda vezmeme do uvahy curépsku vanilla call opciu na akcie bez dividendy, teoreticki cenu mozno
vypocitat’ pomocou Black-Scholesovho vzorca v tvare:

c=SN(d,)-Xe""N(d,)

2
lnS+(r+aJT
X 2
d, =

- O'ﬁ (2)

2
lnSJr[r—G}T
X 2
d,=d,—oNT =

(1)
kde

N(d1) a N(d2) st hodnoty Standardnej normalnej kumulativnej distribu¢nej funkcie. Cena call opcie je podl'a
vzt'ahu (1) — (3) funkciou spotovej ceny podkladového aktiva S, realizacnej ceny X, implikovanej volatility
podkladového aktiva o, bezrizikovej Grokovej miery r (odvodenej z vinosov statnych dlhopisov) a ¢asu do
splatnosti opcie T. Zmena niektorého parametra ma vplyv na zmenu ceny opcie.
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Ozna¢me cenu podkladového aktiva v ¢ase t St, cenu podkladového aktiva v ¢ase St-1, pocet pozorovani
N, obdobie pozorovania ts, potom implikovana volatilita o sa vypocita podla nasledujiceho vzt’ahu
(Ambroz, 2002):

kde

N (%)

o ®

Klasicky Black-Scholesov pristup nie je priamo vhodny pre bariérové opcie, pretoze dalsi faktor, bariéra,
ovplyviiuje visku opénej prémie. Merton (1973) upravil Blach-Scholesov model a odvodil prvy vzt'ah na
vypocet ceny eurdpskej call opcie s poklesom a knock-out opciou. Neskor Rubinstein a Reiner (1991)
aplikovali Black-Sholesov-Mertonov vzorec na osem zakladnych typov bariérovych opcif a Haug (2007) na
vsetkych Sestnast’ typov. Nas pristup je zaloZeny na teoretickej cene Standardnych eurdpskych bariérovych
opcii podla analytického modelu Hauga (2007). Vsetky vypocty cien vanilkovych a bariérovych opcii boli
implementované v Statistickom programe R. (Iacus, 2001).

2 Analyza vplyvu volatility na vybrané investi¢né certifikaty

V nasledujucej casti sa analyzuje konstrukcia vybranych investicnych certifikatov, konkrétne indexovych,
garantovanych, outperformance, sprint, diskontnych a diskontnych certifikitov s bariérou. Pozornost’ je
zamerana na mechanizmus ich tvorby, pricom osobitny doraz sa kladie na analyzu vplyvu volatility na cenu
opcii, ktoré predstavuju zakladnd zlozku tychto produktov. Cielom je identifikovat’, akym sp6sobom sa
zmeny volatility premietaji do hodnoty jednotlivych certifikitov a aka je korelacia medzi volatilitou a cenou
vybranych investicnych produktov.

2.1 Tvorba vybranych investi¢nych certifikatov

Investi¢né certifikaty predstavuju struktirované produkty, ktorych vynosovy profil je odvodeny od zvolenej
konstrukcie a podkladového aktiva. V ridmci prispevku sd analyzované vybrané typy investi¢nych
certifikatov, pricom kazdy z nich je zalozeny na Specifickej kombinacii finan¢nych nastrojov a derivatovych
prvkov.

Indexové certifikity kopiruju vyvoj vybraného indexu a umozfiuji investorovi participovat’ priamo na
jeho vynose. Vyznacuji sa symetrickym rizikovo-vynosovym profilom a vdaka pomerovému nastaveniu
umoznuju aj drobnym investorom pristup k diverzifikovanym stratégiam s relativne nizkym kapitalovym
vkladom. Certifikait moze byt’ konstruovany aj bez derivatovej zlozky, ¢im sa znizuje jeho komplexnost’,
pricom jeho hodnota je priamo odvodena od hodnoty podkladového indexu alebo kosa aktiv. Garantované
certifikdty su zlozené z garantovanej a vykonnostnej asti. Zabezpecuju navratnost’ nominalnej hodnoty v
den splatnosti, pricom konstrukcia pozostava zo zakipenia bezkupénového dlhopisu pod nominalnou
hodnotou a vyuzitia rozdielu na ndkup call opcie na podkladové aktivum (Mishkin, 2006). Tato kombinacia
poskytuje ochranu investovaného kapitalu a zaroven umoziuje participaciu na raste trthu. Qutperformance
certifikdty poskytuji nadproporcionalnu participaciu na raste podkladového aktiva. Ich konstrukcia spociva
v kombinacii kapy podkladového aktiva (§g) a kapy (m—7) call opcii s realizacnou cenou rovnajicou sa
aktualnej cene podkladového aktiva, kde parameter 7 vyjadruje multiplikdtor nadpriemernej vykonnosti.
Sprint certifikdty znasobuji vynos pri miernom raste podkladového aktiva, avsak ich vynos je obmedzeny
hornou hranicou (cap level, C). Konstrukéne st vytvorené kupou (#—7) call opcii s realizacnou cenou
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rovnou aktudlnej cene podkladového aktiva (5p), financovanou predajom  call opcii s realiza¢nou cenou
na urovni cap levelu (C). Na druhej strane diskontné certifikdty su emitované za cenu niz$iu nez je hodnota
podkladového aktiva, ¢o investorovi poskytuje urcitd ochranu pri poklese ceny. Typickda konstrukcia
pozostava z nakupu podkladového aktiva (§p) a sicasného predaja call opcie s realiza¢nou cenou rovnou
urovni cap levelu (C > Sp). Tento mechanizmus umozfiuje obchodovanie s diskontom a vytvara tzv.
ochranny vankds. Zaroven diskontné plus certifikdty rozsiruju zakladni konstrukciu o prvok
podmienenej ochrany kapitalu do vysky bariéry. Maximalny vynos je dosiahnutelny iba v pripade, Ze pocas
zivotnosti  certifikitu nedojde k prelomeniu vopred stanovenej bariéry (B). Produkt je vytvoreny
kombinaciou nakupu podkladového aktiva (Sg), predaja call opcie s realiza¢nou cenou na urovni cap levelu
(O) a stcasného nakupu down-and-out put opcie s bariérou B a realiza¢nou cenou rovnou cap levelu (C).

Tabulka 1 poskytuje sthrnny prehlad konstrukcie analyzovanych investicnych certifikitov, pricom
zobrazuje ich zostavenie ako kombindciu podkladového aktiva a prislusnych opénych pozicii.

Tab. 1 Struktira vybranych $truktiirovanych produktov

Struktarovany Podkladové Pozicia v opcii

produkt aktivum Kupa call Kupa put | Predaj call | Predaj put | Kupa
opcie opcie opcie opcie down-out

put opcie

Garantovany Ano Ano Nie Nie Nie Nie

certifikat

Index/basket Ano Nie Nie Nie Nie Nie

certifikaty

Outperformance Ano Ano Nie Nie Nie Nie

certifikaty

Sprint certifikaty Ano Ano Nie Ano Nie Nie

Diskontné Ano Nie Nie Ano Nie Nie

certifikaty

Diskont plus Ano Nie Nie Ano Nie Ano

certifikaty

Zdroj:  vlastné spracovanie

Ziskovy profil analyzovanych investi¢nych certifikdtov je prezentovany na Obrazku 1, ktory znazorfuje
zavislost’ potencialneho vynosu od hodnoty podkladového aktiva pri splatnosti jednotlivych produktov.
Graf umozfiuje vizudlne porovnanie roéznych typov certifikitov, vritane indexovych, garantovanych,
outperformance, sprint, diskontnych a diskontnych certifikitov s bariérou a ilustruje rozdiely v rizikovo-
vynosovom profile a citlivosti na pohyby podkladového aktiva. Tato vizualizicia poskytuje citatelovi
intuitfvny prehlad o mechanizmoch tvorby vynosu a rizika pri jednotlivych typoch certitikatov.
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Obr.1 Funkcia zisku vybranych investi¢nych certifikatov v ¢ase splatnosti

Zdroj:  vlastné spracovanie

2.2 Vplyv volatility na cenu call opcii

Volatilita podkladového aktiva predstavuje kI'icovy faktor ovplyviiujici cenu derivatovych komponentov v
struktirovanych produktoch a tym aj celkovi hodnotu tychto investiénych nastrojov. Z tedrie opcil vyplyva,
ze rast implikovanej volatility zvySuje hodnotu opcii, pricom efekt zavisi od typu zaujatej pozicie, dlha
pozicia (long) vedie k rastu hodnoty, kritka pozicia (short) naopak k jej poklesu.

Obrazok 2 zobrazuje percentualnu zmenu ceny call opcie pri zvyseni implikovanej volatility o 1 % v
rozmedz{ 10 % az 60 % pre rézne Grovne bezrizikovych urokovych mier. Predpoklada sa, ze podkladové
aktivum neprinasa dividendy, jeho aktualna cena a realizacnd cena opcie st nastavené na 100 EUR a doba
do splatnosti je 1 rok. Hodnoty su vypocitané pomocou klasického Black-Scholesovho modelu pre ,,at-the-
money* call opciu.
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Obr. 2 Miera zmeny ceny opcie pri raste implikovanej volatility o 1 percentuilny bod pre rozne tirokové
sadzby

Zdroj: vlastné spracovanie
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Analyza ukazuje, Ze percentuilna zmena ceny call opcie pri naraste volatility je kladnd a klesa s rastom
povodnej urovne volatility. To znamend, ze opcia je citlivej$ia na zmenu volatility pri nizkych hodnotach
implikovanej volatility, pricom pri vyssich hodnotach volatility uz kazdé dodatocné zvysenie o 1 %
sposobuje mens{ relativny narast ceny. Navyse, vyssie urokové miery mierne zvysuju percentualnu citlivost’
ceny opcie na zmeny volatility, ¢o je v stlade s teoretickymi ocakavaniami Black-Scholesovho modelu.
Zaverom je, ze percentualna zmena ceny ,,at-the-money* call opcie pri naraste volatility je vzdy pozitivna,
av$ak intenzita tohto efektu sa znizuje so zvySujucou sa pévodnou volatilitou, pricom urokova miera
moduluje vel'kost’ tejto citlivosti. Obrazok 2 znazornuje percentualnu zmenu ceny ,,at-the-money® call opcie
pri naraste implikovanej volatility o 1 percentualny bod pre rézne povodné urovne volatility, pricom je
uvazovana fixna bezrizikova drokova miera 1 %. Analyza zahfna rézne doby do splatnosti opcie: 0,5 roka,
1 rok, 2 roky a 5 rokov.
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50
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Obr.3 Miera zmeny ceny opcie (v hotovosti) rastom implikovanej volatility o 1 percentualny bod pre
rozne ¢asy do splatnosti

Zdroj:  vlastné spracovanie

Vysledky ukazujd, Ze percentudlna zmena ceny call opcie klesa so zvySujucou sa povodnou uroviiou
volatility. To znamend, ze opcia je citlivejS$ia na zmenu volatility pri nizkych hodnotich implikovanej
volatility, pricom pri vy$sich hodnotich kazdé dodatoc¢né zvysenie o 1 % spdsobuje mensi relatfvny narast
ceny. Zaroven plati, ze dlhsie doby do splatnosti zvysuju percentudlnu citlivost’ opcie, pretoze ¢asovy faktor
zvicsuje casova hodnotu opcie a tym aj jej relativnu reakciu na volatilitu. Zavislost’ je nepriamo umernd,
pricom narast volatility ma klesajici efekt na percentudlnu zmenu ceny, efekt rastu volatility je vyraznejsi pri
nizkych o a postupne sa zmierfiuje pri vyssich o.

2.3 Vplyv volatility na cenu vybranych investi¢nych certifikatov

V tejto Casti sa sustredujeme na empirickd analyzu vplyvu implikovanej volatility na hodnotu vybranych
investicnych certifikaitov v EUR. Ciefom je identifikovat’,, ako zmeny volatility podkladového aktiva
(aktudlna cena je na urovni 100 EUR) ovplyviiuja ceny derivatovych zloziek jednotlivich produktov a tym
aj celkovtt hodnotu certifikatov. Analyza umozniuje porovnat’ citlivost’ roznych typov produktov, vratane
outperformance, sprint, garantovanych a diskontnych certifikatov, na pohyby volatility a poskytuje prehl'ad
o tom, ktoré konstrukéné prvky zvysuja alebo znizuju hodnotu investicie pri jej zmene. Takéto zistenia st
kIicové pre pochopenie rizikovo-vynosového profilu produktov a pre informované rozhodovanie
investorov pti sprave portfélia.

Tabulka 2 poskytuje systematicky prehlad konstruovanych certifikitov s ohl'adom na rozne urovne
implikovanej volatility (10%, 11% a 30%) a ¢asov do splatnosti (1 rok a 5 rokov). Pri navrhu jednotlivych
produktov boli zohl'adnené odlisné hodnoty participa¢ného faktora » (2 a 3), rovne cap levelu C (120 a
130 EUR) a bariérovych hodnét B (90 a 80 EUR), ¢o umoziuje komplexna analyzu citlivosti ceny
certifikatov na tieto kI'i¢ové konstrukcéné parametre.
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Tab. 2 Prehl’ad cien konstruovanych certifikatov v zavislosti od roznych drovni volatility a ¢asov do

splatnosti
Volatilita Cena certifikitu v EUR Cena certifikitu v EUR
(doba splatnosti 1 rok) (doba splatnosti 5 rokov)
10% (m=2) 104,49 111,34
10% (m=3) 108,97 122,68
Outperformance 11% (m=2) 104,88 112,18
certifikaty 11% (m=3) 109,76 124,37
30% (m=2) 112,37 128,13
30% (m=3) 124,74 156,27
10% (m=2, C = 120) 104,11 103,20
10% (m=2, C = 130) 104,44 106,30
10% (m=3, C = 120) 108,41 110,47
10% (m=3, C = 130) 108,91 115,87
11% (m=2, C = 120) 104,28 102,43
Sprint certifikaty 11% (m=2, C = 130) 104,79 106,34
11% (m=3, C = 120) 108,86 109,73
11% (m=3, C = 130) 109,62 115,60
30% (m=2, C = 120) 100,94 84,98
30% (m=2, C = 130) 104,81 90,24
30% (m=3, C = 120) 107,59 91,54
30% (m=3, C = 130) 113,41 99,43
10% (C = 120) 99,81 95,93
10% (C=130) 99,98 97,73
Diskontné 11% (C = 120) 99,70 95,12
certifikaty 11% (C =130) 99,95 97,08
30% (C = 120) 94,29 78,42
30% (C =130) 96,22 81,05
10% (C =120, B = 90) 110,70 98,23
10% (C=130, B = 90) 117,85 102,30
10% (C = 120, B = 80) 117,90 103,85
10% (C = 130, B = 80) 127,58 110,68
11% (C = 120, B = 90) 109,25 96,94
Diskont plus 11% (C=130, B = 90) 115,91 100,73
certifikaty 11% (C = 120, B = 80) 117,25 101,89
11% (C = 130, B = 80) 126,76 108,22
30% (C =120, B = 90) 95,39 78,53
30% (C=130, B = 90) 98,46 81,29
30% (C = 120, B = 80) 99,13 79,02
30% (C = 130, B = 80) 104,22 82,10

Zdroj: vlastné spracovanie
Poznamka: m faktor participacie, C cap level, B bariéra

Z analyzy udajov uvedenych v tabulke 2 vyplyvaju nasledujice zavery. Garantované certifikaty, ktoré
obsahuju dlht poziciu v call opcii ako sucast’ vykonnostnej zlozky, reaguji na zvysSenie implikovane;j
volatility podobne ako outperformance certifikaty, ich hodnota rastie, co podporuje ochranu kapitilu a
stcasnu participaciu na raste trhu. Pre outperformance certifikaty, ktoré obsahuju dlhu poziciu v call opcii,
zvysenie implikovanej volatility vedie k rastu hodnoty certifikatu, ked’ze cena nakupenej opcie rastie, zatial
¢o samotna dlha pozicia v podkladovom aktive nie je na volatilitu citliva. Pri sprint certifikitoch, kde sa
kombinuju dlhé a kratke pozicie v opciach, je efekt volatility zlozitejsi. Predané call opcie (short) maji mierne
vy$si vplyv nez nakuapené call opcie (long), ¢o sposobuje, ze s rastom volatility celkova hodnota certifikatu
mierne klesa. V pripade diskontnych certifikdtov, kde je sucast’ou produktu kratka pozicia v call opcii,
zvysenie volatility znizuje hodnotu produktu, pretoze vyssia volatilita zvysuje cenu predanej opcie, ¢im sa
znizuje Cista hodnota certifikatu. Diskontné certifikdty s bariérou, ktoré kombinuji predaj call opcie a
nakup down-and-out put opcie s bariérou, reaguju na rast volatility podobne ako klasické diskontné
certifikaty. KedZe cena bariérovej opcie je nizsia nez cena vanilla opcie, zvySenie implikovanej volatility
vedie k celkovému poklesu hodnoty produktu.
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Tieto vysledky jasne ilustruju, ze vplyv volatility na hodnotu investiénych certifikdtov zavisi od struktdry
derivatovych zloziek a typu zaujatej pozicie, pricom dlhé pozicie profituja zo zvysenej volatility, zatial' ¢o
kratke pozicie ju penalizuju. Tento mechanizmus poskytuje investorom ndstroj na lepsie pochopenie
rizikovo-vynosového profilu jednotlivych produktov a umoznuje predvidat’ citlivost’ ich hodnoty na trhové

vykyvy.

3 Zhodnotenie vysledkov vyskumu

Analyza vplyvu implikovanej volatility na hodnotu vybranych investi¢nych certifikatov ukazuje, Ze volatilita
predstavuje kI'a¢ovy faktor determinujici c¢asovi hodnotu opcii, ktoré tvoria zakladnu konstrukciu
modernych struktarovanych produktov. Na zaklade reakcie ceny certifikatu na zmeny implikovanej volatility
je mozné segment investi¢nych produktov systematizovat’ do troch zakladnych skupin:

Produkty pozitivne korelujiice s volatiliton, pti ktorych zvysenie implikovanej volatility vedie k narastu hodnoty
produktu a naopak. Medzi tieto produkty patria napriklad garantované a outperformance certifikaty, kde
dlha pozicia v call opcii umoznuje profitovat’ z rasticej volatility.

Produkty negativne korelujiice s volatiliton, pti ktorych zvysenie implikovanej volatility sposobuje pokles hodnoty
produktu. Sem patria diskontné certifikaty, diskon, diskont plus a sprint certifikaty, kde sa v Strukture
nachadza kratka pozicia v opcii a produkt ma obmedzeny maximalny vynos (,,strop®), ¢o urcuje jeho
negativnu citlivost’ na volatilitu.

Produkty nekorelujiice s volatiliton, kde zmeny implikovanej volatility nemaju vyznamny dopad na hodnotu
certifikatu. Medzi tieto patria indexové a basket certifikaty, ktorych vynos je priamo viazany na vyvoj
podkladového aktiva alebo kosa aktiv, pricom derivaitové komponenty st bud absentujice, alebo
neovplyviuju citlivost’ produktu na volatilitu.

Vysledky zaroven ukazujd, ze negativna korelacia s volatilitou je typickd pre produkty s obmedzenym
vynosovym potencidlom, ktoré obsahuju kratku poziciu v opcii, zatial ¢o pozitivna korelacia je
charakteristickd pre produkty s dlhymi opénymi poziciami. Délezité je tiez zddraznit’, ze vplyv zmien
implikovanej volatility je relevantny len pocas zivotnosti produktu; v def1 splatnosti sa volatilita na hodnotu
certifikitu premieta iba nepriamo prostrednictvom hodnoty podkladového aktiva.

Celkovo tieto zistenia umozfiuju systematizovat’ Struktdrované produkty podla citlivosti na volatilitu a
poskytuji investorom prehl'ad o rizikovo-vynosovych charakteristikich jednotlivych typov certifikatov, o
je kl'acové pre informované investi¢né rozhodovanie.

Zaver

Analyza vplyvu implikovanej volatility na hodnotu vybranych investi¢nych certifikatov potvrdila, ze volatilita
je klicovym faktorom determinujucim ¢asovi hodnotu opcii, ktoré tvoria zakladnu konstrukciu modernych
struktarovanych produktov.

Vyskum umoznil systematizovat’ Struktdrované produkty do troch zakladnych skupin podla ich citlivosti
na volatilitu. Prvou skupinou st produkty pozitivne korelujuce s volatilitou, medzi ktoré patria napriklad
garantované a outperformance certifikaty; u tychto produktov rast implikovanej volatility vedie k zvyseniu
hodnoty, pricom dlhé pozicie v call opciach umoznuju profitovat’ z rasticej volatility. Druhou skupinou st
produkty negativne korelujice s volatilitou, kam patti diskontné, diskont plus a sprint certifikaty; zvysenie
volatility u tychto produktov znizuje ich hodnotu v dosledku pritomnosti kratkych opénych pozicii a
limitovaného maximalneho vynosu. Tretia skupina zahffia produkty nekorelujice s volatilitou, typicky
indexové a basket certifikaty, pri ktorych zmeny implikovanej volatility nemaji vyznamny dopad na
hodnotu, ked’ze ich vynos je priamo viazany na podkladové aktiva a derivatové komponenty neovplyviiujia
citlivost’ produktu na volatilitu.

Vyskum dalej potvrdil, Ze negativna korelacia s volatilitou je typickd pre produkty s obmedzenym
vynosovym potencidlom a kratkymi opcnymi poziciami, zatial' ¢o pozitivna korelacia je charakteristickd pre
produkty obsahujuce dlhé opéné pozicie. Zistenia zaroven zdoraznuju, ze vplyv implikovanej volatility je
relevantny primarne pocas zivotnosti produktu; v den splatnosti sa volatilita na hodnotu certifikitu premieta
len nepriamo prostrednictvom vyvoja podkladového aktiva.
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Medzi obmedzenia vyskumu patri uzké zameranie na vybrané typy investicnych certifikitov a analyza
zalozena predovsetkym na historickych trhovych ddajoch a teoretickych modeloch, bez zohladnenia
dynamickych trhovjch podmienok alebo behaviordlnych faktorov investorov. Dalsie $tudie by mohli
roz$irit” analyzu o dalie kategérie Struktirovanych produktov, skimat’ vplyv makroekonomickych
premennych ¢i aplikovat’ pokrocilé numerické metédy a simulacie na modelovanie volatilného spravania
podkladovych aktiv.

Celkovo vysledky poskytuju systematizovany prehlad o citlivosti strukturovanych produktov na volatilitu a
mézu sluzit” investorom ako podklad pre informované rozhodovanie pri vybere produktov s ohl'adom na
riziko a ocakavany vynos.
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Abstract

Fiscal rules are a key instrument for ensuring the long-
term sustainability of public finances; however, their
effectiveness depends not only on institutional strength
but also on the degree of actual compliance. This study
excanines the relationship between the Fiscal Rule Index
(FRI), which measures the robustness of fiscal
[frameworks, and a newly constructed Compliance Index
(CI), which aggregates compliance with four main rules
— the deficit rule, debt rule, structural balance rule, and
expenditure rule. The results for European Union

Fiscal discipline; Enropean Union; Public finance

member states over the period 2000-2023 reveal
sustainability

considerable beterogeneity across countries and clear
procyclicality of fiscal discipline: rules are most frequently
violated during economic downturns. The analysis
Surther shows that the strengthening of fiscal rules is
predominantly  reactive, with new rules  typically
introduced only after fiscal problems have already
emerged, which casts  doubt on  their preventive
effectiveness. Methodologically, the study contributes by
constructing the Compliance Index and employing cross-
correlations, which provide a better understanding of the
interaction between the quality of fiscal rules and their
practical enforcement. The findings carry important
implications for the ongoing reform of the European
[fiscal framework, highlighting the need for simpler,
enforceable, and politically sustainable rules.

Introduction

Fiscal rules represent formal constraints on budgetary policy designed to ensure the long-term sustainability
of public finances. In the European Union, the number and scope of such rules have significantly expanded
over the past two decades, both at the EU level (e.g., the 3% deficit ceiling and 60% debt limit under the
Stability and Growth Pact) and at the level of national budgets (e.g., national debt brakes and expenditure
ceilings). To quantify the strength and quality of fiscal rules, the literature commonly employs the Fiscal
Rules Index (FRI). This index accounts for several characteristics of fiscal rules — such as legal enforceability,
institutional coverage, the presence of independent monitoring, correction mechanisms in the event of non-
compliance, and resilience to economic shocks (Larch et al., 2023). It is based on the methodology
developed by the European Commission (DG ECFIN) and enables comparisons of the overall stringency
of fiscal frameworks across countries and over time. FRI values in the EU have increased over time, as
many countries have introduced new rules or strengthened existing ones (particulatly after the breaches of
the Stability and Growth Pact in the early 2000s and during the sovereign debt crisis of 2008—2012) (Eyraud
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& Wu, 2015). These reforms have moved toward “second-generation” fiscal rules, which combine greater
flexibility with more stringent enforcement (Caselli et al., 2018). Overall, the literature suggests that stronger
and better-designed rules should impose harder budget constraints and thereby foster fiscal discipline
(Heinemann et al., 2018; Badinger & Reuter, 2017).

Given the growing importance of fiscal rules for the stability of public finances, the aim of this study is to
analyze the link between their formal strength and their actual compliance. The study uses the Fiscal Rule
Index (FRI) and the aggregated Compliance Index (CI) and focuses on the member states of the European
Union in the years 2000—2023.

1 Literature review

A vast body of empirical literature investigates whether fiscal rules indeed lead to more responsible
budgetary policy. The overall findings are fairly consistent: countries with established and stringent fiscal
rules tend to exhibit better fiscal outcomes on average than countries without rules or with weaker ones.
The meta-analysis by Heinemann et al. (2018), covering dozens of studies, confirms that the presence of
numerical fiscal rules is statistically associated with lower deficits and slower debt accumulation. Similatly,
Badinger and Reuter (2017) find, based on a sample of EU countries, that the strengthening of fiscal
institutions leads to a significant improvement in the budget balance. Several other studies (e.g., Fall et al.,
2015; Caselli & Reynaud, 2020) provide robust evidence that fiscal rules enhance fiscal performance —
resulting in smaller deficits, lower debt burdens, and often lower volatility of public expenditures. Moreover,
there is evidence that rules increase the credibility of fiscal policy: governments with well-designed rules
deliver more accurate budget forecasts and achieve better credit ratings (Afonso & Jalles, 2019; Luechinger
& Schaltegger, 2013). Importantly, appropriately designed rules need not have negative side effects —
research has not found systematic crowding out of public investment or an increase in the procyclicality of
fiscal policy in countries with fiscal rules, provided that the rules contain adequate flexibility clauses
(Guerguil et al., 2017). These findings underscore that fiscal rules can serve as an effective instrument of
fiscal discipline, particularly when they are well-designed and embedded within a broader institutional
framework (Christofzik et al., 2018).

Despite the positive potential of fiscal rules, the EU’s historical record shows mixed results regarding their
compliance. Several studies have analyzed the extent to which member states actually meet their rule-based
budgetary targets. A new database compiled by the European Fiscal Board (EFB), which tracks numerical
compliance with the four main SGP rules (deficit, debt, structural balance, and expenditure) since 1998,
reveals that on average, across countries and years, only slightly more than half of the annual limits were
met (Lach et al., 2023). In other words, roughly 50% of the time governments complied with the fiscal rule,
while in the other half they breached or significantly deviated from it. Moreover, there are substantial cross-
country differences: some states (e.g., Scandinavian countries and Luxembourg) have consistently high
compliance rates, whereas others (notably Southern European countries) show repeated violations of the
rules (Larch et al., 2023). Another recurring phenomenon is the cyclical pattern of compliance: during “good
times” (petiods of economic growth), countries are more likely to meet deficit and debt criteria, which may
lead to a false sense of security and procyclical fiscal loosening. Conversely, during recessions fiscal positions
deteriorate sharply, and the rules are breached — often invoking exceptional circumstances clauses. This
procyclical element implies that compliance is highest during upswings, precisely when governments should
be building buffers (Larch et al., 2023).

Empirical analyses also point to “threshold behavior”: for instance, Caselli & Wingender (2018) identified
“bunching around the 3% threshold” for government deficits, indicating that many countries deliberately
managed their budgets to just meet the deficit ceiling — often through one-off measures or optimistic
forecasts. This phenomenon confirms the behavioral impact of rules on governments, but also raises
questions about the sustainability of compliance: if rules are met only formally, without genuine fiscal
consolidation, fiscal discipline may be illusory (Eyraud et al., 2017).

A key research question is to what extent stricter (stronger) fiscal rules also lead to better compliance and
genuine fiscal discipline. Several recent EU-focused studies stress that the quality and design of the rules are
decisive. Larch et al. (2023) argue that stronger domestic fiscal institutions and governance go hand in hand
with greater willingness to adhere to EU budgetary limits. The presence of well-crafted rules and robust
institutions creates “domestic ownership” of fiscal commitments, thereby reducing the tendency to breach
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the rules during adverse periods. By contrast, weak rules (e.g., with easily adjustable targets or no sanctions)
fail to provide a credible barrier against expansionary pressures, allowing governments to circumvent them.

Independent fiscal oversight and the broader institutional environment also play a crucial role in compliance.
Reuter (2019) finds, in an analysis of national fiscal rule breaches in the EU, that countries with active
independent fiscal councils and well-enforced rules violate their targets less frequently. Independent fiscal
councils enhance transparency and increase the political cost of non-compliance, thereby fostering
adherence (Beetsma et al., 2019; Reuter, 2019). Conversely, political cycles and electoral incentives can
undermine discipline: in election years, governments have a tendency to loosen or bypass fiscal rules, a
pattern confirmed by empirical data (e.g., Capraru et al., 2025a observed a statistically significant drop in
compliance in election years and during frequent government changes) (Ardanaz et al., 2024).

An interesting perspective is provided by the recent study of Cipraru et al. (2025b), which examines the
number of rules and compliance in the EU. The authors identify a non-linear relationship: up to a certain
point, more rules (a larger set of fiscal anchors) correlate with better compliance — likely because multiple
budgetary constraints reinforce the government’s commitment. However, beyond a certain “saturation
threshold,” additional rules may become counterproductive: an overly complex system of parallel rules may
undermine transparency and enforceability, leading to weaker overall discipline (Capraru et al., 2025b). This
finding can be summarized as “less is sometimes more” — excessive complexity in the fiscal framework may
facilitate rule-evasion or erode credibility in the eyes of the public.

The literature thus converges on the view that fiscal rules can significantly contribute to fiscal discipline,
particularly when they are sufficiently strong, well-designed, and rigorously enforced. Stronger rules — as
measured by the FRI — are associated with better budgetary outcomes and higher compliance with the
prescribed limits. However, the mere existence of rules is not a panacea: success depends on political will,
the quality of institutions (independent fiscal councils, transparent accounting), and adequate flexibility that
allows for countercyclical responses. EU experience suggests that when rules are realistically designed and
violations carry real reputational or financial costs, compliance is more likely (Reuter, 2019; Larch et al.,
2023). These insights are highly relevant in the context of the ongoing reform of the European fiscal
framework, as they point to the need for simpler and more enforceable rules to achieve better budgetary
discipline without unnecessary regulatory complexity (Capraru et al., 2024).

2 Methodology

The objective of this scientific study is to analyze the relationship between the strength of fiscal rules and
their compliance in the EU member states over the period 2000—-2023. The analysis relies on two main data
sources. The Fiscal Rule Index (FRI) was obtained from the European Commission dataset, which
quantifies the institutional strength of fiscal rules in EU member states. Data on compliance with the four
main fiscal rules (deficit, debt, structural balance, and expenditure rule) were taken from the numerical fiscal
rules database (European Commission, 2025b; Lach et al., 2023).

Based on these data, a Compliance Index (Cl) was constructed, summarizing compliance with individual
rules into a single indicator. The computation procedure was as follows:

1. Deviations from the rules were normalized to the interval (0,1) using a min—max transformation:

norm _ _ Xitr—Min (Xer)
Xigr = max(x¢,)—min (x¢r) (7)

where X; ¢ - represents the deviation of country 7 in year # for rule 7.

2. For all rules, a higher deviation indicates a breach; therefore, after normalization, the scale was
inverted. The transformation was applied so that a value of 1 denotes full compliance and 0 denotes a
violation of the rule.

— norm
Coer = 1— 212 2
3. The Compliance Index was obtained as the arithmetic mean of the values across the four rules:

1 R
Clie = R ZT=1 Citr G)
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where R=4R = 4R=4 represents the number of rules considered. The interpretation of the index is
straightforward: values closer to 1 indicate high fiscal discipline, while values closer to 0 signal frequent or
severe rule violations.

To examine the relationship between the institutional strength of the rules (FRI) and their actual compliance
(CI), we employed cross-correlations with time lags ranging from —3 to +3 years. In our case, the relationship
between FRI and CI is nonlinear and discontinuous, as FRI increases in discrete jumps when new rules are
introduced, whereas CI fluctuates according to the economic cycle and fiscal policy stance. For this reason,
we selected Spearman’s rank correlation, which is more robust as it captures monotonic (but not necessarily
linear) relationships, better reflecting the reality of fiscal reforms and compliance behavior.

3 Results

3.1 Fiscal Rule Index

The Fiscal Rule Index (FRI) is a composite indicator that evaluates the institutional strength of fiscal rules
across BHuropean Union countries. It takes into account the legal basis, coverage, monitoring mechanisms,
correction procedures, and the flexibility of the rules. The higher the value of the index, the stronger and
more robust the institutional framework of fiscal policy, and the greater the likelihood that the rules will
contribute to the long-term sustainability of public finances in practice (European Commission, 2025).

Figure 1 displays boxplots of FRI values for individual EU countries over the period 2000—2023. This
approach allows for visualization not only of the average level of institutional strength of fiscal rules but
also of their variability over time.
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Figure 1 Fiscal Rule Index (2000-2023) — distribution by country

Source: own caleulation

The results point to several important findings. First, the Nordic countries such as Sweden and Finland, as
well as the Netherlands, belong to the group of countries with consistently high FRI values. These ate states
with a strong tradition of fiscal responsibility, where fiscal rules are firmly embedded in the legal system,
cover a broad range of public institutions, and are supported by independent oversight. Their boxplots show
not only a high median value but also low variability, indicating a stable fiscal framework.

Second, some countries—particulatly the new member states such as Slovakia, Croatia, and Slovenia—
experienced a significant increase in FRI only after 2010. This shift is associated with reforms introduced in
the aftermath of the global financial crisis and the European sovereign debt crisis, which necessitated the
strengthening of national fiscal rules, the adoption of constitutional debt brakes or expenditure ceilings, and
the establishment of fiscal councils. The boxplots of these countries display a wider range of values,
reflecting the dynamic process of institutional strengthening during the observed period.

Third, several countries such as Italy, Greece, and Portugal remain in the lower part of the distribution.
Their fiscal rules have a weaker legal basis, lack effective correction mechanisms, and have historically been
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characterized by insufficient enforceability. The high variability of FRI values in these cases indicates
repeated attempts at reform that have failed to produce long-term stable results.

Overall, it can be concluded that the FRI in the EU has gradually increased, particularly after 2010, when
member states responded to fiscal imbalances. Nevertheless, significant heterogeneity persists across
countries: while some have firmly entrenched and stable fiscal rules, others have undergone only partial
reforms, leaving their fiscal frameworks less robust. These differences can be explained by divergent fiscal
cultures, the quality of institutions, and the political will to support fiscal discipline.

3.2 Compliance with Fiscal Rules

Compliance with fiscal rules represents the practical dimension of fiscal discipline, complementing the
institutional strength of the rules as measured by the FRI. While the FRI assesses the quality and robustness
of the rules de jure, compliance reflects the extent to which these rules are actually observed de facto.

To provide a clearer picture of compliance with fiscal rules, Figures 2 and 3 were constructed. Figure 2
displays the total number of breaches of individual fiscal rules in EU member states over the period 2000—
2024. The graph allows for a comparison of which countries most frequently fell out of compliance with
the rules and simultaneously shows which rules were violated the most.

8ot Fiscal Rule
m—Dutei e

mmm Expenditure rule
70} = Structural balance rule

60

& v
o =]

Number of Violations

w
=]

201

10

AT
BG
Cy
cz

T f g 2 % E 5 3 2 g 2 @ k

RO
SE

Sl
SK
UK

w ¥ w - [0
o [a] w w w

BE

I
Country

Figure 2 Number of Rule Violations by Country (2000-2024)

Source: own calculations

Vysledky jasne naznacuju rozdiely medzi jednotlivimi regiénmi EU. Juzna Eurépa (Grécko, Taliansko,
Portugalsko a Spanielsko) patri medzi krajiny s najvy$sim poctom poruseni, pricom dominantné si najma
deficitné a dlhové pravidlo. To odriza dlhodobo pretrvavajice fiskalne nerovnovahy a vysoké zadlzenie
v tychto krajinach, ktoré sa este zvyraznili pocas krizovych obdobi. Franctuzsko a Belgicko sa taktiez
vyznacuji vysokym poc¢tom poruseni, najmi v oblasti dlhového pravidla, ¢o koresponduje s dlhodobym
prekracovanim hranice 60 % HDP.

Naopak, severské krajiny (Svédsko, Finsko, Dansko) a niektoré mensie ekonomiky (Esténsko,
Luxembursko, Malta) maju vyrazne nizs{ pocet poruseni, ¢o poukazuje na ich stabilnejsiu fiskalnu politiku
a vicsiu disciplinu pri dodrziavani stanovenych limitov. Stredna a vychodna Eurépa (napr. Slovensko,
Ceska republika, Polsko, Mad’arsko) dosahuje stredné hodnoty, pricom porusenia sa v tychto krajinach
sustredili najmé na deficitné pravidlo, co suvisi s expanzivnou fiskalnou politikou po hospodarskej krize a
pocas pandémie.
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Celkovo je z Obrazku 2 zrejmé, ze deficitné a dlhové pravidlo st najcastejSie poruSovanymi nastrojmi
fiskalneho ramca v EU, zatial' ¢o Strukturilne a vydavkové pravidlo sa porusovalo menej casto. To
potvrdzuje, ze prave udrzanie dlhovej a deficitnej discipliny je pre mnohé clenské Staty najvicsou vyzvou.
V priemere sa za krajiny v danom obdobi pravidla nedodrziavali na Grovni 44,8%.

Obrazok 3 zobrazuje pocet poruseni jednotlivych fiskalnych pravidiel v ¢lenskych staitoch Eurépskej unie

podla rokov v obdobi 2000-2024. Umoznuje sledovat’ dynamiku dodrziavania pravidiel v case a
identifikovat’ obdobia, kedy dochddzalo k ich najcastejsiemu porusovaniu.
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Figure 3 Number of Rule Violations by Years (2000-2024)

Source: own calculations

The results cleatly indicate significant differences across EU regions. Southern Europe (Greece, Italy,
Portugal, and Spain) belongs to the group of countries with the highest number of violations, with the deficit
and debt rules being the most frequently breached. This reflects long-standing fiscal imbalances and high
debt levels in these countries, which became even more pronounced during crisis periods. France and
Belgium also exhibit a high number of breaches, particulatly of the debt rule, consistent with their persistent
exceedance of the 60% of GDP threshold.

In contrast, the Nordic countries (Sweden, Finland, Denmark) and some smaller economies (Estonia,
Luxembourg, Malta) show a markedly lower number of violations, indicating more stable fiscal policies and
stronger discipline in adhering to the established limits. Central and Eastern European countries (e.g.,
Slovakia, Czech Republic, Poland, Hungary) fall within the middle range, with breaches concentrated
primarily on the deficit rule, which is related to expansionary fiscal policies implemented after the financial
crisis and during the pandemic.

Opverall, Figure 2 demonstrates that the deficit and debt rules are the most frequently violated components
of the EU fiscal framework, whereas the structural balance and expenditure rules have been breached less
often. This confirms that maintaining debt and deficit discipline remains the greatest challenge for many

member states. On average, across all countries in the observed period, the rules were not complied with
44.8% of the time.

Figure 3 presents the number of breaches of the individual fiscal rules by year for EU member states in the
period 2000—-2024. It allows tracking of the dynamics of rule compliance over time and identification of
periods in which violations were most frequent.

3.3 Compliance index

The dataset of the European Fiscal Board (2024), which covers the four main rules — deficit, debt, structural
balance, and expenditure — also makes it possible to measure compliance based on numerical deviations
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from the established limits. In this way, it is possible to distinguish not only binary compliance or non-
compliance with a rule but also the magnitude of the breach or overshoot of the limit.

In order to create a more comprehensive indicator capable of aggregating the specific magnitudes of fiscal
rule breaches, we constructed the Compliance Index (CI), which aggregates information on compliance with
all four rules into a single figure, following the procedure described in the methodology section. This index
therefore synthetically expresses the extent to which a country complied with fiscal rules in a given year.
Figure 4 presents the CI results for the period 2000—2023.
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Figure 4 Compliance Index (2000-2023)

Source: anthors’ own calculations

The results displayed in Figure 4 highlight several key findings. First, there is substantial heterogeneity across
countries. The Nordic states (Sweden, Finland, Denmark) and Estonia maintain index values close to 1,
indicating their long-standing fiscal discipline. By contrast, the Southern European countries (Greece, Italy,
Portugal, and often Spain) record persistently low values, reflecting repeated rule breaches and persistent
challenges to public finance stability.

Second, crisis periods are clearly visible. The global financial crisis of 2008—2010 caused a sharp decline in
the Compliance Index across the EU, particularly for the deficit and debt rules. An even more pronounced
drop occurred in 2020 during the COVID-19 pandemic, when virtually all countries loosened fiscal policy
and temporarily suspended rule compliance. This development confirms that compliance with fiscal rules is
highly procyclical—improving during periods of economic growth and deteriorating during recessions.

Third, in the post-2012 period, a moderate improvement in the index can be observed among the new EU
member states. This is related to the adoption of the Fiscal Compact and the introduction of constitutional
debt brakes, expenditure ceilings, and independent fiscal councils. Although not all of these measutres led to
permanent compliance, they enhanced the credibility of fiscal frameworks and shifted index values toward
higher levels.

Overall, the Compliance Index shows that the EU as a whole struggles with consistent adherence to fiscal
rules, particularly during crises. At the same time, distinct groups of countries can be identified—those that
are consistently disciplined, those with unstable discipline, and those that are chronic rule-breakers.
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3.4 CI aFRI

To better understand the relationship between the institutional strength of fiscal rules (de_jure) and their
actual compliance (de facts), we constructed a two-dimensional representation based on two key indicators:
the Fiscal Rule Index (FRI) and the aggregated Compliance Index. The horizontal axis represents the
strength of fiscal rules (FRI), while the vertical axis captures the level of compliance. Cross-axes drawn
through the EU average values divide the space into four quadrants representing a typology of countries:

1. Strong rules and high discipline.

2. Weak rules and high discipline.

3. Strong rules and low discipline.

4. Weak rules and low discipline.

Given the size of the dataset (2000-2023), results are not presented for every year but for a representative
selection shown in Figures 5 to 8. The analysis includes the years 2000, 2008, 2012, and 2020, which capture
key economic and institutional milestones: the beginning of the observation period and pre-accession phase
(2000), the onset of the global financial crisis (2008), the adoption of the Fiscal Compact and strengthening
of fiscal frameworks (2012), and the fiscal shock caused by the COVID-19 pandemic (2020). This selection
allows for a comparison of country behavior under different conditions without sacrificing the clarity of
results.
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FRI vs. Compliance - 2020
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The results presented in Figures 5 to 8 indicate that the positioning of countries within the quadrants was
not random but reflected their historical experience, the degree of institutional entrenchment of fiscal rules,
and their capacity to respond to economic shocks.

In 2000 (Figure 5), most EU countries were concentrated in the lower quadrants, as fiscal rules were not yet
fully developed and the CI was more closely linked to the prevailing economic situation than to the strength
of the institutional framework. For instance, the Baltic states were located predominantly in the “weak rules
but disciplined” quadrant, whereas Southern countries such as Greece and Italy already combined weaker
rules with low discipline at that time.

In 2008 (Figure 0), at the onset of the global financial crisis, the differences between countries deepened.
The Nordic states and some core countries (Sweden, Finland, Germany, the Netherlands) were positioned
in the “strong rules and high discipline” quadrant, reflecting their stable fiscal policies and high credibility
of the rules. Conversely, countries with large deficits and rising debt, such as Greece and Portugal, moved
further into the “weak rules and low discipline” quadrant.

The year 2012 (Figure 7) marked a visible shift for several countries, particularly the new member states and
the periphery of the euro area. Following the adoption of the Fiscal Compact and the introduction of
constitutional debt brakes, the FRI increased, shifting these countries further to the right on the horizontal
axis. However, differences in compliance remained evident: while Slovakia and Slovenia moved closer to
the middle, Italy and France remained in the “strong rules but low discipline” quadrant, illustrating the gap
between formal frameworks and actual policy implementation.

The pandemic year 2020 (Figure 8) was characterized by a dramatic deterioration in CI across virtually all
countries. Even traditionally disciplined states dropped lower on the compliance axis, shifting closer to the
lower quadrants. Nevertheless, a clear distinction remained between countries with robust rules, which
maintained some degtree of credibility even during the crisis (e.g., Germany, Finland), and those where the
combination of high debt and weak institutions was most apparent (Greece, Italy, Portugal).

Opverall, the observed periods confirm a positive but incomplete relationship between the strength of fiscal
rules and compliance. The countries with the most stable position in the “strong rules and high discipline”
quadrant are those that have long combined a robust legal framework with a strong fiscal culture (Nordic
states, Germany, the Netherlands). By contrast, countries in the lower quadrants repeatedly return there
despite formal reforms, pointing to persistent problems with political will and structural imbalances.
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1.5 Relationship between the Compliance Index and FRI

To complement the two-dimensional analysis of the relationship between the strength of fiscal rules and
their compliance, we calculated cross-correlations between the Fiscal Rule Index (FRI) and the Compliance
Index with time lags of up to three years forward and backward. The aim was to examine whether there is
a systematic relationship between the introduction or strengthening of fiscal rules and subsequent
compliance, or conversely, whether new rules are adopted as a reaction to previous problems with fiscal
discipline.

Table 1 Results of cross-correlations between FRI and CI

Country Lag -3 Lag -2 Lag -1 Lag0 Lag1 Lag 2 Lag 3
AT -0.593 -0.518 -0.613 -0.485 -0.484 -0.481 -0.392
BE -0.779 -0.650 -0.580 -0.470 -0.483 -0.501 -0.380
BG -0.466 -0.451 -0.471 -0.500 -0.505 -0.439 -0.390
CY 0.037 0.156 0.326 0.352 0.219 0.117 -0.043
CzZ 0.017 0.012 -0.037 -0.105 -0.267 -0.265 -0.220
DE -0.109 -0.236 -0.300 -0.305 -0.359 -0.443 -0.375
DK -0.433 -0.169 -0.067 0.045 0.249 0.418 0.615
EE -0.594 -0.518 -0.594 -0.672 -0.517 -0.494 -0.443
EL 0.608 0.523 0.418 0.352 0.287 0.271 0.199
ES -0.618 -0.507 -0.408 -0.351 -0.298 -0.363 -0.364
FI -0.702 -0.501 -0.340 -0.282 -0.184 -0.098 -0.074
FR -0.676 -0.747 -0.612 -0.503 -0.527 -0.533 -0.508
HU -0.364 -0.375 -0.332 -0.307 -0.281 -0.325 -0.388
1IE -0.135 0.091 0.191 0.077 0.102 0.127 -0.018
1T -0.408 -0.516 -0.737 -0.619 -0.555 -0.619 -0.457
LT -0.111 0.024 0.058 0.113 0.181 0.147 0.310
LU -0.374 -0.316 -0.337 -0.366 -0.224 -0.171 -0.071
LV 0.075 -0.055 -0.033 -0.231 -0.236 -0.042 -0.046
MT -0.173 -0.245 -0.383 -0.391 -0.295 -0.298 -0.450
NL -0.185 -0.102 -0.248 -0.188 -0.123 -0.160 -0.006
PL -0.312 -0.200 -0.350 -0.365 -0.308 -0.466 -0.514
PT -0.190 -0.087 -0.131 -0.123 -0.158 -0.279 -0.102
RO -0.379 -0.286 -0.332 -0.296 -0.297 -0.322 -0.275
SE -0.489 -0.512 -0.604 -0.602 -0.511 -0.487 -0.587

SI 0.187 0.159 0.227 0.138 0.043 0.146 0.157
SK -0.083 0.001 0.127 -0.135 -0.424 -0.457 -0.324
HR 0.126 0.205 0.265 0.181 0.206 0.099 -0.086

Source: authors’ own calculations

The results of Spearman’s correlation (Table 1) show that in most EU countries the relationship between
the strength of fiscal rules and their actual compliance is weak, with significant values (above |0.5])
occurring only in a limited number of cases. Most often, the correlations are negative — for example in
Belgium, France, Italy, Finland, Estonia, Austria, Spain, and Poland. This means that the strengthening of
fiscal rules in these countries has generally been a reaction to previous fiscal problems and has not led to an
improvement in discipline in the following years. This trend is most pronounced in Southern European
countries, where post-2010 rule reforms were driven by pressure from the European Union and financial
markets but failed to fundamentally change government behavior regarding adherence to budgetary limits.
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Positive correlations exceeding the significance threshold occurred only in exceptional cases — for instance,
in Greece and Denmark, and only for specific time lags. In the case of Greece, this is more a consequence
of extreme fiscal adjustment in the aftermath of the debt crisis, when the strengthening of rules was
accompanied by some effort at fiscal discipline. In Denmark, the positive relationship is associated with a
stable fiscal framework and a tradition of compliance with budgetary rules, but this represents an exception
rather than a typical pattern in the EU.

Opverall, these results suggest that fiscal rules in the EU are predominantly reactive in nature — countries
tighten them only after experiencing deficit or debt problems, but this does not automatically lead to
improved compliance. The true effectiveness of fiscal rules thus depends not only on their formal design
but above all on political will and institutional capacity to enforce them.

Discussion

The results of our analysis highlight significant differences between the formal strength of fiscal rules and
their actual compliance in EU member states. While in some countries there is a clear correlation between
high FRI values and stable rule compliance (e.g., Sweden, Finland, Estonia), in other cases we identified a
mismatch, where strong rules were accompanied by frequent breaches (e.g., Italy, France). These findings
are consistent with the literature emphasizing that the mere existence of rules does not guarantee their
effectiveness unless they are supported by strong institutions and political commitment (Reuter, 2024;
Larch, Malzubris & Santacroce, 2025).

The aggregated Compliance Index made it possible to capture not only binary compliance with individual
rules but also the overall fiscal discipline of countries over time. From our perspective, this represents an
important step forward, as the existing literature often points to the problem of “formal compliance” with
criteria without genuine fiscal consolidation (Caselli & Wingender, 2018). Our heat-map analysis showed
that the deficit and debt rules were the most frequently breached, which is in line with the findings of
Cipraru (2025), who emphasizes that these two rules are most exposed to political cycles and short-term
fiscal pressures.

An important finding from our cross-correlation analysis is that the relationship between the FRI and the
Compliance Index is predominantly negative, suggesting that countries typically strengthen fiscal rules ex
post — 1.e., in response to fiscal problems rather than as a preventive measure. This “reactive nature of
reforms” was previously confirmed by Larch et al. (2025), who showed that changes in national rules often
follow episodes of non-compliance with EU criteria. Similarly, Cipraru (2025) documents that the tightening
of rules and the strengthening of fiscal institutions frequently occur in response to pressure from financial
markets or the EU, which does not necessarily lead to an immediate improvement in discipline.

The question of the number and complexity of rules also deserves attention. Our results show that a higher
FRI does not always imply better compliance, consistent with the conclusions of Cipraru, Pappas, and
Sprincean (2024), who argue that excessive proliferation of rules can reduce their enforceability and
transparency. By contrast, simply designed but well-implemented rules combined with independent
oversight may be more effective than a complex set of weakly binding norms.

Opverall, our findings support the argument that the key factor behind the effectiveness of fiscal rules is not
merely their formal strength but rather their implementation, enforceability, and embedding within the
broader institutional environment. In this context, the Compliance Index offers added value, as it makes it
possible to measure countries’ fiscal discipline holistically and compare it with the formal strength of fiscal
frameworks. This methodological innovation provides a new perspective on why some countries comply
with fiscal rules while others do not and can be a relevant contribution to ongoing debates on the reform
of the EU fiscal framework (Brindle & Elsener, 2024).

While our results provide an important perspective on the relationship between the strength of fiscal rules
and their compliance, several limitations must be acknowledged. First, the Compliance Index aggregates
four main rules into a single indicator, which inevitably leads to a loss of detailed information about specific
differences between rules. Moreover, the process of normalizing and transforming deviations may affect
results, particularly in the presence of countries with extreme violation values that influence the range.

Another limitation is the time horizon: our analysis covers the years 2000-2023, which include several
shocks (the financial crisis, the euro area debt crisis, the COVID-19 pandemic) that may have temporarily
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disrupted rule compliance and distorted the relationship between FRI and discipline. From a methodological
point of view, it is also important to note that Spearman cross-correlations capture only monotonic
relationships and cannot fully reveal more complex nonlinear dynamics that may exist between fiscal
institutions and government behavior.

Finally, our study relies on data from European Commission databases, which, while consistent, may not
petfectly capture qualitative aspects of compliance, such as political culture, the impact of elections, or
specific national institutional practices. Future research should therefore combine quantitative approaches
with in-depth case studies.

Conclusion

This study analyzed the relationship between the institutional strength of fiscal rules, measured by the Fiscal
Rule Index (FRI), and their actual compliance, aggregated into a newly constructed Compliance Index (CI).
The analysis covering EU member states over the period 2000-2023 revealed several important findings.
First, we confirmed that rule compliance is uneven across countries and over time — the deficit and debt
rules were the most frequently violated, with breaches peaking during crisis periods. By contrast, the
structural balance and expenditure rules had lower violation rates, highlighting their complementary, rather
than primary, role in the fiscal framework.

The visualization results revealed clear regional patterns: while Nordic and some Central European countries
show high discipline, Southern Europe and some Western states struggle with repeated breaches. Cross-
correlations further confirmed that the tightening of fiscal rules is in most cases reactive — countries tend to
adopt new rules only after fiscal problems have emerged rather than as a preventive measure. This
conclusion is consistent with the literature emphasizing the need not only for strict rules but also for strong
institutions and political will for their enforcement (Reuter, 2024; Larch, Malzubris & Santacroce, 2025).

From a methodological perspective, the main contribution of our study lies in the construction of the
Compliance Index, which makes it possible to aggregate information on compliance with multiple rules into
a single indicator. This approach provides a new perspective on the relationship between formal fiscal
frameworks and actual government behavior and can be used in future empirical studies.

Opverall, our results suggest that the mere existence or formal strength of rules does not guarantee fiscal
discipline. Success depends on the quality of implementation, independent oversight, and institutional
embedding. In this context, the ongoing debate on the reform of the EU fiscal framework is highly relevant
— it should aim toward simpler but more effective rules that are transparent, enforceable, and politically
sustainable.
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