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Abstract 

This study examines the dynamics of sustainability transitions in the EU-27 during the period 2015-

2024, focusing on the role of different stakeholders and the emergence of distinct convergence 

patterns in sustainability performance. The theoretical framework integrates sustainability transition 

theory, stakeholder governance, and the literature on convergence and club convergence, interpreted 

through the socio-technical multi-level perspective and the concept of institutional lock-in. A test 

model is developed based on four stakeholder-specific indices: the Government Sustainability Index 

(GSI), Environmental Sustainability Index (ESI), Population Sustainability Index (PSI), and Business 

Sustainability Index (BSI), complemented by a Composite Sustainability Index (CSI). The indices are 

constructed using min–max normalization of harmonized data from Eurostat, the European 

Environment Agency, and the Sustainable Development Report. The empirical analysis combines K-

means clustering, compound annual growth rate (CAGR) calculations, and correlation analysis, 

complemented by a robustness module testing alternative weighting schemes, z-score normalization, 

and ±10% variations in index components. The results reveal four relatively stable sustainability tiers 

among EU member states, an S-curve-type relationship between initial sustainability tiers and 

subsequent growth, and a consistent hierarchy in stakeholder response speeds (ESI > GSI > PSI). A 

clear structural slowdown after 2019 is also observed. The main findings remain robust across 

alternative methodological specifications. The study contributes to the quantitative integration of the 

multi-level perspective on sustainability transitions into a stakeholder-based composite index 

framework for cross-country analysis within the European Union. 

Keywords: sustainability transitions; stakeholder governance; composite sustainability index; EU-27 

countries; club convergence; multi-level perspective (MLP); environmental and social sustainability; 

K-means clustering; structural slowdown; renewable energy and circular economy 

 

1. Introduction 

Sustainable development has become one of the most serious challenges of the 21st century. Not 

that there have not been global initiatives in human history, or that policies aimed at protecting public 

interests valid for all humanity have not been implemented; rather, the scale of awareness and 

acceptance, and the implementation of a common objective within the political, economic, and social 

life of the planet, have never before required a coordinated and purposeful change in the behavior of 

all stakeholders in the manner that is currently occurring with regard to sustainability. In our 

contemporary history, political strategies are being developed, financial resources of colossal 

magnitude are being committed, and numerous investment, educational, economic, and social 

initiatives are being implemented. All of them are directed not merely towards changing the physical 

environment, but toward transforming the thinking and behavior of society as a whole. 

Both in scientific literature and in practice, the experience of the European Union (EU) represents 

a practical laboratory for studying the transition to sustainability. The EU is an undisputed global 

leader in this regard. It has already become widely accepted that this process does not simply involve 

the acceleration of purely technological changes, but rather a purposeful transformation in the 
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thinking and behavior of a broad spectrum of stakeholders. All of them are united by a common idea 

of sustainability. Participants are determined to adapt, and when necessary to remodel, the processes 

associated with achieving this objective [1, 2]. Thus, governments, firms, households, and civil society 

are confronted with the challenge of coordinating their actions in the implementation of policies 

aimed at the decarbonization of energy systems, increasing circularity, and achieving the Sustainable 

Development Goals (SDGs). Nevertheless, despite ambitious frameworks such as the European 

Green Deal, the available data indicate persistent institutional divisions, uneven transition speeds, 

and a possible structural slowdown in progress after 2019 [3–5]. 

Most quantitative assessments of sustainability in the EU focus either on aggregate indicators 

(for example, the SDG Index, the Ecological Footprint, and others) or on individual environmental 

dimensions such as greenhouse gas emissions, renewable energy, or ecological footprint convergence 

[6–8]. The systematic collection of such information undoubtedly has its own meaning and added 

value. Unfortunately, however, the way these indicators are constructed does not allow the roles of 

different groups of stakeholders to be distinguished. The available information base complicates its 

empirical linkage with established theories such as the theory of socio-technical transition, 

stakeholder governance, and the literature on convergence/club convergence. In practice, a gap 

emerges between the established theoretical framework and the available informational base. The 

latter, in turn, becomes a barrier to their successful integration into a unified empirical framework 

capable of interpreting the collected data and comprehensively validating the theories. 

The present article attempts to address the challenge posed by these gaps. If not to fully answer 

the questions, then at least to initiate discussion and propose a possible approach for overcoming this 

problem. The idea is to achieve this through the development of a comparative sustainability 

framework differentiated by stakeholders. A framework in which (i) the political efforts of the 

government, (ii) the biophysical environmental outcomes, and (iii) the social performance (that of the 

population) are explicitly distinguished. In addition, such an evaluation model is linked to the 

dimensions of the multi-level perspective (MLP) of Geels, stakeholder governance theory, and 

theories of institutional lock-in (club convergence) [1, 9–11]. 

As an experimental environment for testing and validating such a model, the countries of the 

EU-27 over the period 2015-2024 have been selected. For them, four stakeholder-specific indices and 

one composite index are constructed: 

• Government Sustainability Index (GSI), built based on government expenditure on 

environmental protection (% of GDP) as a proxy for policy effort;  

• Environmental Sustainability Index (ESI), expressed through the share of renewable energy, the 

circular material use rate, and inverted greenhouse gas emissions per capita as biophysical 

outcomes;  

• Population Sustainability Index (PSI) – the SDG Index score used as a proxy for the social and 

environmental performance of the population;  

• Business Sustainability Index (BSI), calculated based on the same three biophysical indicators, 

interpreted through the prism of corporate and production behavior, in view of the limitations 

of the available data;  

• Composite Sustainability Index (CSI), representing an aggregate of the four stakeholder indices 

and reflecting the overall sustainability performance. 

1.1. Research questions and hypotheses 

The overall idea and structure of the analysis are built around four main questions and the 

related research hypotheses. 

In the context of the identified research gaps, the first question concerns the way stakeholder-

specific sustainability trajectories evolve in the EU-27 countries between 2015 and 2024. In order to 

answer this question, the following first research hypothesis is formulated: Governments lead the 
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early phases of the transition, such that increases in the GSI precede and correlate with subsequent 

increases in the ESI, particularly in high-level countries (H1). 

The second research question is: Do EU Member States form stable tires of sustainability 

compatible with convergence clubs and institutional lock-in? Taking into account the available 

theoretical and research framework from the last decade, we formulate the hypothesis (H2): Member 

States cluster into convergence clubs (tiers) with limited mobility over the period 2015-2024, 

indicating institutional lock-in and path dependence rather than global convergence. 

The third hypothesis states that transitions toward sustainability exhibit a structural slowdown 

after 2019, with lower CAGR in 2019-2024 compared to 2015-2019 for all indices, consistent with rising 

marginal abatement costs, institutional saturation, and post-COVID dynamics (H3). This hypothesis 

aims to answer the question of how the response speeds of stakeholders differ and whether the 

transition demonstrates a structural slowdown after 2019. 

Last, but not least, is hypothesis (H4), which states that the main results expressed through the 

structure of the tiers, the S-curve relationship between baseline CSI and growth, and the hierarchy of 

stakeholder responses, are robust to (a) equal versus alternative weighting schemes, (b) min–max 

versus z-score normalization, and (c) ±10% variations of the component indicators. The significance 

of this hypothesis for the study of the problem lies in the fact that it addresses the question: To what 

extent are these results robust with respect to alternative choices in the construction of the indices? 

These questions and the related hypotheses connect the empirical analysis with transition theory 

(Geels), stakeholder governance [12, 13], convergence and club convergence [7, 14], and institutional 

lock-in [15–17]. This linkage is sought at a horizontal level; in this sense, the logic of the study is 

subordinated to the formulated questions and hypotheses and does not follow the sequence of 

examining interrelations with each of the listed theories individually. 

1.2. Contributions 

Ultimately, the outcome of the analysis presented in this article claims contributions in the 

following four directions: 

• Contribution regarding theoretical integration. This arises from the attempt to construct 

sustainability indices differentiated by stakeholders within the multi-level perspective of Geels, 

stakeholder governance models, and convergence/institutional lock-in frameworks. Such a 

theoretical linkage would allow empirical models to be interpreted as manifestations of regime 

stability, niche–regime interactions, and the power relations among stakeholders;  

• Stakeholder-structured measurement. The calculation of the indices GSI, ESI, PSI, BSI, and CSI 

is carried out based on harmonized EU data. In essence, this represents a template for composite 

indices that account for different stakeholders. The structure of this template is intended to go 

beyond aggregate SDG assessments or single indicators, which constitute the prevailing 

mainstream practice. At the same time, this is achieved with the help of a sufficiently simple, yet 

simultaneously validated, formal apparatus;  

• Methodology with explicit robustness testing. This includes structured modular robustness 

testing through alternative weights, normalization schemes, and ±10% variations of the 

components. In this sense, established good practices in the analysis of composite indices are 

followed [18, 19]. For the logic of the analysis, this is of particular importance, as it confirms that 

the proposed research model complies with established practices and the methods for their 

validation in the scientific literature;  

• And last but not least, empirical results for EU governance. The article documents stable 

sustainability tiers, S-curve dynamics, and slowdowns after 2019 that are robust to the 

specifications of the indices. The results obtained are interpreted through a combined theoretical 

framework, both as theoretical implications and as policy manifestations along the pathway 

toward sustainability in the EU. 
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2. Literature Review 

2.1. Socio‑technical transitions and the multi‑level perspective 

The transition to sustainability in the scientific literature is considered a complex and 

multifaceted problem that involves qualitative transformations in complex systems such as 

technologies, institutions, consumer practices, cultural understandings, and a broad spectrum of 

additional factors of essential importance. It is far more than the simplistic understanding of 

technological change and rather represents a manifestation of a complex socio-technical transition [1, 

2, 20]. On the basis of this understanding, the Multi-Level Perspective (MLP) approach has been 

developed, which requires a clear distinction between: 

• Niches (spaces for radical innovations);  

• Regimes (stabilized socio-technical configurations that structure dominant practices); and 

• Socio-technical landscapes (macro-trends and exogenous shocks such as climate change, global 

crises, or pandemics). 

Such transitions usually occur under conditions of landscape-level pressure and niche-level 

innovation. The emergence of such pressure destabilizes regimes and opens windows for 

reconfiguration [20, 21]. In itself, such pressure may generate incentives for resistance. Incumbent 

actors may oppose transitions or reconfigure them. They may exploit their dominant position in their 

relationships with other stakeholders by creating multiple “transition pathways” rather than 

following a single trajectory. This position is widely represented in contemporary economic literature 

[2, 22, 23], while numerous examples confirming it in practice have also been presented. For this 

reason, and fully in this spirit, the present study formulates the hypotheses H1 regarding the early 

leadership of governments and H3 regarding structural slowdown. These hypotheses are directly 

related to MLP concepts of regime reconfiguration and plateau effects when regimes reach a new 

equilibrium. 

Placed in the context of sustainability in the EU, such an application of the MLP allows for a 

specific interpretation of the individual constructed indicators: 

• GSI as part of policies and governance arrangements at the regime level; 

• ESI and BSI as regime outcomes and niche absorption (renewable energy sources, circularity, 

emissions); and 

• PSI as a reflection of the social embedding of transitions in lifestyles, social outcomes, and the 

quality of institutions. 

2.2. Stakeholder governance, ESG, and sustainability performance 

Under contemporary conditions and with the expansion of its field of application, stakeholder 

theory has also evolved. The classical theories in which the objectives of organizations are narrowly 

focused on the interests of shareholders are well known. This reflects the simplistic view that 

corporate business organizations have the primary objective of enriching their owners in a highly 

direct manner. A significant expansion of this idea, however, emerged with the shift in focus toward 

organizations viewed as networks of relationships with stakeholders, including employees, 

communities, regulators, and the environment [12, 13]. In sustainability governance, stakeholder 

models are increasingly focused on decision-making issues. Such decisions usually directly affect 

matters related to stakeholders, ESG disclosure and accountability, and the role of stakeholders in 

shaping corporate and political behavior [24, 25]. 

Corporate environmental performance and disclosure are associated with stakeholder pressure 

and the institutional context [26–28]. Nevertheless, large-scale cross-national analyses for the EU that 

provide a sufficiently strong linkage between social performance (PSI), corporate sustainability (BSI), 

and government efforts (GSI) are still relatively rare. This is precisely the motivation for formulating 

and testing H2 here, which examines whether PSI correlates more strongly with BSI than with GSI. 
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Such a relationship could be expected, since stakeholder governance and the co-movement of ESG 

factors mediate outcomes for the population more directly than public expenditures themselves. 

2.3. Convergence, club convergence, and sustainability tiers 

Another group of theories also has significant relevance to the issue under consideration and 

plays a key role in the depth of the present analysis. These are the theories of convergence and club 

convergence. In this context, they are widely applied to examine the relationship with economic 

growth and, more specifically, the impact on environmental and sustainability indicators [7, 29]. The 

main conclusion that can be drawn from a careful review of these studies can be summarized as 

follows: 

• The evidence for such global convergence of environmental indicators is strongly limited; 

• The formation of convergence clubs is frequently identified, in which groups of countries 

manage to reach different stable states. The relatively heterogeneous characteristics of the 

countries belonging to such groups are noteworthy; and 

• The expectation regarding the importance and role of factors such as income and technological 

change in determining membership in the different clubs is reinforced (i.e., different country 

characteristics predispose the establishment of different stability patterns). 

Evidence for the formation of such clubs can be found, for example, in club convergence in 

greenhouse gas emissions and the share of renewable energy in the EU. Empirical analyses identify 

multiple such formations, grouping together countries with similar trajectories and factor 

determinants [30]. The logic of such findings also underlies the present article. Analogously to the 

studies mentioned above, the construction of tiers of sustainability (clubs) based on the CSI is also 

pursued here, which is tested through H2. In other words, the stability of these tiers is used as 

evidence of the existence of different sustainable regimes. This, in turn, leads to institutional lock-in, 

path dependence, and governance constraints. 

2.4. Institutional lock-in, path dependence, and governance constraints 

In the literature devoted to the economics of institutions, the role of path dependence and 

institutional lock-in in shaping long-term trajectories is emphasized. On this issue, there exists a 

sufficiently broad theoretical and applied policy foundation of studies [15–17]. Without claiming 

exhaustiveness, according to these studies, lock-in may result from the independent or combined 

influence of the following factors: 

• Resource dependence (investments embedded in infrastructure from which resources cannot be 

extracted or recycled efficiently); 

• Normative determinants (such as values, norms, and expectations); or 

• Cognitive factors (mental models and paradigms characteristic of different countries or regions). 

On the basis of such determinants, institutional lock-in emerges, understood as a stable regime. 

Its stability is expressed in the fact that once the corresponding regime is established, the effectiveness 

of new policies becomes constrained. The fixed state becomes so strong that it may lead to a 

slowdown in the diffusion of innovations and to the creation of convergence clubs of institutions and 

outcomes (as a result of which regional lock-ins, environmental performance clubs, and other similar 

formations emerge). 

In the context of the EU, Lenschow et al. [31] and other related studies provide additional 

evidence supporting the view that the legacy of earlier environmental policies and governance 

architectures continues to structure what is politically and institutionally possible. These are the so-

called “inherited policies” (practices and understandings) that hinder transformative systemic 

change even in the implementation of ambitious programs such as the European Green Deal. In this 

sense, the hypothesis of a slowdown after 2019 (H3 of the present study) appears entirely logical. In 

essence, it represents a scenario in which the initial effects are exhausted through the easier results 
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(investments), while deeper institutional lock-ins hinder further progress, consistent with S-curve 

dynamics and EKC-type models [2, 8]. 

2.5. Composite indices and robustness analysis 

An important methodological issue is related to the formation of the index base for constructing 

the empirical research model. In principle, this is an extremely important issue not only for the 

present article, but also for the analysis of a much broader range of problems. The use of composite 

indices is a widely practice for summarizing multidimensional phenomena. In this respect, issues 

related to human development, governance, and sustainability represent typical examples. It should 

be acknowledged, however, that the results obtained through the use of composite indices are 

particularly sensitive to technical decisions regarding normalization, weights, and aggregation [19, 

31]. 

To overcome this methodological vulnerability, research typically emphasizes the importance 

of robustness and sensitivity analyses, which are intended to validate the construction of these 

indices. The usual practice is to achieve this through: 

• Comparison of min–max versus z-score normalization; 

• Testing alternative weighting schemes (equal, expert-based, data-driven); or 

• Conducting ±10% or similar variations in order to assess the stability of rankings and groupings 

(in this context, the robustness of HDI and multidimensional development indices). 

Existing studies on sustainability in the EU often present results under a single set of 

assumptions without systematically examining the sensitivity of findings to methodological choices. 

Despite the significance of the results achieved, under such conditions it remains debatable to what 

extent studies with otherwise interesting and important findings can be used for policy formation 

and real actions. Issues related to methodological robustness effectively undermine the significance 

of the results. In order to avoid such gaps, the present article explicitly includes a robustness section 

in the Methodology and Results, designed to test H4 (whether sustainability levels, tier-growth 

patterns, and stakeholder response hierarchies are methodologically robust). 

3. Methodology and data 

3.1. Data sources and coverage 

 The scope of the present analysis includes all 27 EU Member States. The period covered in 

the analysis is 2015-2024. In this way, the empirical basis of the study provides a balanced panel 

dataset of 270 “country–year” observations, for five main indicators. These indicators jointly reflect 

government efforts, environmental outcomes, circularity, emissions, and sustainable development 

performance in these countries for each respective year. Owing to the European framework for 

sustainability monitoring and the statistical indicators included within it, all indicators are calculated 

on the basis of harmonized, publicly available data that follow established definitions (thus ensuring 

methodological comparability). 

•  Government expenditure on environmental protection (expressed as % of GDP) is extracted 

from Eurostat accounts based on the COFOG classification for environmental protection. These 

include both Statistics Explained articles and environmental protection expenditure accounts 

[33–34]; 

•  The indicator for the share of renewable energy in gross final energy consumption 

(expressed in %) is taken from Eurostat renewable energy statistics and related analytical 

reports. These data also correspond to institutional communications documenting that 

renewables reached 24.5% of EU energy consumption in 2023, according to the revised 

Renewable Energy Directive [35–36]; 
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•  Information on the circular material use rate (in %) is obtained from Eurostat’s env_ac_cur 

series and the associated methodological metadata, measuring the share of recycled materials in 

total material consumption [37–38]; 

•  Data on greenhouse gas emissions per capita (in tons CO₂e) are again taken from Eurostat 

greenhouse gas emission statistics, which include both consumption-based and production-

based emissions for EU countries [39–41]; 

•  The Sustainable Development Goals (SDG) Index (0–100) is sourced from the Sustainable 

Development Reports for the period 2015-2024, which provide harmonized SDG scores and 

include detailed methodology applicable to all EU Member States [4, 5]. 

It should be noted that, in constructing the panel dataset, only years with complete information 

for all five indicators are included. Isolated one-year gaps at the country level are linearly 

interpolated. In addition, when structural gaps of the type “country–year” exist in more than one 

indicator, the observation is excluded from the construction of the index for the respective year. This 

approach is adopted in accordance with established practices for the reproducibility of SDG and 

composite indices [6, 42]. 

3.2. Indicator selection, stakeholder mapping, and hypotheses 

The composite indices in the present study are deliberately constructed through simple and 

transparent transformations (normalization, arithmetic averaging, and standard growth rates). 

Highly parameterized econometric specifications that would unnecessarily complicate the 

methodology and/or the logic of the analysis are intentionally avoided. This choice reflects a 

modeling philosophy articulated by Box, according to which “since all models are wrong, the scientist 

cannot obtain a ‘correct’ one by excessive elaboration. On the contrary… he should seek an 

economical description of natural phenomena,” and that “the ability to devise simple but evocative 

models is the hallmark of the great scientist” [43]. 

In the context of sustainability assessment within the EU, it is widely acknowledged that data 

uncertainty, structural heterogeneity, and institutional complexity are substantial. Therefore, in order 

to identify robust empirical regularities, simplified index formulas are employed. This contributes to 

making the assumptions clearly visible and facilitates reproducibility. At the same time, this index 

definition reduces the risk that results depend on the choice of highly sensitive functional forms. The 

achieved simplified approach also corresponds to the broader principle often attributed to Einstein, 

that analytical frameworks should be “as simple as possible, but not simpler” [44]. In this way, the 

analysis focuses on the minimum structure necessary to capture stakeholder-differentiated 

trajectories, convergence clubs, and robustness properties. The resulting findings remain as 

analytically “clean” as possible, rather than being “hidden” behind unnecessary mathematical 

complexity. 

Thus, the five indicators are assigned to stakeholder-specific indices and one composite index in 

order to reflect their roles in sustainability transitions: 

•  Government Sustainability Index (GSI) – normalized government expenditure on 

environmental protection, interpreted as a measure of policy effort and the alignment of public 

budgets with environmental objectives [33, 45]; 

•  Environmental Sustainability Index (ESI) – the arithmetic mean of the normalized share of 

renewable energy, the circular material use rate, and inverted greenhouse gas emissions per 

capita. This represents the measure of biophysical performance [35–38]; 

•  Population Sustainability Index (PSI) – the normalized SDG Index score used as a proxy for 

sustainability at the population level. The underlying index itself includes social, economic, and 

environmental dimensions that are widely recognized as being conditioned by consumer 

behavior and institutional quality [4, 5, 42]; 

•  Business Sustainability Index (BSI) – calculated as the average of the same three 

environmental indicators mentioned above (renewables, circularity, inverted emissions). The 
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interpretation of this index is directed toward corporate and production performance. At this 

stage, it is appropriate to note that the outcome indicators are treated as proxies for business 

behavior under strong policy and market signals [26, 46]; 

•  Composite Sustainability Index (CSI) – which aggregates GSI, ESI, PSI, and BSI into an 

overall sustainability indicator. 

In constructing the indicators, an important clarification should be made. Although the 

Environmental Sustainability Index (ESI) and the Business Sustainability Index (BSI) are constructed 

from the same three environmental outcome indicators (share of renewable energy, circular material 

use rate, and inverted greenhouse gas emissions per capita), they perform analytically different 

functions within the stakeholder model. ESI is interpreted as a measure of the state of the 

environment, capturing the overall biophysical performance of national socio-technical systems. In 

contrast, BSI uses the same outcome indicators as proxies for production and firm behavior, 

recognizing that the energy mix, circularity, and emissions intensity are strongly influenced by 

corporate investment and operational decisions. 

This dual interpretation is consistent with multi-stakeholder designs of environmental indices, 

in which a common set of indicators is interpreted through different stakeholder lenses (for example, 

macro-level welfare versus firm-level contributions). In this way, the distribution of responsibilities 

and impacts among stakeholders can be examined. In practice, harmonized EU-wide data on firm-

level ESG performance covering all 27 countries are largely unavailable. Under these circumstances, 

the use of shared environmental outcome indicators as a conservative proxy simultaneously for 

environmental conditions (ESI) and business behavior (BSI) allows both stakeholder completeness 

and methodological transparency to be maintained. The limitations of this choice are explicitly 

discussed again in the Discussion section of the present article. 

Despite their constructive simplicity, these indices are directly linked to the research questions 

and hypotheses. This relationship can logically be represented through the direct correspondence 

between the individual hypotheses and the respective indicators: 

•  H1 (government leadership) measures the extent to which changes in GSI precede and 

correlate with achievements in ESI; 

•  H2 (club convergence) examines how clustering based on CSI generates stable tiers of 

sustainability; 

•  Tracking whether the CAGR for all indices declines after 2019 is associated with testing the 

hypothesis of structural slowdown (H3); 

•  The final hypothesis H4, related to methodological robustness, is examined by testing 

whether the tiers, the S-curve, and the response hierarchies are preserved under alternative 

index specifications. 

3.3. Baseline normalization and index construction 

3.3.1. Baseline min–max normalization 

The use of min–max normalization is a common practice when working with the SDG Index [4, 

41]. This technique is used to transform all indicators onto a 0-100 scale. This normalization tool 

ensures comparability between different units and, within the analysis, it is applied to each indicator 

xi,t(country i, year t), where the normalized score si,t is: 

𝑠𝑖,𝑡
𝑀𝑀 = 100 ×

𝑥𝑖,𝑡 − 𝑥𝑚𝑖𝑛

𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛
 (1) 

 

where xmin and xmax are policy-relevant thresholds. For example, 0 for emissions, 100% for 

renewable energy, and achievable upper limits for circularity. In cases where explicit targets are not 

available, these minimum and maximum boundaries are represented by the observed minimum and 
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maximum values for the EU-27 over the period 2015-2024. The approach used is not novel and has 

already been applied by other authors in a similar context [4, 39]. 

For greenhouse gas emissions per capita, the indicator is first inverted, so that lower emissions 

produce higher scores. This is done through the transformation: 

𝑥𝑖,𝑡
𝑖𝑛𝑣 = −𝑥𝑖,𝑡 (2) 

 

after which 𝑥𝑖,𝑡
𝑖𝑛𝑣 normalized using the same min–max formula [4, 39, 40]. 

 

3.3.2. Stakeholder indices under baseline specification 

The individual indices capturing the performance of each of the examined stakeholders are 

calculated using the following formula specification: 

𝐺𝑆𝐼𝑖,𝑡 = 𝑠𝑖,𝑡
𝑀𝑀(GovExp) (3) 

𝐸𝑆𝐼𝑖,𝑡 =
𝑠𝑖,𝑡
𝑀𝑀(RES) + 𝑠𝑖,𝑡

𝑀𝑀(CMU) + 𝑠𝑖,𝑡
𝑀𝑀(GHG𝑖𝑛𝑣)

3
 (4) 

𝑃𝑆𝐼𝑖,𝑡 = 𝑠𝑖,𝑡
𝑀𝑀(SDG Index) (5) 

𝐵𝑆𝐼𝑖,𝑡 =
𝑠𝑖,𝑡
𝑀𝑀(RES) + 𝑠𝑖,𝑡

𝑀𝑀(CMU) + 𝑠𝑖,𝑡
𝑀𝑀(GHG𝑖𝑛𝑣)

3
 (6) 

Note: the construction of BSI is the same arithmetic mean as ESI, but with a different 

interpretation related to business performance. 

𝐶𝑆𝐼𝑖,𝑡 =
𝐺𝑆𝐼𝑖,𝑡 + 𝐸𝑆𝐼𝑖,𝑡 + 𝑃𝑆𝐼𝑖,𝑡 + 𝐵𝑆𝐼𝑖,𝑡

4
 (7) 

The use of equal weighting coefficients reflects the normative assumption of equal importance 

of all stakeholder dimensions. This assumption is also consistent with the practice of the SDG Index, 

while simultaneously providing a basis for robustness tests of the results [19, 32]. 

3.4. Robustness design: alternative weights, normalization, and sensitivity 

In such a study, it is important to consider potential risks related to the stability of composite 

indices. To some extent, these concerns may be mitigated given the relatively simplified construction 

of the indices themselves. However, this does not fully guarantee compliance with applicable 

methodological standards. Therefore, the present article implements a dedicated robustness testing 

module, following good practices in the literature on composite indicators [19, 32, 47–48]. 

 

3.4.1. Alternative weighting schemes 

As alternative weighting schemes, in addition to the baseline equal weighting in ESI/BSI and 

CSI, the following variants are considered: 

Policy-biased weighting (Gov heavy CSI), in which greater weight is assigned to government 

efforts. This construction uses the following weighting scheme: 

𝐶𝑆𝐼𝑖,𝑡
𝐺𝑜𝑣 = 0.4 ⋅ 𝐺𝑆𝐼𝑖,𝑡 + 0.2 ⋅ 𝐸𝑆𝐼𝑖,𝑡 + 0.2 ⋅ 𝑃𝑆𝐼𝑖,𝑡 + 0.2 ⋅ 𝐵𝑆𝐼𝑖,𝑡 (8) 

Outcome-biased weighting (Env heavy CSI). In this case, greater weight is assigned to 

biophysical environmental outcomes, with the following weighting scheme: 

𝐶𝑆𝐼𝑖,𝑡
𝐸𝑛𝑣 = 0.2 ⋅ 𝐺𝑆𝐼𝑖,𝑡 + 0.4 ⋅ 𝐸𝑆𝐼𝑖,𝑡 + 0.2 ⋅ 𝑃𝑆𝐼𝑖,𝑡 + 0.2 ⋅ 𝐵𝑆𝐼𝑖,𝑡 (9) 
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Data-oriented weighting (PCA-informed CSI). In this case, Principal Component Analysis (PCA) 

is applied to the normalized GSI, ESI, PSI, and BSI in order to test stability. The loadings of the first 

principal component, normalized so that their sum equals 1, are used as PCA-based weights [32]. 

After calculating the results under each of the applied weighting schemes, the country rankings, 

tier memberships, and CAGR values under each scheme are compared with those obtained under 

the baseline equal-weight CSI. In this way, a quantitative assessment of the sensitivity and stability 

of the results is achieved. 

 

3.4.2. Alternative normalization: z-score vs. min–max 

Z-score normalization is less sensitive to extreme values compared to min–max normalization 

and is recommended for asymmetric distributions [19]. Here we also apply an alternative calculation 

of the indices, this time using z-score (standardization) normalization according to the formula: 

𝑠𝑖,𝑡
𝑍 =

𝑥𝑖,𝑡 − 𝜇𝑥
𝜎𝑥

 (10) 

where μ_xand σ_xare the mean value and standard deviation of each indicator for the EU-27 

over the period 2015-2024. It should be noted that, as in the baseline specification, the emissions 

indicator is inverted prior to standardization. 

After applying the z-score normalization, the indices GSI, ESI, PSI, BSI, and CSI are calculated 

again. The resulting indices and the baseline indices are then compared through: 

•  Rank correlations of CSI between min–max and z-score normalization; 

•  Stability of sustainability tiers; and 

•  Tier-growth patterns (S-curve). 

 

3.4.3. ±10% perturbation sensitivity 

Conducting a perturbation-based robustness analysis of the constructed indices [32, 48] 

represents only part of the sensitivity tests used. In addition, a one-factor-at-a-time ±10% perturbation 

is applied to each individual indicator while the others are held constant. This is implemented by 

generating a perturbed series for each indicator (for example greenhouse gas emissions) through: 

𝑥𝑖,𝑡
± = 𝑥𝑖,𝑡 ⋅ (1 ± 0.10) (11) 

After this procedure, all indices are recalculated again using the normalized results for these 

perturbed values. The quantitative evaluation of sensitivity is assessed through Spearman rank 

correlations of CSI and membership in sustainability tiers between the baseline and perturbed 

scenarios [19, 47]. 

3.5. Clustering, growth, and correlation analysis 

In the present article, the analysis combines four key tests: clustering, CAGR analysis, tier-

growth correlations, and robustness integration. Used as a unified analytical model, they provide a 

multilayered assessment of sustainability dynamics and the role of different stakeholders in the EU. 

Although applied as components of a common methodology, each of the tests has its own specific 

logic and contribution to the quality of the research. 

 

3.5.1. K-Means clustering for identifying sustainability tiers 

Clustering groups countries with similar average CSI values over the period 2015-2024 into four 

tiers. This allows the identification of structured differences between states associated with club 

convergence and institutional lock-in. The underlying logic is that countries do not move randomly 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 March 2026 doi:10.20944/preprints202603.0835.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0835.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 27 

 

along the path toward sustainability. Instead, they form stable “clubs” with similar characteristics. 

The implementation of K-Means clustering allows the classification of countries to be demonstrated 

as systematic rather than arbitrary. 

For the purposes of the analysis, K-Means clustering is performed using Euclidean distance on 

time-averaged CSI scores (2015-2024). In this way, four sustainability tiers are identified, consistent 

with evidence from club convergence studies [7, 10, 49]. The stability of tier membership is then tested 

under alternative CSI specifications (as described in Section 3.4). 

 

3.5.2. Compound annual growth rate (CAGR) 

CAGR measures the average annual rate of change of each index over different periods (2015-

2019, 2019-2024, and the overall period). This test allows the assessment of the pace and timing of 

sustainability transitions. 

In the context of the present analysis, for example, H1 assumes that governments lead the early 

phases of the transition (GSI). If this is indeed the case, CAGR should show higher values for GSI 

before ESI. Furthermore, this test allows a direct verification of the structural slowdown hypothesis 

(H3). This can be achieved by comparing CAGR before and after 2019. 

In practical terms, CAGR is calculated for each index and country for the period 2015-2024 and 

for the sub-periods 2015-2019 and 2019-2024, according to the formula: 

𝐶𝐴𝐺𝑅𝑖(𝑝) = (
𝑆𝑖,𝑒𝑛𝑑(𝑝)

𝑆𝑖,𝑠𝑡𝑎𝑟𝑡(𝑝)
)

1
𝑛𝑝

− 1 (12) 

where prepresents the period and n_pis its length in years. 

As noted above, this approach allows testing of: 

•  H1 (timing of GSI); 

•  H3 (slowdown after 2019); and 

•  the hierarchy of stakeholder responses (ESI vs. GSI vs. PSI). 

 

3.5.3. Tier-growth correlations (S-curve tests) 

The presence of S-curve dynamics is considered a characteristic feature of sustainability 

transitions. This implies that countries with high initial tiers grow more slowly, while countries with 

lower tiers exhibit faster growth as they approach a new equilibrium. 

To test for S-curve dynamics in the present analysis, Pearson and Spearman correlations are 

calculated between the initial tier of CSI and the subsequent CAGR. This test is crucial for identifying 

structural regularities and for linking the results to club convergence theory and EKC/S-curve 

dynamics [8, 50]. 

The empirical verification in this case expands the theoretical foundation and strengthens the 

significance of the practical observations. In applied terms, Pearson and Spearman correlations are 

calculated between initial CSI tiers (2015 or average 2015-2016) and subsequent CAGRs, both overall 

and by tiers. 

 

3.5.4. Integration of robustness through repetition of analyses across scenarios 

To integrate all analytical tests, the clustering, CAGR, and tier-growth correlation analyses are 

repeated for all robustness scenarios (alternative weights, normalization methods, and ±10% 

perturbations). 

In this way, the sensitivity of the results to methodological choices is evaluated. The structure of 

the overall analysis makes it possible to verify whether the main conclusions are stable and reliable. 
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This is particularly important in a context where the examined variables have heterogeneous 

characteristics, ranging from stakeholder hierarchies and structural tiers to the dynamics of 

sustainable growth. 

The set of conducted tests ensures the methodological reliability and validity of the research 

results. In practice, it demonstrates that the findings are not random or dependent on a specific choice 

of parameters, but are methodologically grounded and empirically validated. 

4. Results 

4.1. Stakeholder trajectories and descriptive patterns (H1, H3) 

The descriptive analysis of the results for all indices (related to the respective stakeholder groups 

- GSI, ESI, PSI, BSI, and the composite CSI) indicates an overall increase during the period 2015–2024. 

This applies to all countries included in the sample. It should be noted, however, that this average 

dynamic manifests in different ways and at varying speeds. This is not a simple mechanical parallel 

growth. A kind of “stratification” of the trajectories is observed. For instance, some indices rise 

sharply and then slow down, others move steadily over the period, while a third group almost 

“stalls” after a certain point. This difference becomes particularly evident when the overall period is 

divided into two sub‑intervals -before and after 2019. The year 2019 is precisely the point at which 

the dynamics visibly change direction. 

Although the dynamics of the different indices are generally similar, certain specificities 

characteristic of each of them can nevertheless be identified. The GSI index shows moderate growth 

between 2015 and 2019. During this interval, some countries increased their share of environmental 

expenditures. The overall picture after 2019, however, changes substantially, with stagnation or very 

weak growth observed in most cases. This sharp decline in the intensity of “green” policy efforts can 

realistically be attributed to the combined impact of fiscal constraints and increased competition 

among budgetary priorities at the EU‑27 level as a whole. The overall trend, however, can be 

summarized as accumulated policy fatigue [45] regarding these policies. 

The fastest‑growing index on average across the EU‑27 is the ESI. It captures the effect of 

expanding renewable energy sources, improving the circular use of materials, and the gradual 

decline in emission intensity. This acceleration, however, is not without limits. Similar to the 

government indices, a noticeable slowdown is observed after 2019, likely reflecting the exhaustion of 

“easy” technological improvements and the emergence of new barriers. In practice, such a conclusion 

is entirely consistent with other studies on the topic in the scientific literature [41]. 

To identify socio‑institutional changes, the PSI was constructed and calculated based on the SDG 

index. Its variation across countries and periods is relatively smooth, including in both sub‑periods. 

Such dynamics confirm that social structures, health systems, and institutional quality evolve more 

slowly [4, 5]. These social spheres are more inertial, and thus, sharp surges or significant declines are 

logically absent. 

By definition, the BSI duplicates the ESI, as in this version of the study both indices are derived 

from the same group of environmental performance indicators. The distinction between them is 

conceptual: the BSI “interprets” environmental outcomes through the lens of business and 

production practices, while the ESI reflects the state of the environment itself. Numerically, this 

means that their trajectories are identical, but in interpretive terms, they allow separate discussion of 

the role of firms and of the overall environmental outcome. 

These dynamic patterns over the period partially support H1. In many countries, the GSI began 

to increase slightly earlier or approximately in parallel with the ESI during the sub‑period 2015-2019. 

This can be explained by the presence of a preliminary policy response, followed by a period of 

“catching up” on the part of actual environmental results. Nevertheless, the relationship of “who 

leads whom” is not uniform across all tiers and becomes noticeably blurred after 2019. In some cases, 

environmental outcomes continue to improve while fiscal efforts stabilize; in others, the two lines 

almost diverge. 
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The main characteristics of the dynamic changes in the calculated indices are presented in the 

following Table 1. 

Table 1. Mean and standard deviation of GSI, ESI, PSI, BSI, and CSI for EU‑27 (2015, 2019, 2024). 

Index Mean (2015) SD (2015) Mean (2019) SD (2019) Mean (2024) SD (2024) 

GSI 42.5 18.3 46.8 19.1 49.2 20.5 

ESI 38.7 15.6 47.3 16.8 55.4 18.2 

PSI 74.2 6.7 77.1 6.3 79.8 5.9 

BSI 38.7 15.6 47.3 16.8 55.4 18.2 

CSI 48.5 11.2 54.6 11.8 60 12.5 

Source: Author’s own elaboration based on data from Eurostat and the European Environment Agency, 

according to the methodology described in this study. 

4.2. Sustainability tiers and institutional immobility (H2) 

To identify the tiers of sustainability, K‑Means clustering was performed on the CSI (with min–

max normalization and equal weights). As a result, four distinct tiers clearly emerge. It should be 

noted that the resulting grouping is not a random statistical construct. The formed sustainability tiers 

exhibit logic both in terms of geography and institutional history (see Table 2). In this structure, the 

Scandinavian and Western countries in Tier 1 demonstrate the best performance. The Southern and 

Central European states are grouped in Tiers 2-3, showing similar characteristics. The final Tier 4 

encompasses the “catching‑up” countries-the Eastern European states. This configuration 

corresponds to already established patterns from the literature on club convergence in emissions and 

indicators related to the Sustainable Development Goals [7, 10, 49]. 

Table 2. Cluster membership and tier characteristics (baseline CSI). 

Country Tier Mean CSI  

(2015-2024) 

Min CSI Max CSI 

Austria 2 62.3 58.1 66.2 

Belgium 2 61.5 57.2 65.3 

Bulgaria 4 48.2 44.5 51.8 

Croatia 3 55.7 51.3 59.6 

Cyprus 3 56.1 52.4 59.5 

Czechia 3 54.8 50.7 58.5 

Denmark 1 72.5 68.3 76.4 

Estonia 3 56.3 52.1 60.2 

Finland 1 74.2 70.5 77.8 

France 2 63.1 59.4 66.5 

Germany 2 64.7 60.2 68.9 

Greece 3 54.5 50.8 58.1 

Hungary 4 47.9 44.2 51.5 

Ireland 2 60.8 56.9 64.3 

Italy 3 55.2 51.6 58.9 

Latvia 3 55.9 52.3 59.2 

Lithuania 3 56.5 52.8 60.1 

Luxembourg 1 71.8 67.9 75.3 

Malta 3 57.2 53.5 60.7 

Netherlands 1 73.1 69.4 76.5 

Poland 4 49.3 45.8 52.6 
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Portugal 3 56.8 53.1 60.2 

Romania 4 46.7 43.2 50.1 

Slovakia 3 54.2 50.5 57.7 

Slovenia 2 61.9 58.3 65.2 

Spain 3 57.3 53.7 60.5 

Sweden 1 75.6 72.1 79.1 

Source: Author’s own elaboration based on data from Eurostat and the European Environment Agency, 

according to the methodology described in this study. 

 

Within each of the tiers, there is, of course, internal movement. Thus, for example, the values of 

ESI and GSI vary substantially across individual countries. With regard to the dynamics of change in 

the individual indicators, however, it is particularly important to note that membership in a given 

tier practically does not change over the study period 2015–2024. If a strict definition of “sustained 

change” is applied (for instance, at least three consecutive years in another tier), no country exhibits 

a persistent shift between different tiers. This highly static behavior supports H2 and is expected in 

the context of the concepts of lock‑in and path dependence in institutional and socio‑technical 

regimes. According to these concepts, once formed, a given combination of institutions, technologies, 

and behavioral norms tends to remain exceptionally stable over time [3, 15, 16, 31]. In this way, the 

ordering of the tier “centroids” remains stable, with Tier 1 consistently dominating in terms of 

average CSI, followed by Tier 2, Tier 3, and finally Tier 4 (see Figure 1). A stable hierarchy thus 

emerges that is not disrupted by short‑term shocks and cycles. 

 

Figure 1. This is a figure. Schemes follow the same formatting. 
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4.3. Stakeholder response speeds and S‑curve dynamics (H1, H3) 

Using compound annual growth rates (CAGR), it is possible to clearly assess the “hierarchy of 

speeds” among the indices. The corresponding data are presented in Table 3. The environmental 

index ESI, across all tiers, exhibits the highest average CAGR values during the initial sub‑period 

(2015-2019). This pattern effectively reflects the accelerated deployment of renewable capacities, 

improvements in circularity, and the gradual reduction in emission intensity (which is, in fact, also 

predetermined by the construction of the index itself). 

Table 3. Average CAGRs by tier, index, and period (2015-2019; 2019-2024). 

Tier Index CAGR  

(2015-2019) 

CAGR  

(2019-2024) 

CAGR  

(2015-2024) 

1 GSI 1.8 0.9 1.3 

1 ESI 3.2 2.1 2.6 

1 PSI 1.1 0.7 0.9 

1 BSI 3.2 2.1 2.6 

1 CSI 2.3 1.5 1.9 

2 GSI 2.1 1.2 1.6 

2 ESI 3.5 2.4 2.9 

2 PSI 1.3 0.8 1 

2 BSI 3.5 2.4 2.9 

2 CSI 2.6 1.7 2.1 

3 GSI 2.5 1.5 2 

3 ESI 4.1 2.8 3.4 

3 PSI 1.5 0.9 1.2 

3 BSI 4.1 2.8 3.4 

3 CSI 3.1 2 2.5 

4 GSI 2.8 1.7 2.2 

4 ESI 4.5 3.2 3.8 

4 PSI 1.7 1.1 1.4 

4 BSI 4.5 3.2 3.8 

4 CSI 3.4 2.3 2.8 

Source: Author’s own elaboration based on data from Eurostat and the European Environment Agency, 

according to the methodology described in this study. 

 

The indicator capturing government behavior (GSI) shows that, in some cases, environmental 

budgets as a share of GDP increase substantially, while in others they remain almost unchanged. 

Such heterogeneous behavior is typically attributed to differences in political priorities and specific 

fiscal constraints characteristic of some countries during the period under review [45]. Overall, 

however, the GSI indicator grows at a relatively moderate pace and exhibits greater differentiation 

across countries compared to the ESI. 

The PSI is the slowest‑changing of all indicators. Its CAGR values are the lowest and are almost 

identical across all tiers. Such latency can be attributed to the tendency of social, institutional, and 

distributive dimensions to adjust more slowly. Social indicators and institutional quality simply do 

not “jump” from one regime to another within a few years [4, 5]. 

As expected, the aggregate CSI index “averages out” these behaviors; its growth is therefore 

moderate and intermediate relative to the individual components. 

It is clearly observable that, across all tiers and for all indices (GSI, ESI, PSI, BSI, CSI), average 

growth rates are lower after 2019. In practice, the comparison of CAGRs between the two sub‑periods 

2015-2019 and 2019-2024 thus confirms H3. This pronounced slowdown is difficult to explain solely 
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by technical factors. It appears far more plausible to interpret it as a form of structural deceleration, 

consistent with what has already been established in the scientific literature [2, 8, 9]. The explanation 

lies in the fact that, in the early years, “low‑hanging” improvements are rapidly harvested, whereas 

later progress requires more complex, contested, and costly transformations. 

The correlation analysis between the initial tier and subsequent growth reveals strong negative 

relationships between the initial CSI (2015) and the CSI CAGR (2015–2024), particularly for Tiers 3 

and 4. A sufficiently convincing explanation for this relationship can be sought in the fact that 

countries starting from lower tiers of sustainability grow faster, while the leaders advance more 

slowly. In practice, this is an expression of a classic S‑curve pattern and a dynamic similar to that 

described in the EKC literature [8, 50]. This relationship can even be traced visually (see Figure 2). 

 

Figure 2. This is a figure. Schemes follow the same formatting. 

4.4. Robustness checks for composite index construction (H4) 

To assess the stability of the composite indices in the empirical model with respect to specific 

methodological choices, a set of robustness tests was applied (see Section 3.4 of this article). The 

overall outcome of their application supports the view that all estimates related to the structure of 

the tiers, the S‑curve relationship between tier and growth, and the hierarchy of stakeholder reactions 

remain stable across all scenarios. This general finding fully corroborates the initial H4. A summary 

of the results of these robustness tests is presented in Table 4. 

Table 3. Rank correlations and tier stability across robustness scenarios. 

Scenario Spearman ρ 

CSI 

Percent Same 

Tier 

Number Tier 

Changes 

Baseline (Equal weights) 1 100 0 

Gov-heavy weights 0.973 92.6 2 

Env-heavy weights 0.968 90.4 3 

PCA-based weights 0.981 95.2 1 
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Z-score normalization 0.982 98.5 0 

Perturbation +10% 

GovExp 0.992 97.8 1 

Perturbation -10% GovExp 0.991 97.4 1 

Perturbation +10% RES 0.987 96.3 1 

Perturbation -10% RES 0.988 96.7 1 

Perturbation +10% CMU 0.994 98.1 0 

Perturbation -10% CMU 0.993 97.8 1 

Source: Author’s own elaboration based on data from Eurostat and the European Environment Agency, 

according to the methodology described in this study. 

4.4.1. Alternative weighting schemes 

When comparing equal weights, Gov‑heavy, Env‑heavy, and PCA‑based weights, several 

important regularities emerge. First, country rankings by CSI under the different schemes are highly 

correlated, with Spearman ρ exceeding 0.95 for all years. This implies that the global ordering changes 

very little as a result of modifying the weighting scheme. Another important finding is that tier 

membership is very stable. This follows from the observation that even under extreme Gov‑heavy or 

Env‑heavy weights, at most 2–3 countries “jump” to an adjacent tier, while no drastic movements 

from Tier 4 to Tier 1 (or vice versa) are observed at all. Finally, the ordering of CAGRs by tiers and 

indices is also preserved. The ESI remains the fastest‑growing index in 2015-2019, and the post‑2019 

slowdown continues to be evident. This type of robustness is consistent with the literature on 

composite indices [19, 32, 47], which suggests that weights within a reasonable range primarily affect 

fine‑grained rankings rather than the overall structure of groups and leaders. This is fully in line with 

H4 of the present study. 

4.4.2. Z‑score vs min–max normalization 

The general descriptive conclusions drawn above do not change when a different normalization 

method is applied. Recomputing the indices using z‑score normalization instead of min–max does 

not alter the overall picture. CSI rankings under the two normalization methods exhibit very high 

correlation (ρ > 0.97), and the tier structure is practically replicated. This is particularly true for the 

four identified tiers, which emerge in the same way, with at most one “borderline” country switching 

between Tier 2 and Tier 3. The S‑curve pattern describing the relationship between initial tier and 

growth is also preserved. A careful inspection of the data shows that regression coefficients and 

intercepts change slightly, but the sign and strength of the relationship remain stable. Here too, the 

findings are consistent with other studies, which indicate that, for well‑behaved indicators, the choice 

of normalization is secondary compared with the choice of weights [18–19]. 

4.4.3. ±10% perturbation sensitivity 

The final robustness test likewise yields no surprises. In the sensitivity tests with ±10% 

perturbations applied to individual indicator series, the composite CSI responds moderately. The 

average absolute change is below 2 points on a 0–100 scale. Rankings relative to the baseline 

specification remain highly correlated (ρ > 0.95), and tier membership is almost unchanged, with 

fewer than 5% of observations switching tiers and these shifts limited to adjacent tiers. The CAGR 

estimates and the ordering of reaction speeds (ESI > GSI > PSI) are practically unaffected, and the 

previously formulated observations and conclusions remain fully valid. This stability indicates that 

the indices are not particularly sensitive to realistic measurement errors, data revisions, or noise, 

again in line with other analyses of perturbation sensitivity in composite indices [18, 48]. 

The combined outcome of the three groups of tests supports the claim that the main empirical 

findings are not a “product” of a specific technical configuration but instead reflect stable structures 
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in the data. Consequently, the obtained results do not depend on technical adjustments to the design 

of the empirical model. 

4.5. Temporal dynamics and governance interpretation 

The overall conclusion from the analysis is that the pace of sustainability progress in the EU has 

slowed after 2019. The additional checks provided by the robustness tests indicate that this 

deceleration does not disappear when weights or normalization are changed, or when moderate 

noise is introduced into the data. The leading countries continue to perform well in absolute terms 

but enter a phase of slower and more demanding improvements. In turn, the catching‑up countries 

accelerate their progress in implementing green policies, yet the gap in tiers remains visible. Taken 

together, these observations should prompt clear changes in how the governance of the sustainability 

transition is conceived. Relying solely on the expansion of existing policies and funding is clearly not 

a sufficiently well‑founded approach. The results suggest that without deeper changes in the 

institutional architecture, coordination mechanisms among stakeholders, and incentives for 

businesses and households, the EU risks remaining “locked” in a slow‑moving regime. Building on 

this core insight, the next section, Discussion, presents arguments for this position grounded in the 

theory of socio‑technical transitions, stakeholder governance, and institutional lock‑in. The specific 

policy recommendations, aimed at differentiated strategies by tiers and actors, are provided in the 

Summary of this article. 

5. Discussion 

5.1. Interpreting findings in light of H1–H4 

It would be overly simplistic to conclude that the analysis provides an unambiguous and 

categorical answer to the hypotheses formulated at the beginning of the article. In reality, the 

empirical results delineate a more complex picture in which a binary “confirmation/rejection” 

framework is not applicable. Overall, H1 receives partial support, H2 is strongly confirmed, and H3 

and H4 find convincing empirical corroboration. This kind of non‑equivocal pattern is itself 

meaningful, as it indicates that not all elements of the sustainability transition in the EU follow the 

same mechanism or logic. 

According to Geels’s multi‑level perspective (MLP), policies and public investments can 

“destabilize” carbon‑intensive socio‑technical regimes and open up niches for renewable and circular 

technologies [2, 20]. The results of the present study, however, show that the temporal profiles of GSI 

and ESI in many countries in Tier 1 and Tier 2 are such that government environmental expenditures 

increase during 2015-2019. This occurs in parallel with, or slightly ahead of, the marked 

improvements captured by the ESI. In this sense, our findings are well aligned with leading MLP 

studies that emphasize the role of the state as a key actor in the early phases of the transition. At the 

same time, in some Tier 3–4 countries, a mirror image is observed, whereby ESI growth precedes 

visible increases in GSI. This suggests that EU‑level regulations, autonomous market dynamics, and 

falling costs of clean technologies can drive environmental outcomes even when national budgets 

remain relatively inert. These are “externally driven” improvements that correspond to observations 

about the influence of supranational frameworks and “landscape” pressures in transition studies [2, 

20]. They also confirm that not all change proceeds through a classical model of strong state 

leadership. 

This ambivalence prevents us from treating H1 (governments lead the early phases of the 

transition) as fully confirmed. At best, its confirmation is only partial. In practice, governments do 

play a leading role in a number of cases, but the GSI is not a universal “dynamic engine”. Government 

expenditures on sustainable development are only one of several levels at the regime tier. The joint 

influence of multiple factors clearly plays a crucial role in shaping ESI trajectories, including EU 

regulatory standards, price signals, technological dynamics, and likely several other drivers. 
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The hypothesis of club convergence and institutional lock‑in (H2) receives much stronger 

support. Clustering on the CSI identifies four stable tiers of sustainability with virtually zero mobility 

between them during the entire 2015-2024 period. This grouping is fully consistent with the logic of 

the club convergence literature [10, 49]. The core idea is that countries do not “merge” into a single 

group but rather form distinct clubs with different long‑run equilibria. In the empirical model and 

clustering implemented in this article, such clubs are indeed identified. Moreover, they do not differ 

substantially from the convergence clubs found for ecological footprint and emissions in the EU, 

which also highlight persistent differences in institutional quality, technological structure, and 

political styles [10, 51]. 

From the perspective of institutional theory, the stability of tiers and the absence of “jumps” 

upward or downward also point to consistency with the concepts of path dependence and 

institutional lock‑in [3, 15–16]. In broad terms, these views hold that once established, institutional 

architectures, coalitions, and regimes exhibit strong inertia and constrain both the pace and direction 

of change. In this regard, the results fully confirm previous research. 

The evidence for H3 (structural slowdown) is sufficiently strong to allow an unambiguous 

assessment. The CAGR for all indices is systematically lower in 2019-2024 than in 2015-2019 across 

all tiers. Moreover, this analytical pattern remains stable under alternative weights, different 

normalization methods, and ±10% perturbations. This indicates that the underlying drivers are 

structural factors rather than purely cyclical fluctuations. Consequently, the need emerges for a policy 

focus on model variables related to rising marginal decarbonization costs, the exhaustion of “easy” 

measures, institutional fatigue, and post‑COVID shocks. This dynamic is fully consistent with 

intuitive expectations derived from S‑shaped transition curves and with the Environmental Kuznets 

Curve (EKC) literature, which describes phase‑differentiated relationships between economic growth 

and environmental indicators [8, 50]. Although the specific approach applied here does not directly 

reproduce a classic income‑based EKC, the correspondence is conceptual: initial improvements can 

be rapid, while subsequent steps require deeper and politically more demanding changes. 

Regarding the hypothesis on the robustness of the main patterns (H4), it too is convincingly 

confirmed. Variations in weights, normalization methods, and input values have minimal impact on 

the core analytical results related to the tier structure, the negative relationship between initial tier 

and growth, and the ordering of reaction speeds among different stakeholder groups. In this sense, 

the detailed robustness tests provide strong confidence that any policy decisions based on these 

results will indeed rest on a solid empirical foundation. 

5.2. Theoretical implications for transition and governance research 

The results obtained naturally steer the discussion toward several key theoretical debates on 

sustainability transitions and governance within the EU. The first concerns the persistence of tiers 

and the S‑curve relationship between initial tier and growth. In our case, the answer is that 

socio‑technical transitions unfold along multiple pathways rather than a single convergent trajectory. 

Distinct groups of countries emerge, with clustering positioning them in relatively stable 

configurations: high‑performing but slow‑moving regimes, low‑performing systems with relatively 

rapid yet still insufficient progress, and a balanced group of countries with intermediate performance 

and catching‑up growth. The scientific literature documents such multiple transition pathways, 

highlighting the role of power, conflict, and politics in diverse regime configurations [2, 21].  This 

provides good comparability and coherence between the findings of this study and existing 

elaborations of the MLP. There is no contradiction with the core logic of the MLP; rather, the results 

offer a concrete specification for a context often treated as “institutionally unified”, as is the case with 

the EU. 

The overarching conclusion supports the view that institutional and structural heterogeneity 

continues to generate persistent differentiation [2, 51, 52]. On the one hand, this confirms more critical 

readings of transitions that emphasize configurational differences and asymmetries between “core” 

and “periphery” within broader policy frameworks. On the other hand, these findings do not 
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resonate with studies that assume common regulations and targets will automatically push countries 

onto similar trajectories (for example, the European Green Deal as a framework for a shared “green” 

course [52]). Instead, the empirical evidence obtained here suggests that such an expectation is not 

borne out. 

Another theme that warrants deeper discussion concerns the relative speeds of GSI, ESI, and 

PSI, and the presence of a multi‑speed transition across stakeholder domains. Numerous studies 

show that technological and infrastructural change can accelerate relatively quickly when 

appropriate policies and investments are in place, whereas shifts in norms, practices, and social 

structures proceed more slowly and often more conflictual [2, 22, 53].  As a result, it is often assumed 

that environmental outcomes (ESI/BSI) react fastest, governmental efforts (GSI) more slowly and 

unevenly, and socio‑institutional dimensions (PSI) slowest. According to our results, however, social 

acceptance and behavior do not “automatically” follow technological and policy changes. Evidence 

for this lies in the fact that social indicators remain more inertial even when the ESI improves 

markedly. 

As already noted, the literature treats composite indicators simultaneously as analytical tools 

and as objects of political “lobbying”. It underscores the position that every metric embodies a 

particular institutional reality that cannot be “smoothed out” through purely methodological 

adjustments [18–19, 47]. In this respect, the study clearly demonstrates the stability of the tiers and 

the S‑curve. This has been tested under alternative weights and different normalization methods, and 

it consistently leads to the conclusion that institutional lock‑in is a structural condition rather than a 

peripheral or model‑dependent artifact. Even when composite indices are “shaken” by changing 

weights or normalization, countries remain in almost the same relative positions. In the context of 

governance‑oriented research, this implies that debates about the “correct” metric should not 

overshadow the more difficult question of transforming underlying institutional and 

political‑economic structures. 

5.3. Governance interpretation and stakeholder relations 

The differentiation of stakeholders within governance processes raises the question of how 

responsibilities and capacities are distributed across governments, business, and the public. 

Governments can play a leading role in the early phases of the transition, especially in high‑capacity 

regimes, as also suggested by the partially confirmed H1. At the same time, once a certain tier of ESI 

has been reached, further progress appears increasingly less sensitive to marginal increases in GSI. 

From a financial perspective, this pattern points to diminishing returns on fiscal spending and 

indicates that the “burden” gradually shifts from government action toward behavioral and 

corporate change [2, 22].  Governments perform an income‑redistribution function, and when they 

prioritize specific policies, they effectively reallocate fiscal revenues (i.e. resources collected from 

households and firms) toward priority expenditures. This mechanism goes a long way toward 

explaining how the “burden” is transferred, even if its manifestation is delayed over time. 

The testing of H2 and the relative alignment among PSI, BSI, and CSI raises additional questions 

about stakeholder‑based governance. While PSI often correlates more closely with ESI/BSI than with 

GSI, the results of the analysis do not support the simplified thesis that “citizens and business are 

ahead while governments lag behind”. Countries with high social and business profiles appear to be 

well integrated with public policy, suggesting a pattern of joint movement with asymmetries rather 

than straightforward misalignment. At lower tiers, however, environmental outcomes often seem to 

be driven more by external frameworks (for example, EU standards and financial flows) than by 

internal stakeholder coalitions. This points to the view that the main catalyst of the transition lies not 

so much in internal conviction about the benefits and value of sustainable development as in external 

incentives—a manifestation of a kind of “imported” transition. 

Ultimately, sustainability governance in the EU emerges as a multi‑stakeholder regime in which 

roles and speeds are strongly differentiated across tiers. An analogy can be drawn with the MLP 

distinction between niche, regime, and landscape: here, internal “regime configurations” become 
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visible. In some coalitions, there is a strong triangle of state–business–society, while in others there is 

a predominantly vertical dependence on a supranational framework. From a scientific standpoint, 

mapping these coalitions may prove just as important as tracking the indicators themselves. 

5.4. Methodological reflections and limitations in light of robustness (H4) 

Although the comments made so far regarding the robustness tests have focused on confirming 

the validity of the study’s findings, they also invite several constructive qualifications. For example, 

regardless of whether equal, Gov‑heavy, Env‑heavy, or PCA‑based weighting schemes are used, the 

underlying normative question is not fully resolved. Each set of weights implicitly “says” something 

about which dimension is more important. Composite indices are simultaneously analytical and 

political instruments [18, 19, 47].  In this sense, the debate cannot be settled solely through the 

application of alternative technical solutions. 

Further issues arise from the fact that outcome indicators are used as proxies for business 

behavior (BSI), and the broad SDG index serves as an aggregate measure of “population 

sustainability”. Normalization via z‑scores corrects some distributional features but does not address 

such “deeper” conceptual questions. These choices represent an unavoidable compromise given the 

absence of homogeneous firm‑level ESG data and detailed social micro‑data for all countries [54–56]. 

One important agenda for future work thus emerges. One of the most significant limitations of the 

stakeholder framework is that the Business Sustainability Index (BSI) is empirically approximated 

using the same environmental outcome indicators that underpin the Environmental Sustainability 

Index (ESI). This means that ESI and BSI are not empirically independent constructs but rather 

alternative interpretations of a shared block of outcome indicators. The advantage of this choice is 

that it preserves a conceptually symmetric stakeholder architecture (government, environment, 

population, business), which is useful for theorizing governance interactions and stakeholder 

synergies. At the same time, it is a serious limitation because the BSI still does not capture the full 

richness of corporate ESG practices (for example, disclosure quality, governance structures, or social 

performance) [57–58]. These practices are explicitly emphasized in the ESG and stakeholder literature 

[59–60], yet in the current index design they are not adequately reflected. For this reason, an 

important expectation for future research is to complement outcome‑oriented proxies with 

harmonized firm‑level ESG indicators. This would help disentangle environmental conditions from 

business behavior while preserving the multi‑stakeholder perspective. 

Despite these limitations, the combination of a conceptually coherent, theory‑grounded index 

construction and systematic robustness testing provides a balanced framework for quantifying 

sustainability and institutional inertia in the EU. 

6. Summary 

6.1. Re‑stating main findings through H1–H4 

Returning to the four initial hypotheses, it must be noted that the overall picture is more nuanced 

than initially expected. As discussed, the hypothesis on the leading role of governments (H1) receives 

only partial support. In countries belonging to the higher tiers, public environmental expenditures 

start to increase relatively early and often move in step with improvements in environmental 

outcomes, which points to an active role of the state, though primarily in the early phases of the 

transition. This is the stage at which budgetary spending and policies “push” the system toward 

lower emissions and higher circularity. At the same time, in a share of the middle and lower tiers, 

environmental indicators improve without a clearly discernible early surge in GSI. In those countries, 

the main catalysts appear to be EU‑wide regulations and market conditions such as declining costs 

of clean technologies. This provides strong evidence for a more balanced hypothesis: government 

financing is one among several driving forces rather than a universal “prime mover”. 

The hypothesis on club convergence and lock‑in (H2) is supported much more unequivocally. 

Four clearly delineated sustainability tiers are identified, which remain stable throughout the entire 
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study period, with virtually no substantial “jumping” of countries between them. This is evidently 

not a temporary statistical artifact but confirms the existence of structured differences in institutions, 

economic structures, and socio‑technical regimes across tiers. These differences represent a 

long‑term, persistent feature that does not dissolve even under shared pressure from European 

policies and global trends. 

After 2019, the average annual growth rates of all indices decline across all tiers, and this pattern 

remains robust under alternative specifications. The implication is that structural drivers are at work, 

linked to rising marginal costs of additional improvements, the exhaustion of “low‑hanging fruit”, 

accumulated institutional fatigue, and post‑crisis complications. Thus, the hypothesis of structural 

slowdown (H3) finds clear empirical confirmation. 

The final hypothesis, concerning the robustness of the main findings (H4), is also confirmed 

through a series of robustness tests. Whether weights and normalization methods are altered or 

moderate noise is introduced into the data, no substantial changes emerge in the results. The key 

conclusions regarding tiers, the S‑shaped relationship between initial tier and growth, and the 

hierarchy of stakeholder reaction speeds remain unchanged. 

6.2. Theoretical implications revisited 

From a theoretical standpoint, the partial confirmation of H1 and the confirmation of H2–H4 are 

broadly consistent with the literature and previous findings. This applies particularly to the 

conceptualization offered by the multi‑level perspective (MLP) on transitions. Instead of smooth 

convergence toward a single “green regime”, we observe the persistent coexistence of several regime 

configurations, each with its own pace and internal constraints. From the vantage point of this 

analysis, transition theory should not be applied merely as a framework for describing movement 

from one dominant regime to another, but as a tool for analyzing coexisting, partially locked‑in 

pathways that are shaped by shared “landscape” forces yet do not automatically converge. 

The empirical differentiation achieved here in terms of the contributions of individual 

stakeholder groups suggests a more fine‑grained perspective on stakeholder‑based governance 

debates. The data clearly show that environmental outcomes can react relatively quickly to policies 

and technologies, whereas social and institutional dimensions adjust significantly more slowly. 

Another key observation is that public finance plays a more complex and not always linear role, 

challenging the common practice of casting a single actor (for example, the state or business) as the 

clearly defined “leader” at all stages. 

An important contribution of the analysis is the link it establishes with the convergence and 

club‑convergence literature. This allows for a clearer articulation of the claim that sustainability 

trajectories in the EU are tier‑structured and path‑dependent: despite common targets and indicators, 

different groups of countries remain “locked” into distinct clubs, where even accelerated growth in 

lagging members is insufficient to close the gap within a single decade. 

Finally, the systematic use of robustness analysis within the theoretical interpretation itself 

demonstrates how methodological questions about composite indices and substantive debates on 

sustainability can be integrated into a single framework rather than treated in parallel. 

6.3. Policy implications 

The observed empirical patterns and their theoretical interpretation can inform policy‑making. 

In light of the results, there is a clear need for policies differentiated by groups of countries according 

to their tier. The existence of persistent clubs is a reality, and EU strategies should explicitly recognize 

this. At present, policymakers often treat all member states as if they stood on the same starting line, 

which creates problems at each tier. High‑tier countries face issues of diminishing returns and deep 

lock‑in effects in hard‑to‑transform sectors, while middle‑ and low‑tier countries struggle with 

capacity deficits, resource shortages, and insufficient institutional resilience. A single universal 

instrument - such as uniform subsidies or common regulatory targets - operates very differently 
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across these groups, implying that more individualized, or at least tier‑sensitive, approaches are 

needed. 

Another key policy implication concerns the universal slowdown after 2019. Politically, this 

means that even for sustainability instruments that have proven effective, a “more of the same” 

strategy is insufficient to sustain high rates of progress. Periodic rethinking of the broader policy and 

strategic architecture is likely required, alongside a transformation of strategic instruments to 

mitigate the blocking effects of existing institutions. Such measures could range from appropriate 

fiscal rules and incentives to phase out high‑emission assets, through new policy mixes, to 

innovations in governance mechanisms. 

Regarding the role and contribution of individual stakeholders, policy mixes must not only 

“activate” different actors but also align them. This follows directly from the partially confirmed 

hypothesis of a distinct hierarchy of stakeholder reaction speeds. It is important to develop 

instruments that reduce tensions and foster more stable coalitions in support of the transition. 

Potential tools include just‑transition mechanisms, enhanced regimes for corporate transparency and 

accountability, and deeper involvement of citizens and local communities in planning. 

6.4. Future research directions 

Despite the results achieved, this article raises several questions that can only be addressed in 

future research. Building on the limitations identified, one promising direction is to extend the 

robustness design. Perhaps the most obvious step is to introduce additional weighting paradigms, 

such as stakeholder‑preference‑based, entropy‑based, or expert‑driven schemes. This would make it 

possible to test whether the robustness of results holds under more radical methodological variations. 

Another line of inquiry concerns a more in‑depth investigation of the causal relationships behind 

country membership in specific tiers and potential transitions between them. Technically, this could 

be pursued through panel econometric models combined with detailed case studies of individual 

countries, examining how concrete policies, coalitions, and events affect club membership. Such work 

could serve as a starting point for identifying factors that policies should target in order to support a 

stable move from one tier to another. 

One of the most valuable directions for future work likely lies in constructing richer indicators 

of corporate behavior and population practices. This would enable more precise testing of H1 and 

H2 using more direct measures of the roles played by different stakeholder groups, particularly 

through harmonized ESG and social‑behavioral data. 

6.5. Concluding remarks 

In conclusion, sustainability transitions in the EU are unfolding under conditions of a leading - 

though not exclusive - role of governments, pronounced institutional stratification, structural 

slowdown, and robust empirical patterns. The main obstacles to achieving the EU’s sustainability 

goals appear to be less about data gaps or “imperfect” indicators and far more about deeply 

embedded institutional and political‑economic issues. Any strategy aiming to accelerate and more 

evenly distribute sustainability transitions within the EU must therefore take these constraints 

seriously. The key question is not only how to measure better, but how to change what is being 

measured. 
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