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Abstract

Water governance in Europe faces mounting challenges from climate change, demographic
pressures, and aging infrastructure—especially in Southern regions increasingly affected by
drought and institutional fragmentation. In contrast, Nordic countries such as Denmark and
Sweden exhibit coherent, integrated governance systems with strong regulatory oversight.
This study introduces the Water Governance Maturity Index (WGMI), a document-based
assessment tool designed to evaluate national water governance across five dimensions: in-
stitutional capacity, operational effectiveness, environmental ambition, equity, and climate
adaptation. Applying the WGMI to eight EU countries—four Nordic and four Southern—
reveals a persistent North-South divide in governance maturity. Nordic countries consis-
tently score in the “advanced” or “model” range, while Southern countries face systemic
gaps in implementation, climate integration, and territorial inclusion. Based on these
findings, the study offers actionable policy recommendations, including the establishment
of independent regulators, strengthening of river basin coordination, mainstreaming of
climate-water strategies, and expansion of affordability and participation mechanisms. By
translating complex governance principles into measurable indicators, the WGMI provides
a practical tool for benchmarking reform progress and supporting the EU’s broader agenda
for just resilience and climate adaptation. Unlike broader frameworks like SDG 6.5.1,
the WGMI'’s document-based, dimension-specific approach provides granular, actionable
insights for governance reform, enhancing its utility for EU and global policymakers.

Keywords: water governance; multicriteria index; climate adaptation; institutional reform;
public policy; Southern Europe; Nordic countries

1. Introduction

Effective water governance has become a cornerstone of sustainable development
and climate adaptation in Europe. As water systems face growing stress from climate
change, demographic shifts, and aging infrastructure, the capacity of institutions to manage
water equitably and efficiently has never been more critical. Governance, once seen as a
background administrative process, is now recognized as a key determinant of freshwater
security—defined not only as access to water resources but also the ability to manage risks,
ensure affordability, and support long-term ecosystem resilience.

According to the European Environment Agency, nearly 20% of EU land and 30% of
its population are affected by drought or water scarcity each year, with Mediterranean
regions expected to experience up to 40% reductions in summer river flows by 2050 [1].
In response, the European Union has launched major initiatives—including the Water
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Framework Directive (WFD) [2], the European Green Deal [3], the 2021 Climate Adap-
tation Strategy [4], and SDG Indicator 6.5.1 [5]—to promote integrated, climate-resilient,
and inclusive water governance systems. Despite this progress, substantial governance
gaps remain—particularly in Southern Europe—where fragmented institutional structures,
limited implementation capacity, and uneven territorial inclusion undermine policy effec-
tiveness [6,7]. Recent studies underscore the urgency of aligning water governance with
climate adaptation, highlighting persistent institutional fragmentation and inequitable
resource access in Southern Europe [8,9].

By contrast, Nordic countries such as Denmark and Finland demonstrate more mature
governance models, grounded in institutional coherence, independent regulation, and
participatory planning [10,11]. These models offer potential lessons for regions struggling
to align water governance with sustainability and equity goals. Yet, transferring institu-
tional practices across contexts raises important questions of feasibility, adaptability, and
institutional fit [12-14].

To address these challenges, this study introduces the Water Governance Maturity In-
dex (WGMI)—a diagnostic, document-based tool that evaluates national water governance
across five critical dimensions: (1) institutional and regulatory capacity, (2) operational
effectiveness, (3) environmental ambition, (4) social and territorial equity, and (5) cli-
mate adaptation integration. Unlike generic indicators, the WGMI translates complex
governance concepts—such as independence, coordination, and justice—into observable,
measurable benchmarks.

This article addresses the following research questions:

1. How do governance mechanisms—such as regulatory independence, stakeholder
participation, and equitable resource allocation—differ between Nordic and Southern
European countries?

2. What context-sensitive lessons from Nordic models can enhance institutional reform,
climate adaptation, and social equity in Southern European water governance?

Using content analysis of 47 national-level documents—including water strategies,
river basin plans, and regulatory frameworks—the WGMI is applied to eight EU countries
(four Nordic and four Southern). The goal is to provide a replicable framework for compar-
ative assessment and to generate actionable insights for policymakers seeking to strengthen
water governance in line with Europe’s just resilience agenda.

2. Literature Review

The literature on water governance spans institutional design, climate adaptation,
equity, and policy transfer, offering robust theoretical frameworks but revealing persistent
gaps in their practical application. The analysis informs the WGMI’s design, which seeks
to bridge theory and practice through measurable indicators, while acknowledging areas
that require further empirical investigation.

2.1. Institutional Capacity in Water Governance

The EU Water Framework Directive has shaped governance standards and promoted
institutional convergence across member states [15]. Consequently, water governance has
evolved from a purely technical challenge to one of institutional complexity, emphasizing
the importance of coordination and mandate clarity [16,17]. In this context, the OECD Prin-
ciples highlight regulatory independence and inter-agency coherence as key components
of adaptive water management [18]. Moreover, Nordic countries illustrate the benefits of
professionalized civil services that facilitate policy continuity and institutional learning [19].

However, these assumptions often rest on idealized bureaucratic models that are
difficult to replicate in politically fragmented or resource-constrained contexts. Specifically,
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in Southern Europe, overlapping mandates, political interference, and unstable funding
compromise institutional resilience [20,21]. Even where bureaucratic stability exists, its ef-
fectiveness is frequently undermined by insufficient training and financial capacity [22,23].
As a result, operational efficiency varies widely across Europe, with Southern countries
facing persistent problems related to underfunded agencies and inconsistent monitoring
frameworks [24,25]. Moreover, there is limited research on how institutional capacity can
be cultivated in decentralized systems where regional inequalities prevail [26]. While
the WGMI's document-based indicators focus on mandate clarity and coordination, they
may fail to capture informal governance arrangements that are essential in fragmented
systems [27]. Therefore, future studies should address how local knowledge and infor-
mal institutions contribute to water governance in contexts where formal mechanisms
are insufficient.

2.2. Climate Adaptation and Multilevel Coordination

Climate variability—exemplified by droughts affecting 20% of EU territory annually—
has intensified the need for adaptive governance [28]. Consequently, polycentric gover-
nance models, which emphasize decentralization and overlapping authority, are widely
praised for fostering institutional learning and resilience [29,30]. In particular, Ostrom’s
work supports the idea that distributed systems are more responsive to climate stress [31].
Thus, Nordic countries are often cited as successful cases of integrated climate and water
governance [32]. Nevertheless, despite their theoretical appeal, real-world application of
these models in Southern Europe is hindered by fragmented administrative structures
and resource imbalances [33]. Vertical integration remains weak, and policy coordination
between water and climate agendas is often superficial [34,35]. Although Nordic countries
benefit from institutional trust and cross-sectoral planning, these enabling conditions are
frequently absent in Southern settings [36]. As a result, practical guidance on scaling
adaptive governance in resource-constrained contexts remains scarce [37,38]. In addition,
aquifer mismanagement and groundwater vulnerability further exacerbate adaptation
deficits in the Mediterranean [39]. Furthermore, non-state actors—such as NGOs and local
communities—are underrepresented in the adaptation literature, despite their potential to
enhance resilience [40].

Strengthening science-policy integration is viewed as critical; however, current gover-
nance structures remain too rigid to respond effectively to evolving risks [41-43]. While
the WGMI includes climate adaptation indicators [44], its formal approach may overlook
informal or grassroots responses. Therefore, future research should investigate hybrid
models and locally driven adaptation practices, especially in vulnerable regions [45-47].

2.3. Equity, Justice, and Territorial Inclusion

Equity is central to water governance, encompassing affordability, participatory ac-
cess, and territorial fairness [48]. Accordingly, Northern European countries like Finland
demonstrate strong equity outcomes through universal service guarantees and partic-
ipatory frameworks [49]. Nevertheless, persistent disparities exist in Southern Europe,
particularly for rural and marginalized communities where service quality and affordability
are lacking [50]. Political ecology perspectives highlight that governance systems often
reinforce structural inequalities, benefiting dominant actors such as utilities or urban elites,
while excluding low-income or minority stakeholders [51-54]. The literature on transfor-
mative justice is rich in critique, yet it remains vague on implementation strategies [55,56].
Although the WGMI includes metrics on inclusion, participation, and affordability [57],
these may oversimplify intersectional issues like gender or ethnicity [58,59]. Therefore,
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participatory and co-produced research methods are needed to expose these nuances and
design governance models that better reflect lived experiences [60].

2.4. Context-Specific Policy Transfer

Nordic governance systems are often held up as benchmarks due to their coherence,
transparency, and effectiveness [61]. In line with this, policy transfer literature empha-
sizes the importance of institutional learning and structured diagnostics like the WGMI
to facilitate reform [62,63]. However, successful transfer depends heavily on institutional
compatibility and political context [10,11]. Southern European systems often face fiscal con-
straints, legal fragmentation, and short electoral cycles that limit reform capacity [6,26,32].
Moreover, practical applications of policy transfer often neglect civic resistance and in-
formal practices that shape governance on the ground [40]. Moreover, empirical studies
on how to adapt governance models to decentralized or volatile environments remain
limited [59]. While the WGMI offers a standardized tool for benchmarking governance
maturity [25], it may underrepresent soft variables such as trust, local innovation, and
civic engagement [22,39]. Although content analysis methods [9,45] provide comparability,
they should be supplemented with flexible, context-aware frameworks. Consequently,
future research should prioritize hybrid transfer models and longitudinal assessments to
understand the long-term impacts of reform [33].

3. Data and Methods

This study introduces the Water Governance Maturity Index (WGMI), a multi-criteria
assessment tool designed to evaluate the structural and functional maturity of national
water governance systems. The WGMI was applied to eight European countries: four
Nordic (Denmark, Sweden, Finland, and Norway) and four Southern (Portugal, Spain, Italy,
and Greece). These countries were selected to represent contrasting governance paradigms
within the EU, based on diversity in administrative traditions, regional climatic conditions,
and the availability of national policy documentation. This selection provides a robust
North-South comparison, allowing the study to capture a broad spectrum of institutional
configurations and policy environments.

3.1. WGMI Framework: Dimensions and Indicators

The WGMI assesses governance across five core dimensions, each composed of two
indicators (Table 1). These indicators were selected through a multi-step process involving
literature review and alignment with international policy frameworks such as the OECD
Principles on Water Governance [7] and the EU Water Framework Directive (WFD) [2].
Each indicator reflects a specific aspect of governance maturity—ranging from institutional
capacity to equity and climate adaptation—and captures observable features in official doc-
uments. The equity dimension prioritizes distributive aspects (affordability and territorial
inclusion) due to their measurability in policy documents, though future iterations may
incorporate procedural justice metrics, such as public participation, to address broader
equity concerns [23].

Table 1. WGMI Dimensions and Indicators.

Dimension Indicator 1 Indicator 2
1. Institutional and Regulatory Capacity 1.1 Regulatory Independence 1.2 Coordination Mechanisms
2. Operational Effectiveness 2.1 Implementation Capacity 2.2 Monitoring Systems
3. Environmental Ambition 3.1 Environmental Targets 3.2 Nature-Based Solutions
4. Social and Territorial Equity 4.1 Affordability /Social Tariffs 4.2 Territorial Inclusion
5. Climate Adaptation Integration 5.1 Policy Alignment 5.2 Adaptive Infrastructure
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The indicators were weighted equally to avoid normative bias and to ensure com-
parability across countries. This unweighted approach allows for clearer identification
of strengths and weaknesses by governance dimension. The selection and refinement of
indicators involved review to ensure institutional fit, indicator clarity, and policy relevance.

3.2. Scoring Methodology

Each indicator was rated on a 0—4 ordinal scale based on documentary evidence. The
scoring criteria were defined to reflect increasing levels of institutionalization, coverage,
and implementation. Table 2 presents the WGMI scoring scale, which uses a 0—4 ordinal
system to classify governance maturity based on observable evidence, accompanied by
country-specific examples for each level.

Table 2. WGMI Scoring Scale and Illustrative Country Examples.

Score Description Example
0 Absent Greece: Missing 2016-2021 RBMPs
1 Emerging (fragmented/informal) Italy: Delayed basin-level coordination
2 Developing (partial/inconsistent) Spain: Partial cost recovery (~70%)
3 Advanced (comprehensive, some gaps) Sweden: Participatory basin planning
4 Model (exemplary practice) Denmark: Universal access + adaptive plans

Scores for each dimension were calculated as the average of its two indicators. The
overall WGMI score is the unweighted mean of the five dimension scores.

Maturity categories:

0-1.0: Emerging

1.1-2.0: Developing

2.1-3.0: Advanced

3.1-4.0: Model

3.3. Document Selection and Coding Protocol

A total of 47 national-level documents were analyzed, including water strategies, River
Basin Management Plans (RBMPs), sectoral laws, EU compliance reports, and OECD/EEA
country profiles. Inclusion criteria required documents to be official, publicly available,
and published within the past ten years. Documents were systematically sourced from
national government websites, EU repositories (e.g., EIONET), and academic databases
(e.g., Scopus) using keywords such as ‘water governance,” ‘river basin management,” and
‘climate adaptation.” Priority was given to documents published between 2015 and 2025,
ensuring relevance and consistency across countries.

Whenever possible, regional representativeness was ensured by including basin-level
plans for major watersheds. A complete list of source documents, with publication dates
and institutional origin, is provided in Appendix C. To address disparities in document
length, coverage, and administrative detail, coders applied a normalization protocol: partial
references were triangulated with secondary sources, and missing information was flagged
to avoid over-penalization. Direct quotes and legal excerpts were used to support indicator
scoring. For instance, Greece’s missing River Basin Management Plans for 40% of water
bodies were supplemented with EU compliance reports and regional water authority data
to ensure fair scoring [2].

3.4. Intercoder Training and Linguistic Adaptation

To guarantee consistency in the application of the index, two independent coders
conducted the coding of documents using a detailed protocol. This procedure allowed for



Sustainability 2025, 17, 7079

6 of 20

the assessment of inter-coder reliability of the results. Although no formal pilot tests or
structured expert consultations were performed, the methodology builds upon internation-
ally recognized frameworks such as the OECD Principles and the EU Water Framework
Directive. The absence of these steps is acknowledged as a limitation, and future research
is encouraged to incorporate additional validation to enhance the robustness of the index.
Disagreements between coders were resolved through consensus, considering the specific
legal and institutional contexts of each country.

3.5. Reliability Measures and Cultural Limitations

Inter-coder reliability reached a Cohen’s Kappa coefficient of 0.82, indicating strong
agreement. However, due to the variability of legal language and institutional logics across
countries, coders were instructed to apply qualitative judgment alongside the coding protocol
to improve interpretive accuracy, especially in decentralized or hybrid governance systems.

3.6. WGMI Indicator Examples by Dimension

Table 3 provides illustrative examples of how indicators were interpreted and scored
across dimensions.

Table 3. lllustrative Examples of WGMI Indicator Interpretation and Scoring by Governance Dimension.

Dimension

Indicator Description Example

Institutional and Regulatory
Capacity

Operational Effectiveness

Environmental Ambition

Social and Territorial Equity

Climate Adaptation Integration

Autonomy from political
interference

Norway: Decentralized but
autonomous agency

Sweden: Multi-stakeholder basin
councils

1.1 Regulatory Independence

1.2 Coordination Mechanisms Alignment across levels/sectors

Enforceable plans, funded

2.1 Implementation Capacity agencies

Portugal: Sectoral execution plans

Denmark: Real-time water

Digital and transparent systems monitoring

2.2 Monitoring Systems

3.1 Environmental Targets SMART targets in law Spain: Partial cost-recovery goals
3.2 Nature-Based Solutions Ecosy§tem approaches in leandf National wetland
planning restoration

4.1 Social Tariffs Subsidies, progressive pricing Italy: Income-linked tariff models
4.2 Territorial Inclusion Rural and remote access coverage Gree.cet: Gaps in island water
provision
. . . Portugal: PENSAARP 2030 +
5.1 Policy Alignment Water-climate strategy coherence ENAAC linkage
5.2 Adaptive Infrastructure Infrastructure for variability S;\;fj;z: Urban flood retention

3.7. Validity and Transparency Measures

To ensure replicability and methodological transparency, the WGMI framework was
developed using clearly defined criteria, systematic document sourcing, and a structured
coding protocol. Scoring was based on publicly available evidence and triangulated with
external benchmarks such as SDG 6.5.1 and WFD compliance reports.

WGMI scores showed strong alignment with existing integrated water governance
indicators (r = 0.79), reinforcing the internal coherence of the index. All coding rubrics,
scoring criteria, country-level evidence tables, and aggregated statistics are provided in
Appendices A-E. Key legal excerpts and public document links are included in Annex C to
support transparency and reproducibility.

4. Results
4.1. Governance Maturity Scores: North—South Divide

The Water Governance Maturity Index (WGMI) confirms a persistent governance
divide across Europe. Nordic countries consistently outperform Southern counterparts.
Denmark (39.0), Finland (36.9), Norway (33.9), and Sweden (33.2) all scored within the “Ad-
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vanced” or “Model” maturity categories, while Portugal (24.7) and Spain (23.1) remained in
the “Developing” range. Italy (17.3) and Greece (14.1) fell within the “Emerging” category.
A detailed breakdown of country-level scores, indicators, sources, and excerpts is available
in Annex B, included for transparency and replicability.

4.2. Operational Indicators: Access, Monitoring, Pricing, and Innovation

Contextual indicators reinforce the WGMI results. Access to safe drinking water
exceeds 99% in all Nordic countries, with Denmark and Sweden reaching full coverage.
Environmental monitoring systems are robust: Denmark monitors over 80% of surface
water bodies in real time, using digital dashboards for decision-making. Water pricing
data reveals stark differences. Nordic countries report average household costs between
EUR 250 and EUR 400 per year, reflecting full-cost recovery paired with strong quality
guarantees and equity mechanisms. In contrast, water prices in Portugal (EUR 90/year) and
Italy (EUR 160-EUR 220/year depending on region) are significantly lower but correspond
with fragmented services. Nordic countries also lead in innovation, with high volumes
of registered water-related patents, particularly in smart metering, wastewater reuse, and
stormwater management. Southern countries face persistent structural gaps. Greece
lacks River Basin Management Plans for nearly 40% of water bodies. Italy shows strong
regulatory design but weak implementation capacity, especially in the South. Portugal and
Spain demonstrate better institutional alignment, but execution remains constrained by
administrative fragmentation and underfunding.

4.3. Performance by Governance Dimension

Decomposing the WGMI by dimension reveals further asymmetries. Denmark and
Finland consistently perform best in institutional capacity, environmental ambition, and
social equity. Sweden excels in operational effectiveness and climate adaptation. Southern
countries display uneven performance: Portugal scores relatively well on equity but lags in
effectiveness and monitoring. Spain shows moderate ambition but suffers from institutional
incoherence. Italy and Greece underperform across all dimensions.

Institutional capacity is reinforced in Denmark by a strong, independent national
regulator. Spain, by contrast, struggles with overlapping competencies among regional
authorities. Operational effectiveness is high in Sweden and Finland, which rely on
automated planning cycles and integrated monitoring. Portugal and Greece show weak
enforcement and bureaucratic inertia. Environmental ambition is visible in Denmark and
Finland’s SMART targets and enforcement tools, while Italy and Spain lack enforceable
timelines. Social equity is safeguarded in Nordic countries through targeted subsidies and
universal coverage. Portugal has pro-equity mechanisms in law, but implementation gaps
remain, especially in interior regions. Italy and Greece lack systemic mechanisms beyond
national subsidies. Climate adaptation is mainstreamed in Finland and Sweden through
scenario-based planning. In Southern countries, references to climate risk exist in strategic
documents but with limited execution.

4.4. Visual and Statistical Comparisons

Figure 1 presents a radar chart showing average scores (0-10) by governance dimension.

Nordic countries display consistent, high-level performance across all dimensions.
Southern countries exhibit fragmented profiles, with relative strength in social equity.

Figure 2 plots WGMI overall scores against equity dimension scores.

Nordic countries cluster in the top-right quadrant, with high maturity and strong
equity; Portugal and Spain lie in the mid-range, while Italy and Greece occupy the bottom-
left quadrant, reflecting multiple governance deficits.
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Figure 2. (Scatterplot) maps equity scores versus overall WGMI. The yellow crosses represent
Southern countries, while the green crosses represent Nordic countries.

Descriptive statistics confirm the divide. Nordic countries average over 7.5 across
all dimensions, while Southern countries average below 4.5. Standard deviations suggest
greater variation within the South, especially for institutional capacity and climate adapta-
tion (Annex C). These patterns suggest that stronger governance systems are associated
with more balanced, equitable performance profiles.

4.5. Country Snapshots: Portugal and Spain

Portugal’s PENSAARP 2030 plan outlines reuse targets, affordability measures, and
adaptive infrastructure goals. Yet implementation varies significantly across regions. Li-
censing in rural areas remains restricted. Text mining of national planning documents
reveals low occurrence of terms such as “consultation” and “public involvement,” sug-
gesting limited procedural inclusion. In Spain, the Groundwater Action Plan [64] expands
public consultation timelines and integrates climate goals, including nitrate control and
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aquifer recharge. However, regional uptake is uneven. Catalonia and the Canary Islands
face funding shortages and institutional misalignment. The cancellation of the Ebro River
transfer project illustrates political instability that hampers long-term planning. Both cases
highlight a broader pattern: strong national policy design does not guarantee effective
implementation when administrative fragmentation and accountability gaps persist.

4.6. Subnational and Structural Variability

Despite the north—south pattern, significant within-country variation exists. In Italy,
northern regions outperform the South in monitoring and participation. Spain features
well-designed participatory mechanisms, but their operationalization suffers from fiscal
decentralization. Even within the North, Norway scores slightly lower due to uneven
monitoring across basins and a more decentralized institutional setup.

Structural factors influencing performance include fiscal fragmentation (e.g., Spain),
austerity constraints (e.g., Greece), and limited administrative capacity (e.g., Italy and Por-
tugal). These underlying constraints shape not only the maturity of governance structures
but also their ability to respond to environmental pressures and social demands.

5. Discussion
5.1. Institutionalizing Reform: Lessons from Nordic Models

The WGMI reaffirms that institutional coherence, regulatory independence, and ad-
ministrative continuity are key pillars of effective water governance. Denmark, Sweden,
and Finland exemplify systems where national oversight, strong river basin coordina-
tion, and stable public administration underpin high performance [15,22]. Intra-regional
variations, such as Italy’s stronger northern monitoring systems or Norway’s uneven
basin coverage, highlight the need for tailored reforms within countries [32]. However, as
policy transfer theory cautions, these models cannot be transplanted wholesale. Reform
success depends on institutional fit—that is, alignment with existing legal frameworks,
administrative traditions, and political incentives [10,25].

Key recommendations include strengthening the institutional foundations of water
governance through targeted reforms. First, establishing independent regulatory bodies
is essential in countries such as Italy and Greece, where governance is currently under-
mined by fragmented mandates and persistent political interference. In this regard, the
ERSAR model in Portugal offers a valuable example, as it successfully separates technical
oversight from political cycles, thereby ensuring greater stability and credibility. Fur-
thermore, implementing civil service reforms aimed at reducing turnover and enhancing
institutional memory would reinforce policy continuity and administrative capacity. These
efforts should be strategically aligned with broader EU frameworks, particularly through
public sector modernization programs supported by the Recovery and Resilience Facility
(RRF) [3].

Limits of Policy Transfer: Contextual Barriers

Although Nordic governance models are frequently cited as best practices in water
management, their direct transfer to other contexts faces significant limitations. These
barriers are rooted in fundamental differences in political culture, administrative capacity,
and civic engagement.

(a) Political Culture: Nordic countries are characterized by high levels of institutional
trust and a tradition of consensus-driven policymaking. In contrast, many Southern
European countries experience greater political polarization and frequent changes in
government, which disrupt continuity and long-term planning in water governance.
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(b) Administrative Capacity: Finland and Denmark benefit from well-established, profes-
sionalized civil services and autonomous regulatory agencies. Conversely, Southern
countries often struggle with fragmented institutional mandates and agencies that
operate under severe resource constraints, limiting their effectiveness and adaptability.

(¢) Civic Engagement: Public participation is deeply embedded in Nordic systems, fa-
cilitated by basin councils and digital platforms that promote transparent, inclusive
governance. By comparison, in countries such as Portugal and Greece, participatory
mechanisms tend to be either underutilized or implemented in a formalistic man-
ner, often lacking meaningful citizen involvement in decision-making processes. A
summary of these differences is shown in Table 4 below.

Table 4. Comparative Summary of Structural and Cultural Differences Between Nordic and
Southern Countries.

Factor Nordic Countries Southern Countries
Political Culture Stable, consensus-oriented ~ Volatile, fragmented
Administrative Capacity High, professionalized Uneven, fragmented
Civic Engagement Deeply institutionalized Weak or symbolic

Water pricing significantly influences system effectiveness and sustainability, with
Nordic countries’ higher prices (EUR 3.60-EUR 9.50/m? in Sweden and Denmark) enabling
robust infrastructure investment and full cost recovery, while lower prices in Southern
Europe (EUR 1.10-EUR 2.60/ m3 in Portugal, Greece, and Italy) often correlate with under-
funded systems and fragmented services [3].

5.2. Policy Transfer and Institutional Fit: Pathways and Pitfalls

The literature on policy transfer distinguishes between “lesson-drawing,” understood
as the selective adoption of external models [59], and more nuanced processes of strategic
adaptation to local contexts. For institutional reforms to succeed, three core conditions
must be met: institutional fit—ensuring compatibility with existing legal and administra-
tive traditions; political feasibility—aligning reforms with domestic power structures; and
economic incentives—establishing supportive financing frameworks. Practical examples
illustrate these dynamics. Portugal’s adoption of the ERSAR model, for instance, was
facilitated by its congruence with national legal traditions and the incentives provided
through EU integration. By contrast, Greece has faced persistent challenges in implement-
ing basin-level coordination mechanisms, largely due to its limited regional autonomy and
fiscal constraints, which have constrained both policy design and enforcement. Figure 3
illustrates the typical pathway of policy transfer, highlighting diagnostic assessments,
strategic adaptation, and feedback loops for institutional learning.

The figure outlines the typical policy transfer pathway from best practices to contex-
tual adaptation. The process begins with the identification of a governance need, followed
by the selection of an external reference model—such as Nordic regulatory frameworks. A
diagnostic assessment then evaluates institutional fit, political feasibility, and fiscal capac-
ity. If these conditions are met, the process moves toward strategic adaptation, involving
context-sensitive customization of policies and tools. This is followed by implementa-
tion and monitoring, often supported by external funding mechanisms such as the EU’s
Recovery and Resilience Facility. Feedback loops ensure continuous policy learning and
recalibration. In cases where diagnostic conditions are not met, the model may be rejected
or its adoption deferred. Reform is inherently non-linear, and institutional change requires
iterative learning and alignment with domestic governance structures.
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Figure 3. Policy Transfer Pathway: From Best Practices to Contextual Adaptation.

5.3. Deepening the Equity Dimension: From Access to Participation

Quantitative analysis reveals that Southern countries” equity scores—such as Greece

(4.4) and Italy (5.0)—consistently fall below the Nordic averages (7.0-8.0), as shown in
Appendix D. This disparity reflects limited rural service coverage and weak participatory
mechanisms in the South. While the WGMI primarily emphasizes accessibility and territo-

rial inclusion, a broader understanding of equity must also include procedural justice and

opportunities for public voice.

(a)

(b)

(©

This gap underscores the need to unpack equity into its key dimensions:

Accessibility: Northern countries like Finland and Denmark provide near-universal
access, supported by affordability guarantees. In contrast, rural areas in countries
such as Greece and Portugal continue to experience significant service gaps.

Rural Coverage: Some Southern strategies aim to address territorial imbalances—
for example, Portugal’s water reuse initiatives and Italy’s regional tariff structures.
However, both lack consistent monitoring and enforcement, which undermines their
long-term effectiveness.

Procedural Justice and Participation: This remains a particularly critical weakness.
While Spanish River Basin Management Plans (RBMPs) include provisions for public
consultation, actual stakeholder influence is limited. WGMI scoring also indicates
minimal emphasis on “citizen engagement” or “participatory design” across many
Southern plans.

Thus, future research should explore participation mechanisms in greater depth, com-

bining content analysis with stakeholder interviews. In parallel, WGMI indicators should
be expanded to incorporate measures of procedural justice and community engagement.



Sustainability 2025, 17, 7079

12 of 20

5.4. Financing as Leverage: Incentivizing Institutional Maturity

Governance reform depends on adequate and well-targeted financing. Nordic coun-
tries achieve near full cost recovery, not by eliminating subsidies but by strategically linking
them to performance outcomes [35]. In contrast, EU funds in Southern Europe—such
as RRF and Cohesion Policy investments—often remain disconnected from institutional
reform [36].

Key recommendations:

Tie national and EU funding to governance benchmarks such as real-time monitoring
systems, inter-agency coordination bodies, and equitable tariff structures.

Scale up financial instruments like green bonds and performance-linked subsidies
targeting low-income or climate-vulnerable regions.

Align funding streams with institutional reforms through mechanisms like the Just
Transition Fund and EU Climate Social Fund.

5.5. From Evaluation to Implementation: WGMI as a Policy Tool

The WGMI bridges academic insights and policymaking needs. Unlike generic indi-
cators such as SDG 6.5.1 [4], it offers document-based, dimension-specific, and replicable
evaluation. It translates complex governance concepts—such as transparency, coordination,
and resilience—into operational benchmarks [37].

Applications include:

Complementing assessments under the revised Water Framework Directive and EU
Adaptation Strategy [3,38—40].

Diagnosing governance bottlenecks and tracking national reform trajectories.

Guiding investment decisions by linking EU funds and climate finance to demonstra-
ble improvements in governance maturity.

One practical use case: national agencies or EU directorates could require WGMI-
based self-assessments in project submissions under the RRF or Just Transition funding calls.
This would promote evidence-based investment and ensure alignment with long-term
sustainability goals.

6. Conclusions

This study provides new evidence of the persistent divide in water governance ma-
turity between Northern and Southern Europe. By introducing and applying the Water
Governance Maturity Index (WGMI) to eight countries, we translated abstract governance
principles into a structured, evidence-based assessment framework. The results reveal
not only institutional contrasts—such as the coherence and continuity of Nordic systems
versus the fragmentation prevalent in Southern countries—but also systemic weaknesses
in climate adaptation, equity, and operational capacity. These findings matter: governance,
though often overlooked, is a key determinant of climate resilience, public trust, and inclu-
sive development. As Europe confronts escalating water stress and deepening territorial
inequality, strengthening governance must become a central objective—not a secondary
administrative concern—in achieving the EU’s Just Transition, Green Deal, and Climate
Adaptation Strategy.

The WGMI contributes to this effort in two distinct ways. First, it offers a repli-
cable diagnostic tool that enables national agencies, EU institutions, and civil society
actors to identify governance gaps, benchmark progress, and inform reform priorities.
Second, it highlights actionable institutional features—such as independent regulation,
basin-level coordination, and participatory planning—that can guide legal frameworks and
resource allocation.
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At the same time, some limitations merit reflection. The WGMI relies on publicly
available documents and secondary data, which may introduce bias due to differences in
reporting quality, transparency, and administrative documentation across countries. For
instance, nations with more accessible or detailed planning archives may appear to perform
better—not necessarily because of stronger governance, but due to higher data visibility.
This underscores the importance of complementing document-based analysis with field
research to validate scoring and increase contextual sensitivity. Beyond documentation bias,
interpretive challenges arise from varying legal terminologies and administrative cultures,
particularly in decentralized systems like Spain’s, where regional differences complicate
coding [32]. Missing data, such as Greece’s incomplete RBMPs, may also undervalue
governance efforts, necessitating qualitative validation [2].

Future work should therefore focus on empirical validation through interviews with
water managers, regulators, and user groups, as well as field testing in regions with limited
documentation. Integrating real-time indicators—such as water quality, service disruptions,
or public complaints—could improve the tool’s responsiveness and external validity.

Although developed for the EU context, the WGMI holds potential for broader appli-
cation. However, this potential must be approached with caution. Pilot studies in Eastern
Europe, Latin America, or sub-Saharan Africa could help assess its relevance across varied
institutional landscapes. For example, applying the WGMI to Brazil’s Sao Francisco River
Basin could test its adaptability to decentralized, resource-constrained contexts, adjusting
indicators for local governance structures [22].

In highly decentralized or resource-constrained settings, adjustments to the scoring
framework may be necessary. Ultimately, improving water governance is not just a technical
or institutional task—it is a strategic imperative for building resilient, equitable, and climate-
ready societies. Tools like the WGMI can support this transition, moving countries from
fragmented policy intentions toward coherent and inclusive implementation.
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Appendix A. WGMI Codebook and Self-Assessment Template

Purpose

This appendix provides a structured codebook to support transparent and replicable
application of the Water Governance Maturity Index (WGMI). It enables national-level
self-assessment and cross-country benchmarking.

Instructions for Use

e  Assign scores (0—4) to each indicator based on documentary evidence: laws, national
strategies, river basin plans, climate policies, etc.

e  Use two trained assessors to ensure reliability (target Kappa > 0.80).

e  For federal or regionally diverse systems, average the scores or provide comments
on discrepancies.

e  Use direct citations from documents (with page numbers) to justify scores.

e  Decimal scores are allowed in two cases:

1. When scores are averaged across independent coders.
2. When subnational variation requires averaging.
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Table A1l. Codebook Template (Example).

Dimension Indicator Score (0-4) Primary Source Document Quote or Note Evaluator Comments
1. Institutional and 1.1 Regulatory Law 12/2019, Ministry of Independ.e ntagency Political appointments still
. 3 . under Parliament
Regulatory Capacity Independence Environment S common
oversight
12 Coor'd ination 2 RBMP 2022-2027, Chapter 3 Multj—sectoral council Implementation unclear
Mechanisms exists
2. Operational 2.1 Implementation National Water Plan 2022, KPI “80% of actions funded
- : 3 . ” Rural areas underperform
Effectiveness Capacity section and tracked
o National Monitoring “Coverage: 72%, ”
2.2 Monitoring Systems 3 Dashboard, 2023 updated quarterly” No real-time alerts
3. En.v%ronmental 3.1 Environmental 4 Law 19,2020, Annex II SMART lrlutrate limits in No enforcement data
Ambition Targets all basins
32 Nature-Based 3 Climate-Water Plan 2030 Wetlands restoratlon Still reliant on EU funds
Solutions scaled nationally
4. Social and Territorial . . Regulatory Authority Report, “Income-based tariffs in .
Equity 4.1 Social Tariffs 3 202 80% of utilities” Urban-only in some cases
4 Territorial Inclusion 5 National Infrastructure Plan, Specific goe},ls for rural Implementation delayed
2021 water access
. . . . National Adaptation Strategy “Water chapter aligns . .
5. Climate Adaptation 5.1 Policy Alignment 3 2021, Water Chapter with drought planning” No budget line visible
5.2 Adaptive Recovery and Resilience Plan Flood retention No info on completion
2 ! reservoirs under A
Infrastructure 2023, Axis 3 ., timeline
construction’

Table A2. Dimension Summary Sheet.

Dimension Indicator 1 Score Indicator 2 Score Average Score Evaluator Notes

Institutional and Regulatory Capacity
Operational Effectiveness
Environmental Ambition

Social and Territorial Equity

Climate Adaptation Integration

Total WGMI Score (out of 40)

Supporting Documents Checklist

National water strategy/action plan

Most recent River Basin Management Plans (RBMPs)

Climate adaptation strategy or National Adaptation Plan (NAP)
Monitoring dashboards or performance reviews

Legal and regulatory texts (e.g., laws, decrees, tariff regulations)

Budget, financing, and investment plans (including EU funds)

Appendix B. WGMI Scoring Rubric v1.0 (2025)

Developer: Eleonora Santos

Version: WGMI v1.0

Last update: May 2025

Purpose

To standardize document-based assessment of national water governance systems
using five core dimensions. Each dimension includes two indicators scored from 0—4.

Table A3. Scoring Scale (0—4).

Score Meaning

0 Absent or non-existent

1 Mentioned/informal/aspirational

2 Partial, fragmented or early-stage

3 Structured and functional but with gaps

4 Fully institutionalized, implemented, and enforced
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Table A4. Maturity Levels.
Score Range Maturity Level
0.0-1.0 Emerging
1.1-2.0 Developing
2.1-3.0 Advanced
3.1-4.0 Model
Table A5. WGMI Dimensions, Indicators, and Scoring Criteria.
Dimension Indicator 0 1 2 3 4
1. Institutional and 1.1 Regulatory No regulator or Informal/ad hoc Partial Limited autonom Fully independent,
Regulatory Capacity ~ Independence political control regulation independence y legally enforced
A . Integrated
12 Coor@ ination No coordination Occasional/informal Sectoral only Multi-level cross-sectoral
Mechanisms platforms L
coordination
2. Ope;ratlonal 2.1 Implementahon No 1mpl.ementat10r1 Sporadic or pilot Regional or limited Regular with gaps Fully functional and
Effectiveness Capacity evidence only enforced
2.2 Monitoring Manual or . L Digitized but Full digital,
Systems Absent fragmented Partially digitized incomplete transparent, national
3. Environmental 3.1 Environmental None Aspirational onl General, not SMART in national Legally binding
Ambition Targets P y time-bound plans SMART targets
3.2 Nature-Based . . . . . Regional Institutionalized
Solutions (NBS) Not mentioned Mentioned in plans Project-based pilots implementation and mainstreamed
4. Social and 4.1 Social Tar- Absent Local or voluntar Partial tareetin Regulated and Transparent and
Territorial Equity iffs/ Affordability y setng structured nationally applied
4.2 Ter'rltorlal Not addressed Mentioned only Urban bias/uneven Broad “?ral Fu.ll and. exph.c1t
Inclusion integration national inclusion
5. Climate Strategically linked Fully aligned with
Adaptation 5.1 Policy Alignment Not addressed Rhetorical Partial /inconsistent sieaty y g
I . to policy adaptation plans
ntegration
5.2 Adaptive Planned but . Mid-scale and Fully funded and
Infrastructure Absent unfunded Small-scale pilots partial integrated
Scoring Notes
e  Sources include: water strategies, RBMPs, adaptation plans, legal texts, EU reports.
e  Decimal scores allowed in cases of:
o Averaged coder scores
o Subnational variation
e  Always cite source documents for empirical examples.
Appendix C
Table A6. Country-Level Evidence Table.
Country Dimension Indicator Score Source Document Excerpt (EN) Reference
“Alteration of the legislation on
A . 1.1 Regulatory PENSAARP 2030 the design, construction, and
Portugal Institutional Capacity Independence 3 Volume 1 operation of public water and (631
wastewater systems.”
“Macro-economic accessibility of
. I . 4.2 Territorial PENSAARP 2030 users must be ensured. ..
Portugal Social and Territorial Equity Inclusion 3 Volume 2 minimizing the social impact of [60]
cost recovery via tariffs.”
Relatério do Estado /?itearict;;n (’z}fvleeég;sslia’t;on
Portugal Climate Adaptation 5.1 Policy Alignment 2 do Ambiente garding gn. [67]
P construction, and operation of
ortugal 2020/21 . o
public stormwater systems.
. Hydrological Plan " . .
Spain Environmental Ambition 31 En.}/;;()::: ental 2 for the Demarcation Quaélé?it;\éz %i?ilesli‘g:bom a [68]
8 of Segura 2022-2027 :
Spain Social and Territorial Equity 4.1 Social Tariffs 3 PAAS 2023-2030 Social tariffs applied " [69]
vulnerable urban areas.
“Spanish Climate Adaptation
. Plan sets objectives across almost
. . . 5.2 Adaptive Smart Water - . .
Spain Climate Adaptation Infrastructure 2 Magazine 20 policy areas, including water [70]

quality, quantity, and
planning. ..”
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Table A6. Cont.
Country Dimension Indicator Score Source Document Excerpt (EN) Reference
“The regulatory framework
identifies District Basin
S Authorities responsible for
Ttaly Institutional Capacity 12 Coordl_natlon 2 State' of Water management plans, but [71]
Mechanisms Planning in Italy .o .
coordination mechanisms
between national and regional
entities remain fragmented. . .”
. . 2.1 Implementation Decreto Legislativo “River basin plans incomplete
Ttaly Operational Effectiveness Capacity 2 152/2006 and not fully implemented” (721
ARERA " .
Italy Social and Territorial Equity 4.1 Social Tariffs 2 Deliberations AI;educelzd tariffgl:f)(?ereseep bl.lt " [73]
580,/2020/R /IDR without clear eligibility criteria
Greece—Climate “General recognition of climate
Greece Climate Adaptation 5.1 Policy Alignment 1 Adaptation Plan change without operational [74]
P targets.”
“Regulation exercised by
Greece Institutional Capacity %ﬁ{igeg;};;gz 2 g\gtge; ;anvg politically subordinate [75]
P structures.”
. . 2.2 Monitoring Water Law “Partial coverage of water
Greece Operational Effectiveness Systems 2 3199,/2003 bodies in monitoring.” [76]
- . “Vertical and horizontal
Denmark Institutional Capacity 1 .%\ACoc})\rdlp ation 4 Natlonaég;?ter Plan coordination with basin [77]
echanisms councils.”
2025 Environmental " he classificati :
. . 2.2 Monitoring Implementation Improve the classification o
Denmark Operational Effectiveness i Systems 4 Review Countr water bodies and strengthen [78]
Y Report—Denma}rIk monitoring systems. ....”
Denmark Environmental Ambition 3.2 Natur.e—Based 4 Nature Action Plan Wetland restoration asa [79]
Solutions 2022 preferred solution.
: Swedish River Basin P o
Sweden Environmental Ambition 31 En%/ ironmental 4 Management Plan Binding targe't S “.mh hms lines [80]
argets 20092027 and clear indicators.
. . 2.1 Implementation Operational Strategy “Automated implementation
Sweden Operational Effectiveness Capacity 4 2021-2023 with periodic reviews.” [81]
. . 5.2 Adaptive National Climate “Urban flood retention
Sweden Climate Adaptation Infrastructure 4 Plan 2021 infrastructures.” [82]
. A . 1.1 Regulatory Water Services Act “Independent regulators with
Finland Institutional Capacity Independence 4 (119/2001) explicit legal mandates.” [83]
“The project aims to restore
. . peatlands to their natural state,
Finland Environmental Ambition 32 IgIa{utr'e Based 4 V\II) etz]atlagdli into ¢ increasing biodiversity, [84]
otutions etlands Frojec improving water bodies, and
mitigating climate change.”
Finland Social and Territorial Equity 4.2 Terrl?orlal 4 Finnish Water Way Unl'versal coverage of wate”r [85]
Inclusion services guaranteed by law.
- . “Coordination with partial
Norway Institutional Capacity 1'%\/[2(;;;?;:;1:“ 3 hg{ggﬁf;ﬁ;%{;r autonomy amf)ngﬂregional [86]
agencies.
2.2 Monitoring Norway’s Climate “Irregular coverage of river
Norway Operational Effectiveness i System 3 Action Plan for basins.” [87]
ystems 2021-2030 astns:
. . . . National Climate “Climate integration in coastal
Norway Climate Adaptation 5.1 Policy Alignment 3 Strategy 2021 Zomes.” [88]
Appendix D
Table A7. Country-by-Dimension WGMI Score Table.
Country Institutional (1.1 + 1.2) Operational (2.1 + 2.2) Environmental (3.1 + 3.2) Equity (4.1 + 4.2) Climate (5.1 + 5.2) Total Score
Denmark 8.0(4+4) 8.0(4+4) 8.0(4+4) 8.0(4+4) 70(3+4) 39
Sweden 8.0(4+4) 7.0(3.5+3.5) 8.0(4+4) 7.0(3.5+3.5) 62(3+3.2) 332
Finland 75(3.5+4) 7.0(3.5+3.5) 8.0(4+4) 74(3.7+37) 7.0(3.5+3.5) 36.9
Norway 7.0(3.5+3.5) 6.7(3.2+3.5) 72(3.5+37) 7.0(3.5+3.5) 6.0(3+3) 33.9
Portugal 55(2.8+27) 5.0(2.5+2.5) 42(2+22) 6.0(3+3) 4.0(2+2) 24.7
Spain 5.0(2.5+2.5) 47(22+2.5) 44(2+24) 54(27+27) 3.6(1.8+1.8) 23.1
Ttaly 35(1.8+1.7) 3.3(1.7+1.6) 3.1(1.5+1.6) 5.0(25+2.5) 24(1.2+12) 17.3
Greece 2.8(1.5+1.3) 2.5(1.3+1.2) 24(12+12) 44(22+22) 20(1+1) 14.1
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Appendix E

Table A8. Descriptive Statistics by Governance Dimension (WGMI).

Dimension Mean Score Std. Deviation = Min Score Max Score

Institutional Capacity 3.16 0.88 2 4

Operational Effectiveness 3.07 0.96 2 4

Environmental Ambition 3.17 0.83 2 4

Social and Territorial Equity 3.17 0.82 2 4

Climate Adaptation Integration 2.63 0.98 1 4
Interpretation

e Institutional, Environmental, and Equity dimensions are relatively well-developed
(>3.1 average).

e  Operational scores vary more, often due to funding or enforcement gaps.

e Climate Adaptation is the weakest, with high disparities between countries.
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