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Pe măsură ce riscurile climatice se intensifică, securitatea mediului devine o preocupare centrală a dreptului mediului 
și a guvernanței globale. Comunitățile reziliente necesită cadre de guvernanță adaptivă care să integreze reziliența 
climatică în sistemele juridice, instituționale și politice, depășind soluțiile exclusiv tehnice. Studiul analizează modul în 
care infrastructura rezilientă la climă și soluțiile bazate pe ecosisteme pot fi operaționalizate prin guvernanță pe mai multe 
niveluri, inovație normativă și mecanisme participative în contexte urbane, periurbane și rurale. Prin analiză comparativă, 
sunt evaluate instrumentele juridice, coordonarea instituțională și factorii politici care influențează rezultatele privind 
reziliența. Accentul este pus pe guvernanța circulară a apei, planificarea urbană sustenabilă și tranzițiile energetice 
reziliente. Rezultatele arată că guvernanța adaptivă consolidează durabilitatea infrastructurii, capacitatea instituțională 
și responsabilitatea democratică în fața riscurilor climatice.

Cuvinte-cheie: Guvernanță adaptivă, securitate de mediu, infrastructură rezilientă la schimbările climatice, soluții 
bazate pe natură, circularitate și sustenabilitate.

ADAPTIVE GOVERNANCE FOR ENVIRONMENTAL SECURITY: CLIMATE RESILIENT 
INFRASTRUCTURE AND ECOSYSTEM BASED SOLUTIONS

As climate risks intensify, environmental security has become a core concern of environmental law and global 
governance. Resilient communities require adaptive governance frameworks that embed climate resilience within legal, 
institutional, and political systems rather than relying solely on technical infrastructure solutions. 

This study examines how climate-resilient infrastructure and ecosystem-based solutions can be operationalized 
through multi-level governance, regulatory innovation, and participatory legal mechanisms across urban, peri-urban, 
and rural contexts. Using comparative case analysis, it assesses how legal instruments, institutional coordination, and 
political drivers shape resilience outcomes. Particular attention is given to circular water governance, sustainable 
urban planning, and resilient energy transitions as legally supported adaptation pathways. Findings show that adaptive 
governance enhances infrastructural durability, institutional capacity, and democratic accountability in responding to 
climate-related risks. By integrating environmental, social, and economic dimensions within enforceable legal frameworks, 
the study advances a comprehensive model of environmental security grounded in law and political practice.

Keywords: adaptive governance, environmental security, climate-resilient infrastructure, nature-based solutions, 
circularity and sustainability.
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GOUVERNANCE ADAPTATIVE POUR LA SÉCURITÉ ÉCOLOGIQUE: 
INFRASTRUCTURES RÉSILIENTES AU CHANGEMENT CLIMATIQUE ET SOLUTIONS FONDÉES                 

SUR LES ÉCOSYSTÈMES

 À mesure que les risques climatiques s’intensifient, la sécurité environnementale devient une préoccupation centrale 
du droit de l’environnement et de la gouvernance mondiale. Des communautés résilientes nécessitent des cadres de 
gouvernance adaptative intégrant la résilience climatique dans les systèmes juridiques, institutionnels et politiques, au-
delà des solutions exclusivement techniques. L’étude analyse la manière dont les infrastructures résilientes au climat et 
les solutions fondées sur les écosystèmes peuvent être opérationnalisées par une gouvernance multiniveau, l’innovation 
normative et des mécanismes participatifs dans des contextes urbains, périurbains et ruraux. À travers une analyse 
comparative, sont évalués les instruments juridiques, la coordination institutionnelle et les facteurs politiques qui 
influencent les résultats en matière de résilience. L’accent est mis sur la gouvernance circulaire de l’eau, la planification 
urbaine durable et les transitions énergétiques résilientes. Les résultats montrent que la gouvernance adaptative 
renforce la durabilité des infrastructures, la capacité institutionnelle et la responsabilité démocratique face aux risques 
climatiques.

Mots-clés: Gouvernance adaptative, sécurité environnementale, infrastructures résilientes au changement climatique, 
solutions fondées sur la nature, circularité et durabilité.

АДАПТИВНОЕ УПРАВЛЕНИЕ ДЛЯ ЭКОЛОГИЧЕСКОЙ БЕЗОПАСНОСТИ: 
УСТОЙЧИВАЯ К ИЗМЕНЕНИЮ КЛИМАТА ИНФРАСТРУКТУРА И РЕШЕНИЯ, ОСНОВАННЫЕ                     

НА ЭКОСИСТЕМАХ

 По мере усиления климатических рисков экологическая безопасность становится центральной проблемой 
экологического права и глобального управления. Устойчивые сообщества требуют формирования рамок 
адаптивного управления, интегрирующих климатическую устойчивость в правовые, институциональные и 
политические системы, выходя за пределы исключительно технических решений.  В исследовании анализируется, 
каким образом инфраструктура, устойчивая к климатическим изменениям, и решения, основанные на 
экосистемах, могут быть реализованы посредством многоуровневого управления, нормативных инноваций 
и механизмов участия в городских, пригородных и сельских контекстах. С помощью сравнительного анализа 
оцениваются правовые инструменты, институциональная координация и политические факторы, влияющие на 
результаты в сфере устойчивости. Особое внимание уделяется циркулярному управлению водными ресурсами, 
устойчивому городскому планированию и устойчивым энергетическим переходам.  Результаты показывают, 
что адаптивное управление укрепляет устойчивость инфраструктуры, институциональный потенциал и 
демократическую подотчётность перед лицом климатических рисков.

Ключевые слова: адаптивное управление, экологическая безопасность, инфраструктура, устойчивая к 
изменению климата, решения, основанные на природе, циркулярность и устойчивое развитие.

Introduction 
In July 2021, torrential rains triggered cata-

strophic flooding across Western Germany and 
Belgium, causing over 200 fatalities, displacing 
thousands, and generating unprecedented eco-
nomic losses. Beyond its humanitarian toll, the di-
saster exposed structural deficiencies in Europe’s 

climate governance architecture, revealing gaps in 
risk prevention, regulatory coordination, and legal 
preparedness. As heatwaves intensify in Southern 
Europe, glaciers retreat in the Alps, and sea-level 
rise threatens low-lying regions, climate change in-
creasingly constitutes a matter of ecological securi-
ty—implicating not only environmental protection 



38 MOLDOSCOPIE

but also social stability, economic continuity, and 
democratic accountability.

Within the European Union, environmental secu-
rity is embedded in a dense legal framework, includ-
ing climate adaptation policies, water governance 
directives, and biodiversity strategies. However, the 
implementation of these instruments remains uneven 
across Member States and governance levels. While 
the European Green Deal and the EU Adaptation 
Strategy promote adaptive governance and nature-
based solutions, significant legal and institutional 
fragmentation persists, particularly in coordinating 
urban resilience planning, peri-urban land-use regu-
lation, and rural ecosystem restoration. These gaps 
underscore the limits of technocratic infrastructure 
models divorced from legal enforceability and par-
ticipatory legitimacy.

From our perspective, adaptive governance must 
be understood as a dynamic process of norm develop-
ment, regulatory experimentation, and multi-level co-
ordination. It entails integrating “gray” infrastructure 
with ecosystem-based approaches through binding 
standards, compliance mechanisms, and inclusive de-
cision-making procedures consistent with principles 
of precaution, subsidiarity, and public participation.

This study examines European case examples 
to develop a model of adaptive governance that 
strengthens ecological security through legally 
grounded, politically accountable resilience strate-
gies. It seeks to: (1) conceptualize the nexus between 
climate-resilient infrastructure and ecosystem-based 
solutions within EU environmental law; (2) assess 
how circular economy principles can be operational-
ized through regulatory instruments; and (3) propose 
policy tools that enhance coherence across gover-
nance scales. By situating infrastructure resilience 
within legal norms and political institutions, the ar-
ticle advances a framework that links climate adap-
tation to ecological security and democratic gover-
nance in Europe.

Methodology 
This study employs a multi-layered, interdis-

ciplinary research design, combining socio-legal 
analysis, governance evaluation, and international 
relations theory to examine adaptive governance 
as a mechanism for ecological and environmental 
security in Europe. The framework integrates adap-
tive governance theory (Folke et al., 2005), multi-
level governance (Hooghe & Marks, 2003), regime 
complexity theory (Keohane & Victor, 2011), and 
securitization theory from the Copenhagen School 
(Buzan, Wæver & de Wilde, 1998). By embedding 
legal, political, and security perspectives, the study 
situates climate adaptation not merely as technical 
infrastructure management but as a politically me-
diated response to environmental threats, shaped 
by overlapping EU, national, and local regulatory 
regimes and securitized discourses around climate 
risk.

Case Selection
A purposive stratified sample of twelve Euro-

pean cases was selected, encompassing urban (n=4), 
peri-urban (n=4), and rural (n=4) contexts. Criteria 
emphasized:

1. Legal and policy relevance: Interaction with 
EU directives (Water Framework Directive 2000/60/
EC, Floods Directive 2007/60/EC, EU Adaptation 
Strategy 2021) and alignment with international cli-
mate obligations (Paris Agreement 2015).

2. Governance complexity: Presence of multi-
level coordination across local, national, and supra-
national institutions, including public-private part-
nerships.

3. Implementation maturity: Minimum five years 
of operational experience to ensure measurable out-
comes.

4. Diversity of biophysical and socio-political 
contexts: Spanning Mediterranean droughts, Alpine 
glacier retreat, and Northern European floodplains.
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Selected cases include Copenhagen’s cloudburst 
management (urban), Ruhr Valley floodplain retrofits 
(peri-urban), and Scottish peatland rewetting (rural), 
providing a representative spectrum of governance, 
ecological, and legal settings.

Data Collection
Primary data were collected through 45 semi-

structured interviews (2023–2025) with key actors: 
EU officials, municipal planners, engineers, civil so-
ciety representatives, and policymakers. Interviews 
focused on regulatory implementation, institution-
al coordination, policy compliance, participatory 
decision-making, and the securitization of climate 
risks—how climate events are framed as existential 
threats justifying resource allocation and regulatory 
action. Interviews were conducted in situ (Nether-
lands, Germany, Scotland) or via secure online plat-
forms, ensuring robust qualitative capture of gover-
nance processes.

Secondary sources include EU directives, na-
tional transposition laws, municipal adaptation 
plans, Environmental Impact Assessments (EIAs), 
monitoring datasets (EEA), project reports (Hori-
zon Europe, LIFE Programme), GIS spatial layers, 
and 87 peer-reviewed studies obtained through a 
systematic PRISMA 2020-guided review (Page et 
al., 2021). Boolean search terms included “adap-
tive governance,” “ecosystem-based adaptation,” 
“nature-based solutions,” and “climate resilience” in 
combination with EU legal instruments and policy 
frameworks.

Analytical Strategy
The methodology proceeded in three integrated 

analytical strands:
Doctrinal and legal analysis:1.	  Evaluated coher-

ence, enforceability, and cross-sectoral integration of 
EU and national legal instruments regulating climate 
adaptation. Attention was given to norm diffusion, 
subsidiarity, public participation, and compliance 

mechanisms. This legal lens identifies gaps between 
prescriptive obligations and practical implementa-
tion at local and regional scales.

Qualitative thematic analysis:2.	  Conducted 
using NVivo 14 (Braun & Clarke, 2006). Iterative 
coding identified governance enablers, barriers, and 
hybrid solutions (gray-green infrastructure integra-
tion, circular resource governance). Special empha-
sis was placed on securitization processes, tracing 
how climate hazards are framed as security threats 
in policy discourse, legitimizing regulatory action, 
mobilizing funding, and shaping multi-level coop-
eration. Themes were triangulated with project time-
lines, regulatory texts, and stakeholder perceptions 
to ensure validity.

Comparative quantitative assessment:3.	  A multi-
criteria framework measured resilience outcomes 
along environmental, social, and economic dimen-
sions, operationalized through indicators such as in-
frastructural durability, inclusivity (Gini coefficient), 
and circularity (% resource recovery). Weights for 
the Resilience Index were determined through a 
three-round Delphi exercise with 28 experts, achiev-
ing 85% consensus (Hsu & Sandford, 2007). Life-
cycle assessment (LCA) and ecosystem services 
valuation (InVEST, Sharp et al., 2020) were used to 
quantify ecological contributions. Sensitivity testing 
and Monte Carlo simulations (1,000 iterations, R) as-
sessed robustness under RCP 4.5 and 8.5 scenarios.

Validation, Ethics, and Limitations
Findings were validated through participatory 

workshops (Berlin, Amsterdam, online; n=62) inte-
grating member-checking, scenario testing, and peer 
debriefing with external panels. Ethical protocols 
complied with Helsinki standards and GDPR, ensur-
ing confidentiality and trauma-informed engagement 
with flood-affected participants.

Limitations include geographic bias toward 
Western and Northern Europe, challenges in data 
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comparability, and evolving policy contexts that 
may influence regime interactions over time. Nev-
ertheless, the methodology allows robust assess-
ment of how adaptive governance, legal instru-
ments, and securitization practices intersect to 
produce measurable ecological security outcomes, 
offering both policy-relevant and theoretically in-
formed insights.

Literature Review
Adaptive governance in Europe operates at the 

intersection of law, politics, and ecological security, 
reflecting a complex multilevel system in which en-
vironmental risks are both regulated and securitized. 
Scholarship emphasizes that resilient outcomes de-
pend on the alignment of legal mandates, political 
authority, and institutional capacity, often compli-
cated by fragmented competences, path dependen-
cies, and cross-jurisdictional challenges (Biesbroek 
et al., 2010; Keohane & Victor, 2011). The European 
climate regime exemplifies regime complexity, with 
EU directives, national laws, and local planning 
instruments interacting in overlapping, sometimes 
conflicting ways.

Legal Foundations: EU Floods Directive and 
Beyond

The 2007 EU Floods Directive (2007/60/EC) 
represents a paradigmatic legal shift, requiring risk 
mapping, management planning, and regular review, 
while promoting integration of nature-based solu-
tions (NbS) and circularity principles. Transposi-
tion and enforcement vary widely: the Netherlands 
integrates the directive seamlessly into the Delta 
Programme, enabling hybrid solutions such as the 
Room for the River initiative, while Poland’s cen-
tralized Water Law exhibits limited participatory 
provisions, constraining NbS pilots (Wiering et al., 
2017). Scholars identify “directive fatigue,” where 
compliance emphasizes documentation over trans-

formative governance, leaving peri-urban and rural 
areas vulnerable (Gilissen et al., 2016).

Case law demonstrates the operationalization of 
legal mandates: the 2015 Dutch Council of State 
ruling on dike setbacks institutionalized ecosystem 
valuation in permitting, blending legal compulsion 
with political legitimacy, whereas Belgium’s federal 
fragmentation produced enforcement gaps during the 
2021 floods (Criekemans, 2022). EU infringement 
proceedings, for instance against Italy, illustrate the 
coercive dimension of the supranational legal stick, 
yet political resistance persists, particularly in rural 
constituencies prioritizing agriculture over wetland 
restoration.

Political Dynamics in Multi-Level Governance
Adaptive governance relies on polycentric au-

thority, spanning EU, national, regional, and munici-
pal levels, yet political literature underscores persis-
tent turf wars, veto points, and elite capture. The EU 
Green Deal and 2021 Adaptation Strategy leverage 
funding and regulatory incentives to promote NbS 
and circular water infrastructure, but electoral cycles 
and coalition shifts can disrupt policy continuity, as 
exemplified by delays in Germany’s Ruhr sponge 
city scaling after the 2021 elections (European Com-
mission, 2021). Political economy analyses reveal 
dominance of engineering elites in Dutch water 
boards, while participatory mandates under the Aar-
hus Convention (1998) empower communities—
albeit with uneven implementation across Eastern 
Europe, where local vetoes (e.g., Hungarian Danube 
plans) constrain NbS adoption (Newig & Fritsch, 
2009).

Subnational governance highlights contrasts: 
Scotland’s devolved flood risk management under 
the 2009 Flood Risk Management Act integrates 
rural NbS through participatory local committees, 
whereas France’s centralized Préfecture system in-
hibits peri-urban experimentation (Kuklicke & De-
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meritt, 2016). Research on path dependencies em-
phasizes “lock-in” effects from historical hydraulic 
infrastructure missions, but post-disaster political 
windows—such as commissions following Rhine 
floods—create opportunities for legal and gover-
nance innovation, producing hybrid gray-green so-
lutions (Mostert, 2018).

Gaps and Political-Legal Frontiers
Significant gaps remain in integrating legal en-

forceability with political feasibility across urban–
rural gradients, particularly in post-communist East-
ern Europe, where local autonomy is weak. Liability 
regimes for NbS failures are underexplored, circular-
ity provisions in infrastructure law remain nascent, 
and the securitization of climate risks is uneven 
across Member States. This literature underscores 
the need for a framework linking regulatory com-
pliance, political authority, and adaptive governance 
mechanisms to operationalize ecological security. 
Our study addresses these gaps by synthesizing EU 
and national experiences, incorporating law, politi-
cal economy, and securitization theory, and provid-
ing a replicable model for policy and governance 
integration.

Discussion and Results
Our analysis of 12 European cases demonstrates 

that adaptive governance significantly enhances eco-
logical security when legal, political, and institution-
al mechanisms align. The Resilience Index averaged 
0.72 (σ=0.12) across hybrid gray-green infrastruc-
ture projects, exceeding gray-only baselines by 28%, 
underscoring the effectiveness of multilevel gover-
nance and legally enforced NbS in complex Euro-
pean regulatory landscapes. These outcomes reveal 
not only technical success but also the political and 
legal scaffolding necessary to operationalize envi-
ronmental security as a legally sanctioned protection 
of ecosystems for human well-being.

Political Synergies Unlocking Ecological Security
Successful cases hinge on polycentric coalitions 

bridging EU, national, regional, and local actors. The 
Netherlands’ Room for the River program exempli-
fies this: water board compacts and integration into 
Delta Acts enabled NbS deployment and secured 
over €1 billion in Horizon funding. Rural buy-in 
was achieved through subsidies reframing wetlands 
as economic assets, demonstrating how securitiza-
tion of nature can mobilize political and financial 
support. In Copenhagen, cloudburst management 
overcame municipal vetoes via referenda, aligning 
participatory mandates under the Aarhus Conven-
tion with EU Green Deal incentives. MCDA results 
show 35% higher inclusivity where legal and politi-
cal participation mechanisms were robust.

Conversely, Eastern European cases, such as Po-
land’s Vistula pilots, illustrate veto player effects: 
populist agricultural lobbies blocked local NbS, 
reducing resilience by 22%, confirming Tsebelis’ 
(2002) insight on political bottlenecks. These dy-
namics emphasize that ecological security requires 
political framing, transforming climate adaptation 
into a national imperative, as demonstrated by Ger-
many’s 2024 Flood Protection Law, which mandated 
30% green infrastructure in flood permits. Delphi-
weighted indicators reflected these policy levers, 
yielding measurable circularity gains, e.g., 65% wa-
ter recycling in Ruhr hybrids.

Legal Enablers and Barriers in Multilevel 
Implementation

The EU Floods Directive provides a foundational 
yet incomplete legal framework; national transposi-
tions such as Scotland’s 2009 Flood Risk Manage-
ment Act operationalized adaptive planning and life-
cycle evaluation, integrating NbS valuation (€2,500/
ha/year flood mitigation) into enforceable metrics. 
Liability innovations, notably Dutch court rulings 
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holding developers accountable for hybrid gray-
green infrastructure, catalyzed private investment, 
in contrast with Belgium’s federal fragmentation, 
which caused enforcement gaps and a 15% drop in 
resilience during 2021 floods.

Circularity remains an underdeveloped legal do-
main: few infrastructure codes embed loop-closing 
mandates (France post-2023 reforms being an excep-
tion), highlighting a regulatory gap our framework 
addresses via model clauses for EU transposition. 
Urban–rural tensions manifest in zoning conflicts 
versus agricultural directives; Rhine Commission 
treaty adjustments illustrate how politico-legal ne-
gotiation across jurisdictions can resolve conflicts, 
enhancing ecological security.
Toward a Replicable Political-Legal Framework

By fusing actor mapping, legal diagnostics, and 
quantitative indices, our model provides a practi-
cal toolkit for policymakers and planners: enforcing 
Aarhus-driven participatory processes increased in-
clusivity by 18%, while integrating lifecycle assess-
ments improved durability and ecological outcomes. 
Limitations remain: sample bias toward Western Eu-
rope, and scaling to post-communist Visegrád states 
requires addressing centralized governance legacies. 
Nevertheless, our findings highlight the need to po-
litically evolve legal instruments, leveraging crises 
as catalysts for binding covenants, thereby ensuring 
that ecological security is both legally enforceable 
and institutionally resilient across multi-level gover-
nance systems.

Our mixed-methods synthesis across 12 European 
cases demonstrates that hybrid interventions—inte-
grating engineered infrastructure with nature-based 
solutions (NbS)—outperform standalone strategies, 
revealing scale-specific dynamics, politically medi-
ated enablers, and legally reinforced outcomes. The 
composite Resilience Index, combining durability, 
inclusivity, and circularity, averaged 0.72 (SD=0.12, 

95% CI [0.65–0.79]), 28% higher than gray-only 
baselines (0.48) and 49% higher than NbS alone 
(0.39). Urban contexts peaked at 0.78, while peri-
urban and rural cases stabilized at 0.69, highlighting 
context-dependent transferability.

Thematic Insights: Enablers and Barriers
Reflexive thematic analysis from 45 interviews 

and 87 documents identified three dominant enablers 
in 75–83% of high-performing cases:

Participatory decision-making:•	  Present in 
10/12 cases (e.g., Dutch stakeholder forums), cor-
relating with inclusivity (r=0.62, p<0.01). Scottish 
rural committees, for example, integrated farmer 
input into peatland rewetting, boosting local buy-in 
and Gini coefficient improvements.

Ecosystem services valuation:•	  Evident in 9/12 
cases (e.g., InVEST-modeled €2,500/ha/year flood 
mitigation in Rhine pilots), enhancing circularity by 
25% and enabling budgetary justification for NbS 
investments.

Lifecycle-based planning:•	  Applied in 8/12 cas-
es (e.g., SimaPro LCAs in Copenhagen), increasing 
durability by 32% and ensuring hybrids withstand 
RCP 8.5 climate projections.

Barriers were concentrated in lagging cases: insti-
tutional silos impeded 7/12 projects (e.g., Belgium’s 
federal-provincial rifts), reducing resilience by 18%; 
funding misalignments affected 6/12, particularly in 
rural Vistula pilots, where centralized vetoes con-
strained Aarhus-compliant participation. Eastern 
cases averaged 0.55 due to legal transposition delays 
and populist agricultural lobbying.

Quantitative Benchmarks
Lifecycle assessments quantified tangible im-

pacts: hybrids avoided 24% more flood damages 
(€1.2 billion over 30 years, Monte Carlo n=1,000) 
compared to baselines. Circularity peaked at 72% 
resource recovery (Ruhr water loops), and durabil-
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ity reached 88% flood peak reduction (Copenhagen 
cloudbursts). Inclusivity was highest in participatory 

regimes (Gini <0.30), versus 0.42 in top-down gov-
ernance contexts.

Tabele 1. Breakdown by scale

Case 
Type n

Resilience 
Index (Mean 

± SD)

Durability 
(% Flood 

Mitigation)
Inclusivity 

(Gini)
Circularity 

(% Resource 
Recovery)

Dominant 
Political 
Driver

Key Legal 
Enabler

Urban 4 0.78 ± 0.09 88 0.22 68 City council 
referenda

Floods Directive 
+ bylaws

Peri-
urban 4 0.69 ± 0.11 76 0.31 62 Regional co-

alitions
Zoning hybrids + 
Delta Acts

Rural 4 0.69 ± 0.14 72 0.35 65 Farmer sub-
sidies

Aarhus Conven-
tion participation

Overall 12 0.72 ± 0.12 79 0.29 65 – –

Standout cases included Copenhagen (index 0.89, 
92% efficacy), Dutch Room for the River (0.85; 30% 
peak reduction plus biodiversity gains), and rural 
Polish pilots (0.51) constrained by legal delays.

Political-Legal Correlations and Spatial Trends
Multilevel legal alignment (e.g., Rhine transna-

tional treaties) correlated with +15% index gains 
(r=0.58); political participation mandates embed-
ded in the Aarhus Convention improved inclusivity 
by 20%. Sensitivity analyses (±20% weights) con-
firmed robustness: durability dominated urban con-
texts (w=0.45), circularity rural contexts (w=0.38). 
GIS mapping identified peri-urban “friction zones,” 
where urban sprawl intersects rural land-use laws, 
highlighting priority areas for integrated policy in-
tervention.
Integration with Environmental Security and Law

These findings illustrate ecological security as a 
politically negotiated and legally enforceable man-
date. Strong Resilience Index outcomes depended 
on directive transposition, polycentric treaties, and 
securitized framing of NbS as national imperatives. 

The EU Floods Directive (2007/60/EC), Scotland’s 
2009 Flood Risk Management Act, and the Neth-
erlands’ Delta Acts enabled enforceable lifecycle 
clauses and participatory mandates, supporting high-
performing cases (Room for the River 0.85, rural 
peatlands Gini 0.28). Conversely, Belgium’s federal 
fragmentation and Poland’s centralized Water Law 
reduced resilience by ~15%, demonstrating the criti-
cal role of legal clarity and multilevel governance 
alignment. Politically, post-crisis windows and se-
curitization diplomacy—e.g., Copenhagen referenda 
(0.89 index) and Germany’s 2024 Flood Protection 
Law—enhanced funding, participation, and NbS 
prioritization.

Overall, the politico-legal nexus drives measur-
able hybrid resilience, offering a replicable frame-
work: directive-compliant model clauses, liability 
pools for NbS, and transnational compact mecha-
nisms, enhancing inclusivity (+18%) and enabling 
scalability beyond Western Europe toward post-
communist Visegrád integration.

Conclusions and Policy Recommendations
This study demonstrates that adaptive governance 

Source: Ellaborated by the author.
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integrating hybrid gray-green infrastructure and na-
ture-based solutions (NbS) strengthens ecological 
security across urban, peri-urban, and rural Europe. 
The Resilience Index (0.72) underscores that mea-
surable improvements in durability, inclusivity, and 
circularity are achieved when legal mandates, po-
litical authority, and institutional capacity converge. 
Success depends not only on technical interventions 
but on embedding participatory decision-making, 
lifecycle-based planning, and ecosystem services 
valuation within legally enforceable and politically 
supported frameworks.

Key Insights
Legal Foundations Matter:1.	  EU directives, 

transposed into national and subnational law, are 
critical enablers. Robust implementations—e.g., 
Netherlands’ Delta Acts, Scotland’s Flood Risk 
Management Act—facilitate enforceable NbS inte-
gration and lifecycle monitoring, while fragmented 
or underdeveloped legal regimes (Belgium, Poland) 
hinder resilience.

Political Dynamics Shape Outcomes: 2.	 Polycen-
tric governance and securitization of climate risks 
are central. Political coalitions, post-crisis policy 
windows, and participatory mandates enhance buy-
in, increase inclusivity (+18%), and enable hybrid 
projects to scale. Veto players and populist resis-
tance, however, remain barriers in certain Eastern 
European contexts.

Cross-scale Integration is Critical:3.	  Urban, 
peri-urban, and rural interventions interact. GIS-
identified “friction zones” highlight the importance 
of aligning urban expansion, agricultural policy, and 
ecological objectives through multi-level treaties 
and hybrid permitting.

Policy Recommendations
Strengthen Directive Transposition: •	 Harmo-

nize EU Floods Directive and NbS integration into 

national codes, including circularity and lifecycle 
clauses.

Enable Participatory and Inclusive Gover-•	
nance: Mandate Aarhus-compliant stakeholder en-
gagement, with clear channels for rural, peri-urban, 
and urban communities.

Institutionalize Securitization and Crisis Win-•	
dows: Frame NbS and hybrid infrastructure as na-
tional security imperatives to mobilize funding, po-
litical legitimacy, and diplomatic coordination.

Develop Legal Liability Mechanisms: •	 Estab-
lish clear responsibilities for hybrid infrastructure 
performance to incentivize private investment and 
ensure long-term resilience.

Foster Multilevel, Cross-Border Compacts: •	
Expand transnational treaties (e.g., Rhine Commis-
sion models) to resolve peri-urban friction zones and 
reinforce polycentric governance.

Forward-Looking Implications
By bridging law, politics, and ecological science, 

this study provides a replicable framework to opera-
tionalize environmental security across Europe and 
beyond. Hybrid interventions, supported by enforce-
able legal instruments and multi-level political coali-
tions, transform climate resilience from aspirational 
policy into tangible, enforceable, and scalable out-
comes. Future research should focus on Eastern Eu-
ropean post-communist contexts, explore liability and 
financing innovations for NbS, and assess integration 
with global climate diplomacy to extend ecological 
security as a norm in international governance.
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