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ABSTRACT

Estuaries are increasingly populated due to urbanisation, leading to shoreline alteration, and increase of waste
discharge and water extraction. Managing an estuary involves taking into consideration the governance
framework, which includes a set of policies and legislation at the international and country level. However,
current governance systems do not reflect this which limits their ability to manage competing interests, such as
tourism, shipping and conservation. Economic activity often drives estuary governance, but continuous loss of
biodiversity and habitats highlights the need for more inclusive governance systems that preserve both, natural
and socio-economic capital. Reviewing current governance systems can identify challenges and promote solu-
tions. This study reviews the legislation applied to estuarine systems from an international to a regional scale,
using Portugal as a reference case. A ‘horrendogram’ was created to assess legislation which was categorised by
the following topics: biodiversity, land planning, water management, marine governance, aquaculture and
fisheries, waste management, economic policy, forest management, and climate change. Key challenges include
limited coordination between maritime and land planning systems, difficulties in incorporating EU legislation
into national frameworks, and fragmented administrative responsibilities. To improve estuarine governance, this
study recommends enhancing coordination between administrative bodies, promoting stakeholder engagement
throughout decision-making processes, and adopting ecosystem service-based approaches. This approach aligns
with the sustainability goals by supporting ecosystem health, enhancing human well-being and promoting sus-
tainable economic growth. The insights developed are applicable to estuarine systems globally, and future
research should focus on testing governance systems that integrate ecological, social and economic priorities,
while promoting collaboration across administrative bodies and stakeholders.

1. Introduction

cycles, and high productivity. While they may have low species diversity
due to rigorous ecological conditions, this is often offset by high species

In spatial planning terms, estuaries are partially enclosed coastal
systems where fresh and salt water mix. These systems encompass
several ecosystem components including land, water, fauna and flora,
which are under the influence of estuarine flooding and human de-
velopments. Estuaries are particularly important for human commu-
nities due to their economic and social values, for example, 14 out of 20
of the largest cities in the world are situated near estuaries (Laruelle
et al., 2024; Rodrigues and Fidélis, 2021). From an ecological stand-
point, estuaries typically exhibit habitat diversity, strong temporal
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abundances (Elliott and McLusky, 2002). They benefit from a high
resilience to change due to the species being particularly hardy to the
high-stress environmental conditions commonly present in transitional
systems (Elliott and Whitfield, 2011).

Estuaries comprise public goods (e.g., seawater), private goods (e.g.,
saltpans), and common-pool resources (e.g., freshwater; Schumacher,
1973). Unlike public goods which are freely accessible without being
depleted by individual use, common-pool resources consumption by one
user reduces their availability to others, which may cause conflicts
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(Deneulin and Townsend, 2007; Ostrom, 2002). Therefore, managing
estuarine assets is inherently challenging and requires balancing diverse
users and types of goods. These issues have significant governance im-
plications for sustainably meeting user needs and mitigating over-
exploitation of common-pool resources (e.g., overuse of freshwater for
irrigation). However, to achieve equitable management, we must
consider the social context and its particularities (Kubiszewski et al.,
2024). In this study, governance or governance framework represents
the system ruling each country and regions within them, including all
legislation and policies (Elliott et al., 2025a; Glavovic, 2024). Gover-
nance is a crucial part of the management of ecosystems, and includes
the economic, political and social realms (Glavovic, 2024). The oper-
ationalisation of these legislation and policies is done through public
management (Beaumont and Glavovic, 2024).

Estuaries offer numerous recreational opportunities, often linked to
cultural identity, and function as trading hubs linking land and sea
through ports (O'Leary et al., 2023). Despite these values, estuaries face
significant pressures from urbanisation and industrialisation, leading to
habitat loss, pollution, and biodiversity decline (Kennish, 2002). These
conflicting interests reinforce the need for effective spatial planning to
ensure equitable resource distribution while safeguarding environ-
mental integrity (Geneletti, 2015; Rodrigues and Fidélis, 2021).

Governance systems, including policies, politics and legislation, play
a pivotal role in the process and success of spatial planning, and mitigate
impacts of anthropogenic pressures (Lonsdale et al., 2018). They define
rules, allocate responsibilities, and facilitate collective management
actions (Roux et al., 2023). However, current spatial management often
fails to account for estuaries as unique terrestrial and environmental
units, due to conflicting legal definitions (Carvalho and Fidélis, 2013;
Daniell et al., 2020). Current governance systems are typically managed
through centralised sectoral approaches without sufficient coordination
across sectors, leading to ineffective management (Fidélis and Carvalho,
2015; Nasje et al., 2023). Portuguese estuaries exemplify these chal-
lenges, where economic priorities coupled with an insufficient man-
agement framework, have driven resource transformation and
disturbance (Fidélis and Carvalho, 2015), such as construction of in-
dustrial facilities that remove natural habitat and tourist resorts in close
proximity to natural reserves.

Generally, the governance structure operates across two dimensions:
vertically, by integrating international and national frameworks; and
horizontally, by facilitating the engagement of diverse stakeholders,
including policymakers and local communities (Lonsdale et al., 2022;
see Glossary for description of governance terms). At any scale, gover-
nance is ruled by law. At the international level, UN conventions provide
sovereignty and independence for each state and associated political
systems, therefore, the conventions must address transboundary issues
(Cormier et al., 2022; Elliott et al., 2023). Without collaboration be-
tween nations, a state can only address damaging activities happening
within their sovereignty area (Cormier et al., 2022). Within the Euro-
pean Union, governance is based on actions driven by treaties demo-
cratically ratified by all member states (European Commission, 2014a).
At the national level, legislation translates these commitments into
actionable legal frameworks to fulfil international obligations (Lonsdale
et al., 2022).

Several scholars have addressed the multi-scale governance chal-
lenges, usually focused on sectoral areas (e.g, climate change; Pahl--
Wostl et al., 2021), however, there is a knowledge gap in assessing the
multi-scale characteristics of governance arrangements for estuaries,
especially considering the challenges previously mentioned. Thus, this
study proposes a multi-scale analysis focused on: (1) understanding the
influence and contribution of legislation to efficient management of
estuaries, and (2) assessing how vertical integration is delivered in each
governance level. An “horrendogram” (see Glossary for description) tool
(Boyes and Elliott, 2014) was used to fulfil the second goal by visually
relating the different scales of governance. Thus, this study proposes a
review and update of the ‘horrendogram’ to the estuarine context, by
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using Portugal as a reference case. Although previous studies have
advanced discussions on estuarine management, including in Portugal
(Carvalho and Fidélis, 2013; Fidélis and Carvalho, 2015; Rodrigues and
Fidelis, 2021), this is the first study to holistically examine the influence
of legislative frameworks across multiple scales in Portugal.

2. Navigating estuarine law: a comprehensive review

The ‘horrendogram’ framework categorises governance instruments
according to their scale of intervention: the central circle represents
international and European instruments; the intermediate circle in-
cludes national instruments (and their linkages to broader scales) while
the outermost layer encompasses regional and local instruments (with
their corresponding linkages) as applied to Portugal (Fig. 1). To enhance
analytical clarity, national and local legislation were classified into
thematic categories (adapted from Taljaard et al., 2019), according to
the reviewed legal frameworks. The analysis prioritised sustainable use
of estuaries and their environmental protection, therefore, categories
are based on instruments that (1) have legal jurisdiction over estuaries
and/or (2) activities happening in the estuaries and/or (3) assess the
environmental condition of estuaries' resources (fresh- and saltwater,
sediments, biodiversity). The thematic categories are: biodiversity and
conservation management; land planning; water management; marine
governance; aquaculture and fisheries policy; waste management; eco-
nomic policy; forest management; climate change and energy. By
organising the legal landscape in this way, the framework seeks to
streamline the identification of key instruments and their relationships.
The following sections will detail the specific instruments within each
scale, with a particular focus on land planning, water management, and
marine and conservation policies given their importance to estuarine
management.

2.1. International scale

At an international scale, estuary management is shaped by key
United Nations (UN) treaties and conventions, such as the Paris Agree-
ment on Climate Change, the UN 2030 Agenda for Sustainable Devel-
opment and the Convention for Biodiversity. These frameworks
prioritise sustainable practices and environmental protection.

Additionally, the use of estuaries for trade requires compliance with
other international agreements, such as the Cartagena Protocol (focused
on biosafety), CITES (regulating introduction of endangered species by
trade), MARPOL (regulating marine pollution), SOLAS (regulating
safety at sea) and OSPAR (focused on protecting the North-East Atlantic
marine environment; Supplementary Material). Table S1 summarises
important information about each element in Fig. 2, and details inter-
national and European directives summarised in Fig. 2. Together, these
international agreements set standards for balancing economic activity
and environmental protection at sea, and are implemented by several
international organisations, such as the United Nations Environment
Programme.

EU legislation harmonises with numerous international frameworks,
integrating them into directives (e.g, OSPAR integrated into Maritime
Spatial Planning directive). The European directives are key regulatory
instruments, and each Member State is required to transpose those into
national law, alongside other European policies (e.g., the EU Biodiver-
sity Strategy, 2030). Over the past years, EU policy has shifted from
sector-specific directives, such as the Nitrates Directive, to framework
directives, such as the Water Framework Directive (Boyes and Elliott,
2015). This evolution marks the “third wave” of EU legislation, which
emphasises the use of a holistic and integrated ecosystem-based
approach, that grants Member States greater flexibility in achieving
objectives (Boyes and Elliott, 2014; Holt et al., 2011; Moran and Dann,
2008).
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Fig. 1.
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Fig. 2. ‘Horrendogram’ of legislation and instruments influencing estuary management in Portugal. All national strategies are connected, however, to facilitate
visualisation they are presented separately (e.g., Sea Programme, 2030; Portugal, 2030). Details about connections among International instruments and European
Directives in Supplementary Material. ACC — Adaptation to climate change; CFP — Common fisheries policy; FEDER - European Regional Development Fund; FRMP —
Flood risk management plan; ICZ - Integrated coastal zone; ICZM - Integrated coastal zone management; IMP - Integrated maritime policy; LBA — Environmental law;
LBOGEM - Basic law on policy and management on national maritime areas; LBPSOTU — Basic law on spatial development and urban planning; MMP — Municipal
master plan; MSP — Maritime spatial planning; PNEC - National energy and climate plan; PNPOT — National programme for spatial planning; PROT — Regional spatial

development plan; RAN — National agricultural reserve; RBMP — River basin management plan; REN — National ecological reserve; RJIGT — Legal regime of territory
management instruments; RNC — Roadmap for carbon neutrality; TAA — Titles for aquaculture activities.

2.1.1. Land management instruments

Land regulation of their sovereign physical areas is a direct compe-
tence of the Member States while taking into consideration the EU land
development goals (Faludi, 2009; Tulumello et al., 2018).

2.1.2. Water management instruments
Key EU directives relevant to estuary management include: the

Water Framework Directive (WFD'), the Floods Directive,” the Marine
Strategy Framework Directive (MSFD®), and the “Nature Directives”
(see Section 2.1.3. and 2.1.4 for details). The WFD was considered a

1 WFD, Directive 2000/60/EC.
2 Floods Directive, Directive 2007/60/EC.
3 MSFD, Directive 2008/56/EC.

4 Habitat Directive, Directive 92/43/EC; Bird Directive, Directive 2009/147/
EC.
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groundbreaking directive as it was the first policy to address transitional
waters while aiming for comprehensive water management (Carvalho
et al., 2019). In addition, it was the first initiative to shift to a holistic
approach, thus, the first legal instrument to prioritise hydrological units
over administrative boundaries and to integrate other sectoral policies,
including the Nitrates Directive (European Commission, 2003; O'Hagan
etal., 2020). The WFD requires Member States to establish a Programme
of Measures comprising a set of actions, interventions and regulatory
tools to achieve the environmental objectives of the Directives, thereby,
supporting its implementation within national legal and management
frameworks. The WFD feeds into the OSPAR convention objective to
reduce pollution of water bodies (including estuaries; see Supplemen-
tary Material for multi-level connections). The implementation of the
WEFD happens through river basin management (Section 2.2.2.). The
Floods Directive complements the WFD by requiring member states to
assess flood risks, map flood extents and identify vulnerable areas
(Jacobs et al., 2013). Their implementation is done though Flood Risk
Management Plans at the river basin level (Section 2.2.2.)

2.1.3. Maritime management instruments

The EU Integrated Maritime Policy (IMP®) ensures coordination be-
tween all-sea related EU policies, including the MSFD, the Maritime
Spatial Planning (MSP®) Directive, and the Integrated Coastal Zone
Management (ICZM’; Breuer and Twisk, 2025; see Supplementary Ma-
terial for connection with estuary management). The MSFD defines the
environmental objectives to be applied across all European Seas.
Application of the MSFD aims to achieve or maintain good environ-
mental status of European marine waters (i.e., covering territorial sea,
exclusive economic zones and internal waters) and promote sustainable
growth of maritime economies (Paramana et al., 2023). The imple-
mentation of the MSFD is supported by a Programme of Measures,
similar to the WFD, which aims to achieve all the environmental ob-
jectives of the Directive. The area of jurisdiction of the MSFD excludes
estuaries, yet there are cases where the WFD does not address priority
issues of concern within MSFD, including non-indigenous species, litter
and underwater noise (Borja et al., 2010). Some authors, such as Borja
et al. (2010) and Louropoulou et al. (2025) suggest an integration of
MSFD and WFD to complement each other and fil the gaps in each
framework, as umbrella policies for European aquatic systems. Addi-
tionally, both relate to the goals of the OSPAR convention to reduce
pollution in the marine environment (Supplementary Material to see
multi-level connections). Therefore, any alteration in water quality at
the European or Member State scale will feed into the OSPAR targets.
Additionally, the MSFD and the CBD® are interconnected since they both
aim to protect marine biodiversity and share principles to achieve their
goals (Supplementary Material to see multi-level connections). The MSP
is used to arrange the spatial distribution of activities in the maritime
space, whereas the management of coastal zones falls under the au-
thority of ICZM (Ehler and Douvere, 2009; Ehler, 2012; Frazao Santos
et al., 2019). Both include coastal waters, as defined by WFD, but
exclude transitional waters, such as estuaries (DEFRA, 2014; European
Commission, 2014b). The MSP directive is also related with the
UNCLOS’, since the MSP builds on the jurisdictional framework pro-
vided by UNCLOS (Supplementary Material to see multi-level connec-
tions). Implementation of EU maritime instruments by member states
depends on how the measures are integrated into the existing national
policies and governance frameworks.

IMP, COM(2007)575.

MSP, Directive 2014/89/EU.

ICZM, Directive 2002/413/EC.

CBD, United Nations Convention on Biological Diversity.
UNCLOS, United Nations Convention on the Law of the Sea.

© ©® N’
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2.1.4. Instruments for conservation management

The EU designed several directives concerning the conservation of
natural resources, and the Bird and Habitat Directives hold significant
positions. Together, these directives establish the Natura 2000 network,
a comprehensive conservation initiative that designates protected areas
across Europe (Sundseth, 2018). As the ‘cornerstone of the EU conser-
vation policy’, these directives play a critical role in preserving biodi-
versity by safeguarding habitats and species of European significance
(Kenig-Witkowska, 2017; Fig. 2). The implementation of Natura 2000
network depends on the site selection and monitoring of the areas to
guarantee the conservation status. Each Member State must be respon-
sible for defining appropriate management measures. The protected
areas created under the Natura 2000 can be nominated as Special Areas
of Conservation or as Special Protected Areas to protect the most
vulnerable species and habitats. Projects that likely can cause impacts on
these protected areas must be subject to an Appropriate Assessment
(Amorim and Elliott, 2026).

2.2. National scale

The national planning systems across countries are heterogeneous,
influenced by system maturity, power distribution, legal frameworks,
and the roles of the public and private sectors (CEC, 1997). In Europe,
most land planning systems have constitutional roots, aligning with one
of the major ‘families’ of planning frameworks that have evolved
post-World War II, in articulation with local and regional development
policies (Newman and Thornley, 1996). Southern European regions,
such as Portugal, are typically characterised by having less mature
spatial planning systems, which contrasts with North-Western regions'
more advanced, efficient, and well-developed plans (CEC, 1997; Nadin
and Stead, 2013; Tulumello et al., 2018).

Spatial planning in our case study, Portugal, lagged behind the rest of
Europe until the end of the 20th century when significant advances
began, supported by the democratisation of local governance and inte-
gration into the EU. The latter was key in providing financial resources
essential for infrastructure development (Cabral, 2018). The late arrival
of spatial planning in Portugal is confirmed by the international lists of
governance. According to the World Bank Group, Portugal's government
effectiveness and rule of law are measured as being fairly high (80.2 and
83.5 in 2023, respectively), similar to other countries in southern
Europe (Spain — 77.0 and 78.0, respectively). However, there is a larger
difference between the southern and northern European countries
(average northern countries; Government effectiveness 89.3 and Rule of
Law 93.4). While Portuguese values show elevated quality in the
implementation and formulation of laws, there are still areas that can be
improved.

2.2.1. Land management instruments

This analysis concerns land that affects estuaries, thus, vicinities and
estuary margins. In 2015, the Portuguese basic law for spatial devel-
opment and urban planning (LBPSOTU'%) underwent structural
amendments to address rapid urban expansion, particularly on rural
lands. While these changes aimed to facilitate interventions by the
central and local administrations, full implementation remains incom-
plete. Additionally, the transfer of estuarine management from local to
central administration under the amended law diminishes the role of
private stakeholders, creating challenges and conflicts (Table 1; Fidélis,
2018).

Under the Legal Regime of Territorial Management Instruments'’,
spatial and urban planning in Portugal operates at three hierarchical
levels: national, regional and local. At the national level, the National

10 1BPSOTU, Decree Law no. 80,2015, May 30th.
! Legal Regime of Territorial Management Instruments, Decree-Law no. 80/
2015, May 14th.
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Table 1

Intervention scale of spatial planning instruments and type of administration
(adapted from Cabral, 2018). PNPOT - National programme for spatial planning,
PROT - Regional spatial development plan, MMP - Municipal master plan, UP -
Urbanisation plan. Empty cells indicate no instrument with this scale and
administration.

Ocean and Coastal Management 277 (2026) 108184

Table 2

State organisations with responsibility about several areas of importance. APA -
Portuguese Environmental Agency; DGPM - Directorate-General for Maritime
Policy; DGRM - Directorate-General for Nature Resources, Safety and Maritime
Services; ICNF- Conservation Institute for Nature and Forests; IH — Hydro-
graphic Institute; IPMA — Portuguese Institute for Sea and Atmosphere.

Administration National Regional Local Area of responsibility Organisation Management Responsibility

Central PNPOT Sectoral Programmes Special Programmes Biodiversity and ICNF Public institute under indirect

Regional PROT Nature conservation administration of the State. Under

Municipality Intermunicipal plan MMP, UP management of Ministry of

Environment and Energy.
Climate and sea IPMA State laboratory. Under management
Programme for Spatial Planning (PNPOT'?) is the first step of the research of Ministry of Environment and
LBPSOTU (Fig. 2) implementation and serves as a strategic instrument Energy and Ministry of Education,
. . . . . Science and Innovation.

which connects various planning scales, ensuring consistency across Defence of marine H State laboratory. Under management
sectoral policies (Maia and Marques, 2019). This law was the first na- environment of Ministry of National Defence.

tional instrument designed to coordinate policies and foster collabora-
tion among different actors (Cossu, 2020). The Regional Spatial
Development Plans (PROT) and local plans — Municipal Master Plan
(MMP) and Urbanisation Plan (UP) - provide more localised guidelines
(Fig. 2). Regional, special and sectoral programmes establish principles
and measures to guide specific policies (Table 1). Special programmes
prevail over MMPs and focus on unique environments, such as coastlines
(Coastline programmes), estuaries (Estuary management programmes,
POE), protected areas and reservoirs (Campos and Ferrao, 2015).
Similarly, sectoral programmes are crucial for managing specific envi-
ronmental and territorial concerns, such as flood risk management plans
and conservation sites. These programmes align with EU directives and
are integrated into broader spatial planning frameworks (Law no.
31/2014).

2.2.2. Water management instruments

Portugal's water planning system comprises the National Water Plan,
River Basin Management Plans (RBMP) and Specific Water Management
Plans (Cardoso et al., 2019; Fig. 2). The National Water Plan is a sectoral
programme elaborated under the scope of the Water law and defines the
strategy for the water policy applied in every river basin (APA, 2021).
The Water law (Decree-Law No. 130/2012) transposes the WFD into
national legislation, promoting the achievement of WFD objectives into
all water bodies, including estuarine zones (Rodrigues and Fidélis,
2021). The WFD goals are also promoted at a regional scale, through the
RBMPs, which integrate terrestrial and water management approaches
(Grizzetti et al., 2016). Additionally, the Floods Directive proposes the
identification of high-risk flood zones, which have been identified on a
regional scale to enable proactive planning and mitigation (Decree-Law
No. 115/2010). The Portuguese Agency for Environment (APA) is the
main entity responsible for overseeing water resource management and
protection (Decree-law no. 115/2010; Table 2).

2.2.3. Maritime management instruments

Portugal has the third largest EU exclusive economic zone (see
Glossary), covering over 1.7 million km?, which accounts for nearly 50%
of the EU's maritime area (Guerreiro et al., 2021; Leitao et al., 2014). As
an EU Member state, the country followed the guidelines of the EU MSP
Directive (European Commission, 2014b) to develop and adopt a sys-
tematic approach responsible for allocating activities at sea and pro-
moting the sustainable use of marine resources. Nonetheless, compared
to countries like Norway, which have had MSP systems in place for
decades, Portugal's MSP plans were only approved between 2019 and
2024 (Frazao Santos et al., 2019; Resolution of the Council of Ministers
No. 203-A/2019; Resolution of the Council of Ministers No. 136,/2024).

The Portuguese MSP includes marine waters under national juris-
diction of four subdivisions (the Mainland, Azores, Madeira, and the

12 PNPOT, Law no. 99/2019, September 5th.

Public institute under indirect
administration of the State. Under
management of Ministry of
Environment and Energy.

Environmental impacts  APA

Flood protection and APA
coastal protection

Food quality and health  IPMA

Integrated coastal zone  APA
management

MSFD and MSP DGPM; Central service for direct
DGRM administration of the State. Under

management of the Ministry of the
Economy. DGRM also engages with
the Ministry of Agriculture and
Fisheries.

Shipping, ports and DGRM

pollution prevention
Water quality APA

Extended Continental Shelf), from the baselines of its territorial waters
to the outer limit of the continental shelf and is composed by two
different instruments: the situation plan and allocation plans (Fig. 2;
Calado et al., 2024). The situation plan identifies relevant areas for
conservation and protection and outlines the temporal and spatial dis-
tribution of activities across Portuguese maritime space, covering sec-
tors like aquaculture, renewable energy and tourism (Calado et al.,
2024; Decree-Law No. 38/2015). The allocation plans identify and
authorise new uses of the maritime space not initially foreseen, inte-
grating them into the situation plan (Decree-law no. 38/2015). Com-
plementary to these MSP instruments, private-use permits are issued for
activities that exceed common utilisation and require the reservation of
an area or volume of the ocean space for the exploration of its resources
(Fig. 3; Decree-Law No. 38/2015). The MSP instruments are under the
responsibility of the Directorate-General for Nature Resources, Safety
and Maritime Services (DGRM), together with regional coordination by
the Regional Directorate for Maritime Policies in Azores, and the
Regional Directorate for the Environment and the Sea in Madeira
(Table 2). Directorate-General for Maritime Policy (DGPM) is the entity
responsible for monitoring and evaluating MSP instruments. Since 2017,
private aquaculture operations have been subject to new guidelines, as
new installations need to acquire “titles for aquaculture activity” instead
of the above-mentioned private-use permits (Decree-Law No. 40/2017).
The DGRM is responsible for the emission and enforcement of these titles

A. Portuguese MSP Instruments B. Spatial use of Portuguese marine areas

B1. Common use

B2. Private use —l

Private use permits

A1. Situation Plan: existing and potential

A2. Allocation Plans: new uses
when approved

Fig. 3. Marine Spatial Planning (MSP) instruments and complementary legis-
lation (adapted from Calado et al. (2024)).
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for the marine area, while the Conservation Institute for Nature and
Forests (ICNF) is responsible for the emission and enforcement for
inland waters. Although the importance of land-sea interactions for the
MSP process is recognised, estuaries management and planning are not
considered in Portuguese MSP (Calado et al., 2024; European Commis-
sion, 2014b). Even though the MSP has no jurisdiction over estuarine
waters, it is responsible for managing all maritime activities happening
in national waters (e.g., aquaculture and renewable energy), which also
can influence estuaries and their development.

2.2.4. Instruments for conservation management

The Basic Environmental Law'® enshrines the right to a balanced
ecological environment, ensuring sustainable use of natural resources
(Campos and Ferrao, 2015). This law underpins environmental policy
across various domains, intersecting with landscape and spatial plan-
ning (Campos and Ferrao, 2015). Unlike spatial planning, environ-
mental protection is a formal competence of the EU, which influences
the national framework significantly (Campos and Ferrao, 2015). EU
regulations aim to ensure protection and conservation of biodiversity
(Biodiversity Strategy 2030), and to provide environmental impact as-
sessments of projects or developments (Environmental Impact Assess-
ment Directive). In Portugal, the ICNF is the institute responsible for
biodiversity and nature conservation (Table 2). This includes re-
sponsibilities related to protected areas, such as Natura 2000 sites,
which integrate national and EU objectives for environmental
sustainability.

Different entities bear responsibility for spatial planning in-
struments. For example, POE usually falls under the APA's jurisdiction
(Table 2). However, in cases where estuaries overlap with protected
areas, the jurisdiction is shared with ICNF (Fidélis and Carvalho, 2015).
This layered governance reflects the complexity of integrating envi-
ronmental protection with spatial planning in Portugal's multi-level
administrative system.

3. Discussion
3.1. Estuary management in a fragmented legal landscape

Sustainable estuarine management relies on active stakeholder
involvement in governance (Lonsdale et al., 2018). There is no unique
and global governance model due to varying political, economic, and
social contexts (Ruhl and Craig, 2011). However, holistic approaches are
needed for effective estuarine management. Moreover, stakeholder
participation in the legislative process ensures better uptake of such
legislation by social actors, because it fosters inclusivity and recognition
of diverse perspective (Kraan et al., 2014).

A common threat to estuaries is upstream water extraction (e.g., for
irrigation), drastically affecting the hydrology of the systems by
reducing the freshwater input (Donazar-Aramendia et al., 2024). Addi-
tionally, downstream activities (e.g, dredging) can escalate due to ac-
tivities happening upstream (e.g, deforestation), that have
environmental (e.g, increase in sediment loads) and also economic im-
pacts (e.g, increase in associated costs; O'Leary et al., 2023). Addressing
such downstream impacts requires integrated planning that defines
ecosystem boundaries based on ecological processes rather than juris-
dictional limits. Despite progress in Europe, fragmented governance
remains a persistent barrier to implementing these strategies, as com-
partmentalised data collection and integration prevents informed
decision-making (Boyes and Elliott, 2014).

In coastal transitional waters, both WFD and MSFD apply, and aim to
achieve “good ecological/environmental status” for water and seabed
ecosystems respectively. While the WFD takes primacy to meeting
ecological and chemical status objectives, the MSFD is complementary

13 Basic environmental law, Law no. 19/2014, April 14th.
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by addressing additional pressures not covered by WFD (e.g, marine
litter, underwater noise). Yet, the implementation of these two Di-
rectives often occurs individually, with minimal integration across sec-
tors (Holt et al., 2011; Moss, 2008; Wakefield, 2010). This issue is not
exclusive to Europe. For instance, Australia faces similar challenges with
fragmented estuarine policies, given that estuaries are managed by a
wide array of national acts and policies with no clear integration (Hallett
et al., 2016). Other consequences of the fragmented nature of European
legislation is policy conflicts, such as initiatives that try to reduce the use
of fertilisers (European Green Deal; see details in Supplementary Ma-
terial) whilst others promote the increase of agriculture production
(Common Agriculture Policy; https://agriculture.ec.europa.eu/c
ommon-agricultural-policy en). Another example is the simultaneous
creation of marine protected areas and promotion of sustainable fishing
(CFP and MSFD; see details in Supplementary Material), at the same
time as investing to deliver policies that encourage the development and
expansion of fishing (European Maritime, Fisheries and Aquaculture
Fund;  https://oceans-and-fisheries.ec.europa.eu/funding/emfaf en).
Ambitious EU Directives such as the WFD and MSFD often set broad
objectives to facilitate national implementation. Programmes of Mea-
sures play a key role in translating these objectives into specific actions
or regulatory instruments, supporting Member States in achieving the
goals of the directives. Nevertheless, implementation challenges persist
in other frameworks, for example the EU MSP directive that promotes an
ecosystem-based approach, but in practice for most member states tends
to prioritise political and economic factors over environmental goals
(Frazao Santos et al., 2019; Qiu and Jones, 2013; Stelzenmiiller et al.,
2013). These examples highlight the difficulty of aligning ambitious
legal frameworks with national decision-making. Environmental goals
are often sidelined over other priorities, this is evident in the inconsis-
tent enforcement of the Natura 2000 Network, which leads to member
states being penalised for non-compliance, including non-definition of
conservation areas or unsuitable measures (Beunen, 2006).

Elliott et al. (2025a) conclude that management success is dependent
on two factors: (1) competent authorities (i.e., entities responsible to
administer legislation according to scientific knowledge), and (2)
comprehensive instruments, which may be vertically integrated from
bottom-up - local to global levels - and horizontally integrated across
sectors (Elliott et al., 2025a). The present study has mostly focused on
integration of global legislation into national legislation, but vertical
integration is also required in transboundary management (Elliott et al.,
2023). For example, the transboundary management of three European
estuaries (Ems, Elbe and Weser) that all discharge into Wadden Sea
requires a trilateral agreement across Denmark, Germany and the
Netherlands. All three countries fall within the EU legislation, thus all
aim to achieve the same outcomes, even if using different means to
achieve these goals (Elliott and Whitfield, 2025). In these cases, trans-
boundary management is facilitated, however, challenges may rise
when conflicting national priorities hinder cooperation.

Portugal serves as an example of these challenges, with its spatial
planning framework reflecting significant imbalances between coastal
and interior zones. Globally, coastal zones are densely populated and
driven by economic activities like maritime transportation, while the
interior regions face depopulation and ageing demographics (Cossu,
2020). This is also the case of Portugal. The National Programme for
Spatial Planning (PNPOT) has attempted to address these disparities,
proposing initiatives to valorise unused land (Cossu, 2020). However,
despite legislative reforms, such as amendments to Portuguese basic law
for spatial development and urban planning (LBPSOTU), Portugal often
faces criticism for disorganised management and inadequate stake-
holder engagement (APA, 2008; Baptista, 2008; Ferrao, 2014; Maia and
Marques, 2019; Schmidt, 2008). A prominent example is the lack of
Geographic Information System (GIS) data integration for MMPs,
important to clearly and undoubtedly define the boundaries and loca-
tion of activities developed, highlighting the urgent need for improved
data integration in spatial planning. To address these issues, Lonsdale
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et al. (2018) proposed an Estuarine Planning Support System (EPSS) tool
created to aid decision-makers and stakeholders in integrating legisla-
tion, receptors and impacts in the Humber Estuary. These issues may be
further exacerbated in estuarine environments due to their transitional
nature. The legal framework for Special Programmes for Portuguese
Estuaries restricts the definition to “transitional waters, and their beds
and banks” (Decree-Law no. 129/2008, July 21st). However, this study
adopts a wider perspective that includes areas influenced by estuarine
dynamics, particularly during flooding or other extreme events (see
Introduction section). Adopting this broader perspective is critical, as it
enables management frameworks to account for the full spatial extent of
estuarine processes, thereby supporting more robust and effective
management tools. Especially important in the context of climate
changing and the need to mitigate potential impacts.

Another persistent issue lies in the limited coordination between
maritime and terrestrial planning systems. In 2014, the LBPSOTU and
Basic law on policy and management on national maritime areas were
written and reformulated simultaneously, however, no integration was
found (Campos and Ferrao, 2018). While EU driven initiatives like the
MSP and Water Law aim for cohesion, based on holistic and integrated
approaches, in Portugal the PNPOT operates largely in isolation, based
on a sectoral approach, complicating estuarine management (Campos
and Ferrao, 2015). Maritime and terrestrial approaches work indepen-
dently, however, this is not true in coastal areas and estuaries where
management must comprehend both frameworks, since they fall under
maritime and terrestrial jurisdictions. The MSP (situation plan), for
example, governs maritime activities that develop part of their activities
in estuarine waters, but estuaries are excluded from its jurisdiction
(Fidélis and Carvalho, 2015). Future revision cycles of the process
should promote new initiatives, and revised instruments, that explore
such relation. Further, the amendment to the LBPSOTU introduced Es-
tuary Management Programmes (POEs) representing a step forward in
addressing estuarine governance. However, the slow drafting and
approval of POEs mean that estuary management remains largely reliant
on MMPs, which lack target guidelines for estuaries (Rodrigues and
Fidélis, 2021). On a positive note, the amendment also integrated
estuarine management into the national strategies, reducing fragmen-
tation in areas previously managed by local authorities alone. None-
theless, excessive centralisation of legal and regulatory frameworks
coupled with the lack of guidelines is leading to conflicts in
decision-making and exacerbates governance challenges in Portugal
(Chamusca, 2021). The prevailing “one-size-fits-all” approach often fails
to account for the unique dynamics of each ecosystem, limiting the
flexibility needed to address multi-scale environmental issues
(Cumming et al., 2006). Additionally, future efforts must align MSP
instruments with the PNPOT to provide cohesive guidance on the pri-
vate use of maritime space, however, no indication has been presented
on how to do this (Calado et al., 2024).

Portugal is not the only country struggling with coastal and transi-
tional systems management. Lawlor and Depellegrin (2023) compared
coastal and marine governance in European countries, and noted that
similarly to Portugal, Ireland and Romania have a centralised and sec-
toral governance systems. While in Portugal there are specific land plans
for coastal zones managed at a regional scale, Ireland and Romania's
regional and local authorities have limited or no responsibilities
regarding the coastal and marine zones. Particularly in Ireland, there is a
strong division between land and sea governance, similarly to Portugal,
due to the conflicting approaches used in each. In Spain, the governance
is also centralised, and marine and coastal areas are managed nationally,
however, when focused on resource management, fisheries and aqua-
culture, these are managed at a regional level.

The Basque country offers a successful case of integrated manage-
ment (Elliott et al., 2025a). In the Nervion estuary, intense industriali-
sation led to a significant loss of intertidal habitats (Cearreta et al., 2004;
Borja et al., 2006). Several actions were taken to improve environmental
health and recover the ecosystem services and societal benefits. These
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actions were taken through 31 tiers, including: diversification of dis-
charges, water treatment by using physical and biological methods, and
closing of some companies (Borja et al., 2016; Elliott et al., 2025a). Over
the years, water and sediment pollution decreased significantly (Elliott
et al., 2025a). Another case of recognised good and effective manage-
ment is recognised in the Scheldt Estuary, a transboundary ecosystem
located between the Netherlands and Belgium. Its success was due to the
use of innovative governance models (e.g, decision making through
interactive governance, introduction of adaptative management prin-
ciples), transboundary coordination and creation of solutions to com-
plex conflicts (e.g., nature-based solutions; Slinger, 2023).

3.2. Integrating climate change adaptation into estuary governance

Estuaries are highly vulnerable to climate change and Sea-Level Rise
(SLR), which exacerbate pre-existing anthropogenic pressures, further
destabilising these ecosystems (e.g., Biguino et al., 2024; O'Leary et al.,
2023). Although estuarine resilience allows for a range of adaptive re-
sponses to climate change, industrialisation and urbanisation can limit
their adaptative capacity and exceed their ecological thresholds, leading
to significant biodiversity loss, and reducing resilience (Basset et al.,
2013; Paerl et al., 2001). The socio-economic impacts are equally con-
cerning, as vulnerable communities face disproportionate risks and
greater social disparities due to limited adaptive capacity to tackle
climate change (IPCC, AR5). These challenges highlight the urgency of
integrated management strategies, essential to support ecosystem
adaptation and equip communities with tools to mitigate these impacts
(Hulme, 2005; West et al., 2009). For example, restoring coastal vege-
tation to enhance coastal protection (O'Leary et al., 2023).

Yet estuaries are highly dynamic and variable. Global studies have
reported an increase of water temperatures in estuaries (0.014-0.2 °C
per year; Preston, 2004; Scanes et al., 2020). Yet, for example, the Sado
Estuary in Portugal appears to have low sensitivity to atmospheric and
oceanic warming, as water temperatures do not demonstrate a positive
trend in the past 40 years (Biguino et al., 2024). One possible explana-
tion is the prevalence of drought events in the region, which have
reduced freshwater input and enhanced the intrusion of oceanic water
(Biguino et al., 2024). These shifts have caused an increase in salination,
within the estuary (Biguino et al., 2024) and in the estuarine aquifer
(Rodrigues, 2024). Excessive water abstraction is a global challenge, as
upstream interventions (e.g., dam construction and irrigation) can sub-
stantially diminish freshwater delivery to estuaries. This reinforces the
need for watershed-focused management strategies that consider cu-
mulative impacts across the entire system.

In transitional systems, SLR can have significant impacts on the
intertidal communities causing the migration of these communities
landwards, the so-called ‘coastal squeeze’ (Elliott et al., 2014). More-
over, SLR can lead to greater marine incursion in estuaries, resulting in
alterations in bathymetry, salinity and sediment cycles, which can cause
significant changes to estuarine community’ structure (Elliott et al.,
2015). Maintenance dredging requirements are likely to increase with
the increase in sediment transport due to SLR, consequently increasing
the associated costs. The creation of an Integrated Sediment Management
Plan at a watershed scale includes stakeholder participation and coor-
dination with other policies, which may help to address impacts of
sediment on water quality, particularly as both would be implemented
at a watershed level (CIS, 2022). Whilst such plans are not explicitly
required, in the future they could be included in the Programme of
Measures of WFD for ecological status and of MSFD descriptors related
to seafloor integrity.

The European Commission has strongly advocated for the creation of
adaptation measures, especially regarding water policies (Fanzeres,
2024). An adaptation plan should consider reducing social vulnerability
to climate change impacts and creating capacity to deal with uncertainty
(Sondermann and Proenca de Oliveira, 2022). For example, Lisbon
council has prompted several municipalities to advance with climate
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change adaptation plans. These initiatives illustrate a shift towards
localised, actionable strategies that could tackle broader national
policies.

Fanzeres (2024) interviewed water management specialists of the
Tagus estuary (Portugal), who highlighted Tagus vulnerability to
climate change due to pursuit of continued economic growth, especially
in agricultural policies and lack of consideration of drought risks.
Moreover, participants showed concerns regarding the lack of aware-
ness of the public about these discussions (Fanzeres, 2024). In contrast,
in the Hunter estuary (Australia) several strategies have been proposed
to promote effective adaption to changing environmental conditions,
such as blue-green corridors, habitat restoration, and re-naturalisation
(Lopez et al., 2024). Integration could drive a more cohesive national
spatial policy, overcoming the historical fragmentation of environ-
mental protection, economic development and urban planning (Cossu,
2020). While Portugal's climate change adaptation remains fragmented
and sectoral, (Swart et al., 2009), collaborative efforts across gover-
nance levels and robust environmental monitoring are essential for
providing accurate data to inform decision-making, enabling policy-
makers to prioritise measures that safeguard both coastal ecological
integrity and human livelihoods (Carvalho et al., 2019).

3.3. Lessons and resolutions for sustainable management of estuaries

Different socio-economic, political and ecological contexts limit the
creation of unique governance and management approaches that pro-
vide win-win situations applicable to every system in the same way.
However, some principles can be taken in consideration to move to a
sustainable and equitable management of estuaries. One of the baseline
principles of environmental policy is the polluter pays principle, which
gives responsibility to whom causes harms to the environment (e.g.,
pollution of waters ; Nash, 2000) by increasing their responsibility
(Costanza et al., 1998). This principle could guarantee funds to monitor
estuary health, and to invest in solutions to mitigate damages caused by
the polluters/payers. Additionally, using the best data available —
informed by ongoing academic efforts to comprehensively understand
the system — is fundamental. Decision-makers should be able to indicate
what data are actually needed for management, before starting the
process, so that the data collected is fit-for-purpose (Elliott et al., 2020).
Usually, management decisions can be done even with few data. In
environmental policy, the focus is on the quality of the data, instead of
the quantity of the data (Ruhl and Craig, 2011). However, is must be
clear that informed decision-making is the best path possible. The pre-
cautionary principle allows decision-makers to accept a hypothesis if the
evidence is credible, even if not completely conclusive. Scientists have
also an important role in the governance process, especially with regard
to data that are needed. Therefore, scientists must start combining
evidence-based information with society engagement (Borja et al.,
2025).

To address several of the challenges of governance, the multi-level
nature of the governance systems cannot be ignored (Pahl-Wostl et al.,
2021). The central question must be to understand how the different
actors from multi-levels should interact to produce desirable outcomes.
Ostrom's polycentricity theory includes a multi-scale governance system
that involves collective management based at the local and community
levels (Ostrom, 2010). The main aim of this theory is to use a pluralistic
framework that balances the potential costs of including multiple and
frequently overlapping domains of governance (Gillard et al., 2017).
Therefore, having governing authorities at different levels, functioning
across overlapping jurisdictions, operating with autonomy, and imple-
menting rules within a specific domain diverges from more traditional
frameworks which usually have a central authority governed by rule of
law and a series of overarching regulations (Contipelli, 2018). This
framework can improve the fit between governance and natural
resource system processes (Lebel et al., 2013). For example, studies on
water resources' management suggest that polycentric systems with
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multi-level governance arrangements often perform better than decen-
tralised or centralised arrangements (Pahl-Wostl and Knieper, 2014).

Current governance systems often lack the necessary mechanisms to
comprehensively protect natural capital assets. Conservation efforts
tend to focus primarily on resources with direct economic value,
frequently neglecting broader ecosystem functions and services (Holt
et al., 2011). This issue is evident in this study's multi-level analysis,
demonstrating the fragmented and inconsistent management of estu-
aries in Portugal, as discussed in section 3.1. Although estuaries fall
under regulations for water bodies (e.g, RBMP), land planning, and
maritime spatial planning, these frameworks rarely account for both the
unique ecological processes and the socio-economic characteristics of
estuarine ecosystems.

Effective, long-term environmental protection requires a holistic
framework that evaluates all ecosystem functions and diverse benefits
provided to communities (Holt et al., 2011). An ecosystem service-based
approach as a fundamental component of decision-making offers a sys-
tematic method to address these gaps. By identifying synergies and
trade-offs among ecosystem services, this approach enhances manage-
ment efficiency and sustainability (Hornung et al., 2019). Moreover, it
promotes social sustainability by incorporating stakeholder perspectives
and fostering their active involvement in the decision-making processes.

In Portugal stakeholder involvement is notably weak during the
elaboration of legislation, plans or instruments, as stakeholders are
typically included only during the final stages of public consultation
(Carvalho and Fidélis, 2013). Even though some participation is avail-
able in processes of Environmental Impact Assessment (EIA - in projects
according to the EIA Directive and in plans/programmes according to
the Strategic and Regional Environmental Assessment), the public
consultation is limited to two phases: (i) scoping phase, and (ii) after the
draft and impact assessment report. In the 1st phase, the consultation is
not mandatory and is targeted to environmental conservation entities (in
Portugal APA and ICNF), while the 2nd phase is mandatory and is open
for the broader public for 30 days (Decree-law no. 232/2007; Decree--
law no. 151-B/2013). This delayed engagement diminishes the potential
for meaningful contributions to policy development.

Additionally, greater integration of stakeholder knowledge can
facilitate proactive management, enabling anticipation of ecological and
socio-economic changes rather than relying on reactive measures to
mitigate damage. In recent years, member states have made an effort to
use holistic approaches, but there are still further measures that could be
taken into consideration for spatial management, such as defining pre-
cautionary buffers surrounding water bodies to accommodate simula-
tions for SLR (MacDonell et al., 2025). However, existing European and
Portuguese legislation frequently adopts a reactive approach, i.e., acting
in response to an issue rather than controlling the issues in early stages,
resulting in disjointed frameworks that address environmental damage
post hoc.

The integration of an ecosystem service-based approach into spatial
planning can optimise sustainable planning models, under different
scenarios, while considering ecological, economic, and social priorities
(Wang et al., 2018). Such measures are essential to implement sustain-
able management strategies that protect the full range of ecosystem
services, thus underpinning resilient estuarine ecosystems. Moreover,
putting in practice an ecosystem-based approach at the watershed scale
could aid in managing several pressures that act from beyond the limits
of the estuary (e.g., water extraction upstream), integrating upstream
and downstream management in the same instrument. However, Elliott
et al. (2025a) review showed that despite the known advantages of
ecosystem-based management, there are still challenges in integrating
the different components, such as stakeholder engagement, technology
and data, and communication and marketing.

Future directions could include pilot projects to test governance
systems using ecosystem service-based approaches that are adaptative,
participatory and deliberative. This could be similar to the Marine
Pioneer Project developed in the UK coastal and marine ecosystems,
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where a decision support tool was implemented based on natural capital
asset and risk assessment to understand the risk to ecosystem service
supply in relation to implementation of management decisions (Rees
etal., 2022). In this way, it would allow a flexible governance focused on
co-management decisions and collective discussion for sustainable
management of estuaries without impacting people that depend on
benefits from these systems (Beaumont and Glavovic, 2024). The
framework could be guided by the ten tenets of marine management
(Elliott et al., 2025b), which aim to achieve ecologically sustainable
goals while ensuring that other tenets are respected. The pilot study
would put this governance framework into action through a single
management programme applied to a unique estuarine system, at a
watershed scale. This programme would have higher authority than
adjacent instruments and be managed at a regional scale by a single
entity — including people with different expertise and interests in the
estuary, ideally with experience in developing legislation. GIS tools
would be used to facilitate the integration of ecological, social and
economic priorities, while promoting collaborative work among
administrative bodies and stakeholders. Such approaches not only
address current challenges but also provide scalable solutions for man-
aging estuaries as dynamic and interconnected systems. Moreover,
environmental monitoring would be used initially to understand the
ecosystem requirements and carrying capacity, and along the way to
understand if the management is effective in defining sustainable limits
for each activity (e.g., industrial discharges, aquaculture). Although this
programme would be based on an innovative approach, it would also
incorporate traditional principles, such as the precautionary principle or
polluter pays principle, to simplify and strengthen regional management.

4. Conclusions

Understanding how legislation and policies are implemented and
effectively enforced is crucial to understand their impact on ecosystems.
Historically, Portuguese estuaries have been absent from most planning
instruments, leading to insufficient data collection to support informa-
tive management (Daniell et al., 2020). Making decisions without in-
formation poses a risk, however, policies that overlook their actual
impact in estuaries is even more so. While recent initiatives, such as the
creation of special programmes for estuaries and their integration into
national strategies represent progress, persistent challenges hinder
comprehensive governance. These challenges stem from an estuaries’
overlapping jurisdictions of river catchment and coastal areas, leading
to fragmented governances, conflicting guidelines, and a lack of stand-
ardised protocols to ensure coordinated decision-making (Daniell et al.,
2020). These fundamental governance gaps result from: limited coor-
dination between maritime and land planning systems; challenges in
integrating and implementing the EU legislation into national frame-
works; fragmentation of administrative responsibilities across estuarine
regions. Therefore, studies similar to this one provide insight into the
challenges and propose ways to overcome them.

Given the complexity of these systems and the identified challenges,
several recommendations could improve estuarine governance, such as
enhancing the coordination between administrative bodies. For
example, in Portugal, the coordination between Maritime Spatial Plan-
ning and the National Programme for Spatial Planning would be a sig-
nificant improvement in managing coastal and estuary zones more
effectively. In addition, developing clear actionable guidelines for
integrating EU legislation, such as Water Framework Directive, into
regional and local contexts can provide a more consistent implementa-
tion. Moreover, fostering stakeholder engagement in governance ini-
tiatives, from the initial planning to the implementation and monitoring,
can lead to more inclusive decision-making and greater compliance.
Employing ecosystem service-based approaches can also be a way to
improve estuarine management. Ecosystem service-based approaches
inherently align with the main pillars of sustainability by supporting
ecosystem health (environmental pillar), enhancing human well-being
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(societal pillar) and promoting sustainable economic growth (eco-
nomic pillar).
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