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Abstract

Half of the world’s population currently lives in cities, leading to significant landscape transformations that affect freshwater
ecosystems. These changes include increased imperviousness and water runoff, frequent municipal and industrial discharges,
and the destruction of riparian corridors and floodplains, resulting in a consistent decline in biodiversity and ecosystem
services, and posing new challenges for both environmental and human health. In the last decades, we observed an increase
in water-related policies, echoing growing concern with water safety and freshwater ecosystems degradation. However,
existing policies frequently fail to provide practical or efficient results or are insufficient. The present manuscript aims to
highlight relevant international legislation and directives and to identify potential gaps that should be tackled to promote the
protection of urban river and stream ecosystems as well as human health in cities. Despite the existence of EU norms that can
protect the urban river and streams ecosystems in the European Union, such as the Water Framework Directive, the Habitats
Directive, the Environmental Liability Directive and the Nature Restoration Regulation, or different agendas at a global
level, the legislation is dispersed, subject to different interpretations and to conflicting interests in the city’s management.
Therefore, urban freshwater ecosystems would benefit from the establishment of specific legislation that supports the action
of municipal authorities, protecting their biodiversity and safeguarding adequate ecosystem functioning, the existence of
floodplains, natural margins, and riparian forests, to guarantee a safe environment and improved well-being for the
population of cities.
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Introduction

Urbanization is a relatively new phenomenon in human
history. Historically, populations lived in very low-density
rural settings. The global urban population surpassed the
rural population (Ritchie et al. 2024) around 2007, and by
2050, over two-thirds of the world’s population is expected
to live in cities (Ferreira et al. 2018). Rapid urban sprawl
has significantly increased the size of wurban areas
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worldwide, resulting in adverse environmental impacts such
as (1) urban heat island effect (Leal Filho et al. 2018), (2)
fragmentation of natural areas, leading to biodiversity loss
and invasive species spread (EEA 2017), and (3) soil, water,
and air contamination (Silva et al. 2021), which negatively
affect ecosystems and human health (Ferreira et al. 2018).

Urbanization alters the natural water cycle by changing
soil properties, increasing surface impermeability, and
relying on artificial drainage systems that accelerate runoff
into river channels (Kalantari et al. 2017). These changes
make river floods more frequent and costly, affecting mil-
lions annually. In the EU, river floods have caused average
annual damages of €9.4 billion between 2012 and 2022,
with projections reaching €23.5 billion by 2050 due to
climate change (EEA 2024a; Jongman et al. 2014). Urban
flooding also leads to increased erosion, sediment transport,
and ecological degradation, weakening the resilience of
river systems and turning urban streams into fragile eco-
systems. Urbanization also compromises water quality,
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leading to higher concentrations of pollutants such as heavy
metals (Hwang et al. 2016), persistent pollutants like PCBs
(Dias-Ferreira et al. 2016), nutrients (Yang and Lusk 2018),
pesticides (Yang et al. 2015), pharmaceuticals (Yang et al.
2015), and fecal coliforms (Orr et al. 2023). Key sources
include stormwater runoff (Yang and Lusk 2018), leaks in
sewage systems and inadequate wastewater treatment (Orr
et al. 2023), industrial discharges (Dias-Ferreira et al. 2016),
solid waste leaching (Li and Achal 2020), inadequate ferti-
lization and irrigation of gardens (Goonetilleke et al. 2005),
soil erosion (Guerra et al. 2017), and atmospheric deposition
(Payne et al. 2020). Urban running waters are physically
degraded by the loss of floodplains, wetlands, and riparian
vegetation, channelization, erosion, higher water tempera-
ture, and reduced baseflows (Ferreira et al. 2018). These
disturbances, collectively described as “Urban Stream Syn-
drome” (sensu Walsh et al. 2005), contribute to biodiversity
loss, community structure alteration, weakened ecosystem
functioning, and deterioration of the urban exposome (Serra
et al. 2019; Vineis 2020; Calapez et al. 2023).

Moreover, inadequate drinking water and poor sanitation
infrastructure can intensify public health risks. Globally,
~80% of wastewater is discharged untreated, and ~42% of
household wastewater is improperly managed (UN-Water
2023, 2018). This leads to the spread of bacterial, viral, and
mosquito-borne diseases (Capps et al. 2016). In Europe, up
to 90% of urban wastewater is collected and treated
according to the European Union (EU) Wastewater Treat-
ment Directive, but some Member States (MS) still fall
short, with less than half of their urban areas complying
with the standards (EEA 2023a).

The concept of exposome, defined as the totality of envir-
onmental exposures across an individual’s life and their biolo-
gical impacts (Miller and Jones 2014), emphasizes the growing
concern with the human health costs of the Anthropocene
(FCCC 2016; Vineis et al. 2020). Traditionally, environmental
epidemiology has focused on hard outcomes such as mortality
and hospitalization. However, subtler health issues, like
respiratory symptoms, asthma attacks, cardiac effects, inflam-
mation, susceptibility to infection, or increased medication use,
can also be linked to environmental exposures (Vineis et al.
2020). Correspondingly, policymakers are starting to realize that
addressing environmental degradation is a win-win strategy
(Jordan and Lenschow 2010), and it would also contribute to
preventing the negative effects of human exposure to pollutants
and pathogens. Conventional policy responses have been
mostly reactive, focused on short-term engineering solutions,
and tend to create new problems (Koop et al. 2022). This
approach fails to consider ecosystem quality and is inadequate to
meet the increasing demands of demographic, economic, and
climate pressures. For instance, extensive engineering works
carried out on the Mississippi River, including the construction
of levees and dams, to control its flow for navigation and flood
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prevention. These interventions, instead of solving the problem,
have led to increased flood risks, loss of wetlands, and altered
sediment deposition patterns, affecting the cities of Memphis,
Helena, Arkansas City, Vicksburg and Baton Rouge (Munoz
et al. 2018). This highlights the complex interplay between
human interventions and natural systems, as well as the pro-
blems that arise from traditional political decisions, which do not
take ecological knowledge into account.

On the other hand, urban freshwater ecosystems, namely
rivers and streams, if preserved, can significantly enhance
urban ecosystems and human well-being with diverse per-
sonal, social, economic, and environmental benefits (Scott
Shafer et al. 2013). They can provide (1) microclimate
regulation — mitigating the urban heat island effect (Leal
Filho et al. 2018), (2) flood regulation — reducing drainage
loads and flooding risks (Elmgqvist et al. 2015), (3) habitat
provision — supporting biodiversity and ecological con-
nectivity (Walsh et al. 2005), (4) pollution reduction —
through nutrient cycling and carbon sequestration (Lopez-
Pacheco et al. 2021) (5) health benefits — improving citi-
zen’s physical and mental health through contact with nat-
ure, including increased longevity (Serra & Feio 2024,
Takano 2002) (6) cultural services — such as recreational
spaces, property value enhancement, and opportunities for
education and community engagement (Bishop et al. 2004;
Feio et al. 2022). Thus, urban freshwaters contribute not
only to environmental integrity but also to a healthy urban
exposome (Petsch et al. 2023).

The economic value of ecosystem services provided by
freshwater systems has been estimated at $50 trillion annually
— over six times the $7.5 trillion in direct water use by
households, agriculture, and industry (Guinchard and DeWit
2023). Yet, these indirect values are often overlooked in
urban planning (IPBES 2022). Consequently, urban rivers
and streams continue to degrade due to poor governance and
underinvestment. Planning decisions are frequently made by
urban developers and planners, with little coordination
between local, regional, national, and community stake-
holders (Cortinovis and Geneletti 2018). It should also
involve NGOs, academic institutions, the private sector, and
the public community to ensure consistency and address
overlapping concerns. This fragmentation often leaves
unclear who is responsible for conserving urban rivers and
streams, confounding efforts to address overlapping and
competing interests. Urban freshwater ecosystems are com-
monly viewed as “lost ecosystems” or beyond restoration,
and to counter this, an integrated approach is necessary.

Methods

This study employs a multiscale policy analysis to examine
how legal frameworks protect river and stream ecosystems,
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covering city ecology, One Health, and water governance
across international, national, and community scales. The
integrative approach provides the methodological flexibility
to reconcile diverse disciplinary perspectives, enabling the
construction of a coherent analytical framework that eluci-
dates interactions among ecological processes, public health
dynamics, and governance structures. The methodology is
exploratory rather than exhaustive, aiming to identify major
gaps and opportunities for more inclusive, effective gov-
ernance while drawing a multi-level picture of the legal
landscape. The analysis proceeds in three stages: first, it
reviews International Frameworks protecting river ecosys-
tems, which apply to multiple countries, providing a global
framework for river ecosystem protection and their services
to people (including a good exposome). Second, it delves
into EU water policies, offering a more detailed perspective
within the EU context, and evaluating if the existing laws
can specifically guarantee the preservation of urban fresh-
water ecosystems. Finally, it focuses on policies empha-
sizing urban areas, specifically targeting the citizens’ right
to a safe environment. By starting at the global scale and
narrowing to urban-specific contexts, this approach allows
for the alignment of broader strategic goals with local
needs. The EU is chosen for in-depth examination because
of its influential and progressive environmental legislation,
which often serves as a model for other jurisdictions. Its
emphasis on public participation, transparency, and
accountability offers valuable insights into how to enhance
inclusivity and effectiveness in urban water governance.

Such cross-sectoral and multiscale investigation requires the
inclusion of heterogeneous sources —empirical research, case
studies, and policy analyses — that extend beyond the scope of
traditional systematic reviews (Cho 2022). This study uses an
integrative review methodology, with the bibliographic search
conducted in different legal and normative databases. We
selected specifically legal and normative frameworks that
directly or implicitly addressed the protection of urban fresh-
water ecosystems, while collectively representing all major legal
systems globally. To compile the most relevant international
laws, regulations, and treaties, a non-systematic bibliographic
search was conducted at the UN-Water publication center and
the International Law Association (ILA) publication center. To
compile EU policies that protect urban freshwater ecosystems or
citizens’ right to a safe environment, a non-systematic biblio-
graphic search was conducted at the EUR-Lex database — the
official journal of the EU.

This methodology enables a comprehensive evaluation
of how policies protect not only river ecosystems but also
preserve the health of all living beings in cities. This ana-
lysis is crucial for identifying gaps and formulating
recommendations aimed at enhancing the effectiveness and
inclusivity of these policies. To our best knowledge, this is
the first paper addressing this issue.

Results

Most relevant international policies protecting river
ecosystems

The stronger degradation of rivers started with the Industrial
Revolution, when they were needed for other uses beyond
the traditional uses, such as hydroelectric power, industries,
or to support agricultural production with irrigation (Salman
2007). Yet, it was not until 1966 that the Helsinki Rules
appeared, addressing the non-navigational use of interna-
tional rivers, which also included tributaries (like urban
streams) within the concept of the drainage basin (Della-
penna 2006; International Law Association 1966). The
Helsinki Rules had no formal standing or legally binding
effect per se; however, they led to the creation of the UN
Convention on the Law of Non-Navigational Uses of
International Watercourses (Bogdanovi¢ 2019), an inter-
national treaty adopted by the UN on May 21, 1997 (but
only entered into force on August 17, 2014) (UN 1997).
Focusing on the environment, the Convention includes a
detailed section entitled ‘Protection, Preservation and
Management’ of International Watercourses (UN 1997).
Also, by fostering transboundary cooperation and empha-
sizing environmental protection, it directly supports One
Health. It mitigates water-related disasters, reduces the risks
of transboundary pollution and related diseases to animals
that depend on shared water systems, and strengthens public
health through peace and stability.

In 2004, the revision of the Helsinki Rules set a new
paradigm of international water law that focuses on ecolo-
gical integrity, sustainability, public participation, and
minimization of environmental harm (Dellapenna 2006).
The Berlin Rules on Water Resources remain non-legally
binding, but they suggest expanded “laws” and “regula-
tions” for states to incorporate into their legislation and, as
stipulated in Article 12, suggest an obligation for each basin
state to manage the waters of an international drainage basin
equitably and reasonably (International Law Association
2004; Salman 2007). This piece of regulation integrates a
stronger connection with nature conservation and human
rights protection. Specifically, chapter IV highlights the
rights of people, and article 17 states that every person has a
right to access sufficient, safe, accessible, and affordable
water (International Law Association 2004), emphasizing
that the traditional fragmented approach was no longer
viable.

As a way forward for efficient, equitable, and sustainable
development and management of water resources and to
handle conflicting needs, the UN is promoting the Infe-
grated Water Resources Management (IWRM) approach.
Subsequently, in 2015, the IWRM principles were later
adopted as Target 6.5 under SDG 6 of the UN Agenda for
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2030, leading to their implementation in several countries
(Nagata et al. 2022). Rooted in the Dublin principles,
IWRM recognizes freshwater as a finite and vulnerable
resource, promotes participatory governance, and
acknowledges water’s economic value (Lautze et al. 2011).
It also specifically requires nations to address urban streams,
due to their important contributions to adapting to climate
change, mitigating disaster risks (e.g., floods and droughts),
and reducing health risks. Due to the nature of urban
streams, IWRM is relevant because it is based on flexibility
and adaptability (United Nations Environment Programme
2010). IWRM provides a holistic approach to managing
water resources, contributing to One Health by promoting
sustainability, reducing health risks, and improving eco-
system services.

Intending to halt and reverse biodiversity loss by 2030,
the Kunming-Montreal Global Biodiversity Framework
(GBF) is an outcome of the 2022 UN Biodiversity Con-
ference, succeeding the Strategic Plan for Biodiversity
2011-2020 (Hughes and Grumbine 2023). For the first
time, freshwater and their biodiversity were recognized as a
component of sustainable development and a distinct realm
in terms of setting targets and monitoring procedures
(Cooke et al. 2023). To ensure the availability and sus-
tainable management of freshwater for all, the framework
establishes a set of eight different targets. Targets 2 and 3
aim to restore and manage 30% of degraded inland water
ecosystems by 2030 to strengthen biodiversity and eco-
system functions (Hughes & Grumbine, 2023). For urban
streams, key goals include reducing extinction risks (Target
4), halving invasive species rates (Target 6), curbing pol-
lution from nutrients, pesticides, and plastics (Target 7), and
addressing climate impacts to build resilience (Target 8)
(Neubauer et al. 2021; Ricciardi & Rasmussen 1999;
Francis et al. 2019; Moorhouse & Macdonald 2015).

Given the importance of water, Sustainable Development
Goals (SDGs), adopted in 2015 as part of the UN Agenda
2030, embraced freshwater and urban stream protection.
Urban streams benefit and contribute to SDG-3 (health and
well-being) by reducing pollution impacts and supporting
physical and mental health; SDG-6 (clean water) through
improved water quality; and SDG-11 (sustainable cities) by
being central in sustainable urbanization planning and a
natural heritage that enhances environmental quality and
disaster resilience. They also benefit and support SDG-12
(responsible consumption) through sustainable resource and
waste management, SDG-13 (climate action) by mitigating
floods and heat waves, SDG-14 (life below water) through
their link to oceans, and SDG-15 (life on land) by restoring
connectivity and biodiversity hotspots (Alcamo 2019; UN
DESA 2025). Overall, the SDGs provide a global roadmap
aligned with One Health by fostering sustainability, eco-
system protection, and health equity. Finally, in recent
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decades, human rights organizations have also expanded
their perspective to recognize the critical role of a thriving
environment in the realization of a wide array of human
rights. This understanding was underscored by the UN
General Assembly’s declaration in October 2021, stating
that every individual has the right to a healthy environment.
This includes access to a safe, clean, healthy, and sustain-
able environment, which is fundamental for enjoying rights
such as life, health, food, water, and sanitation. Further-
more, protecting human rights ensures not only equitable
access to a clean and healthy environment but also
empowers individuals to participate in decisions affecting
their surroundings (Knox and Morgera 2022). Thus, the
UN’s 2018 Framework Principles on Human Rights and the
Environment provide detailed guidance for the practical
implementation of these obligations, reflecting ongoing
developments in understanding the relationship between
human rights and the environment (Knox and Morgera
2022).

European Union water policies protecting river
ecosystems

Water is also one of the priorities of the EU environmental
policy. EU directives have specified emission limit values
for water and set standards for monitoring and managing the
water quality of rivers and lakes (DG ENV 2014). Due to
serious ecological problems affecting Europe, the need to
apply Community legislation that integrates the ecological
quality of all water bodies arose in the Community water
policy ministerial seminar in Frankfurt, 1988 (European
Council 1991). By that moment, water legislation was
confined to waters used for drinking (Directive 75/440/
EEC), bathing (Directive 76/160/EEC), shellfish (Directive
79/923/EEC), fish life (Directive 78/659/EEC), water
abstracted for the distribution system (Directive 80/778/
EEC) and discharges of certain dangerous chemicals into
the aquatic environment (Directive 76/464/EEC) (Oelmann
2003). In Frankfurt ’88, the Community water policy min-
isterial seminar highlighted the need for the Water Frame-
work Directive (WFD) to be adopted by the MS (European
Council 1991; EU 2000). It was the first time that the
Community legislation covering ecological quality has been
discussed at a political level (European Commission 1988).
MS agreed on the need for common legislation to protect
surface water quality, covering ecosystem self-purification,
native biodiversity, sediment health, limits on hazardous
discharges, improved wastewater treatment, control of dif-
fuse pollution, and integrated water management (European
Commission 1988; Oelmann 2003).

In 2000, the WFD (Directive 2000/60/EC) took a pio-
neering approach to protecting water based on river basins
(EU 2000; Giakoumis and Voulvoulis 2018). The directive
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brought innovations, such as public participation, an inter-
disciplinary and holistic approach, and the assessment of
ecological status in addition to water quality, economic
equilibrium, and integrated management (Giakoumis and
Voulvoulis 2018). It connects all previous water-related EU
directives, and it applies to the whole body of water,
including urban streams. (DG ENV 2014). Its ecological
objectives were for all EU waters to achieve good ecolo-
gical and chemical status by 2015 (now targeting 2027) and
to prevent any further deterioration to protect human health,
water supply, natural ecosystems, and biodiversity (EU
2000). However, the target was not yet achieved, as only
37% of Europe’s surface water bodies (54,205 out of
146,500) achieved a good or high ecological status by the
end of 2021 (EEA 2024b; Giakoumis and Voulvoulis 2018;
WISE freshwater 2024). The directive’s limited success
stems from: ambitious ecological goals, set within chal-
lenging timelines and wide implementation flexibility
(Liefferink et al. 2011); misunderstandings of key princi-
ples, such as ecological status and the one-out-all-out rule,
inflated classification errors (Voulvoulis et al. 2017) and
made difficult the transition from traditional monitoring to
integrated water management (WWF & EEB 2004; Collins
et al. 2012); MS maintained traditional water management
practices and traditional decision-making, hindering multi-
sectoral governance and ignoring the complexity of the river
basin (Collins et al. 2012; Nielsen et al. 2013); and MS
weak commitment, sometimes due to economic pressures,
often relying on “easy” measures, focusing on improving
element classifications, rather than promoting the acquisi-
tion of the necessary knowledge for river basin management
(Voulvoulis et al. 2017). The Commission’s 4th WFD
report highlighted this gap, urging MS to base their Pro-
grams of Measures on robust assessments of pressures,
impacts, and water status (European Commission 2015).
Overall, the directive underestimated both the societal shift
required and the ecological timescales needed, as restoration
often spans decades (Josefsson 2012).

Urban streams are an essential component in achieving some
of WFD goals, namely flood and droughts mitigation, and they
will benefit from stricter controls on pollutant discharges (EU
2000). Water abstractions and impoundments also threaten
urban streams, and the WFD regulates them through records,
authorizations, and sanctions (EU 2000). Overall, as a way
forward to One Health, the directive ensures safe drinking,
bathing, and recreational water, reduces waterborne diseases,
protects food safety, mitigates climate-related health risks, and
promotes Equity in Health. These actions reinforce the holistic
principles of One Health, showcasing the importance of inte-
grated water management in achieving broader health and
environmental goals.

To create a bond between environmental policies and
economic development organizations, the Environmental

Liability Directive (Directive 2004/35/EC) entered into
force in 2007 (EU 2004). It states that natural resources and
ecosystem services are vital for a healthy economy and
society (EU 2004; Josefsson 2018). This EU-wide liability
regime for environmental damage is based on the ‘polluter-
pays’ principle and makes those who have caused envir-
onmental damage responsible for remediation (Wenneras
2005), providing a strong incentive for the adoption of
preventive measures and to avoid damage. The directive
defines environmental damage to water as damage that
significantly affects the environmental state of water
resources, as defined in the WFD, and creates risks to
human health or to protected species and natural habitats
that adversely affect conservation as defined in the Birds
Directive and Habitats Directive (EU 2004; Josefsson
2018). This type of damage is deeply connected with urban
streams, which already face an array of pollutants and
organic contamination that may be exacerbated in the next
few decades (United Nations Environment Programme
2010). The Environmental Liability Directive contributes to
One Health by preventing and addressing environmental
damage that directly or indirectly affects the health of
humans, animals and ecosystems. By protecting biodi-
versity, safeguarding water and soil resources, and
encouraging sustainable practices, the Environmental Lia-
bility Directive supports the integrated health of all living
systems.

Despite all efforts, chemical pollution of surface and
groundwater bodies continuously poses a threat to the
aquatic environment, with subsequently negative impacts
on human health (Alrumman et al. 2016). To address this,
the EU amended WFD, Environmental Quality Standards
Directive (Directive 2008/105/EC), and Priority Substances
Directive (Directive 2013/39/EU) to identify pollution
pathways and hidden pollution sources and implement
specific and effective control options (Forstner 2009).
Urban streams can be highly polluted (Alrumman et al.
2016; Mandaric et al. 2018), and these directives intend to
reinforce protection against long-term and short-term
exposure (Alrumman et al. 2016; Carere et al. 2015; Man-
daric et al. 2018). They establish maximum allowed con-
centrations for several pollutants and lay down
environmental quality standards (EQS). EQS are a binding
legal instrument that aims to prevent the environmental
impact of diffuse emission sources, such as road traffic and
agriculture (EU 2013), that contain a complex mixture of
biologically active compounds, such as nutrients or endo-
crine disruptors (Rice and Westerhoff 2017). Its focus on
preventing bioaccumulation, safeguarding biodiversity, and
promoting sustainable practices underscores its importance
for One Health. By tackling chemical pollution compre-
hensively, the directive contributes to creating healthier and
more resilient ecosystems that benefit all forms of life.
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The Birds and Habitats Directives are the cornerstones
of EU biodiversity policy. They provide a solid legislative
framework for all EU countries to protect the most valuable
and threatened biodiversity (EU 2015; Trouwborst 2011).
The directives establish a rigorous protection regime for
species listed inside and outside Natura 2000 sites (EU
2015) and their breeding or resting places (EU 2015). Urban
stream ecosystems can preserve some aforementioned spe-
cies, acting as refuges for city biodiversity (Gentili et al.
2024; Selwood and Zimmer 2020). Urban streams, com-
plemented by vegetation structure, are natural corridors with
the most substantial positive effects on cities’ biodiversity
(Beninde et al. 2015). Also, since 65% of Europeans live
within 5 km of a nature site, the Habitats and Birds Direc-
tives introduce a modern, flexible, and inclusive approach to
site conservation that recognizes that humans are an integral
part of nature and that everyone has a role to play, including
local authorities and communities (EU 2015; European
Commission 2024). Art. 6 of the Habitats Directive is
central to urban river ecosystems, requiring Member States
to maintain and restore habitats in a favorable conservation
status and avoid significant disturbance (EEA 2023b).
Article 10 complements this by promoting ecological
coherence of the Natura 2000 network through land-use
planning (EEA 2023a). These measures, alongside the Birds
Directive, indirectly safeguard nearby urban biodiversity,
particularly for area-sensitive and wide-ranging species that
will benefit from urban protected habitats (EU et al. 2016;
Moran-Lépez et al. 2020; Beninde et al. 2015). Together,
the Birds and Habitats directives advance One Health by
conserving biodiversity, protecting ecosystems, and pro-
moting sustainable practices. Which in turn supports eco-
system health, reduces disease risks, and enhances
resilience, global health and sustainability.

In addition to the WFD, the Birds and Habitats direc-
tives, the EU’s biodiversity strategy for 2030 has emerged
as a comprehensive, ambitious, and long-term plan to pro-
tect nature, reverse the degradation of ecosystems, and
improve the lives and prospects of everyone (European
Commission 2022; Hermoso et al. 2022). It pursues a long-
term vision based on three interdependent strategic axes:
improving the state of conservation of the natural heritage,
promoting recognition of its value, and encouraging the
appropriateness of natural values and biodiversity by
society (European Commission 2022; Hermoso et al. 2022).
The new Nature Restoration Regulation, the first compre-
hensive continent-wide law, is a crucial element of the EU
Biodiversity Strategy and the restoration of wetlands, rivers,
forests, grasslands, marine and urban ecosystems (European
Parliament & Council 2024; Penca and Tanasescu 2024). It
assumes that the species they host will help increase bio-
diversity, secure water and air purification, help pollinate
crops, and protect us from floods, limit global warming to
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1.5°C, build up Europe’s resilience and strategic autonomy,
and prevent natural disasters (European Parliament &
Council 2024). The restoration of urban ecosystems plays a
major role in achieving these objectives. Protecting and
restoring urban ecosystems is set out in Article 8, aiming for
no net loss of urban green spaces by 2030 and an increase in
the total area covered by urban green spaces by 2040 and
2050, increasing them to more than 45% and urban tree
cover to more than 10% (European Parliament & Council
2024; Penca and Tanasescu 2024). The Nature Restoration
Law is a significant step toward promoting One Health by
restoring ecosystems that will benefit animal health, human
health, and environmental sustainability. By focusing on
habitat restoration, biodiversity conservation, and ecosys-
tem services, the law helps create a healthier and more
resilient world for all species.

Policies focused on urban freshwater ecosystems

The Urban Wastewater Treatment Directive adopted in
1991 (Directive 91/271/CEE) and amended in 1998
(Directive 98/15/EC) was the first EU urban directive
addressing urban waters, aiming at collecting, treating and
discharging sewage from urban centers and industrial areas
(European Council 1991; Pistocchi et al. 2019). Although
not directly considering urban river and stream ecosystems,
the resulting emergence of secondary treatment plants and
more advanced treatments reduced pressure on these
watercourses; also, measures to limit the pollution of
receiving waters from stormwater overflows under extreme
situations had a direct impact on them (Barbosa et al. 2012).
This directive directly supports One Health by improving
water quality, reducing pollution, and protecting ecosys-
tems. These measures prevent disease transmission,
enhance biodiversity, and ensure sustainable use of water
resources.

Also, the Floods Directive adopted in 2007 (Directive
2007/60/EC) arose to establish a framework for the
assessment and management of flood risks to reduce the
negative consequences of flooding on human health, eco-
nomic activities, the environment and cultural heritage in
the EU (EU 2007; Nones 2015). The directive requests MS
to be concerned about negative impacts on human health
and the environment and to consider relevant ecological
aspects in flood risk management plans, such as natural
floodplains, soil and water management, spatial planning,
land use and nature conservation (EU 2007). Consequently,
flood risk management is an integral part of river basin
management, and the Floods Directive needs to be closely
coordinated with the WFD, coordinating flood risk man-
agement and river basin management to achieve positive
synergies (Carvalho et al. 2019). Accordingly, the Urban
Agenda for the EU (i.e., Pact of Amsterdam, 2016)
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Benefits for One Health

Benefits for Urban rivers and streams

Innovation

Year

Table 1 (continued)
Legal instrument

@ Springer

* Include nature-based solutions » Mitigate climate-related health risks

2007 * A more sectoral policy

Floods Directive

* Rise importance for natural floodplains

* Risk management plans comprise

climate change

* A safer environment for wild species and * Promote prevention and a quick response to

* ‘Polluter-pays’ principle

Environmental Liability Directive 2007

environmental hazards, reducing the duration and

extent of human exposure

humans

¢ The establishment of restoration duties

* Remediate the environmental impact of ¢ Reduces exposures to hazardous substances and

diffuse pollution

e New maximum allowed concentrations

for 33 pollutants

2013

Priority Substances Directive

tackles emerging pollutants

* Long-term reduction of chronic health risks

* Maintain and expand urban green areas ¢ Reduction of heat stress and climate-related

* Recovery of biodiverse and resilient

nature

2024

Nature Restoration Law

illness

* Increase connectivity of surface waters

* Enhance mental health and well-being

* Climate mitigation and adaptation

recognizes the growing number of urban challenges for
local nature and calls for more sustainable land use and
greater practice of Nature-based solutions (Field and Bakker
2021). By integrating environmental protection with dis-
aster preparedness and management, the directive supports
the One Health approach, especially through mitigating
climate-related health risks and reducing the impacts of
floods on water quality, habitats and food sources.

An overview of international and European regulations
that can potentially safeguard urban rivers and streams and
the contributions they make to their preservation is sum-
marized in Table 1.

Discussion

This review presented a set of important legal milestones
that lead to legal protection of urban streams and rivers
(Fig. 1). These are related to the management of freshwater
resources at river basin level, mitigation of the effects of
floods and droughts, reduction of discharges, emissions and
losses of priority hazardous substances, as well as the pre-
vention and remediation of the environmental impact of
diffuse sources of emissions, the need for sustainable cities,
and the growing attention to good health and well-being in
cities and restoration. However, despite apparent legal
strengths, several gaps and implementation challenges hin-
der the effective protection of urban freshwater ecosystems.

Gaps in current legislation

Legislative measures often apply broadly to all water bodies
and lack explicit norms on urban river and stream ecosys-
tems, their biodiversity, functions and services. Small
waterbodies such as urban streams are frequently excluded
from enforcement priorities due to limited resources and
competing urban development interests, leaving them
highly vulnerable to stormwater pollution, carrying nutri-
ents, sediments, and contaminants from impervious sur-
faces. This gap is critical due to their specific urban
contexts, namely their location in densely populated and
constructed areas in Europe, and to the unique pressures
they face (e.g., impervious surfaces, urban runoff, channe-
lization) that may not be fully addressed by general mea-
sures. Moreover, the absence of clear regulation opens
space for the absence of actions to protect and improve the
ecosystems or unclear responsibilities. In many cities, urban
streams have been heavily altered by engineering works
(reservoirs, dams, channelization, diversion canals, water
intakes), leading to water quality decline and ecosystem
degradation (Zaharia et al. 2016). Yet, no protection or
restoration measures have been put in place so far (World
Bank 2021). In the Danube-Black Sea basins, the weak
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Fig. 1 Legislation capable of protecting urban river and stream ecosystems. Matrix heat map, illustrating the core protection objectives of different

directives and regulations and the overlaps and gaps among them

WFD implementation allowed untreated discharges that
polluted both local and international waters (Gavrilescu
et al. 2020). Currently, despite improvements, compliance
gaps remain, particularly in stormwater management and
industrial discharges (European Commission 2019).
Delayed enforcement and underinvestment in infrastructure
can cause long-term ecological damage, with municipal-
level weaknesses undermining EU water policy goals. The
implementation of EU water-related directives varies sig-
nificantly between MS and even within regions.

Emerging pressures

Emerging pollutants — such as microplastics, pharmaceuticals,
and personal care residues — are prevalent in urban environ-
ments but remain insufficiently addressed in legislation, with
comprehensive measures only recently introduced. The 2020
WEFD Fitness Check called for stronger action on chemical

pollution (European Commission 2020), leading to updates of
the watch lists in 2022 and 2025 to include new pharmaceu-
ticals, PFAS, pesticides, and sunscreen ingredients, among other
pollutants (European Commission 2025). To tackle emerging
pollutants, the WFD should establish tighter monitoring obli-
gations and regularly updated watchlists. Effective manage-
ment, however, requires greater coordination with
complementary initiatives, notably the Zero Pollution Action
Plan and Chemicals Strategy for Sustainability, both under the
European Green Deal, Plastics Strategy and the Pharmaceu-
tical Strategy to enhance prevention, monitoring, and remedia-
tion of pollution. This coordination could reinforce their action,
which is currently hampered by delayed regulation, uneven
implementation, and continued exports of EU-prohibited che-
micals (European Parliament Research Service 2025).
Another emerging pressure that is not well addressed is
climate change, which disproportionately affects urban
running waters by climate-driven events such as extreme

@ Springer
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rainfall, droughts, and heatwaves. These pressures, com-
bined with increasing urbanization, exacerbate ecosystem
vulnerability and create gaps in resilience planning. Eastern
and southern Europe, particularly the Mediterranean and
Baltic regions, are facing severe drought and precipitation
deficits, with similar conditions now emerging in north-
western Europe, where Rhine River levels have recently
reached a critical stage for navigation (European Commis-
sion 2025). These water shortages are reducing river dis-
charge and reservoir levels, intensifying environmental
stress, restricting municipal water use, lowering hydro-
power output, and increasing disaster risks such as wild-
fires, floods, and settlement pressures (Joint Research
Centre 2022). The 2024 UN World Cities Report perceived
that exposure of cities to climate hazards has grown dis-
proportionally faster than exposure of people living in rural
areas (UN-Habitat 2024). For instance, half of the areas
prone to riverine flood events are based in cities, hosting 1
billion people (UN-Habitat 2024). It is necessary to go
beyond exposure measurement to determine vulnerability
through detailed, localized assessments, and future strate-
gies to reduce vulnerability must place cities at the center of
climate action.

The Water Framework Directive (WFD) and urban
ecosystems

Analyzing WFD, the main European water legislation,
reveals multiple gaps in urban stream ecosystems con-
servation, regarding ecological flows, hydro-morphological
modifications, exemptions, economic analysis, climate
change, and public participation (Boeuf et al 2016; Maia
2017; Nones 2016). The influence of ecological flow on
water bodies’ status is not clear. Urban rivers and streams,
often subject to strong flow variations, struggle to reach
reference ecological conditions. Many were artificialized
(e.g., channelized, culverted) for example for flood protec-
tion or urban development, and are thus classified as
Heavily Modified Water Bodies (HMWBs). It is thus
assumed that these water bodies cannot achieve “good
ecological status” (but instead only a Good Ecological
Potential, GEP) due to strong physical alterations made for
human use, and that reversing those changes would have a
significant adverse impact on societal benefits. The concept
of GEP provides some flexibility, but achieving meaningful
ecological improvement often remains a low priority in
urban areas. The WFD allows exemptions where achieving
good status is technically unfeasible, disproportionately
costly, or requires more time (EU 2000), but does not
provide sufficient guidance, causing inconsistent applica-
tion across MS. These exemptions, widely applied to
HMWRBs, have enabled less stringent objectives, temporary
deterioration, and new modifications (EU 2000), which is

@ Springer

the case of many urban streams. By 2012, this approach was
common: in Sweden, over 90% of water bodies were not
expected to achieve ‘good ecological status’; in Spain,
heavily modified basins like Guadalquivir, Segura, and
Ebro also do not aim to comply with the standards; and in
France, the heavily modified Seine-Normandy and Rhone
basins faced the same outcome (Aragdo and Makoviak
2024; European Commission 2012).

The economic analysis under the WFD, while con-
ceptually robust, is flexible and inconsistently defined,
resulting in varied implementation approaches. The con-
sequent WFD reports highlighted the lack of transparency
in the development of water pricing policies and the fact
that very few MS were able to implement a transparent
recovery of environmental and resource costs (European
Commission 2012, 2015). Public participation, crucial for
urban streams given their proximity to populations, remains
limited. Reports show insufficient stakeholder involvement
and minimal citizen input into innovative measures (Eur-
opean Commission 2012, 2015). Finally, climate change
presents an additional challenge. The WFD does not
explicitly account for its risks yet. Urban streams are highly
vulnerable to increasing water demand, reduced water
availability, extreme events, declining water quality and
biodiversity loss.

Pathways for improvement

The protection of urban freshwater ecosystems would
benefit from legislation specifically aimed at safeguarding
urban biodiversity and ecosystem services of green and blue
areas (rivers and streams and their riparian zones). Cur-
rently, urban rivers and streams are overlooked in River
Basin Management Plans. Developing targeted plans for
urban streams, supported by robust monitoring programs,
would provide better ecological assessments and ensure that
restoration efforts are not marginalized. Integrating the
restoration of urban freshwaters into climate adaptation
strategies and expanding nature-based solutions (e.g., rain
gardens, permeable pavements, riparian buffers) would
reduce runoff, improve water quality, mitigate urban heat
islands, and lower flood risks, producing direct health
benefits (e.g., improved immune system, less risks of zoo-
notic diseases or reduced exposure to stressors like noise
and heat) for urban populations. Stronger regulations of
emerging pollutants would decrease exposure contaminants
that threaten food and water safety and reduce waterborne
diseases incidence. Establishing fully protected urban
catchments could prevent the disappearance of critical
habitats and preserve biodiversity hotspots within cities.
Promoting community engagement would increase the
success of implementation and its long-term sustainability.
Finally, increasing research funding would enhance both the
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quantity and quality of adequate solutions and raise
awareness of future problems. New legislation should also
specifically consider the advantages of the urban river and
stream ecosystems for human health in terms of prevention
and mitigation of public health issues. Indeed, recent studies
indicate the value of urban streams in terms of preservation
of terrestrial and aquatic species and as providers of
numerous ecosystem services, including those relevant to
human health and wellbeing (e.g., Calapez et al. 2023;
Campos et al. 2024; Ranta et al. 2021; Serra and Feio 2024).

Conclusion

The current alignment of several global actions, including the
Kunming-Montreal GBF, the Sharm el-Sheikh Implementation
Plan of the UN Framework Convention for Climate Change
(UNFCCC), the UN Water Conference Water Action Agenda
and, more specifically, the Water Conference Freshwater
Challenge provides an unprecedented global platform for sus-
tainable action. To capitalize on this momentum, policymakers,
developers, and city investors must recognize urban rivers and
streams as essential assets for climate adaptation, biodiversity
conservation, and public health. The 2025 SDG progress chart
showed that water-related ecosystem recovery is still far from
target. Achieving the 2030 Agenda goals will require decisive
political will and the full mobilization of available technologies,
resources, and governance mechanisms.

Several policy and management priorities stand out. First,
city water governance needs legislative reform: urban rivers and
streams should be explicitly addressed within the Water Fra-
mework Directive and other EU water laws, reducing the over-
reliance on exemptions for heavily modified water bodies.
Second, targeted monitoring and enforcement are essential.
Stronger stormwater management, pollution controls, and con-
taminant monitoring will ensure that urban freshwater ecosys-
tems are not neglected in basin-scale planning. Third, restoration
must be integrated into urban planning. Climate adaptation
strategies and development plans should incorporate nature-
based solutions that deliver both ecological, social and health
benefits. Fourth, community engagement should be expanded.
Broader participation will increase public trust, strengthen local
ownership, and improve the long-term sustainability of mea-
sures. Finally, investment and innovation are crucial. Adequate
funding for infrastructure, research, and restoration is needed to
close implementation gaps and foster innovation in pollution
prevention, resilience, and ecosystem recovery.

As Antonio Guterres, the general secretariat of the UN,
cautioned, “Unless we act now, the 2030 Agenda will become
an epitaph for a world that might have been”. Protecting and
restoring urban rivers and streams is not only a matter of eco-
logical sustainability but also of social equity and resilience.
Clearer regulation, stronger enforcement, and integrated

planning can unlock the full potential of these ecosystems to
promote greener, healthier, and more climate-resilient cities.

Data availability

No datasets were generated or analysed during the current
study.
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