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Abstract: Human welfare depends on the health of nature. Decades of ill-conceived management
practices caused a decline in the quality of human life, as well as in biological and cultural diversity.
Simultaneously, they increased social and ecological risks. For instance, mismanagement of urban
rivers jeopardizes their ecological health and ability to provide ecosystem services. While demands
for responsible urban riverscape design that fulfill both human and ecosystem needs are increasing,
explicit recommendations to achieve these ambitious goals are still lacking. We present a first attempt
of a conceptualization of Human-River Encounter Sites for urban rivers that targets reconciliation
between humans and nature within urban river corridors. It builds upon the River Culture Concept
with literature reviews and experiences from river restoration projects. We identify six tenets that
are important to develop guidelines for Human—River Encounter Sites: health, safety, functionality,
accessibility, collaboration, and awareness. This paper presents how these tenets can collectively help
to harmonize the needs of citizens and biota, and to mitigate the current urban river crisis. This con-
tribution feeds the debate on sustainable socio-ecological management of urban rivers and provides
guidelines for the implementation of future urban river restorations and management efforts.

Keywords: urban river; socio-ecological system; river culture; human-river relationship; river restora-
tion

1. Introduction

Rivers are mirrors of societies [1]. Riverscapes deliver to people a broad range of
ecosystem services (ES) [2,3] including freshwater, building material, and food. They also
regulate our environment through, for example, air and water purification, and climate
and flood regulation. Cultural services, such as recreational, spiritual, educational, and
therapeutic activities, are also diverse [4]. In acknowledging their significance, the role
and exploitation of these contributions of rivers to human development and well-being are
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increasingly taken into account in political agendas across the world, including decision-
making processes and planning strategies [2,5]. Historically, the management of riverscapes
greatly emphasized resource exploitation. This has led to increasing environmental stres-
sors and a decreasing resilience in riverine ecosystems thereby jeopardizing their life
support functions [4]. As a result, many rivers are in a critical state worldwide while their
ecosystem services are altered [6]. In this sense, it may be stated that rivers and humans
have intertwined destinies. Thus, a global study on freshwater management showed
that human water security and river biodiversity have been both negatively impacted
over the last decades by the stressors responsible for eco-hydrological and morphological
alterations [5].

Worldwide urbanization has greatly accelerated this process. Thus, urban rivers,
namely river sections crossing large cities [7], have experienced pressures which in some
parts of the world have increased in frequency and magnitude [8]. Over half of the world’s
population already lives within three kilometers from a surface water body [9]. In 2018,
55% of the world’s population lived in urban areas, and by 2050, this will increase to
68% [10], especially in the Global South. Urbanization has already led to the dramatic loss
and degradation of natural areas. In many instances, entire ecosystems or major habitats
have been severely encroached on or even completely converted into built-up or artificial
urban land [11,12]. Effects of urbanization on freshwater systems have been explained as
an “urban stream syndrome”, where urbanization results in, among other negative impacts,
flashier stream and river hydrographs, elevated concentrations of nutrients and other
pollutants, and reduced biotic richness [13]. More recently, the urban stream syndrome has
been expanded to an urban hydro-system syndrome [8] that encompasses both the ecologi-
cal challenges of the river—floodplain system and the complex social and administrative
conflicts of interests that accompany any attempt to mitigate them.

Urban rivers are socio-ecological systems [14,15] since human cultures are inextricably
linked to the ecological states of rivers [4], and river degradations cause loss of ecosys-
tem services [4]. Centuries of urban planning traditionally focused on exploiting river
ecosystem services, and fighting against flood risks neglected other socio-ecological inter-
actions [16]. There is a large variety of socio-ecological interactions between humans and
rivers throughout human history; however, observations made in many places allow us to
make some generalizations. In ancient times, river-system planning was a basis for build-
ing a city. With rapid population growth and increasing hydro-morphological changes, in
the 20th century, urban rivers were in many parts of the world, as in Europe, North and
South America, and also in China, only perceived as hazardous and unpleasant and often
associated with disease and flooding, and any remaining natural flood terraces, riparian
zones, and wetlands were considered unsafe and became abandoned wastelands [17].
Consequently, in many European cities for example, rivers were buried or diverted to
avoid risks, but these measures also removed most traces of cultural relationships between
the city and the river. Massive water pollution, which began with industrialization and
intensive economic growth in the Global North, and is now also pervasive in the Global
South has had (and continues to have) high social, economic, and environmental costs [18].
In 2017, over 80% of all wastewater worldwide was still returned to the environment
without being treated, and most forms of pollution are projected to rise in all regions of
the world, which puts human health at risk [18] and further triggers negative human
perceptions of rivers as dirty, unattractive environments, and sources of foul odors and
diseases [8]. In China, precise definitions and standards are given to the term “urban
black-odorous water bodies”, which exist widely in rivers and lakes [19]. Finally, public
awareness, including public knowledge and understanding of riverine ecosystems, and
knowledge of wildlife have been gradually lost.

Increasingly, the recognition of this loss has led societies to acknowledge that essential
ecosystem services, notably freshwater provisioning, and amenities strongly depend on
river health and resilience. This in turn makes it necessary to adapt ecosystem management
accordingly. Against this backdrop, ecosystem restoration has been gaining ground as
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an appropriate solution for improving the chemical, biological, and hydro-morphological
quality of degraded water bodies [20]. In some parts of the world, supportive policies
have also evolved that have encouraged river restoration and provided essential regulatory
support, such as the Water Framework Directive in the European Union [21]. Unfortunately,
while the restoration of urban rivers is urgently needed, the implementation of restoration
measures in urban areas is significantly constrained by the physical lack of suitable space
and the oftentimes poor condition of natural ecosystem attributes and dynamics [22]. These
“domesticated” ecosystems [23] might appear so disturbed that full recovery of historically
good ecological quality is impossible. For instance, European urban rivers are often classed
as Heavily Modified or Artificial Water Bodies that are so substantially changed in character
that it is assumed that they cannot meet a “good ecological status” [21]. It must be noted
that river restoration projects in urban contexts usually include additional objectives, such
as creating recreational and leisure environments [7,24].

Against this background, the main purpose of this paper is to contribute to a new
agenda for decision-makers and specialists toward restoring a healthy relationship between
rivers and urban inhabitants. Specifically, it aims to develop a comprehensive approach
to conserve nature in urban corridors, which in cities are among the last urban areas
that include natural habitats and tracts of unbuilt land. It takes the approach that the
conservation of “ordinary nature” necessitates an ecology of reconciliation and, hence, the
involvement of local communities [25]. Moving a step further, it acknowledges that taking
ordinary nature into account draws into the fundamental man/nature relationship [26].

To achieve such objectives, this paper advocates to create occasions and space for
humans in cities to experience riverine ecosystems so humans can develop positive feelings
for these ecosystems and, at the same time, to improve the ecology and functionality of
urban rivers. Our suggestion is the creation of Human-River Encounter Sites (HRES) based
on a multi-disciplinary approach that embraces the contributions of both life sciences and
social sciences. HRES are meant to be an operational model to re-establish a relationship
that reconciles human activities with ecological dynamics. The principle of HRES is
produced by a multidisciplinary team of researchers, and the proposed model of Human-—
River Encounter Sites is generic. It sets a framework for the world’s rivers and is flexible so
that it can be adapted to local contexts.

This paper has three main objectives: (i) to present the conceptual rationale for HRES,
(ii) to provide practical recommendations on how to use these principles as a guide for the
establishment of such sites, and (iii) to inspire more socio-ecological river restorations and
management in urban contexts to better reconciliate humans and nature.

The model was developed by integrating existing socio-ecological approaches, ex-
amples from urban restoration projects in different parts of the world, and a review of
elements contributing human well-being and riverine ecosystem integrity. This publication
is, however, not a systematic literature review.

2. A Conceptual Basis for Urban Human-River Encounter Sites (HRES)

The principle of HRES is built on the central themes of the River Culture Concept [4],
as well as on long-term knowledge and case study site observations (Figure 1), including
knowledge from the literature. It differs from the concepts of waterfront and riverside since
it applies the socio-ecological concept and does not give priority to human development.
Strongly based on scientific observation and following the socio-ecological approach [27,28],
the concept of “River Culture” [4] is based on the principles that river biological and cultural
diversity are affected by the same driving forces and consequently, the welfare of human
beings is intimately linked to the ecological quality of their environment. “River Culture”
describes sustainable management of riverscapes based on the combination of learning
from natural adaptive mechanisms and human use practices that respect the maintenance
of ecosystem functions. It also considers the improved valuation of the river by (re-)
establishing emotional or spiritual linkages. It recognizes that protecting and restoring
biological diversity and ecosystem function in river—floodplain systems is likely to improve
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the cultural diversity linked to the river. Urban rivers (or sections of them) are HRES when
they ensure the realization of co-benefits for people and nature and the coexistence of
biological and cultural diversity. As the definition of a HRES is generic, it has the potential
for being applied across the entire spectrum of river and society types, without limitations
due to governance and management systems or hydro-morphological settings.

The conceptual basis of HRES is founded on six main tenets: health, safety, functional-
ity, accessibility, collaboration, and awareness (Figure 2). These tenets should be seen as a
preliminary set and should stimulate discussion at the levels of scientific research and prac-
tical implementation. For each tenet, we provide a description below in terms of its central
importance in the context of HRES, an integrative review of its conceptual underpinnings
in the natural and social sciences, selected applied examples, and recommendations for its
implementation in attempt to establish HRES.

» Case study sites . | o
N (. | .
{& 1000 km R ¢ .
\ / I I ‘-.7'-.:_"‘ = ;

Figure 1. Cases supporting the definition of Human-River Encounter Sites.
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Figure 2. Tenets for the implementation of urban Human-River Encounter Sites.

2.1. Tenet 1—Health: Provide a Healthy Environment for All Living Beings

Any HRES should be able to provide a healthy environment for all living beings as
a primary goal. In the preamble of the constitution of the World Health Organization
(WHO) (1946), human health is defined as “a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity”. Social scientists have since
suggested to more explicitly include psychosocial well-being and a spiritual dimension
of health [29]. In our article, the welfare of human beings and the quality of life of other
beings (animals and plants), and the ecosystems which underpin them, are considered
as non-dissociable. This is consistent with the view of an increasing number of scholars
that nature, e.g., biodiversity, ecosystem services, and humans, e.g., human health and
well-being, are all interdependent, e.g., [30-32]. The link between healthy wetlands and
the well-being of neighboring human communities is emphasized, for example, in a joint
report by Ramsar Convention on Wetlands and the WHO [33].

Defining river health is more complex than defining human health, since not only one
type of organism with its specific needs is involved, but a whole ecosystem comprising
abiotic parameters, ecological processes, multiple organisms, and a network of complex
interactions. Since the 1990s, approaches to evaluate river health have taken into account
physical, chemical, and biological aspects e.g., [34]. For instance, Karr [35] defined an
environment as healthy when the supply of goods and services required by both human
and non-human residents is sustained. From this point of view, river health is arguably
especially impacted and further at risk in urbanized areas. The survival of many plant and
animal species is at stake in urban environments after decades, if not centuries, of river
channel modification, water abstraction, pollution, and increased impervious surface area,
all of which have already contributed to biodiversity declines e.g., [8,36]. Especially, in
the Global South but also in many cases in the Global North, rivers are unhealthy due to
water pollution as a result of fast urban growth and insufficient sewage and solid waste
treatment [8]. In this regard, a variety of environmentally sustainable municipal wastewater
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treatment measures should be considered to help maintain the health of the river in urban
areas, such as the microalgal-bacterial granular sludge process [37,38]. Furthermore, by
regulating the temperature, this process helps in the improvement of wastewater quality by
reducing the maximum amount of chemical oxygen demand and phosphorus in the water.

Morphological and flow restoration examples aimed at improving river health are
numerous [7], but even if physical habitats are fitting to species needs, the chemical quality
of the water bodies is often insufficient [36], especially in the Global South [8]. In the
European Union, water quality has generally improved, due to the implementation of the
Water Framework Directive (WFD) [39], but at a high cost [18]. Furthermore, even after
20 years of implementation of this directive, 60% of European water bodies have not yet
achieved good ecological status, and 56% are under pressure from point source or diffuse
pollution [40]. Furthermore, while the hydro-morphological status of European rivers has
improved slightly since 2000, this remains the second most important pressure (40%) on
water bodies [40] after chemical pollution. Finally, other pressures that are less-studied
impact fauna and flora. For instance, impact of light in cities has a strongly negative impact
on biota, especially on the emergence of aquatic insects. Nocturnal birds can be disturbed
or killed by nocturnal illumination, but this factor has not been sufficiently considered at
present [41].

The linkage between human health and environmental quality of urban ecosystems
has been increasingly investigated over the last few years [42]. Despite the extreme
adaptability of human beings to different environments, there are clearly identified factors
that have negative (e.g., noise, dust, and heat) or positive (e.g., green space, aesthetics, and
recreation) influence on physical and psychological human health in urban environments.
People in urban areas are particularly exposed to so-called “civilization diseases” [43] or
are increasingly exposed to “environmental” and other non-communicable diseases [44].
Recent studies examine the potential mechanisms behind the physical and mental health
benefits gained from natural surroundings and green spaces in urban contexts [45,46].
The “therapeutic landscapes” approach [47] uses the benefits of natural surroundings for
physical, mental, or spiritual healing [48]. Overall, natural sceneries that are often perceived
as more complex than man-made environments induce a “soft” fascination to many people,
refocus effortless attention, and promote psychological restoration [42]. Emerging stressors
for human health can also be mitigated by incorporating more space for nature in cities.
As one example, public space with intensive greening and tree cover plays an important
role by cooling the city climate [49]. Several studies more specifically investigate “blue
space” as a new color in therapeutic landscapes [50], since views and sounds of water
reduce stress [50] and are relaxing [51]. Still water has been found to be associated with the
feeling of peace, and moving water with enthusiasm, energy, and excitement [52]. However,
apart from such beneficial effects, urban riverine habitats may also have negative impacts
on human health. Polluted waters carry the risk of direct poisoning through contact or
consumption, or eutrophication may introduce collateral, negative effects of waterborne
diseases [53,54]. Additionally, poorly restored riparian habitats are often rapidly invaded
by plants possessing toxic or allergenic properties, e.g., Ambrosia.

In the context of HRES, hydro-morphological restoration that allows more natural
processes to occur and enables views of and contact with the water is recommended to
reduce stressors for humans and improve ecosystem health. However, before establishing
a HRES safe for human recreational use, the quality characteristics necessary to secure
human and environmental health, including water quality, natural flow patterns, and
hydrological connectivity between floodplain water bodies and the mainstream of the river,
should be provided.

2.2. Tenet 2—Safety: Secure Human Settlements and Conserve Biodiversity

The creation of HRES in cities includes the apparently paradoxical task of reconciling
the intrinsically dynamic nature of rivers with the human demand for stability (e.g., in
water supply) and protection from floods. A HRES should allow for flooding processes
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to occur as naturally as feasible within a certain scale and alleviate existing flooding risk
for the inhabitants. We define flood safety as securing human settlements in a responsible
way that makes the best possible use of the potential of nature without inhibiting the
magnitude and pattern of high flow events which are known to support essential ecosystem
functions and services [4]. A key challenge when working on city—water interfaces is to
combine ecological dynamics, urban hydraulics, and waterscape scenery in a coherent
manner [55,56].

Riparian zones are naturally subject to flooding as a result of seasonal hydrological
patterns. The natural flow regime [57] maintains habitat dynamics, the biodiversity of
riverbanks, floodplains and estuaries, as well as ecosystem functions, such as sediment
transport and nutrient assimilation [58]. In river—floodplain systems, cyclical disturbance
and vegetation successions result in a shifting mosaic of diverse habitats. Moreover, the
timing of a flood (as well as a low flow event) is important for the lifecycles of many
aquatic and floodplain organisms. Traditional engineering methods for the mitigation of
flood risk and prevention of flooding alter these spatio-temporal dynamics, resulting in
biodiversity decline, disruption of ecosystem functions, modification of riparian community
composition from wetland to terrestrial species [59], and increased dominance of non-native
species over native species [60].

Most cities located on or near rivers are subject to flood risk, especially in instances
where it was believed that built infrastructure, notably dikes (levees) and flood control
dams, could control flooding (e.g., as in the 1950s to 1990s in much of Europe). Recent
climate change events, however, show that many cities are in underestimated flood risk
zones [61], such as the city of Mumbai [62], and increasingly, reinsurance companies
decline to insure buildings in high risk areas [63]. The study of long-term hydrology,
hydrodynamics, and the inclusion of the potential effects of climate change to address
hydrological stochasticity have become the baseline of many urban river development
projects. In the past, hydraulic and hydrodynamic modelling were limited, and urban de-
velopment practices tended to be largely reliant on grey infrastructure to prevent flooding.
This led to the disproportionate use of hard engineering options, such as tall dikes and
complete deforestation of riparian floodplains upstream of and within cities. Recent two
and three dimensional approaches allow more realistic assessments of flood risk, including
the influence of vegetation and sediment dynamics on flow patterns [64], and resilience in
flood-prone areas [65]. These approaches have increasingly enabled the reintroduction of
dynamic riverine landscapes in the urban spaces, including uninformed configurations of
green infrastructures which are also labeled “nature-based solutions” (NBS) e.g., [66,67].

A number of good examples of NBS exist [68]. In the past years, flood expansion areas
have become a part of strategies for resilient urban planning [69,70]. Going beyond hard
engineering flood protection, these strategies place emphasis on diversified risk manage-
ment with the transition from a “vertical” strategy (dike) to a more “horizontal” approach
(e.g., near-natural wetland for flood detention) that makes space for the river in the city [71].
For instance, the new submersible neighborhood on the former Matra industrial site along
the Sauldre at Romorantin-Lanthenay (France) was created to contain the floods. In par-
ticular, an increase of mitigation projects that have already proved themselves as robust,
resilient, sustainable, and cost-effective solutions have been documented [72]. They include
parks with temporarily flooded pastures, wet meadows, or recreational zones, e.g., [73].
In addition to flood risk mitigation, river restoration projects may boost natural habitats
and high quality biodiversity. In the case of the re-established meander loop of Norfolk
River Wensum (England), for instance, 31 aquatic plant species, and target fish species,
such as bullhead and brown trout, were observed within one year after restoration [74].
On the contrary, “grey solutions”, such as the gigantic tanks built to protect Rio de Janeiro,
Brazil, from floods during the 2016 Olympic Games [75], have shown limited success in
flood mitigation, while yielding no benefits for or even negative effects on biodiversity. Op-
tions such as the re-vegetation of previously wholly impervious surfaces, the construction
of rain gardens around stormwater drains, the strategic restoration and construction of
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wetlands to increase overall infiltration capacity, and the use of natural wetland areas to
temporarily store excess water during rains and floods are increasingly being considered
by planners [76]. One example is the Green Roof Initiative in Rotterdam, Netherlands [77].
However, large-scale implementation of NBS is rare. One example is the Sponge City
Program in China composed of 30 pilot cities, including Wuhan, Beijing, Tianjin, and
Shanghai [78,79]. The number of sponge cities was increased to more than 370 in 2020.
Three main approaches were applied: water filtration, infiltration and collection, and stor-
age or use [80]. Results for the city of Fuzhou, for example, show that flood storage capacity
increased by 950,000 m?, water quality of 102 urban rivers and streams were improved,
and more than 400 km of riverfront greenways and 168 green parks were created [81].

Urban multiple-use river floodplains and other wetlands such as HRES need to re-
flect a balance of nature-based and engineered solutions. When designing new urban
settlements, planners and decision-makers should allow sufficient non-built land to ac-
commodate potential floods. Current changes in urban mobility from individual to shared
cars may offer opportunities to use riverside parking grounds that will become obsolete in
the future. In already built-up, or “mature” urban settlements, especially in flood-prone
areas, over-densification should be stopped. In addition, whenever possible, land should
be reclaimed and “de-artificialized”, and land use should enable ecosystem processes.

2.3. Tenet 3—Functionality: Target a High Level of Ecosystem Functions

Achieving a high degree of ecosystem functionality for both humans and other living
organisms should be a central objective for planning HRES. Ecosystem functions (EF)
depend on river biophysical characteristics and the processes triggered by interacting com-
ponents [82]. While ecosystem services are the benefits that human societies obtain from
ecosystems, ecosystem functions include ecosystem processes or processes that support
biota. These are functions that are not attributable to ecosystem services and are vital for
maintaining the biodiversity and the health of ecosystems and thus, their resilience to cope
with environmental and societal change.

River-floodplain systems extend across a range of habitats, from scarcely vegetated
sediment banks, shrublands to several types of floodplain forest, and shallow, slow-flowing
or standing backwaters. They are of great value to society, such as in the case of agricultural
land. Besides the provision and regulation services, they provide cultural, educational,
recreational, and scenic value to humans [2]. Rivers attracted the first human settlements
and are consequently the scene of many archaeological and historical sites [4]. River
corridors are culture and language propagation axes [83]. Due to their provisioning services,
such as timber and food, rivers have been drivers of economic development. However,
river degradation to exploit ES caused dysfunction of the ecosystem and ES losses.

However, many urban restoration projects focus on form rather than functions. They
aim for greening the floodplain by creating parks to increase recreational potential without
restoring near-natural riparian and floodplain areas and processes. Restoration results are
then limited, and sensitive native species may not re-establish [84]. Furthermore, cultural
ecosystem services in cities, including recreation, while performing important societal
functions, may conflict with other ecosystem functions, such as support of functional
habitats for sensitive species. For example, urban river restoration may recreate habitats
for endangered species but intense recreational use may jeopardize recovery potential [85].
Still, the attempt is valuable and should be combined with user management and public
education. In fact, near-natural urban floodplains are valuable in providing the “wilderness
experience” needed to leverage nature conservation and empathy for nature.

In the case of HRES, the river and its floodplain should provide sufficient, suitable
habitats to support a high proportion of self-sustaining native biodiversity and ecosystem
processes. These habitats require the re-establishment of: (1) more natural water and
sediment dynamics, (2) space for floodplains and river channels to remain active and as
unconfined as possible, and (3) connectivity between the mainstream of the river and the
floodplain. While the first requirement can only be fulfilled including a river basin scale
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management strategy, the last two concern the management of urban space. A HRES
should be designed to maximize the benefits and reduce the negative tradeoffs between
ecosystem functions and optimal service provisioning described above. This may be
possible, on the one hand, by recreating, or allowing near natural and typical floodplain
habitats and, on the other, by integrating different types of responsible socio-economic
uses [8,84].

2.4. Tenet 4—Accessibility: Open up the Riverscape and Ensure Socio-Ecological Fairness

A HRES should ensure socio-ecological fairness, meaning that it should be accessi-
ble for all living organisms. Accessibility for humans can be defined as making space
equally usable, by paying attention to the needs of poor, disadvantaged, and marginalized
groups [86], as well as eliminating the restrictions created by closed private properties or
transport limitations. However, human accessibility should not mean a decrease in the
accessibility for other biota, especially those depending on the riverine ecosystem.

International treaties, conventions, and directives such as the Migratory Bird Treaty
Act of 1918, the Marine Mammal Protection Act, the Convention on Migratory Species,
the European Birds Directive, and the European Habitats Directive intend to insure that
biota have accessibility to ecosystems [87]. However, biota migration processes are further
impaired by the destruction and fragmentation of habitats by localized human activities [88]
or by increased mortality rates along migration corridors [89]. In the European Union,
despite the goals of the Water Framework Directive, more than one million barriers hinder
fish migration in rivers [40], and most urban river mouths, estuaries, and deltas have
groundsills. Similar conditions prevail in North America. In the Global South, no attempts
have yet been made to assess and quantify the impacts by smaller dams, culverts, etc.,
which are most common in cities. Cities represent hydraulic, chemical, thermal, acoustic,
and optical barriers to access for instream and riverine biota. This is a critical issue not only
for species conservation, but also because of the great cultural and economic importance of
animal migrations for cities [8]. Civil society may also have an important role in nature
conservation efforts as public interest in migratory species is strong. For instance, many
tour companies and town festivals profit from faunal river migrations [89]. Public pressure
can lead to changes in conservation laws on wildlife migration, such as the Migratory
Bird Treaty Act [90] and lobbying for the implementation of socio-ecological resilient
waterscapes [91].

As defined in the preamble of the European Landscape Convention [92], landscape is
“our common heritage, contributes to the formation of local cultures, and consolidates the
individual and social identity”. Thus, the riverine area including shores and banks should
be accessible for all socio-demographic and minority groups, in terms of age, gender, origin,
race, and reduced mobility, to ensure equity, equality, and inclusion. The gentrification
processes commonly occurring in European urban areas, and slum development in the
emerging countries, may hamper this.

Creating green areas along rivers to provide recreational spaces and ensure biodi-
versity corridors is clearly desirable. However, it is important not to confound these two
objectives, which are not necessarily the same and may even occasionally be in conflict [85].
Several options exist to balance accessibility for humans and biota. For example, it is
advisable to establish better protected nature reserves upstream and downstream from
the city, as well as well-protected steppingstones within the city, so that the ecological
connectivity is assured. Within the city, the accessibility to the most sensitive habitats can
be reduced, whereas other similar, but less sensitive habitats can be made easier to reach.
Public education also plays an important role. Increased habitat connectivity may also
have inconveniences although rare. One such example is that of invasive species [93].

Ecological restoration efforts intend to restore the habitats and erase migration and
dispersal barriers along the entire river catchment [94]. Consequently, it is important to
integrate the urban matrix into large scale ecological corridor concepts, to avoid gene flow
disruption [95], or disbalance of biocenosis by negative selection on migratory species [96].
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For HRES, all aspects of accessibility to public spaces should be considered and different
types of pathways should be available to fit to all types of users. Informational signage
and other guidance elements have to be put in place to provide information about river
and floodplain areas and restricted or prohibited activities, to protect both people and
the environment.

2.5. Tenet 5—Collaboration: Integrate All Stakeholders through Urban Planning Measures

A key component of the HRES concept is collaborative planning. The interplay of
stakeholders concerned with urban river restoration is complex and varies considerably
between sites. While reshaping urban riverine areas requires a strong mandate by the local
municipality, initiatives for HRES projects may follow different approaches.

A top-down approach is a result of strongly directed control from the political admin-
istration. Often, a political enabler or “local champion” [97] carries out the project and
their career success depends on the project outcomes. For example, in Frankfurt am Main,
Germany, during the 1980s, the city mayor launched an initiative “Back to the River!” that
entailed repositioning the facades of buildings to face the river, and redefining urban space
as riverine green space. Today, the city has reclaimed its identity that is characterized by
the Main River, which has become an important element of the sense of place. A recent
example is the national policy of the River Chief System in China, issued in 2016, where
the River Chiefs are responsible for the management of all rivers and lakes under their
jurisdiction and empowered to facilitate cross-departmental cooperation. Although it is
new, the policy has already proved to be efficient in river pollution control [8].

In bottom-up approaches, advocacy groups drive urban planning projects. The entities
that drive the projects reflect the diverse customs, values, worldviews, and social behaviors
of local society [97]. For example, in the Isar River case, civil society pressured the local
government to transform an ongoing flood risk mitigation project that was employing hard
engineering into a nature-based solution to fit all interest groups involved in the planning
process [98]. A famous example from the Global South for bottom-up river restoration
is the “Manuelzao” project in Belo Horizonte, Brazil, which was originally initiated as a
health care action project to reduce water borne diseases [8].

An intermediate approach combines the valuation of ecosystem services and real
estate prices [8]. For example, the restoration of the Gudbrandsdalen River in Lilleham-
mer (Norway) was a result of an in-depth investigation of the most cost-effective and
sustainable solutions. Many restorations aim to identify solutions with the best economic
returns [99] instead of also considering non-monetary benefits [100]. Civic ecology has a
social dimension and it can directly generate cultural ecosystems services, such as recre-
ation and education [101]. The involvement of urban inhabitants in ecosystem stewardship
provides a sense of community and creates the clear expectation that inhabitants should
care for ecosystems [102].

Interactive collaborative processes, such as living laboratories, are becoming more
popular and enable the inclusion of all relevant stakeholders into the planning pro-
cess [103-105]. The process of the co-design of a solution by a network of private, govern-
mental, technical, and scientific partners enables the creation, prototyping, validating, and
testing of new technologies, services, products, and systems in real-life contexts [106]. Fur-
thermore, solution co-design by all stakeholders promotes a collective feeling of ownership
of the solution and the willingness to fund supporting measures. Processes for HRES cre-
ation must efficiently integrate the values, views, and needs of the numerous stakeholders
to identify, and as much as possible, resolve trade-offs among them. It is important that this
process is iterative, with several rounds of planning and decision making, as sustainable
development plans need time to mature [8,107].



Sustainability 2021, 13, 2864

11 of 20

2.6. Tenet 6—Awareness: Promote Awareness and Education among the Local Population

Human-River Encounter Sites offer the opportunity to re-establish human-river
relationships and to leverage care and empathy for nature. Therefore, they can play an
important role in environmental education.

The positive emotional connection that is created between individuals or groups
and geographic locations and their characteristics (sense of place), is developed through
affective, cognitive, and behavioral processes [108]. A similar feeling-link sentiment be-
tween a person and environment is topophilia, which describes the emotional bond between
people and place or setting [109]. However, memory decay and vanishing experiences
of encounters with nature are issues of great concern today, particularly considering that
children tend to spend significantly less time outdoors than they did in previous genera-
tions. Yet, childhood experience is critical for adulthood experience [110]. Moreover, in
urban populations, direct and personal experiences of nature are rare [111]. As a conse-
quence, since commitment to nature and biodiversity conservation is likely a function
of the frequent and/or profound personal experiences people have of nature [112], the
“extinction of experience” [113] could be a problem not only for the emotional and physical
well-being of present populations, but also for nature conservation. Therefore, strategies
and opportunities to actively observe and experience nature are needed [114].

In some countries, and more commonly in the Global South, the deterioration of
human-river relationships is recent. As a result, public awareness of nature still remains
and can be revived by bringing back the river as the main element of the urban fabric,
as is the case with the Capibaribe Park project in the city of Recife, Brazil [8]. The recent
improvement of water quality in the European Union has led to an impressive recovery
of cultural and recreational uses of rivers, as shown by the Thames [115] and Rhine [116]
rivers. In re-daylighting previously canalized urban streams in Ziirich, Switzerland, water
quality improvement played an important role in the acceptance of the restoration project
by city residents [117]. Planning of residential areas along the Waal River in the Netherlands
showed the need to consider local people’s attachments to the river to understand their
preferences for management practices [118]. In Wuhan, China, the Changjiang (Yangtze
River) Civilization Museum was built in 2015 as a new landmark of the city for demonstrat-
ing artifacts and specimens related to the “mother river”-Yangtze civilization. Particularly,
the need for creating narrative bonding with places has been underlined to develop the
place identity and human-river relationship. Conversion of natural river structures into
artificial canals still takes place, and often goes along with a neglect of traditional river
practices and eviction of conventional river users.

The analyses of city residents’ perception of the natural river features suggest po-
tential congruencies between aesthetic judgment and ecosystem functions [119]. Using
photomontages, Junker and Buchecker [120] found that in Switzerland, people’s aesthetic
preferences were positively associated with eco-morphological qualities of rivers, including
flow variability, embankment structure, and the presence of a large amount of deadwood
in the river channel. These results show that people seem to eschew “hard” engineering
techniques for river management in favor of natural approaches that more effectively
reconcile ecological and social objectives. However, cultural differences have also a strong
influence on the definition of landscape attractiveness. For example, while German ur-
ban populations value more natural landscape forms, French urban populations prefer
well-defined, geometrical forms [121]. Even within the same social group, some features,
such as wooden logs or braided river channels, are perceived negatively or positively by
different people [122]. However, some commonalities exist. For example, natural, organic
shapes and pleasant sounds and smells receive positive attention [120].

People’s positive perceptions can also be fostered by facilitating physical accessibility
to urban rivers and by promoting recreational activities. Recreational interest is supported
by various studies in different cultural and geographical contexts (i.e., Belgium, Turkey,
southern China, Japan). Indeed, the value that residents assign to river areas increases after
the conversion of this area into a space that favors multiple uses, such as walking, cycling,
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or quiet contemplation [123-126]. It has been demonstrated that such life experiences
improve the ecological awareness in favor of river ecosystems [110].

The implementation of the HRES should go beyond the simple addition of informa-
tional signage for the public. The ecological quality, accessibility, and multi-functionality
of a site should enable an in-situ experience with nature, as well as stimulating citizen
awareness of ecological values and biodiversity. This can be done, for example, by creating
observation points, pathways through different habitats, and designated areas for children
to play and experience nature. This in-situ experience should be combined with education
programs focused on the understanding of river systems. Indeed, students have often
simplified visions of basic river ecology and the role of abiotic components, which can limit
the understanding of sustainable management measures [127]. The process of emotional
connection between restored riverscapes and local residents may take a long time and vary
with the characteristics of users. It can be facilitated by maintaining transparency during
the restoration process and establishing a common vision that combines ecological and
social objectives.

3. Implications

The findings presented in this paper provide valuable insights for practice. Six in-
terconnected tenets of the Human—-River Encounter Sites concept can be used to guide
efforts to maintain or restore rivers in urban settings for the benefits of both people and
the environment: (i) provide a healthy environment for all living beings, (ii) secure human
settlements in a responsible way while avoiding detrimental impacts to biological and
cultural diversity, (iii) favor ecosystem-based management that achieves a high quality of
ecosystem functions, (iv) make urban riverfronts fair and accessible to local populations as
well as to biota to achieve greater socio-ecological balance, (v) reach out to all stakeholders,
including those active in nature conservation and civil society, to reach a consensus on ur-
ban planning measures in achieving a fair balance between natural conservation and urban
development requirements and objectives, and finally, (vi) promote in-situ education and
empathy towards nature among the wider community to engage the public and leverage
public awareness and concern for nature conservation. We identified some measures to
serve as examples for implementing the Human-River Encounter Sites approach (Table 1).
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Table 1. Examples of potential measures that can be implemented to create or enhance Human-River Encounter Sites (HRES) in urban environments and their various contributions to the

principles that characterize these sites.

Measures for Potential Application for Urban HRES

Relative Contribution to the HRES Tenets

Impact

Health  Safety  Functionality Accessibility =~ Awareness Participation Temporal and Spatial Impact
Integrate HRES into a network strategy of urban green and blue
+ + + + Long-term, large scale
spaces and pathways
Establish “islands of natural noise” in the city for acoustic
. + + + Short-term, local scale
stress reduction
Ref:lu.ce optlcal stress by establishing adequate vegetation and N N + Short-term, local scale
building light-absorbing structures
Adapt lighting techniques to avoid light trapping of phototactic Short-, middle-, and long-term,
insects while assuring citizen safety local scale
Integrate riparian corridors into climate change
LD . + + + + Long-term, large scale
mitigation strategies
Better integrate urban flood management into integrative river N N + Middle to long-term, large
basin management (IRBM) scale
Increase water storage capacity within natural areas + + + Middle to lsocr;gl;:erm, large
Connect urban flood zones to groundwater + + Short- to lonsg(;::lee rm, regional
Reestablish or secure more natural flood dynamics
.. + + + Long-term, large scale
and connectivity
Incorporate flood-adapted architecture + + + + Short- to long-term, local scale
Reduce use conflicts + + + + Short- to long-term, local scale
Avoid the creation of conflicts between desired ecosystem services + + Short- to long-term, local to
large scale
Allow natural disturbance to reduce maintenance cost + + + + Short- to long-term, local scale
Balance public access with restrictions that allow
. + + + + Short-term, local scale
nature conservation
Educate stakeholders to develop empathy for nature + + + Middle to long-term, large

scale
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Table 1. Cont.

Measures for Potential Application for Urban HRES

Relative Contribution to the HRES Tenets

Impact

Health  Safety  Functionality =~ Accessibility =~ Awareness Participation Temporal and Spatial Impact

Reinforce social fairness + + + Short-term, local scale

Increase attractiveness, aesthetics, and stimulate visitor curiosity + + + + + Short-term, local scale

Collaborate with civil society + + + Middle to long-term, large
scale

Promote collaborative planning that includes all potential . N Middle to long-term, large

interest groups scale

Communicate success stories and failures + Middle to long-term, large

scale

+ means that the measure participate in the tenet.
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4. Conclusions

Urban rivers worldwide and their related societies are in a crisis. Ecological degrada-
tion caused by mismanagement and mono-functionality led to the rupture of the human-
river relationship and a massive loss of biological and cultural diversity. This contribution
presents the principle of Human-River Encounter Sites that is built on the central themes of
the River Culture Concept [4] and aims to provide a guideline and example to achieve har-
mony between human and nature at urban river sites. The contributions aim to (i) present
the conceptual rationale for Human—River Encounter Sites, (ii) provide practical recom-
mendations, and (iii) inspire the implementation of future urban river restoration that
creates harmony between humans and nature.

The Human-River Encounter Sites approach as presented in this paper elaborates
on the central issue of the River Culture Concept; namely, the achievement of a more
harmonious coexistence of biological and cultural diversity, and especially focuses on the
urban context. The list of the six main tenets should be seen as a preliminary set and should
stimulate discussion at the levels of scientific research and practical implementation.

Still too few examples of good practices exist, but they can help to increase our
knowledge. From an urban planning perspective, while the need to more responsibly
design riverscapes within urban settings to fulfill both human and ecosystem needs is
gaining ground, explicit recommendations to achieve this ambitious goal remain limited.
Recommendations can be drawn from the literature and also drawn from cases that have
been used to support each of the tenets proposed for establishing an urban Human-River
Encounter Site. Individual measures can be drawn from this set to help strengthen the
interrelationships between rivers and people in the context of urban development. It is
our intention that these suggested measures and the concept of a HRES will also stimulate
debate on the sustainable socio-ecological management of urban rivers.

This paper should be seen as a first attempt to provide conceptual elements for
mitigating the urban human-river crisis by harmonizing the needs of the two primary
actors: citizens and the ecosystem (with its biota). We believe that the HRES approach has
the potential to support a new direction in socio-ecological river planning and management.
Future research is needed to further develop the existing tenets based on existing good
practices and societal discussion. Two important questions that still remain, but that should
be of great interest in the further elaboration of the conceptual basis of HRES, are (i) how
natural can rivers become when the entire catchment is highly urbanized, and (ii) to what
degree of river wildness is acceptable by the society, especially in urban spaces? This paper
presents reconciliation potential. Future research should further focus on the central and
difficult issue of identifying and resolving trade-offs between competing river management
objectives and interventions, and the social, economic, and political challenges that go with
such trade-offs.
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