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Abstract: Nature-based solutions (NBSs) offer an opportunity to address environmental
and societal challenges worldwide while simultaneously providing benefits for human
well-being as well as biodiversity. Despite a growing demand and evidence base for NBSs
in coastal systems, the scaling of their implementation and mainstreaming of their princi-
ples in policy and practice are constrained by multiple barriers, such as misinterpretations
of concepts, effectiveness, or locked-in preferences or conventions of traditional solutions.
To address these constraints, an international consortium of coastal authorities and experts
in the North Sea Region collaborates to validate, document, and share learnings of NBSs to
establish a framework for mainstreaming NBSs for flood and coastal erosion risk manage-
ment around the North Sea. Co-creation processes of workshops, field visits, and expert
knowledge sessions contributed to a theoretical framework and baseline assessments of
exemplary sandy and muddy case study sites in the region, amongst others, iteratively
providing and showcasing building blocks for the mainstreaming framework. This arti-
cle takes stock halfway of the project’s activities, learnings, and status of the called-for
common language.

Keywords: co-creation; coastal systems; flood and coastal erosion risk management; main-
streaming; nature-based solutions; scaling

1. Introduction
Unprecedented human-induced environmental and societal challenges exert pressures

on coastal zones and result in increased vulnerability to flooding, erosion, and biodiversity
loss [1]. The suitability of conventional ‘grey’ infrastructure for flood and coastal erosion
risk management (FCERM) under these circumstances is receding as its cost for addressing
the challenges rises [2], while its capacity to integrate biodiversity goals is limited [3].
Nature-based solutions (NBSs) are alternative approaches to address these challenges by
taking inspiration from or being supported by nature and using or mimicking natural
processes. By doing so, NBSs commonly provide co-benefits and multifunctionality which
grey infrastructure lacks [4,5].

Despite the growing demand and implementation of NBSs worldwide, its scaling to
large-scale implementation and mainstreaming to widespread integration and becoming the
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norm are constrained by misconceptions and conventions posed by previous infrastructural
paradigms, such as mono-functionality, measurability, distribution of responsibilities,
and limited interdepartmental collaboration [6]. As coastal challenges do not recognize
administrative borders, NBSs call for cross-departmental and international collaboration
and aligned practice. Bearing this in mind, European Union (EU) policies are committed to
NBSs [1]. However, at the same time, there is little consensus across EU countries on what
concepts around NBSs and mainstreaming mean and how they can be implemented on the
ground. Within the framework of the Interreg North Sea Region (NSR) (i.e., EU subsidy
scheme for spatial and regional development), the project ‘Building with Nature’, therefore,
developed a transnational evidence base for NBSs for FCERM between 2015 and 2021.
‘Manabas Coast’ (abbr., mainstreaming NBSs through coastal systems) is a follow-up in the
same framework running from 2022 to 2027 to draw upon outcomes from Building with
Nature and develop a framework for facilitating NBS mainstreaming in the NSR. To take
stock halfway through, this article presents the Manabas Coast project (Section 2) and its
underlying methods and processes (Section 3). The central project process and output are
captured in a theoretical framework (Section 4) which co-creatively positions the concepts
of NBSs, mainstreaming, and scaling in relation to each other for practice, to address the
lack of consensus and call for a ‘common language’. This article, moreover, sets out other
results (Section 5), a discussion of future research (Section 6), and the project’s intermediate
conclusions (Section 7). Throughout these sections, as well as in ongoing Manabas Coast
activities, the development of a common language as the first key step in the scaling and
mainstreaming of NBSs can be recognized as the red thread and provides the focus of
this article.

2. Manabas Coast
Regional and (inter)national coastal authorities, nature organizations, and knowledge

institutes in the NSR form the consortium collaborating in Manabas Coast (Table 1). The
project objective is to set the stage for the wide-scale application and implementation of
NBSs along NSR coasts by developing a proven and accessible framework and principles
based on case studies for mainstreaming to enable integrated policies and decision-making
for FCERM which is contributing to biodiversity. Therefore, Manabas Coast is part of a
growing amount and network of active programs for NBSs. As a common denominator,
all these programs work on aspects of NBSs and identify similar needs and knowledge
gaps around better understanding and awareness of the natural system, governance,
funding, and capacity building. Despite such overlaps, these programs can be distinguished
by their focus on alternative contexts (e.g., MERLIN on freshwater-related ecosystems
(see [7]); ResiRiver on river systems (see [8]); SUPERB on forests (see [9]); WaterLANDS
on wetlands (see [10]), alternative key approaches (e.g., REST-COAST (see [11]), SUPERB,
and WaterLANDS on restoration), the absence of focus on the mainstreaming of NBSs
(e.g., SUPERB and WaterLANDS (these do focus on scaling); REST-COAST), or more
academic versus practice-oriented process. The latter two differences especially highlight
the relevance of the process and objective described in this article to Manabas Coast. The
network of programs mentioned generates valuable insights into the implementation
of NBSs across diverse environmental contexts. Alongside the delivery of proof of the
success of NBS implementation for FCERM, Manabas Coast distinguishes itself by seeking
to effectively bridge science and practice and land best NBS practice in the responsible
organizations and related policy- and decision-making processes. To do so and build upon
the broad knowledge base, a projected key outcome of Manabas Coast is the delivery of
strategies for NBS mainstreaming.
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Table 1. Manabas Coast consortium partners and, if applicable, their case study sites.

Country Consortium Member Case Study

Sandy Muddy

Belgium Flemish Department of Mobility and
Public Works

Living Lab Raversijde
(dunes and coastal town)

Denmark Danish Coastal Authority Lodbjerg-Nymindegab
(estuary and dunes)

Danish Environmental Protection Agency

Municipalities of Copenhagen, Taarnby,
Dragoer, and Hvidovre

Greater Copenhagen

France French Coastal Conservancy Agency Authie Bay Orne Estuary

Lancieux Bay

Germany Common Wadden Sea Secretariat East Frisia
Wadden Sea

Lower Saxony Water Management,
Coastal Protection, and Nature
Conservation Agency

Schleswig-Holstein State Agency for
Coastal Protection, National Park, and
Marine Conservation

Halligen Islands

World Wide Fund for Nature Germany

The Netherlands HZ University of Applied Sciences

Regional Water Authority of Hollands
Noorderkwartier (HHNK)

Salt marches
Wadden Sea

ResilienServices (i.e., consultancy)

Rijkswaterstaat (i.e., executive agency
Dutch Ministry of Infrastructure and
Water Management) (lead partner)

Sand Motor
(beach nourishment)

Westerschelde (estuary)

Afsluitdijk
(dam and causeway in muddy site)

University of Twente

Sweden County Administrative Board of Skåne Skåne coast

County Administrative Board of
Västra Götaland

Salt marches in the 8+fjordar area

Swedish Geotechnical Institute

Manabas Coast partner organizations act as holders of knowledge and experience,
co-creators, sounding boards, and, in some cases, case study owners (Table 1; Figure 1).
(Refer to Appendix A which provides more information about the situation, habitats,
dimensions, challenges, objectives, and stakeholders of the case studies.) The strength of
the consortium, in fact, lies in the availability of diverse and exemplary on-the-ground case
studies (‘sandy’ and ‘muddy’, depending on the general saturation of the soils) in a range
of implementation phases and across the NSR, providing for broader insights, validation in
different sociopolitical settings, and a higher pace when compared to focusing on individual
countries or coastal sites. The aim is to learn from the hands-on experience of implementing
NBSs on the ground to obtain better insights into what is needed for mainstreaming NBSs
within physical environments as well as organizational procedures. However, in the initial
years of the project, it became evident that, while the consortium shares the same goals, it
did not always speak the same ‘language’ when it came to understanding what constituted
NBSs and what mainstreaming meant within each regional context.
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3. Methods
Manabas Coast deploys a qualitative approach consistent with various methods.

The project tasks include developing a framework that provides guidance for the scaling
and mainstreaming of NBSs and formulating national strategy advice, identifying and
evaluating enablers and actions for mainstreaming NBSs in different coastal settings (i.e.,
case studies) over time, and developing and promoting capacity-building tools to transfer
gained insights into policy and practice.

Co-creation, expert knowledge sessions, and field visits are used throughout the
project to iteratively develop, share, and validate project outputs. So far, these meetings
have taken place in November 2022 in Amsterdam, The Netherlands, in March 2023 in
Kijkduin, The Netherlands, in October 2023 in Saint Malo, France, in January 2024 in
Stockholm, Sweden, and in March 2024 in Bruges, Belgium. As a foundation, both for this
article as well as the Manabas Coast project, a theoretical framework is developed by means
of a literature review of NBSs, mainstreaming, and scaling, with a focus on FCERM where
possible. The literature review findings are being validated with consortium members
during the workshop sessions targeted at gathering insights on how concepts are currently
interpreted and used to be synthesized into working definitions for the project. Therefore,
the theoretical framework functions not only as a foundation for the project work but
should be regarded as a key process and output of the project in its capacity to develop
a common language and perception of the concepts. The current status of the theoretical
framework is presented in Section 4.

Case studies are used not only for building NBS evidence and identification of enablers
but also for moving a step further to validate the effectiveness of enabling factors in influenc-
ing NBS development and contributing to mainstreaming by testing and challenging them
in diverse FCERM practices across the NSR and at multiple governmental levels. Therefore,
case study learnings facilitate consortium members in working on context-specific and
impactful implementation strategies. For this purpose, case studies are subjected to a
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baseline assessment following six enablers for NBSs, identified by EcoShape (i.e., a network
of organizations working on the advancement of NBSs for water-related societal issues) [12].
To position and appropriate these six enablers in the project, they are grouped into three
systems (i.e., natural, social, and governance), which provide a key initial structure for
ongoing project activities and outcomes.

The assessment that follows is directed at facilitating cooperation and learning among
case studies by visualizing the importance appointed to enablers and the identification
of overlapping themes of interest for sharing and receiving knowledge. Therefore, the
baseline assessment and theoretical framework mutually strengthen each other and produce
a common language as a facilitator for the mainstreaming and scaling of NBSs. Ultimately,
the set will provide input for a generic framework for mainstreaming NBSs that can be
used for the development of the implementation of NBSs and maintenance strategies in the
NSR, at the local, regional, and national levels. Section 5 presents the current set of results
from the baseline assessment and a draft version of the framework.

4. Theoretical Framework
Numerous compatible high-level definitions of NBSs exist (e.g., [13–18]) includ-

ing specifications per application in certain contexts (e.g., coastal, freshwater, rural, ur-
ban [18–20]). Yet, due to the context specificity and diversity of NBS applications [21,22]
or hybrid applications with grey infrastructure [23], different interpretations, usage, and
misconceptions of NBS notions across fields of practice, specialist disciplines, or contexts
continue to persist [24], posing one of the major hindrances to NBS mainstreaming or
even resulting in maladaptation [25]. The joint establishment of a theoretical framework
is therefore crucial for Manabas Coast. This theoretical framework must not be confused
with an introductory presentation of the key concepts. To secure it as a broadly supported
project output, rather than an imposed foundational positioning of concepts, all following
elements of the theoretical framework testify to a part of the process with the objective
of developing a common language and are a product of the project co-created through
workshop sessions in March 2024 in Bruges, Belgium, validating the literature review and
encouraging discussion of the definitions and its synthesis in an infographic.

4.1. NBSs

Moving beyond the development of a definition and to thoroughly appropriate a
definition for NBSs as a starting point for the common language, a review of 42 scientific
articles [26] has identified the European Commission and International Union for Conser-
vation of Nature and Natural Resources (IUCN) definitions of NBSs as being the most used:
twelve and five times, respectively. The European Commission [13] coins NBSs as “solutions
that are [. . .] cost-effective, simultaneously provide environmental, social and economic benefits, and
help build resilience, noting that such solutions need to involve locally adapted, resource-efficient,
and systemic interventions, which result in bringing more and more diverse, nature and natural
features and processes into cities, landscapes and seascapes. Hence, NBS must benefit biodiversity
and support the delivery of a range of ecosystem services”. The IUCN [5], however, shifts the
emphasis to ecosystems, human well-being, and biodiversity by defining NBSs as “actions
to protect, sustainably use, manage, and restore natural or modified ecosystems, which address
societal challenges, effectively and adaptively, providing human well-being and biodiversity benefits”.
Furthermore, the IUCN produced a Global Standard for NBSs with eight principles sup-
porting the consistent design and verification of effective, sustainable, and adaptable NBSs.
The IUCN Global Standard NBS principles include (1) societal challenges, (2) design at
scale, (3) biodiversity net gain, (4) economic feasibility, (5) inclusive governance, (6) balance
trade-offs, (7) adaptive management, and (8) sustainability and mainstreaming (Table 2).
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This ‘Standard’ is the NBS framework which currently holds the greatest scope of applica-
tion [27] yet is limited by its subjectivity and focus on the process of NBS establishment as
opposed to NBS implementation and its results [28].

Table 2. NBS principles formulated by the International Union for Conservation of Nature and
Natural Resources (IUCN) [5] and EcoShape [29].

Global Standard—IUCN Integrated System-Based Asset
Management—EcoShape

NBSs effectively address societal challenges
NBSs embrace and leverage upon the natural dynamics
of the system, providing resilience, and adaptability
towards future (climate-change-related) challenges

Design of NBSs is informed by scale NBSs act at a landscape scale, including both the natural
and socio-economic systems

NBSs result in a net gain to biodiversity and
ecosystem integrity

NBSs integrate the management of multiple assets and
functions within the landscape system context

NBSs are economically viable

NBSs are based on inclusive, transparent, and
empowering governance processes

NBSs equitably balance trade-offs between the
achievement of their primary goal(s) and the continued
provision of multiple benefits

NBSs are managed adaptively, based on evidence

NBSs are sustainable and mainstreamed within
an appropriate jurisdictional context

To align and create ownership of the theoretical framework and rationale of NBSs
within the consortium, the definitions and principles of NBSs were the subject of the
co-creation workshops. Besides the Standard, during those workshops, partners were
presented with a second pre-formulated set of NBS principles: the Integrated System-Based
Asset Management (ISBAM) [29] concept by EcoShape. ISBAM enjoys increasing support
from The Netherlands and the lead partner of Manabas Coast yet is not NBS-specific. The
hypothesis behind ISBAM is that if the right boundary conditions (i.e., principles) are
considered, NBSs will come out as a consequence of the process, instead of being an end
goal in itself. ISBAM principles include the following: (1) leveraging system dynamics
for resilience and adaptability for future challenges; (2) actions at the landscape scale and
natural and socio-economic systems; and (3) integrated management of assets and functions
(Table 2).

Besides ISBAM, EcoShape identifies six enablers for NBSs: (1) technology and (eco-,
social, physical) system knowledge; (2) adaptive management, maintenance, and mon-
itoring of NBSs to facilitate their dynamic character; (3) a multi-stakeholder approach
throughout all phases of the NBS process; (4) capacity building among policy makers,
industry, and local communities; (5) institutional embedding of NBSs; and (6) a sound
business case for generating support and financing for NBSs [12]. During the co-creation
workshop in Kijkduin, The Netherlands, in March 2023, these enablers have been grouped
per system: enablers 1 and 2 as part of the natural system due to their focus on physical and
natural processes; enablers 3 and 4 as part of the social system for their focus on integration
into society and exchange of knowledge at local levels; and enablers 5 and 6 as part of
the governance system as they highlight processes through which mainstreaming can be
taken to higher levels and regulations and policy can be influenced. This grouping and
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three-system perspective have been a key and foundational outcome of Manabas Coast
and an initial step in clarifying the common language of enablers, which had previously
been understood in converging manners by some project partners.

To appropriate the Global Standard and ISBAM principles (Table 2), partners were
invited to (re)formulate their own. The drafted principles were analyzed to identify
overlaps, synthesized accordingly, and categorized into the three systems derived from the
EcoShape enablers: (a) natural, (b) social, and (c) governance (Table 3). The five resulting
principles are an outcome of the Manabas Coast project and by its consortium considered to
best reflect the needed NBS approach for FCERM in the NSR [30]. This appropriation does
not entail that the Global Standard and ISBAM are disregarded. These sets of principles
can co-exist and inform NBS interventions as such.

Table 3. NBS principles formulated by Manabas Coast partners and categorized into natural, social,
and governance systems [30].

NBS Principles—Manabas Coast
System

Natural Social Governance

NBSs apply a holistic systems approach to address ecological,
institutional, and societal challenges x x x

NBSs embrace natural dynamics at different temporal and spatial scales x

NBSs combine multiple functions and provide benefits for people and
nature for present and future generations x x x

NBSs involve stakeholders throughout the entire project, ensuring
transparency, commitment, and shared ownership x

NBSs support adaptivity in management, maintenance, and practice x x

4.2. Mainstreaming

A review of 23 scientific articles [26] on the subject highlighted that mainstreaming
is embedded in theories on transition management for sustainable development [31] and
is, as such, used across diverse fields of practice. In the context of NBSs or FCERM,
mainstreaming refers to the process where a sustainable alternative approach disrupts
the status quo to reconfigure itself as the new normal [32]. This means mainstreaming
entails more than the end goal of becoming conventional but also both the development
of knowledge and delivering proof for the specific innovation, as well as navigating the
complexities of raising awareness, gaining acceptance, and integration into policy in a
variety of unique contexts in which even the smallest contributions have an influence.

The literature identifies disablers, knowledge frontiers, or barriers to overcome for
mainstreaming NBSs. Frantzeskaki and McPhearson [33] call for advancements in terms
strengthening of the global evidence base of the efficacy of NBSs, bridging disciplinary
silos for scalable and improved design of NBSs, and ensuring coproduction of NBSs
and global knowledge sharing; Han and Kuhlicke [34] discuss the attitudinal hindrance
of underestimated FCERM capacity of NBSs and perceived low cost-effectiveness and
the institutional hindrance of decentralization of FCERM, limited operational capacity
to implement NBSs, and inadequate public participation for NBS implementation. As
introduced before, EcoShape, on the other hand, identifies six NBS enablers [12] to facilitate
its mainstreaming.

The multi-level perspective (MLP) on transitions (Figure 2) [35] is an established
framework [36] providing a valuable overview of the scope of mainstreaming by conceptu-
alizing complex transition processes as a result of the interplay between case study scales
and socio-technical dimensions over time. The socio-technical landscape represents the
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exogenous context of which dynamics are lowest (e.g., political ideology, demography,
macro-economic patterns, values). The socio-technical ‘regime’ presents the dominant
way in which societal needs are fulfilled. The regime is dynamically stable, yet mutable,
should it experience pressure from developments of the socio-technical landscape, en-
couraging and creating windows of opportunity for niche innovation. Niche innovation
is where experimentation happens, providing alternatives to underperforming elements
of the regime, to potentially gain momentum and replace or align with those elements.
Alternative representation and conceptualization of the MLP (Figure 3) [35] recognize that,
in practice, multiple regimes and niches can coexist as there are societal subsystems, each
with societal needs. Furthermore, it argues for in-between niche regimes which hold more
power than stand-alone niches and provide a more viable and competitive functioning
when compared to regimes [37]. Manabas Coast could be regarded at the level of the niche
regime (Figure 3a), being a self-coordinating, collaborative, and international consortium
with a degree of institutional power addressing the shortcomings of the regime and shifting
values of the socio-technical landscape with multiple case study experiments in multiple
contexts (Figure 3b).
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For the ways niche innovations and niche regimes are positioned in mainstreaming
processes (Figure 3c), the literature distinguishes horizontal and vertical mainstreaming.
The former refers to the sharing of knowledge, integration of innovation, and collabora-
tion and coordination across sectors or organizations. The latter refers to the integration
of innovation through different levels of governance (i.e., from local and regional to na-
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tional and international levels and from initiation to implementation) [38]. To appropriate
mainstreaming theory in the project, in the co-creation workshops on the subject, both
horizontal and vertical mainstreaming are considered imperative for NBSs, fostering both
cross-sectoral collaboration and comprehensive solutions in the case studies, as well as
policy alignment and coherence across levels of governance.
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4.3. Scaling

A review of ten scientific articles on scaling [26] highlighted a distinction between three
types of scaling: up-, out-, and deep-scaling [39,40]. In this distinction, ‘upscaling’ refers
to impacting policy at multiple levels and the efforts changing enabling conditions that
would facilitate NBS implementation at larger scales or more locations. ‘Scaling out’ refers
to impacting greater numbers by means of replication and potentially required adaptation
of NBSs for application in additional or new contexts, as well as dissemination of NBS
knowledge. ‘Deep-scaling’ refers to impacting culture and underlying problem domains,
values, norms, et cetera, for example through participatory approaches, knowledge sharing,
and communities of practice to locally and culturally embed NBSs.

Each typology of scaling plays a role in mainstreaming by relating (niche) case study
experiments to the regime by strengthening their ability to challenge it (Figure 3d) [41],
not in a single step, but with multiple smaller steps or changes, empowering transition.
Therefore, scaling can occur without mainstreaming, yet mainstreaming cannot occur
without scaling. To secure the appropriation and support of the theoretical framing of
scaling in Manabas Coast, this interrelation of scaling and mainstreaming gave cause to
align the two concepts in the co-creation workshops. The workshop recognized how types
of scaling resonate with types of mainstreaming and the three systems in which NBSs
operate. Upscaling connects with vertical mainstreaming and the governance system.
The knowledge sharing and dissemination of out- and deep-scaling correspond with
horizontal mainstreaming. In this, scaling out aligns with the natural system, and deep-
scaling aligns with the social system. ‘Physical scaling’ has also been coined to encompass
the spatial component of scaling out. Ultimately, ‘economic scaling’ was conceived to
additionally represent a focus on advancements of cost-effectiveness, financial sustainability,
economic viability, and the business case of NBSs in the long term, as deemed essential by
project partners.
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4.4. Synthesis Infographic

The March 2024 co-creation workshops in Bruges, Belgium, explored how the concepts
of NBSs, mainstreaming, and upscaling are interpreted in the daily professional practice of
Manabas Coast partners and were targeted at understanding commonalities in perspective
or if interpretations vary based on the case study or country of origin. They called attention
to the difficulty of making the connection between theory and practice and making the
theoretical framework available to a broader audience as a common language. Different
cultural and professional backgrounds lead to different interpretations of principles and
definitions. This may result in differing or absent applications of the concepts in practice.
The workshop exercises highlighted capacity building, shared learning, and the creation of
ownership as a key focus and called for keeping it simple.

To bridge gaps between cultures, professions, and languages, one activity, therefore,
asked participants to visualize the relevant NBS concepts and their interrelations and illus-
trate ideas of scaling or mainstreaming. This ultimately led to the creation of an infographic
(Figure 4). The infographic has been developed based on workshops, to visually synthesize
the theoretical framing of NBSs, mainstreaming, and scaling across the natural, social,
and governance systems and make the practical implications of the included information
more tangible and appropriable for all project partners (Figure 4). The mainstreaming
and scaling of NBSs in the natural system entail shifting from compartmentalized views
of nature and the natural system to system knowledge and understanding of dynamics
and historical changes. In the social system, this shift entails the advancement of public
perception and participation. Mainstreaming and scaling NBSs in the governance system
require a shift from monodisciplinary to multidisciplinary approaches in which NBSs
are integrated into policies throughout spatial and temporal scales. Ultimately, the three
systems are interrelated, and the three shifts mutually influence each other. Advancements
or constraints in one system can amplify or hinder progress in another. Therefore, note that
the lines in the infographic are not represented as constant but experience pulls and pushes.
NBSs are a means to achieve the set objectives of the systems, such as creating a resilient
coast or halting biodiversity loss.
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5. Results
5.1. Baseline Assessment

To advance the connection between the developing theoretical framework and the
practical reality of the case studies, the establishment and execution of the baseline as-
sessment have been key. This assessment was initiated and established at the co-creation
workshops in October 2023 in Saint Malo, France, and analyzed in a workshop in Stock-
holm, Sweden, in January 2024. To facilitate cooperation between the case study sites, the
assessment was targeted at mapping with whom experience and knowledge on NBSs and
their mainstreaming is held, and where or by whom it is desired. To do so, the assessment
is made up of a case study description and uses the six EcoShape enablers [12] to rank
the importance of enablers and inquire into the position of mainstreaming per case study.
By means of a survey, the positioning of mainstreaming within organizations and case
studies was collected and analyzed. Ultimately, the baseline assessment forms the basis
from which to evaluate progress on further activities. A second intermediate assessment
will be developed and conducted in the summer of 2025 to gauge the progress of case
studies with respect to their contributions to mainstreaming.

For the enabler ranking, muddy and sandy case studies were asked to rank the
importance of each enabler on a scale from one (unimportant) to ten (most important), of
which the results can be seen in Table 4. It shows high rankings for all enablers, with the
business case for NBSs ranking lowest. It should be noted that the assessment reflects the
subjective case study contexts in which finance for NBS implementation of mainstreaming
may have been secured, making a business case less essential in these cases. Comparing the
sandy and muddy cases indicates technology and system knowledge are more important to
muddy cases and capacity building is more important to sandy cases. To be able to review,
explain, and act upon these commonalities or contrasts, in Stockholm, the rankings have
also been visualized per case study (Table 5). This overview provides a quick overview
of enabler importance and expertise per case study and facilitates the desired knowledge
sharing or collaboration. Across the vertical columns, case studies with the highest rankings
can support cases with lower rankings. Therefore, Table 5 is referred to as the enabler
expertise ‘heatmap’ of Manabas Coast. Also note that different case studies are in different
development stages, which can also explain some of the differences (see Appendix A).

Table 4. EcoShape enabler [12] importance ranking for muddy and sandy cases.

System

Natural Social Governance

Technology and
(eco-, social,
physical)
system
knowledge

Adaptive
management,
maintenance,
and monitoring
of NBSs

Multi-
stakeholder
approach
throughout all
phases of the
NBS process

Capacity
building among
policy makers,
industry, and
local
communities

Institutional
embedding of
NBSs

Sound business
case for
generating
support and
financing for
NBSs

Muddy cases 8.3 7.4 8.5 7.9 8.6 5.6

Sandy cases 7.4 7.4 8.6 8.6 8.3 5.9

The outcomes of the enabler ranking facilitate identifying key themes around which
knowledge development and sharing are considered important or desired. In Bruges,
Belgium, in March 2024, a non-exhaustive list of questions was made around which small
workgroups were formed and knowledge dissemination was stimulated. These ‘How-to
. . .?’ questions are listed in Table 6. Furthermore, several key themes were identified:
(1) NBSs in sandy areas; (2) NBSs in muddy areas; (3) NBS monitoring; and (4) NBSs in
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Natura 2000 areas (i.e., designation for areas part of the European network of protected
nature reserves as assigned by the EU). The questions most aligned with these key themes
are addressed first and used to form expert work groups to develop knowledge and explore
how the international and multidisciplinary inquiry and sharing of lessons learned may
evolve and contribute to mainstreaming NBSs in the NSR.

Table 5. EcoShape enabler [12] importance ranking per case study to facilitate knowledge sharing
and collaboration. Referred to as the ‘heatmap’ of enabler expertise visualizing the spectrum from
higher (green) to lower (red) rankings.

System
Natural Social Governance

Technology
and (eco-,
social,
physical)
system
knowledge

Adaptive
management,
maintenance,
and
monitoring
of NBSs

Multi-
stakeholder
approach
throughout
all phases of
the NBS
process

Capacity
building
among policy
makers,
industry, and
local
communities

Institutional
embedding
of NBSs

Sound
business case
for
generating
support and
financing for
NBSs

FR Lancieux, Orne, Authie 6 7 10 9 10 4
BE Raversijde 9 7 10 7 7 7
NL Westerschelde 10 8 8 8 9 9
NL Sand Motor 5 8 7 6 9 5
NL HHNK 8 10 10 10 8 4
NL Afsluitdijk 8 8 8 8 8 10
NL Saltmarshes Wadden Sea 8 6 7 7 8 3
DE East Frisia 9 8 8 4 8 3
DE Halligen 10 10 8 7 8 5
DK Lodbjerg-Nymindegab 10 10 5 10 10 8
DK Greater Copenhagen 9 6 9 10 4 5
SE Skåne Coast 5 6 9 9 10 5
SE 8+Fjordar 9 8 10 10 9 10

Table 6. Longlist of ‘How-to . . .?’ questions per system. Shortlisted initial questions to address are
underlined.

System

Natural Social Governance

How to . . .?

How to monitor a NBS? How to develop a common vision? How to implement NBS in Natura
2000 areas?

How to implement a sand
nourishment project?

How to make an
implementation strategy? How to roll out a top-down project?

How to implement a salt
marsh project?

How to communicate in an
innovative and active way?

How can you implement NBS at a
municipality level?

How to optimize for added
ecological value?

How to change mindsets and
public perceptions?

How to influence decision-making
in NBS favor?

How to deal with uncertainty?
(Risk Management Plan)

How to bridge the gap between
institutions and communities? How to start bottom-up projects?

How to bring across the benefits of
NBS more adequately?

How to appreciate the historical
and cultural context of NBS?

How to combine different functions
in limited space?

How to balance short- and
long-term benefits?

How to enable NBS
capacity building?

How to get money for
basic research?

How to implement a managed
realignment project?

How to make the trade-off between
different benefits and interests?
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In the baseline assessment, mainstreaming within organizations was inquired into
by means of the questions ‘How committed is your organization to mainstreaming NBS
within and after the Manabas Coast project timespan?’ and ‘How do current institutional
arrangements within your organization already facilitate mainstreaming of NBS?’. In the
responses, commitment could be disclosed in the integration of NBSs into FCERM and
climate change adaptation. Uncertainty about climate change scenarios and the ecological
impacts and spatial requirements of NBSs is overcome by a commitment to sustainable solu-
tions. The navigation of the challenges and facilitation of NBS mainstreaming is supported
by the involvement of both higher-level national and regional authorities as well as local
parties. The Swedish partners showcase that institutional arrangements leverage collabora-
tion with major national agencies responsible for climate adaptation and environmental
management, and in Germany, national authorities play crucial roles in integrating NBSs
into management plans. Whereas in Flanders, local governments and coastal communities
collaborate to actively promote NBSs by advocating for the creation and co-use of dunes
and beaches. The Wadden Sea necessitated intergovernmental institutional arrangements
and cross-sectoral cooperation in which multiple national and regional bodies collabo-
rate on NBS projects for FCERM crossing borders yet highlights the need for strong legal
frameworks to support these initiatives. Strategic policy frameworks that explicitly include
NBSs ensure that these solutions are part of broader climate adaptation and FCERM, like in
The Netherlands where a dynamic coastal preservation policy from the 1990s demonstrates
a commitment to operationalizing natural processes for FCERM. Academic partnerships
ensure NBS projects benefit from and integrate findings from cutting-edge research, and
a willingness to actively incorporate lessons learned from NBS projects into operational
practices and national policy decisions concerning FCERM could be distinguished from
the survey.

To survey mainstreaming within case studies, the questions included the following:
‘What do you experience as the main barriers to mainstreaming NBS in your case study?’,
‘What types of capacity building would your case study need in order to facilitate main-
streaming of NBS?’, ‘What is essential in the mindset or way of working of parties (e.g.,
policy makers, managers, professionals, general audience) to promote mainstreaming of
NBS?’, and ‘Do stakeholders need more information on mainstreaming?’. Additional key
insights from the responses include the importance of more and better practical demon-
strations of successful NBS examples as a proof of concept to promote and inspire NBS
implementation with accessible, plain-language guidance (e.g., on goals, financing, permits,
contracts, design) for broader understanding and acceptance of NBSs, for example, by
means of comprehensive handbooks or staff training. A desired shift from reactive imple-
mentation, in response to legislation, to proactive integration of FCERM and ecologic and
socio-economic goals calls for the advancement of system knowledge (e.g., coastal morpho-
dynamics and associated biodiversity and regulations) and NBS awareness and support.
For such advancements, intensive and ongoing stakeholder engagement, collaboration,
and knowledge sharing are considered crucial. Improved data monitoring, analysis, and
dissemination and their policy integration and support for decision-making are regarded
as essential for the long-term sustainability of NBSs. Non-fragmented legislation ought
to facilitate long-term and larger-scale plans and projects as opposed to short-term and
small-scale solutions. Furthermore, budget sufficiency, funding mechanisms, and cost-
effectiveness are paramount. These insights and needs correspond with the ‘How-to . . .?’
question list and are investigated further in the Manabas Coast project.
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5.2. Framework

The results and spin-off activities of the baseline assessment cater to the Manabas
Coast mainstreaming framework. To elaborate on and connect knowledge and ongoing
learnings from the case studies to handles for the mainstreaming of NBSs for FCERM
throughout spatial scales (i.e., regional to NSR scales) a framework has been under develop-
ment since the co-creation workshops in Saint Malo, France, in October 2023. The Manabas
Coast mainstreaming framework (Figure 5) intends to provide (1) the essence and basic
information for NBSs and mainstreaming (green spheres: narrative and NBS basics), (2) an
evidence base from case study experience and tools for progress (red spheres: guidance
and tools and pilot experience), (3) inspiration for other locations to engage in NBSs and
its mainstreaming (yellow spheres: narrative and pilot experience), and (4) strategies for
this purpose (blue spheres: strategies and guidance). All project activities feed the spheres
of the framework with information and develop as the project progresses. For example,
the theoretical framework (Section 4) is currently collected under NBS basics; baseline
assessment learnings (Section 5.1), enablers (Sections 4.2 and 4.3), and working across the
natural, social, and governance systems (Sections 4 and 5.1) are collected under guidance;
the infographic (Section 4.4) is placed under strategies; and knowledge from the ‘How-to
. . .?’ questions (Section 5.1) is collected under pilot experience. The structure of the frame-
work is based on the literature and theoretical frameworks such as ISBAM [29] and the
EcoShape enablers [12] as well as several Manabas Coast co-creation workshops. The struc-
ture of the framework may still change and be accompanied by recommendations for using
the framework but already provides a platform for uniting knowledge contributions and
strengthening the diverse knowledge base. Furthermore, it enables iterative development
and improvement of the framework and co-creation within the Manabas Coast project.
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6. Discussion
The baseline assessment has made evident how the center of gravity of mainstreaming

NBSs for Manabas Coast mostly lies with the provision of evidence for NBSs, by showcasing
NBSs in practice and actively sharing lessons learned. Mainstreaming NBSs for FCERM
in the NSR entails navigating a very broad and diverse field of practice, differing per
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country as well as per specific location along the North Sea coast. At all these locations,
mainstreaming is, in fact, a process well underway, yet always unique and distinctive. Case
studies providing evidence are in different project stages, ranging from explorations prior
to implementation to monitoring after realization. The NBSs in the project differ from
small-scale and low-tech interventions or experiments to some of the world’s largest-scale
infrastructure (i.e., Sand Motor), which influences the role case studies can play within
mainstreaming NBSs in local or international policy and FCERM practice. To mainstream
NBSs, it is essential to enable the successful implementation of NBSs across these diverse
natural and socio-economic settings.

Despite the strong existing theoretical frameworks and set of NBS evidence, ongoing
efforts to establish a common language struggle to succeed in representing the diversity of
case studies in relation to their local conditions of NBS acceptance, policies, processes, et
cetera. On the one hand, this results in a continuous desire for more evidence and a call for
more long-term monitoring of aspects of FCERM as well as biodiversity and ecosystem
services which is responded to by the growing network of NBS programs. Among the
partners and case studies of Manabas Coast, there is a clear collaborative effort to involve
local and regional authorities and stakeholders to navigate issues of the uncertainty of
implementation and overcome limitations of system knowledge and societal acceptance.
Communication for awareness of a wide audience is important, yet at times, it is a neglected
aspect enabling mainstreaming.

On the other hand, the challenge lies in overcoming the seemingly infinite hunger
for more evidence and changing the existing narrative about the implementation of NBSs.
Insights from already existing successful NBS projects, practices, and programs (e.g., [7–11])
should now land in integrated national and international policies, decision-making, and
FCERM practice. The theoretical framework indicates that all activities within Manabas
Coast—however minor or major—are contributing acts of mainstreaming. Insights gained
outside of Manabas Coast also contribute. By means of positioning these activities in the
mainstreaming framework (Figure 5) and iteratively structuring and developing a platform
for lessons and handles for mainstreaming as such, the project aims to disseminate and am-
plify the outreach of its learnings. The framework benefits from future attention in Manabas
Coast to be directed at specifying guidance and strategies. On the one hand, guidance for
different stages of NBS implementation processes (e.g., initiative, financing, construction,
monitoring) secures long-term and ongoing applicability. On the other hand, strategies for
NBS mainstreaming in regions or organizations are targeted at embedding NBS practice
in policies or objectives and connecting to relevant associated local developments around
FCERM. Furthermore, there is a potential to instrumentalize the demand-based coupling of
ecosystem services and co-benefits for NBSs. The diversity of partners and case studies calls
for an inventory of the capacity, roles, and agency of project partners and stakeholders in
the NSR to mainstream NBSs (see [42,43]), as well as the specification of the mainstreaming
end goals per organization or site which may significantly differ and require different
strategies and guidelines to be included in the mainstreaming framework.

7. Conclusions
The Manabas Coast project is directed at facilitating the mainstreaming of NBSs

for FCERM in the NSR, including biodiversity goals. Halfway through the span of the
project, this article takes stock of the conducted activities and learnings. Manabas Coast
holds a strong theoretical framework, facilitating appropriation of conceptualizations of
NBSs, mainstreaming, and scaling by the involved organizations and for the diversity of
case studies. Co-defined principles for NBSs include the application of a holistic system
approach to address ecological, institutional, and societal challenges; embracing natural
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dynamics on different temporal and spatial scales; combining multiple functions and
provision of benefits for people and nature for present and future generations; involving
stakeholders throughout the project, ensuring transparency, commitment, and shared
ownership; and supporting adaptivity in management, maintenance, and practice. These
principles operate within or across the natural, social, and governance systems (Table 3)
which have been derived from the six EcoShape enablers [12]. Mainstreaming for Manabas
Coast entails the process of promoting the NBS alternative to FCERM in order for it to
become the norm. Manabas Coast already engages in mainstreaming by its international
collaboration on bridging the current dominant socio-technical practice of FCERM to NBS
niche innovation in multiple case study experiments across the NSR, thereby being living
labs of ongoing NBS mainstreaming.

A baseline assessment of the Manabas Coast case studies facilitates the improvement
of the theoretical framework and its connection to the experience and evidence base in
practice and identifies themes for the co-creation and sharing of knowledge in smaller
expert groups (i.e., about NBSs in sandy areas (sand nourishments), NBSs in muddy
areas (salt marsh), NBS monitoring, NBSs in Natura 2000 areas, and ecology). In fact, the
focus of mainstreaming NBSs in the project mostly lies in practical demonstration through
diverse successful examples. Key takeaways from the baseline assessment highlight the
variety of case studies, being in different stages ranging from exploration and design
to implementation and monitoring, different scales ranging from small and low-tech to
system-wide and mega-scale sand nourishment, different roles within mainstreaming,
and different mainstreaming demands. Mainstreaming NBSs for FCERM in the NSR will
therefore not be ‘one-size-fits-all’. Despite the solid theoretical framework and evidence
base as current Manabas Coast project outputs, its permeation into the common language
is likely to be decelerated by the rich variety of project partners and case studies and
associated natural, social, and governance climates, as well as the differing languages and
vocabularies on the subject. This calls for more long-term evidence in practice through
monitoring how NBSs work and the values they provide in the coming project period. The
FCERM capacity of NBSs is better known than biodiversity and ecological functions and
contributions to sustainability and resilience. Efforts on the collaboration or involvement
of authorities and stakeholders contribute to overcoming issues regarding implementation
and societal acceptance. Mainstreaming NBSs along the coast of the NSR is a continuous
and long process, where goals differ per organization and might also evolve over time. This
also raises the question of when exactly is mainstreaming achieved if societal needs change.

To connect the growing practical evidence base about NBSs to broader learning-by-
doing mainstreaming activities, the Manabas Coast framework provides a simple and
flexible format for collecting and structuring learnings to use for the ongoing elaboration
of the common language and formulating guidelines and strategies. Throughout the
entire project span, this framework will iteratively be filled and built to ultimately provide
practical handles for mainstreaming diverse NBSs for FCERM in the variety of coastal
systems of the NSR.
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Appendix A

Table A1. Manabas Coast case studies (bold) and their situations, habitats, sizes, challenges, objectives,
and stakeholders.

Case Study Living Lab Raversijde, Belgium

contact Flanders Hydraulics Research, Ministry of Mobility and Public Works, XPERTA

situation

Raversijde is a typical Belgian coastal town with an important touristic sector
and recreational importance as well as ecological values (e.g., in the dune areas).
The coast from Nieuwpoort to Wenduine suffers from erosion, which is expected
to increase due to climate change.

habitat Coastal sand dunes; sandy shoreline; urban area

size 2.6 × 4.5 km test area including 750 m dune-for-dike setup

challenge
The main challenge is to engage partners in monitoring, performing tests in the
field, and innovating at Raversijde to improve the understanding of the soft
coastal defenses.

mainstreaming and results

New monitoring programs by research groups will contribute to increased
system knowledge, which is applicable to similar projects elsewhere. The in situ
behavior of beaches, dunes, and the shore face will be monitored, while
knowledge is shared with stakeholders.

stakeholders Flemish region, municipality of Oostende, federal state, research institutes,
local citizens

case study Lodbjerg-Nymindegab, Denmark: Thyborøn inlet and Hvide Sande coast

contact Danish Coastal Authority (DCA)

situation

At the Thyborøn inlet, the estuary and surrounding dunes have eroded
significantly over the last few decades, leading to a changed biodiversity and
steepening of the coastal profile. Climate change is expected to increase coastal
erosion, threatening flooding of the surrounding land and cities. At the Hvide
Sande coast, it is necessary to adapt coastal management to ensure tourism and
socio-economic development of the area in the future.

habitat Coastal sand dunes; estuary; sandy shoreline

size ±100 km coast

challenge

At the Thyborøn inlet, natural biodiversity is impacted by present coastal
protection, which includes more than 100-year-old groins. At the Hvide Sande
coast, there is a lack of knowledge on the natural dynamics of the coastal
morphology and biology and their relation with sand nourishments around the
Hvide Sande harbor. This knowledge gap inhibits the application of NBSs in the
coastal area surrounding the harbor.
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Table A1. Cont.

case study Lodbjerg-Nymindegab, Denmark: Thyborøn inlet and Hvide Sande coast

mainstreaming and results

Ensuring sustainable socio-economic development (e.g., ecotourism), restoring
nature in the long term by enhancing knowledge and creating maintenance plans
for upscaling sand nourishments, while improving flood protection
(extending/restoring groins) at the Thyborøn inlet. Improving scientific basis on
the coastal dynamics regarding morphology and biology. Different coastal
protection management options based on the BwN principle will be assessed,
how these could be optimized regarding safety, and their impact on morphology
and biology at the Hvide Sande coast.

stakeholders Knowledge institutes, municipalities, NGOs, private sector

case study Greater Copenhagen, Denmark: Dragør coast

contact Danish Coastal Authority (DCA)

situation
Due to the partial protection of dikes along the Dragør coast, salt marshes are not
able to develop sufficiently to match sea-level rise. The salt marshes are part of a
Natura 2000 area and are threatened by climate change.

habitat Sandy shoreline; urban area; wetland

size ±10 km coast

challenge
The understanding of the effect of traditional coastal protection on nature areas is
very limited, which inhibits the implementation of sustainable coastal
protection schemes.

mainstreaming and results
The goal is to improve (knowledge on) Natura 2000 areas, while decreasing the
risk of flooding. Courses will be given to municipalities, authorities, and citizens
to build support for new measures and mainstream NBSs.

stakeholders State, municipality, citizens, agencies, and NGOs

case study Authie Bay, France

contact Conservatoire du Littoral, délégation Manche Mer du Nord

situation
Accelerated sea-level rise and other climate change effects are threatening dyke
systems, dunes, coastal wetlands, and current land use (agriculture,
hunting, recreation).

habitat Coastal sand dunes; salt marshes; sandy shoreline

size ±16 km2 bay area

challenge
Combining different approaches in a territorial perspective with a dedicated
cross-bay governance (combining different administrational areas); changing
perspective from coastal defense to an integrated approach.

mainstreaming and results
Integrate NBSs, dyke planning, and land use through developing steering
committees, scientific and participative monitoring, giving workshops,
developing a business case, and institutional embedding through PAPI.

stakeholders Municipalities, knowledge institutes, local stakeholders (farmers, hunters,
tourism), NGOs

case study Orne Estuary, France

contact Conservatoire du Littoral

situation
The Orne estuary is heavily canalized and lacks flood retention areas. During
high tide, the water level already reaches the dike crests and sometimes
overflows during storm events.

habitat Estuary; sandy shoreline; tidal marshes; urban area

size ±8 km2 estuary
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case study Orne Estuary, France

challenge

The risk of flooding of surrounding agricultural and urban areas will increase in
the coming decades due to climate change. Due to the variety of activities and
interests around the Orne estuary, there is a challenge in considering the estuary
as a whole and working towards a common objective.

mainstreaming and results
Co-creation of NBSs with local stakeholders, implementing monitoring protocols
and executing them, and translating results in regional and national coastal
adaptation strategies for mainstreaming purposes.

stakeholders Residents, farmers, industry, regional and state agencies, knowledge institutes

case study Lancieux Bay, France

contact Conservatoire du Littoral

situation

The dikes around Lancieux Bay are in poor condition, and overflow occasionally
during storm surges. The dunes along the Roche Morin beach are exposed to
erosion, and surrounding agricultural land is at risk of flooding and
saltwater intrusion.

habitat Grassland; rocky shoreline; salt marshes

size ±8 km2 bay area

challenge

There are a lot of different interests and activities present in the area, which
comprises two municipalities. The challenge is to prepare the territory for
dealing with the presence of salt water, and there is a governance challenge as it
covers two municipalities.

mainstreaming and results

The long-term territorial development perspective is based on relocating existing
economic issues, including agricultural ones; reorganizing accessibility to the
area; adapting buildings to flooding risks; and valorizing the landscape potential,
especially through ecotourism. This case will serve as a learning case on how to
upscale NBSs in a challenging governance context, by adopting a
multi-stakeholder approach and building a solid business case in ecotourism.

stakeholders Farmers, residents, local business/industry, knowledge institutes,
NGOs, municipalities

case study East Frisia Wadden Sea, Germany: Ecosystem-based protection of marshland
coasts in East Frisia

contact Lower Saxony Water Management, Coastal Protection and Nature
Conservation Agency

situation
Forelands along the Friesian coast are an important legal, nature-based element
of the coastal protection system and include very important biotopes such as
salt marshes.

habitat Salt marshes

size ±120 km coast

challenge

Protection systems (e.g., groins) should be optimized to avoid further loss of area,
due to accelerated sea-level rise and increased erosion risk. The maintenance of
forelands should be adapted to climate change to limit erosion and ensure the
preservation and functionality of the salt marshes.

mainstreaming and results
Co-design of novel integrated foreland management plans, and development of
nature-based protection and management measures in order to integrate coastal
protection and nature conservation demands.

stakeholders State and regional agencies, local dike boards, NGOs, landowners
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case study Halligen Islands, Germany: Ecosystem-based protection of the Halligen under
stronger sea-level rise (ECOHAL)

contact LKN.SH together with WWF Germany

situation The Halligen are small marsh islands that have been strongly reduced in size in
the last few centuries due to cliff erosion.

habitat Marsh islands; seasonally flooded land

size Three islands with ± 6–11 km circumference

challenge

Stone revetments have been placed to prevent further shoreline retreat, but they
reduce sediment accumulation and salt intrusion on the salt marshes.
Accumulation of sediment on the salt marshes is necessary to balance sea-level
rise, and regular salt intrusion is crucial to avoid deterioration of the
salt marshes.

mainstreaming and results

Multi-stakeholder approaches will be used to develop a set of locally accepted
solutions. The preferred solutions will be modeled to test the full-scale
application. This knowledge will actively contribute to the development of
NBSs elsewhere.

stakeholders Local residents, WWF, state and regional agencies

case study Salt marshes, Wadden Sea, The Netherlands

contact Rijkswaterstaat

situation

Salt marshes are an important part of the Wadden Sea. Salt marshes are more
and more recognized as a nature-based solution for reducing flood risk. Many
initiatives are undertaken to employ salt marshes for flood risk management,
and they often do not align with priorities set for nature conservation.

habitat Salt marshes

size ±170 km coast

challenge
There are many stand-alone projects, but these lack an overarching vision or
approach. The challenge is how to deal with the different services provided by
salt marshes and develop a collective approach that helps individual initiatives.

mainstreaming and results

The aim of this pilot is to define a set of collective working principles to use salt
marshes as NBSs. Working principles will be translated into tools and
instruments that will be used in other projects in The Netherlands and abroad.
This project will enable collaborative and integrated assessment of salt marshes
as NBSs, reasoning from a systems perspective.

stakeholders PAGW, Rijkswaterstaat, water boards, nature organizations, and provinces

case study Sand Motor, The Netherlands

contact Rijkswaterstaat

situation Larger nourishments are expected to be used in the Sand Motor to minimize
flood risk in the coastal areas when the sea level rises.

habitat Coastal sand dunes; mega sand nourishment; sand bars; sandy shoreline

size ±128 ha peninsula

challenge
There is still a lot of uncertainty regarding the potential of the Sand Motor as a
sustainable coastal management tool in the long term, especially regarding
accelerated sea-level rise, coastal erosion, and socio-economic challenges.
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case study Sand Motor, The Netherlands

mainstreaming and results

Use the Sand Motor as a living laboratory and solve blind spots which are vital
for the further application of sand nourishments in The Netherlands and abroad.
This project will enhance system knowledge and actively share this with
monitoring optimization projects along the Dutch coast. In this way, the Sand
Motor can contribute to the broader application of sand nourishments in
different morphological contexts and thus promote mainstreaming.

stakeholders PAGW, Rijkswaterstaat, water boards, provinces, knowledge institutes
and universities

case study Westerschelde, The Netherlands: Hedwige-Prosper Coastal
Landscape Transition

contact HZ University of Applied Sciences

situation

In the Western-Scheldt estuary, room is sought to alleviate increasing coastal
squeeze through the implementation of different NBSs landward and seaward of
existing flood defenses. Some projects have been implemented (e.g.,
Hedwige-Prosper polder), and more will be needed in the future.

habitat Estuary; seasonally flooded land

size ±4500 ha estuary

challenge
How can we learn from this design for future maintenance and design
elsewhere? How does the morphological template affect ecological functioning?
How does society perceive the project, and does that change over time?

mainstreaming and results

The aim is to use different NBS strategies in the area to develop a long-term
strategy to upscale NBSs at the estuary scale. By offering Living Labs and Winter
Schools and performing surveys among local residents, the aim is to contribute
to capacity building and a multi-stakeholder approach.

stakeholders Universities, Polder2Cs, water boards, provinces/municipalities, Flanders
Hydraulics, STOWA

case study Skåne Coast, Sweden: Strandängar söder om Malmö, Falsterbonäset

contact Länsstyrelsen Skåne (County Administrative Board of Skåne, CAB)

situation
Plans for the maintenance of the protected nature areas and spatial planning by
municipalities along the Skåne coast have not included the effects of
climate change.

habitat Coastal sand dunes; lagoons; sand bars; sandy shoreline; seagrass

size ±60 km coast

challenge
Improving coordination between municipalities and CAB to protect
infrastructure and nature, while designing and implementing NBSs to maintain
the protected nature areas.

mainstreaming and results

Climate change will be included in existing maintenance plans of nature areas,
and in municipality plans. Different measures will be implemented and
evaluated to enhance system knowledge, while guidelines on how to embed
NBSs in policymaking will be composed.

stakeholders Local farmers, municipalities of Malmö and Vellinge, national agencies, NGOs

case study Salt marches in the 8+fjordar area, Sweden

contact Länsstyrelsen Västra Götaland (County Administrative Board of
Vastra Gotaland)

situation
Nature-based solutions (NBSs) within the ‘living-shoreline’ concept will be
implemented (e.g., break walls consisting of wood material) to reduce flood risk
and erosion and to restore salt marshes.



J. Mar. Sci. Eng. 2025, 13, 509 22 of 23

Table A1. Cont.

case study Salt marches in the 8+fjordar area, Sweden

habitat Islands; rocky shoreline; salt marshes

size Four sites of ±15–60 km2 salt meadow area

challenge The area of salt meadows (N2000-habitat 1330 ‘Atlantic salt meadows’) is
decreasing due to intensified wave exposure and stronger flooding.

mainstreaming and results

The goal is to maintain and restore habitats and biodiversity in designated
Natura 2000 areas, while co-creating NBSs with local entrepreneurs and
landowners. This will be achieved through enhancing system knowledge
(creating guidelines on NBSs for other municipalities), testing and optimizing
monitoring techniques, and capacity building (providing trainings and creating
story maps).

stakeholders Municipalities, several national agencies, community and landowner
associations
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