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Abstract  

 

This study examines how Nature-based solutions (NBS) can act as coastal protection and 

contribute to climate adaptation and mitigation. The study is based on a literature review and 

two comparative case study of two Danish cases that have implemented Nature-based 

solutions.  

The literature review additionally provides an overview of the different legislative and 

governance structures present between various actors, when planning for Nature-based 

solutions in coastal protection. Drawing on the multi-level governance perspective and the 

Strategic Niche Management theory both the potential and barriers of the implementation of 

Nature-based solutions are highlighted. 

The analysis shows the importance of foundational governance and policy structures to 

promote the use of Nature-based solutions over other conventional coastal protection 

technologies. In addition to this a new Nature-based thinking approach is recommended in 

order to secure a holistic sustainable transition. 
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Problem analysis 
 

Coastal habitats play a central role in everyday life across the EU and act as places for both 

economic and social activity through tourism and fishing (European Commission, 2015). 

These coastal habitats have experienced enormous changes and loss of habitats like oyster 

reefs and sea grass due to factors like climate change, that previously have acted as natural 

defense against the power of the ocean due to factors like climate change (European 

Commission, 2015). 

Furthermore, up to 50% of coastal wetlands have disappeared over the last 100 years, as a 

result of human activity and climate change (IPCC, 2022). Denmark and the rest of the Nordic 

region is deeply connected to the coastal landscape, as it is the foundation of the natural and 

cultural environment (Faragò et al., 2018). This relationship between the sea, coast and 

humans tells a story of our cultural environment where humans have shaped the natural 

environment and vice versa (Faragò et al., 2018). Therefore, in the face of climate change, 

which poses new challenges with sea level rise and storm surges threatening both the natural 

environment and coastal cities, it is important to work towards solutions that preserve a 

fundamental balance between human and natural life (Faragò et al., 2018).  

The Danish coast stretches across 8.700 kilometers of coastline, consisting of 394 islands 

and a population of around 5.8 million (DST, 2019). Additionally, most of the Danish 

population and cities with high property values and business activity are located along the 

coast close to the sea (Faragò et al., 2018). These Danish coastal regions and cities like 

Copenhagen are left vulnerable facing challenges in relation to storm surge and sea level rise 

due to climate change (Su et al., 2024). Storm surges and flooding in urban areas like 

Copenhagen in particular, with a lot of critical infrastructure, can cause a lot of socio-

economic damage where flood and storm surge damages are estimated according to 

Halsnæs et al., (2024) to cost around 406 billion DKK the next 100 years.  
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Figure 1 Risk of potential storm surge flooding (Kystdirektoratet, n.d) 

 

Nature-based solutions (NBS) show great potential in tackling some of these problems and to 

provide disaster risk reduction as an alternative to traditional grey infrastructure (Massenberg 

& Panduro, 2024).  

Nature-based solutions offer many different context specific actions mimicking natural 

processes ranging from climate adaptation and mitigation initiatives, flood protection, and 

ecosystem restoration to solve other challenges like biodiversity loss and co-benefits like food 

and human-wellbeing (Bargmann et al., 2024). In this case the focus is on coastal NBS 

elements like, for instance, the restoration of coastal meadows and salt marshes to artificial 

wetlands, living shorelines, and barrier islands (Massenberg & Panduro, 2024).  

Most of the scientific research on NBS has so far focused on specific solutions, the 

implementation and on the development of different NBS frameworks. On the other hand, 

research gaps related to the governance part of NBS can be identified, although this area also 
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has gained more attention (Sandin et al., 2022). While the use of NBS is supported in EU 

strategic frameworks it is not mandatory and therefore the implementation of NBS is still up to 

the individual member states and or local authorities. As a result, the regulatory, 

governmental and policy challenges in relation to NBS remain highly context specific and 

varies a lot between the Nordic countries where Denmark in comparison to both Sweden and 

Norway are behind when it comes to including NBS in both planning and legislation (Sandin et 

al., 2022). 

One challenge, for example, is the development of cross-sector policy between cities and 

coastal regions and additionally, the importance of governance structures that can facilitate 

and promote the use of NBS to ensure that the right collaboration between relevant actors 

and stakeholders takes place is highlighted (Sandin et al., 2022). Therefore, the topic is 

relevant to both policy and decision makers, but also for planners and the implementation 

process of NBS to move from traditional grey solutions like for instance concrete walls and 

pipes. 

A study on working with NBS in the Nordics by Sandin et al. (2022) found several key 

messages and recommendations for a wider adaptation and implementation of NBS. The 

study highlights that for NBS to become widely adopted it is important to prioritize NBS over 

traditional solutions and incorporate NBS into both policy and practice (Sandin et al., 2022). 

Furthermore, it is required to change institutional structures, procedures and instruments 

across different levels of governance, so that NBS can be evaluated for implementation 

before considering other options, given that it fulfills the desired outcomes (Sandin et al., 

2022). 

In relation to this it is recommended that national legislation is revised in order to eliminate 

any structures that make traditional solutions more desirable and thereby slows down the 

development and adaptation of NBS (Sandin et al., 2022). Most recently new development 

projects like Manabas (Mainstreaming NBS through coastal systems) have been established 

(van der Meulen et al., 2025). 

Manabas is a Interreg project running from 2022 until 2027 and is following up on a previous 

project on Building with Nature (BwN) in the North Sea Region (van der Meulen et al., 2025). 
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The main goal of the project is to develop a framework that can bridge the gap between 

science and practice to allow the best possible foundation for the implementation of NBS for 

organizations responsible for policy and decision-making (van der Meulen et al., 2025). 

State-of-the-art 
 

The following chapter will explore the state-of-the-art in relation to the adaptation of coastal NBS. The 

chapter which is based on a literature review will describe what dynamic forces that shape the Danish 

coastal landscape and what conventional and predominant solutions that has been adapted in 

coastal protection from a Danish perspective. Finally, it will show what potential NBS exists and what 

relevant governance and policy structures are at play. 

 

The Coastal systems of Denmark 
 

The following chapter will broadly describe how the Danish coastal systems function and 

what dynamics help shape the Danish coastline. Although not described in high detail 

because of the complexity and time limit, having some basic understanding of these coastal 

systems is helpful to understand, both the earlier and future measures implemented in 

coastal protection. 

The Danish coast is a heterogeneous landscape consisting of both natural and urban 

typologies that influence the coastal dynamics and its impacts differently (Faragò et al., 

2018). The Danish coasts are under constant dynamic forces ranging from waves, currents, 

tides and storm surges that all shape and change the coastal landscape (Kystdirektoratet, 

2015). 

These forces all contribute to various processes like erosion, the transportation of sediments 

and flooding (Kystdirektoratet, 2015). Additionally, the Danish coasts are subject to different 

degrees of influence from waves, where the west coast is left heavily exposed to these 

powers, whereas Kattegat and Østersøen is impacted to a lesser extent and inlets and fjords 

even less so (Kystdirektoratet, 2015). 
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Furthermore, these dynamic forces, climate change is also causing changes in these forces 

and affects the sea level and both the intensity and frequency of storms (Kystdirektoratet, 

2015). Because most of the Danish coastal morphology consists of primarily soft materials 

like sand and clay a lot of sediment is easily moved around in what is called littoral processes, 

which describe the transport of sediments and the influence of waves and currents 

(Kystdirektoratet, 2015). 

These littoral processes can further be divided into two categories consisting of longshore 

transport and cross-shore transport, where longshore transport describes the sediment 

transport along the coast, while cross-shore transport is divided again into two types of either 

outwards or inwards relative to the coast (Kystdirektoratet, 2015). These two types of cross-

shore transport usually reach some kind of equilibriumprofile, that then define and act as an 

expression of the average coastal profile over several years (Kystdirektoratet, 2015). Thereby, 

the littoral processes help describe how erosion happen along the Danish coastline and how 

some coastlines experience what is called chronic erosion (Kystdirektoratet, 2015). Chronic 

erosion happens when the longshore transport of sediment moves more material away than it 

is bringing in, while on the other hand, longshore transport of sediment may also decline 

along the coast because of natural or manmade structures that instead accumulate and 

deposit sand instead (Kystdirektoratet, 2015). Finally, to fully understand what shape the 

Danish coastline it is important to understand another kind of erosion called acute erosion 

(Kystdirektoratet, 2015).  

Acute erosion happens in the cross section of the coast, where the movement of waves 

transport sediments inwards and outwards from the coastline, where storms and larger 

waves primarily contribute to the transportation of sediments away from the coast in contrast 

to calmer weather which deposits smaller sediments like sand towards the coastline 

(Kystdirektoratet, 2015). 

In this way this understanding chronic erosion and acute erosion, contributes to a better 

understanding and makes it possible to measure and calculate how the future development 

and coastal profile will look like (Kystdirektoratet, 2015).  
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Existing coastal protection technologies 
 

The following section describes the most dominant and common forms of measures in 

coastal protection adopted and utilized in a primarily Danish context. Denmark has a rather 

long history with protecting itself from the surrounding ocean and its forces, dating back as 

early as the 1500th century (Faragò et al., 2018). The primary reason for the implementation of 

coastal protection has historically been a result of both land reclamation and extreme storm 

surge events like the dikes at the Wadden Sea, which was started in 1553 and first finished in 

1981 (Faragò et al., 2018). Although it was not until first in the 19th century due to both a push 

for land reclamation more drastic and invasive solutions had to be implemented, that include 

hard-technical ones like dikes and sluices (Faragò et al., 2018). Other measures than dikes 

included some softer solutions, the so called terps, that are smaller artificial elevations in the 

terrain and later other soft solutions like sand nourishment (Faragò et al., 2018). Since then, 

several hard and soft coastal protection technologies (CPT) or a combination thereof has 

been made (Faragò et al., 2018).  

The different solutions can be divided into four main categories, including hard solutions, soft 

solutions, a combination of the two, and finally non-structural solutions (Faragò et al., 2018). 

As mentioned, hard solutions are the typical man-made structures, whereas soft solutions 

utilize a more landscape-based approach, and finally non-structural solutions cover more 

temporary solutions like mobile barriers, including sand and water tubes (Faragò et al., 2018). 

One example includes a multi-functional floodwall at Lemvig built between 2012 and 2013, 

which protects against sea level rise and storm surges (Faragò et al., 2018). Although this wall 

is a hard solution it has been made multi-functional, by incorporating benches for people to 

sit (Faragò et al, 2018).  

Looking outwards internationally most of the well-known coastal technology project have 

been the Delta works (1954-1997), which was implemented in the Netherlands (Faragò et al., 

2018). This was a big undertaking consisting of 13 smaller projects with solutions ranging from 

gates, dikes and barriers (Faragò et al., 2018). Other future international projects worth 
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mentioning are “MOSE” in Venice in Italy, that will protect the lagoon from the sea (Faragò et 

al., 2018). 

According to Faragò et al. (2018) working with climate adaptation of the Danish coastline for 

over 20 years have shown that coasts with a high level of private ownership, high property 

values, and a relatively low complexity, like Øresund, have seen more fragmented and smaller 

coastal protection projects. Furthermore, coasts with a primarily mixed level of public and 

private ownership with a higher natural value and more complexity, have led to both small 

private projects and larger projects in municipalities like for example Køge municipality 

(Faragò et al., 2018). 

While finally coasts with both public and private ownership with low property values most 

often have not led to any real projects without any real economic incentives and goes to show 

the relationship between what is technically feasible, property values and private and public 

ownership (Faragò et al., 2018).  

As a result of this the extend of measures and implementation of coastal protection projects 

is influenced by whether it is an undertaking of a single stakeholder, like private landowner, or 

by the larger society of municipalities or state (Faragò et al., 2018). Undertakings of larger 

public organizations like the municipality or the state often result in larger development 

projects with bigger funding, that often corelates with the scale and value of said project 

(Faragò et al., 2018).  

Historically in Denmark hard solutions have been preferred over softer solutions, since soft 

solutions often require a higher level of interdisciplinary knowledge and because it usually 

involves longer timelines to implement, although they can provide potential benefits beyond 

protection like more recreational and natural value (Faragò et al., 2018). While climate change 

call for new innovative solutions in CPT there is not one single solution, but by adopting a 

more holistic approach including Nature-based solutions it is possible to facilitate a more 

sustainable development with multiple benefits to society (Faragò et al., 2018). 
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Coastal Nature-Based Solutions 
 

Nature-based solutions (NBS) have in the past years gained more and more recognition in the 

sustainable development for their ability to deal with a lot of environmental, social and 

economic challenges (European Commission, 2015). NBS can be described as solutions that 

are inspired by the natural processes to deal with a specific set of challenges, while being 

able to contribute to a range of co-benefits and ecosystem services (ES) that improve human 

well-being (European Commission, 2015). In relation to the NBS concept we also find terms 

that include green and blue infrastructures that also play a vital role in the planning and 

management of climate change in especially urban areas (European Commission, 2015). 

While there are different definitions of NBS the definition applied in this research follows the 

United Nations Environment Assembly definition of NBS as: 

“Nature-based solutions are actions to protect, conserve, restore, sustainable use and 

manage natural or modified terrestrial, freshwater, coastal and marine ecosystems which 

address social, economic and environmental challenges effectively and adaptively, while 

simultaneously providing human well-being, ecosystem services, resilience and biodiversity 

benefits” (UNEA, 2022, p. 2). 

Thereby, NBS shows promise in the sustainable development towards sustainable 

urbanization, restoring ecosystems, and building resilience in climate change adaptation and 

mitigation (CCAM) plans (European Commission, 2015). Europe has experienced an 

increasing degradation and loss of ecosystems fueled by agriculture, increasing urbanization 

and changes in the hydrological cycle through climate change (European Commission, 2015). 

In turn this affects the ecosystems’ ability to deliver crucial ecosystem services, such as 

water purification, storing carbon, and protecting against soil erosion and its ability to 

withstand floods (European Commission, 2015). By restoring these ecosystems, it is possible 

to increase resilience towards future risks of floods from sea level rise and storm surges and 

make it possible to enhance natural sedimentation processes that prevent further erosion of 

the coastline (European Commission, 2015).  
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As climate change continue to pose threats across the globe, coasts are exposed to the 

constant dynamic forces of the sea from waves and storms that change the typography of the 

coastline (Jordan & Fröhle, 2022). Historically there has also been conflicting interests of 

engineers seeking to protect the coasts, for instance with the implementation of hard 

solutions, and natural conservationist standpoint working to preserve the natural 

environment (Jordan & Fröhle, 2022). 

Recent development in the area looks towards more environmentally friendly and 

multifunctional solutions through utilizing NBS that as mentioned encompass a range of 

different solutions, but also frameworks and concepts and terms, including Building with 

Nature (BnW) among others (Jordan & Fröhle, 2022). Thereby, NBS offer many different 

approaches to tackling environmental challenges with inspiration from natural processes and 

can deal with coastal erosion and storm surges by protecting, restoring and creating 

ecosystems and support both biodiversity and delivering ecosystem services (Massenberg & 

Panduro, 2024).  

To help better understand the difference between the various types of NBS the different 

solutions can according to Eggermont et al. (2015) be divided into three types. 

1. NBS that require no or little intervention in ecosystems, while still providing or 

maintaining ES, with examples including the preservation of coastal mangroves to 

mitigate risks associated with storm surges and sea level rise (Eggermont et al., (2015). 

2. NBS that focus on the management and planning of landscapes and ecosystems in 

order to maximize the potential gain from ES compared to conventional methods 

(Eggermont et al., 2015). 

3. NBS that heavily manage ecosystems in a desired way or entirely create new ones like 

for example new ecosystems like green roofs and walls to combat urban heat island 

effect and pollution (Eggermont et al., 2015). 

These three types represent the relationship between the different levels of requirements of 

both engineering and management on the x-axis, and the ES delivered in relation to the 

number of stakeholders on the y-axis in relation to coastal NBS, as shown in figure 2 

(Eggermont et al., 2015; Massenberg & Panduro, 2024).  
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Figure 2: NBS typolocy Based on (Eggermont et al., 2015, p. 245; Massenberg & Panduro, 2024, p. 11). 

 

The figure explain how the typology can be applied to coastal NBS according to Massenberg & 

Panduro, 2024) where the implementation of Marine Protected Areas (MPAs) like the ones 

found in Kattegat apply to type 1, and more extensive measures like type 2, that seek to 

restore ecosystems as has been done along the Wadden Sea, and finally type 3 by creating 

entirely new ecosystems like for example wetlands and living shorelines found in both 

Copenhagen and Aarhus. 

Some of the different coastal NBS include barrier islands, dunes, seagrass meadows, salt 

marshes, and coral reefs that help provide natural buffers that protect coastlines from both 
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erosion and storm surges and simultaneously benefits biodiversity and other ES (Massenberg 

& Panduro, 2024).  

Although NBS shows great promise in climate adaptation and mitigation, the implementation 

of these solutions remains limited, because of the lack of research programs and being 

properly incorporated into official policies (Massenberg & Panduro, 2024). 

 

Governance & legislative framework 
 

The following section will describe the governance structures and legislative framework 

surrounding NBS both national and on an EU level identified through the literature review. As 

described previously NBS offer multifunctional solutions within climate adaptation and 

mitigation to several risks and thereby meet many of the objectives and goals on a European 

level, including the Flood Directive and Water Framework Directive (European Commission, 

2015). 

Although NBS shows great potential in the sustainable development and in climate 

adaptation and mitigation, the widespread implementation of NBS depends on a 

comprehensive integration into policies, plans and strategies on a local, national and global 

level (UNEP, 2022). 

While NBS is not officially integrated into Danish legislation and policies like it is in Norway, 

some Danish strategies and plans include NBS terminology and related concepts like blue-

green infrastructures (Sandin et al., 2022). Therefore, the use and implementation of NBS 

relies on innovative projects developed by visionary municipalities’ own initiative, like the 

storm surge action plan of Vejle municipality (Sandin et al., 2022). 

The main Danish legislation regarding the climate adaptation and the implementation of 

coastal NBS is influenced by several legislations on an EU level (Arcadia, n.d). Central to the 

Danish legislation is Kystbeskyttelsesloven (The Danish Coastal Protection Act), that was 

recently revised in 2022 where the responsibility of coastal protection was passed onto the 

Danish municipalities (Arcadia, n.d).  
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Beyond the Danish Coastal Protection Act, several policies influence municipalities working 

with implementing coastal NBS. Planning and implementing coastal protection and NBS 

require a lot of consideration of other relevant legislation that may include, Planloven (The 

Danish Planning Act), Naturbeskyttelsesloven (The Danish Nature Conservation Act), 

Miljøbeskyttelsesloven (The Danish Environmental Protection Act) among other (Arcadia, 

n.d.). 

The Planning Act is especially relevant for municipalities as it states that coastal landscapes 

shall be managed in accordance with national priorities and thereby must be considered in 

local plans by the municipality (Anker, 2020). While local authorities must navigate a lot of 

legislation it is also required to balance many different perspectives to successfully 

implement NBS in coastal protection.  

 

 

Figure 3: Overview of the main legislation regarding coastal protection in Denmark (Fryd & Jørgensen, 2019, p. 9) 
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According to IUCN (2020) standard of NBS several criteria have to be met to ensure proper 

provisioning of co-benefits and in securing the overall sustainability of NBS. These criteria 

promote iterative planning and can act as a useful resource for municipalities to ensure that 

the plan and final implementation will reach the desired goals (IUCN, 2020). 
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Research Question 
 

Coastal protection plays a vital role in securing the future of the Danish coastal landscape. 

However, moving from conventional methods and transitioning towards more Nature-based 

solutions requires innovation in both policy and practice. Based on the problem analysis and 

state-of-the-art, the project problem formulation is the following:  

 

How can the implementation of Nature-based solutions (NBS) help mitigate the impacts 

of sea level rise and storm surges in Danish coastal cities, and what existing governance 

and policy structures prevent or enable the use of more Nature-Based solutions? 

 

In answering the research question the hope is to contribute to better implementation and 

adaptation of NBS in Danish coastal cities, by looking into the different barriers and 

opportunities from a governance planning perspective. Furthermore, it can potentially help to 

highlight the importance and scalability of NBS in a Danish context and how it contributes to 

climate adaptation and mitigation. 
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Research Design 
 

The overall structure of the thesis is presented in the figure below, and shows the relationship 

between the different chapters, methods and theories. 

 

 

Figure 4: Research design 
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Theoretical framework 
 

This chapter describes the theoretical framework that supports the analysis and discussion and 

conclusion. The main theoretical framework includes Multi-level Governance (MLG) and Strategic 

Niche Management (SNM) in order to help answer the research question in understanding governance 

structures and the development and adaptation of niche technologies like coastal NBS. Additionally, 

perspectives from Nature-based Thinking (NBT) are included to shape perspectives in the discussion.  

 

Nature-Based Thinking (NBT) 
 

The many environmental challenges attributed to the increase in urbanization worldwide 

threaten human well-being and require a new approach from a planning perspective (Randrup 

et al., 2020). Following the development in the sustainable transition agenda approaches like 

the United Nations 17 Development Goals and the Intergovernmental Science-Policy Platform 

on Biodiversity and ecosystem services (IPBES) among others have been promoted to support 

and protect nature (Randrup et al., 2020).  

While NBS builds upon these approaches and offers a way to mitigate many of the 

environmental, economic and social challenges Randrup et al., (2020) argues that there is a 

need to expand on the concept so that NBS not only tries to mimic natural processes, but 

instead acknowledge the relationship between humans, nature and technology in order to 

support a more holistic approach to the sustainable development (Randrup et al., 2020). 

According to Randrup et al., (2020, p. 920) expanding on the concept of NBS and instead 

moving into a Nature-Based Thinking (NBT) approach offer a way to think and bring nature into 

the urban environment in a sustainable way “By balancing anthropocentric and ecocentric 

values, as well as the relational values of nature, in combination with acknowledging the 

importance of the social and governance dimensions in a more balanced socio-ecological 

perspective, more healthy and long-term sustainable urban nature solutions may be 

developed”.  
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Thereby, NBT offers a holistic system perspective on planning for resilience by introducing a 

new paradigm on how we both manage, develop and design our cities (Randrup et al., 2020). 

NBT therefore, is also a response to a critique towards the concept of NBS focusing too much 

on technological solutions with natural functions that not necessarily include nature and by 

being heavily influenced by the notion of providing a service (Randrup et al., 2020).  

In this way NBT provides a broader framework and way of how to incorporate nature into how 

cities are designed, developed and managed (Randrup et al., 2020). Thereby, NBT can be 

considered a new way of thinking and way of implementing NBS and can be defined as “an 

approach to urban inclusive planning, being inspired by nature to act socially, environmentally 

as well as economically in the transition towards sustainable cities” (Randrup et al., p. 921). 

Furthermore, NBT highlights both the importance of valuing nature for nature’s sake and to be 

culturally inclusive and promote community-based ways of thinking and connecting with 

nature (Randrup et ap., 2020). 

The NBT approach aims to be transdisciplinary and to move beyond participatory to make 

change and focus on the subjective understanding people experience towards nature in order 

for the urban population to reconnect with nature, both on a physical, emotional and spiritual 

level (Randrup et al., 2020). Thereby, NBT works as a new way to rethink the traditional linear 

logic of planning, design, construction and maintenance and instead focus on the three 

dimensions of ecology, community aspects and economy (Randrup et al., 2020).  

 

Multi-level Governance (MLG) 
 

To understand Multi-level governance (MLG) it is important to first make the distinction 

between government and governance (Rosenau, 2004). While both governments and 

governance are rule systems that act as mechanisms of authority to move towards desired 

goals, governments both local, regional, national and international consist of formal 

structures and institutions that address issues within different areas of responsibility 

(Rosenau, 2004). 
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Governance, however, is a much broader concept and encompasses both the collectivity, 

private or public acts of utilizing informal and formal steering mechanisms to achieve goals, 

issue directives, and establishing policies (Rosenau, 2004). Governance relies unlike 

governments on negotiations, agreements and other practices that ultimately make people 

comply with their directives (Rosenau, 2004). 

Thereby, MLG acts as a multi-centric system that sometimes corporates or works in 

opposition with the traditional state-centric system and thereby the global arena can be 

understood of consisting of many different relations between various actors “actors, large 

and small, formal and informal, economic and social, political and cultural, national and 

trasnational, international and subnational, aggressive and peaceful, liberal and authoritarian, 

who collectively form a highly complex system of governance on a global scale” (Rosenau, 

2004, p. 32). 

As a result of environmental policies taking place in both global, national and local level often 

in isolation of each other underpin the need for multi-level governance (Bulkeley & Betsill, 

2005). Thereby, MLG is increasingly important when talking about the role of planning as this 

undertaking requires coordination between local and global level (Bulkeley & Betsill, 2005). 

Furthermore, MLG is an important concept to understand the processes that enable local 

capacity and political willingness in the sustainable development across multiple levels of 

governance that either support or hinder a sustainable transition (Bulkeley & Betsill, 2005). 

 

Strategic Niche Management (SNM) 
 

The Strategic Niche Management (SNM) approach builds on the assumption that sustainable 

innovation can be facilitated by regulating technological niches through protected spaces that 

allow experimentation, user practices, and regulatory structures (Schot & Geels, 2008). While 

there is an inherent focus on technology in the SNM approach, it is highlighted that 

sustainable development requires a combination of both technological and social change 

(Schot & Geels, 2008). 
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Thereby, the SNM approach critiques the narrow focus on technological advancement that 

often leaves out the perspective of broader societal goals and how a specific technology 

contributes to this (Schot & Geels, 2008). The SNM approach acts as a policy tool to 

understand how niches are created and enacted by different actors consisting of both users 

and societal groups, that happens from within the system (Schot & Geels, 2008). This 

dynamic relies on specific learning processes or new demonstration projects that offer new 

ways towards a desired path and is not something that is introduced by governments, but the 

future of these niches can be modulated (Schot & Geels, 2008). Originally SNM was 

developed to provide insights from constructivist science and technology studies, which later 

has moved towards describing how niches can be used to test design of a specific technology 

and often involve policy makers, where governments can subsidize and promote not yet 

profitable innovations in expectation of them becoming central to realize societal and 

collective goals like the sustainable transition (Schot & Geels, 2008). One major challenge in 

the SNM approach is that many niche innovations are not variations of existing dominant 

technologies and are radically different and therefore hard to implement (Schot & Geels, 

2008). 

Because of this challenge, SNM purpose is to support the management of two specific types 

of innovation consisting of; “(1) socially desirable innovations serving long-term goals such as 

sustainability, (2) radical novelties that face a mismatch with regard to existing infrastructure, 

user practices, regulations, etc.” (Schot & Geels, 2008, p. 539). In this way, the concept of 

SNM describes how a selective exposure of new sustainable technologies to market powers 

through the development of niches can potentially result in these niches becoming the new 

dominant technology and replace the existing and less sustainable technology (Schot & 

Geels, 2008). 

As a part of this transition a new socio-technical regime that consists of specific standards, 

skills, designs and government regulations would emerge influenced by internal and external 

factors explained by a multi-level perspective (MLP) where the transition happens in a relation 

between processes at different levels (Schot & Geels, 2008). Thereby, the MLP highlights that 

regimes may shift as a result of alignments of processes at multiple levels and not only as a 

bottom-up process (Schot & Geels, 2008). Through these processes the SNM approach offer a 
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way to help policy makers build competencies in recognizing and dealing with policy 

dilemmas and acknowledging the role of researchers to act as mobilisers towards change 

towards a more sustainable future (Schot & Geels, 2008). 

 

Methods 
 

The methodology described in the following chapter outlines the approach utilized to 

investigate and identify how the implementation of NBS can serve as coastal protection in the 

sustainable development. Furthermore, the chosen methods seek to explore the different 

governance and policy structures at play when working with NBS. As a result, it is intended to 

help map the different potentials and barriers for the implementation of coastal NBS. 

 

Desk research 
 

The initial data collection was conducted through extensive desk research to gather 

knowledge related to coastal NBS and related governance and policy structures. Desk 

research has supported the design of both the literature review and comparative case study 

by reviewing academic literature, official planning documents and technical reports. The use 

of artificial intelligence (AI) tools has been utilized only in the preliminary part of the research 

to help scope and explore potential research angles.  

 

Literature review 
 

The literature review will primarily contribute to explore the state of the art of research done 

on coastal NBS and the identification of possible research gaps. 

The literature review serves as a good way to collect and interpret information on a specific 

research topic, help identify potential knowledge gaps, while also help to map the state-of-
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the-art of existing research and knowledge in the given field (Booth et al., 2016). Thereby, a 

literature review can help evaluate how well, for instance, a specific action or policy work by 

synthesizing findings across several studies (Booth et al., 2016). One important aspect of 

conducting a literature review and collecting data is to utilize a systematic approach (Booth et 

al., 2016).  

A systematic approach may involve several different approaches ranging from how literature 

search is conducted, analyzed, presented, and specific characteristics documented and may 

include both quantitative and qualitative findings (Booth et al., 2016). Because there are 

different methodologies for conducting literature reviews, it is according to Grant & Booth 

(2009) beneficial to focus on the processes that encompass a review, by applying the SALSA 

(Search, AppraisaL, Synthesis and Analysis) framework.  

While this framework is useful to dive into the processes of conducting a literature review, 

different kinds of literature reviews may have different strengths and weaknesses (Grant & 

Booth, 2009). As mentioned, this project focuses on the State-of-the-art review that seeks to 

explore different perspectives, map possible knowledge gaps, and explore and highlight 

current knowledge on the topic (Grant & Booth, 2009).  

This can, for instance, be done by mapping the key concepts and theories in the existing 

literature that occur multiple times (Booth et al., 2016). These concepts can, for example, be 

mapped in a mind map that represents these key ideas and how they are all linked with each 

other (Booth et al., 2016). Before conducting literature review itself, an initial protocol of the 

review is established, which acts like plan and detailed description of how the review is going 

to be conducted (Booth et al., 2016). By making and following an initial protocol, it minimizes 

the risk of potential bias and serves as a way to clearly define the scope of the review (Booth 

et al., 2016). 

Beyond searching for specific key words in scientific literature, grey literature like government 

reports and policy papers can also be a good idea to include in a state-of-the-art literature 

review (Booth et al., 2016). Finally, assessing both the validity and reliability of the review is to 

be determined in order to make sure it is possible to make broader generalizations of the 

results (Booth et al., 2016). The Literature review has informed the foundation for the state-of-
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the-art chapter and furthermore identified key research articles and reports related to the 

policy and governance surrounding the field of NBS and informed a more technical 

explanation on how NBS can be a sustainable coastal protection technology. 

Table 1 below shows the categorization of the different literature identified in relation to policy 

and governance and research of more technical character on coastal NBS. The literature was 

found primarily through the AAU student library using search the terms: Nature-based 

Solutions policy & governance and coastal nature-based solutions. Additionally, sub 

search terms were utilized to further narrow down the search and to set geographic 

boundaries that include Nature-based Solutions, Denmark, Kystbeskyttelse, storm surge, 

and sea-level rise and further filters including peer-reviewed papers. 
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Table 1: List of identified literature in relation to Policy & Governance and coastal NBS. 

Document Policy & Governance on NBS Cosatal NBS 

(Faragò et al., 2018) x x 

(Kystdirektoratet, 2015)  x 

(European Commission, 2015) x x 

(Jordan & Fröhle, 2022)  x 

(Massenberg & Panduro, 2024) x x 

(UNEP, 2022) x x 

(Sandin et al., 2022) x x 

(Arcadia, n.d.) x  

(Anker, 2020) x  

(IUCN 2020) x x 

(Eggermont et al., 2015) x  

 

Comparative case study 
 

The comparative case study will help highlight key similarities and differences and potential 

barriers in the adaptation and implementation of NBS in coastal protection. The case study 

seeks to explore different planning and governance approaches and structures in dealing with 

storm surge mitigation and climate change adaptation, by looking into official planning 

documents including documents both national and international and specific cases from 

Denmark like for example Køge Bugt Strandpark and Gyldensteen Strand. 
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By utilizing a comparative case study approach, it is possible to evaluate and compare several 

cases in order to make broader generalizations (Knight, 2015). The comparative case study is 

applicable across a wide range of scientific fields of research by incorporating both 

quantitative and quantitative data, ranging from narrative descriptions and analysis (Knight, 

2015).  

Thereby a case study functions as “a rigorous, detailed, spatially bounded, temporally limited 

description and analysis of an event, process, place, or community intended by the 

researcher to exemplify a more general insight, principle, or theory” (Knight, 2015, p. 405). 

Therefore, one of the strengths of the comparative case study is that it allows a detailed 

description of several recurring similarities, and contradictions, and other key elements 

across the different cases (Knight, 2015).  

This allows comparative case studies to eliminate potential ambiguity and uncertainties by 

examining a specific phenomenon from different perspectives and thereby detect unknown 

relationships (Knight, 2015). By conducting a comparative case study, it is possible to utilize 

different strategies, alone or together, to gather information, provide evidence and explain or 

make certain generalizations. The choice of strategy depends on the subject but includes 

certain similarities as basis for how to organize the cases and areas of research and may 

include place, system-subsystem and events (Knight, 2015).  

Place refers to a shared geographical setting or alternatively common human and 

environmental interactions like flood plains and coastal areas or the investigation of the 

impacts of a given technological transformation like management of water resources (Knight, 

2015). 

By utilizing a system-subsystem perspective a comparative case study may examine complex 

systems or specific relationships and mechanisms, for example the public role in 

environmental management at local, state, and national levels (Knight, 2015). Finally, the 

case study can be organized into events like natural disasters or the increase in extreme 

weather events due to climate change, like environmental threats including floods and 

erosion or local resistance to specific political or technological changes (Knight, 2015). 

Thereby, the comparative case study can help provide useful information and help 
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understand complex real-life problems and the human-environment relationship (Knight, 

2015). 

 

Case Selection 
 

Following the comparative case study methodology and in combination with the literature 

review two cases were selected to highlight the potential and barriers of the implementation 

of NBS. The cases were chosen on based on the report “Coastal protection technologies in a 

Danish context” by Faragò et al. (2018). The two chosen cases are both finished projects and 

include Køge Bugt Strandpark and Gyldensteen Strand. 

 

Køge Bugt Strandpark 
 

Situated in close proximity to Copenhagen between Brøndby to the north and Køge to the 

south, running through several cities like Tårnby-Dragør, Ishøj, Solrød Strand og Køge, this 

coastline consists of relative shallow waters and has previously been predominantly low-lying 

wetlands (Faragò et al., 2018). Work initially began in the 1970s where it was decided that a 

system of lagoons and an artificial island and was built incorporating the natural dynamics of 

the coast and the artificial constructed landscape it was already apart of (Faragò et al., 2018). 

While the outer dikes and dunes are designed in a way to prevent the effects of erosion, the 

inner lagoon and connected sluice gates allow storm surge water to be managed in order to 

prevent flooding (Faragò et al., 2018). 

The already low-lying area and the high density of urban centres along Køge Bugt make it 

vulnerable to climate change and storm surges (Faragò et al., 2018). Following this recently 

Køge bugt was again identified as an area in risk of flooding and several new potential 

expansions are discussed, like reinforcing the existing infrastructure or to build entirely new 

dunes and dikes (Faragò et al., 2018). What make Køge Bugt Strandpark an interesting case is 

that it was established as a consortium with two regional governments and seven local 
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governments (Faragò et al., 2018). Furthermore, Køge Bugt Stramdpark is now home to a 

range of different wildlife, in the relatively diverse coastal landscape of sand dunes, meadows 

and open sea, which in part can be attributed to the planting of European Beachgrass 

delivered from the West Coast of Denmark (Faragò et al., 2018). 

Besides maintaining a close resemblance to the natural environment around it, the project 

have also increased recreational value where a range of different activities like swimming take 

place (Faragò et al., 2018). 

 

Gyldensteen strand 
 

Gyldensteen Strand project located in the northern part of Funen in close proximity to the 

town of Bogense have in the past 150 years been used as reclaimed farmland, which originally 

was a coastal lagune (Faragò et al., 2018). Following a storm surge event the dikes protecting 

the farmland was damaged and made it possible for the Aage V. Jensens Naturefond to buy 

the land and put it out of production (Faragò et al., 2018). This made way for several initiatives 

including the idea to leave a part of the area to change by itself over time through natural 

processes (Faragò et al., 2018). 

The rest of the area have ended up being restored as a coastal lagoon and a freshwater lake 

with natural vegetation protected by several dikes and have furthermore served as an 

interesting research site due to the high diversity in nature (Faragò et al., 2018). The project 

has shown how NBS like these can be multifunctional by combining nature restoration with 

reductions in CO2 (Faragò et al., 2018).  
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Analysis 
 

The potential in Nature based solutions for coastal protection 
 

Nature-based solutions show great potential in meeting broader societal goals on both 

national and international level by offering valuable solutions to climate adaptation and 

mitigation as an alternative to conventional grey infrastructure (Massenberg & Panduro, 2024). 

By incorporating natural processes NBS can not only serve as coastal protection like 

conventional methods but also act as multifunctional solutions tackling several challenges at 

once and contribute to human well-being, provide ecosystem services and tackle the loss of 

biodiversity (Bargmann et al., 2024).  

The inherent multifunctionality of NBS is additionally of great value when developing coastal 

protection in urban areas providing co-benefits like recreational value (Faragò et al., 2018). 

One important lesson shown is that there is a correlation between coastal areas with private 

and public ownership and economic incentives. According to Faragò et al. (2018) this has 

shown that coasts with mixed levels of both private and public ownership and relatively high 

natural value and complexity have led to smaller projects, but also bigger ones like the one 

seen in Køge Bugt (Faragò et al., 2018). 

This might show another interesting observation that projects with several stakeholders and 

the state often have better funding and therefore also the ability to set out and achieve higher 

goals and sustainability (Faragò et al., 2018).  

Determining whether this is contributed only to economic and financial abilities or a higher 

push for sustainable projects on a national level opposed to local level remain unknown.  On 

the other hand, it is also highlighted that the implementation and possibilities of NBS remain 

highly context specific and therefore require a deep understanding of local, regional and 

global conditions (Faragò et al., 2018).  
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This is however also one of the strengths of utilizing NBS in climate mitigation and adaptation 

that NBS can offer the possibility to have solutions anchored in specific conditions (Faragò et 

al., 2018). 

While there has been experience in working with similar and related concepts and terms like 

Building with Nature (BnW) and blue-green infrastructure in Denmark, the adaptation of NBS 

show great promise (Jordan & Fröhle, 2022). As shown in the cases from both Køge Bugt 

Strandpark and Gyldensteen Strand it is clear, that NBS can support the sustainable 

development and contribute to a wide variety of co-benefits and promote resilience (UNEA, 

2022).  

 

Possibilities and barriers within the legislative framework  
 

While NBS is supported and promoted in EU strategic frameworks, NBS still only account for a 

relatively small part of solutions adapted in relation to coastal protection in Denmark 

potentially leaving us behind the development seen in both Sweden and Norway (Sandin et 

al., 2022). 

Additionally, NBS require solid and effective governance structures and policies to be put in 

place to promote the use of NBS over conventional methods and therefore the success of 

implementing NBS therefore relies on the ability of relevant actors and stakeholders to 

collaborate (Sandin et al., 2022). Furthermore, mainstreaming the use of NBS for coastal 

protection will require national legislation to be revised and to better accommodate more 

sustainable solutions (Sandin et al., 2022). Supporting and promoting innovative projects like 

Manabas can serve as valuable ways to obtain a better understanding and knowledge base of 

how to implement NBS (van der Meulen et al., 2025). 

Promoting and enabling a solid foundation for the implementation of NBS is not only a task for 

policy and decision makers but can also be promoted by different actors on other levels of 

governance (Rosenau, 2004). These include the complex relationship between private and 

public actors that shape the general consensus and overall direction in the sustainable 
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transition and highlight the importance of understanding the mechanics of Multi-level 

Governance (MLG) (Bulkeley & Betsill, 2005). 

Additionally, MLG can explain how the multi-centric system also can work in opposition to the 

status qou and potentially make way for new niche technologies or ways of thinking in various 

groups across society highlighting the relationship between MLG and Strategic Niche 

Management (SNM) (Schot & Geels, 2008). As highlighted in the SNM approach sustainable 

development requires a combination of both technological and social change (Schot & Geels, 

2008).  

A major challenge in the SNM approach is that niche innovations are often not variations of 

existing dominant technologies and therefore hard to implement (Schot & Geels, 2008). Here 

the many variations of the NBS can act as solutions not radically different from conventional 

coastal protection incorporating multifunctionality and the incorporation of nature. Although 

it can also be argued that smaller scale NBS may lose the potential for actual having a 

measurable effect.  

On the other hand, it is arguable that NBS are radically different than conventional hard and 

grey solutions in coastal protection and therefore require not only technological change but 

social change too (Schot & Geels, 2008). This can furthermore be put in relation to the idea of 

Nature-based thinking (NBT). The perspective emphasizing the relationship between humans, 

nature and technology can be put in relationship to the social change required to push 

innovative solutions like NBS (Randrup et al., 2020).  

In addition to this, the multi-level governance perspective highlights the relationship between 

the various actors related to the legislation concerning NBS (see figure 3). One risk of 

environmental policies is that they operate at both local, national and local level sometimes 

in isolation of each other and can be difficult to implement plans and therefore require a high 

level of coordination across the levels (Bulkeley & Betsill, 2005). 

Finally, the comparative case study has allowed valuable insights into the two cases of Køge 

Bugt Strandpark and Gyldensteen strand and what similarities the cases have and what 

different structures are at play (Knight, 2015). Supported by the literature review it the 

comparative case study of both Køge Bugt Strandpark and Gyldensteen strand show that NBS 
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have been successfully implemented and in both cases have managed to act as coastal 

protection and provide co-benefits and contribute to the overall sustainability transition. This 

is despite the two cases being different in both location, conditions, scale, ownership and to 

some extend goals they both show the wide possibility and application that NBS provide. The 

cases and the extensive literature on NBS in coastal protection can make it possible to make 

broad generalization that NBS can act as a sustainable in climate adaptation and mitigation 

by protecting against sea level rise and storm surge. 

 

Discussion 
 

Despite the increasing attention, promotion and frameworks of NBS from an EU level, as a 

sustainable solution to combat various challenges related to climate change, the 

implementation of NBS in coastal protection Denmark have not yet seen widespread use 

(Sandin et al., 2022).  

While Denmark have seen the use and implementation of related blue-green infrastructures 

and experiences with Building with Nature (BnW), adopting the concept of NBS into official 

legislation like in Norway might help promote the use of NBS in (Sandin et al., 2022). This is of 

course considering it is the best possible solution and not only implemented to 

accommodate and follow legislation. On the other hand, leaving it up to local authorities to 

implement NBS on their own initiative may result in variations in the understanding and 

implementation of NBS and potentially not follow recognized international standards and 

criteria (IUCN, 2020).  

Promoting and enabling a solid foundation for the implementation of NBS is not only a task for 

governmental bodies and policies but might require an entirely new way of understanding and 

thinking about the relationship between humans and the natural environment (Randrup et al., 

2020). 
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Nature-based thinking (NBT) might just provide that answer. Taking a more holistic and 

ecocentric approach to how we think about our relationship with nature could push a change 

in society as a whole (Randrup et al., 2020). 

Although as comprehensive a challenge a new paradigm shifts on how we manage, develop 

and design our cities and society is it the reliance and technological optimism can also be 

critiqued (Randrup et al., 2020). The critique applies to NBS as well where we often see a 

heavy of a focus on technological solutions instead of leaving nature to its own devises like 

seen in the case from Gyldensteen Strand where the nature was allowed to regulate itself and 

evolve naturally (Faragò et al., 2018). 
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Conclusion 
 

The coastline is constantly being shaped by the dynamic forces from the ocean surrounding 

Denmark and play a centrale role in our cultural understanding (Faragò et al., 2018). 

Additionally, these coastal systems play a vital role in our everyday life not only here in 

Denmark, but also across the EU (European Commission, 2015). With over 8.700 kilometers 

of coastline and coastal city centers Denmark face a major challenge due to climate change 

(DST, 2019).  

Nature-based solutions for coastal protection show great potential to help in both climate 

change adaptation and mitigation, while being inherently multifunctional and able to support 

human-well being and promote biodiversity (Bargmann et al., 2024). Although more and more 

attention and NBS have been given these types of solutions remain relatively niche compared 

to conventional coastal protection technologies (Sandin et al., 2022).  

Some of the challenges identified through the literature review and comparative case study 

include the need for solid and effective policy and governance structures to be put in place for 

the successful implementation and use of NBS (Sandin et al., 2022). The multi-level 

governance perspective offers a way to better understand the interaction between these 

governance structures and can potentially help support the use of NBS (Rosenau, 2004). 

Furthermore, the theory of Strategic Niche Management highlights that sustainable change 

not only relies on innovative technologies like NBS alone, but a broader social change also 

(Schot & Geels, 2008). 

With proper integration and collaboration across multiple actors, innovative solutions and 

projects like Manabas that help increase the experience and knowledge working NBS can play 

a central role in the sustainable development and climate adaptation and mitigation (van der 

Meulen et al., 2025). 

Combined with a more holistic approach of Nature-based thinking (NBT) it could be possible 

to not only achieve sustainable development, but also reconnect with nature on a physical, 

emotional and spiritual level (Randrup et al., 2020). 
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