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Summary
Nature-based flood defences (NBFD) can be an alternative to hard flood protection. Hard flood
protection measures like dams and dikes pose different drawbacks such as costly maintenance and
unsustainable heightening. NBFD is an overarching term for different flood defence techniques that
make use of natural dynamics to contribute to flood protection. Research on governance
arrangements and institutions of NBFD implementation is limited. The goal of this research is to
understand the working of governance arrangements and the institutional setting for NBFD
implementation and to make recommendations to enable the NBFD implementation.
A conceptual framework explains the influence of governance arrangements and institutions on the
implementation of NBFD. The conceptual framework combines interaction oriented policy research by
Scharpf (1997), the seven institutional rules-in-use by Polski and Ostrom (1999) and applications of
game theory (Osborne & Rubinstein, 1994; Rasmusen, 2007; Schelling, 2010). Based on the conceptual
framework a multiple case study research is conducted. For three Dutch cases crucial factors for NBFD
implementation are identified: Marker Wadden, Hondsbossche and Pettemer sea defence (HPSD) and
fort Steurgat. For these cases the crucial factors enabling NBFD implementation are analysed by
considering actors, actor-interaction (games) and institutions.
Four factors enabling NBFD implementation are found in the cases. First, certainty about safeguarding
flood safety is important as was found in the case of fort Steurgat. The functioning and maintenance
of NBFD is more uncertain than conventional flood protection. Reducing uncertainty about NBFD in
the exploration phase is important for NBFD implementation. Second factor enabling NBFD
implementation is support by local inhabitants. In the case of fort Steurgat and HPSD local inhabitants
opposed to a conventional dike reinforcement. This enabled the implementation of a NBFD. Third,
parallel goals besides flood protection can enable NBFD implementation. Spatial quality at the HPSD
and innovation at fort Steurgat supported the development of a NBFD in these cases despite both
aspects were subordinate to flood protection. Finally, considering future adaptability as an important
criteria can enabled NBFD development. Adaptability to changing conditions is a main quality of NBFD.
Especially in the case of the HPSD this adaptability favoured the implementation of a NBFD.
Four factors enabling NBFD implementation result in the following recommendations for practice.
First, reduce uncertainty about flood protection of NBFD by (1) including vegetation in the assessment
regulation of flood defences, (2) conducting research to support the functioning of a NBFD for a specific
area, (3) providing the waterboard with the ownership of the entire NBFD area to improve control over
maintenance and (4) over-dimensioning a NBFD compared to legal requirements. Secondly, investigate
NBFD implementation options in places where local inhabitants oppose to conventional dike
developments. Third, broaden the scope of flood defence measures by including multiple goals. Finally,
consider future adaptability in flood protection goals.
The added value of this research is an in-depth case study of NBFD implementation, showing the
analysis of governance arrangements and institutions of complex cases. This is crucial for future NBFD
developments.
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Chapter 1: Introduction
1.1 Context
Limitations to hard flood defences
In the Netherlands people have for centuries aimed at reducing the probability of flooding by investing
in hard flood defence measures like dikes and storm barriers. A telling example of this are the Delta
Works in the estuary of the Rhine, Meuse and Scheldt, constructed after the disastrous flood of 1953.
In order to stay ahead of changes in the climate leading to, for example, sea level rise, dikes and dams
are reinforced to meet safety standards (Ministerie van I&M, Unie van Waterschappen, 2014).
However, new insights put doubts on these hard flood defences (Smits, Nienhuis, Saeijs, & Willems,
2006; Van Koningsveld, Mulder, Stive, Van Der Valk, & Van Der Weck, 2008).
Hard flood defences encounter resistance because these are becoming more and more unsustainable.
Maintenance of hard flood defences is continuous and expensive and heightening and widening to
keep up with increasing flood risk can reach a certain limit (Borsje et al., 2011; Temmerman et al.,
2013). The general cause of increased flood risk, besides the growing human activity in flood prone
areas (Stokkom, Smit & Leuven, 2005), is climate change. Changes in climate pose new challenges in
flood protection. In the Netherlands, rising sea levels, the occurrence of extreme storm events, land
subsidence and extreme river discharges require improved flood protection measures (Kabat et al.,
2009; Katsman et al., 2011). Conventional hard measures are often over-dimensioned and static,
making them unable to adapt to changing boundary conditions, such as sea level rise (Borsje et al.,
2011).
Another undesirable side effect of traditional hard flood defences is the disturbance of ecosystem
functioning with large consequences for local ecology (Wesenbeeck et al., 2014). Biodiversity and local
dynamics are affected at different spatial and time scales because of human infrastructures (Airoldi et
al., 2005). For example, the Delta Works have a large influence on the natural dynamics of the estuary.
The salinity and nutrient levels and sediment transport of the system changed because large dams
were constructed, influencing flora and fauna (Smit et al., 2006). To counteract these negative side
effects, nature-based flood defences could be an alternative in flood risk management.
Nature-based flood defences
In general, nature-based flood defences (NBFD) in flood risk management make use of natural
dynamics to reduce flood risk. Natural dynamic is the self-organisation ability of an ecosystem to adapt
to changing conditions, which is done by biotic and abiotic processes (Odum & Odum, 2003). The
concept of nature-based flood defences fits within a row of different concept around solutions based
on natural dynamics. Nature-based solutions (NBS) and building with nature (BwN) are two concepts
often used in the Netherlands (Kothuis, 2015). Nature-based solutions ‘’aim to help societies address
a variety of environmental, social and economic challenges in sustainable ways (and are) inspired by,
supported by or copied from nature’’ (European Commission, 2015, p. 5). Building with nature means
‘’proactive utilizing natural processes and providing opportunities for nature as part of the
infrastructure development process’’ (De Vriend, Van Koningsveld & Aarninkhof, 2014, p. 18). NBFD
include NBS and BwN concepts, but are focussed on flood defence.
NBFD differ from conventional flood protection strategies (hard measures) in several ways.
Conventional flood protection measures are static, mono-functional and aimed at minimizing
uncertainty and controlling flood risk, while, by contrast, NBFD are dynamic, multifunctional and allow
uncertainty about the natural variability of ecosystems (Janssen, Tatenhove, Otter, & Mol, 2015; Van
der Hoek, Brugnach, & Hoekstra, 2012; van Slobbe et al., 2013). Additionally, whereas conventional
flood protection strategies are designed in advance and then constructed and monitored, NBFD
10

designs are not finished after construction. NBFD do not end by completion of the engineering works.
Instead, after initial construction nature, ecosystem services and economic functions start evolving (De
Vriend et al., 2014). This means that monitoring and maintenance after completion is essential for
proper managing NBFD.
The development process and stakeholder involvement of NBFD can differ. Van Slobbe et al. (2013)
identified three perspectives in NBFD: the natural environment, man-made engineering and the
governance of society. These three perspectives are strongly interrelated in NBFD. Governance
arrangements can be explained as the process influencing the making of decisions, involving multiple
actors and taking place through institutions (Lautze, De Silva, Giordano, & Sanford, 2011). Flood
protection in the Netherlands has historically been the responsibility of the government domain,
however, this is slowly changing to a more integrated approach (Meijerink & Dicke, 2008; Van
Koningsveld et al., 2008). Involvement of different actors in the implementation of NBFD can result in
changed governance arrangements. For example, nature conservation organisations can be new actor
in flood protection based on nature. A change in responsibilities of governmental authorities can also
change the governance arrangement. As explained, governance arrangements influence the
development process where decisions are made. Decision-making is a problem-solving process and is
generally characterised by the presence of aspects like alternatives, uncertainty and outcomes (Adger
et al., 2003). In a governance arrangement, different actors are able to participate in the decisionmaking process. Actor-interaction is an important element of a governance arrangement, which entails
the communication and negotiation of actor’s preferences with other actors (Ligtenberg, Bregt, & Van
Lammeren, 2001). Institutions influence the governance arrangement. Institutions are a set of rules
that humans use when interacting in different forms of repetitive and structured situations (Ostrom,
2005).
NBFD are often combined with conventional engineering infrastructures for optimal flood protection
(Cheong et al., 2013). NBFD rely on natural dynamics to improve the safety of people living in flood
prone areas. Natural dynamics enhancing the human well-being are called ecosystem services.
Ecosystem services are the benefits people obtain from ecosystems and are divided by the Millennium
Ecosystem Assessment (2005) into provisional (food, water, timber etc.), regulating (climate, flood
regulation etc.), cultural (recreational, aesthetic benefits etc.) and supporting services (soil formation,
nutrient cycling etc.). Farber et al. (2006) emphasize the importance of addressing ecosystem services
in flood risk management, such as the storm protection function of wetlands. Nature-based flood
defences are ‘’increasingly recognized as a multi-benefit approach that utilizes different ecosystem
services to harmonize human-environment systems’’ (Wamsler, Luederitz & Brink, 2014, p. 189). In
their primary function as flood defences, nature based solutions make use of regulating ecosystems
services to reduce the impacts of extreme weather conditions by, for instance, attenuating waves.
Additionally, NBFD enable provisional, cultural and supporting services to contribute to human wellbeing as well. For example, a natural dune system has more recreational and aesthetic value than a
man-made dike.
Several nature-based solutions have been implemented in the Netherlands, ranging from large-scale
sand nourishment projects like the Delftland Sand Engine (Slobbe et al., 2013) to small pilots of mussel
and oyster beds to protect intertidal flats from erosion (Borsje et al., 2011). The type of nature-based
solution that is applicable for a particular situation and the benefits for flood protection highly depends
on local conditions (Janssen, 2015). The Delftland Sand Engine, for example, is a large sand
nourishment project that makes use of the natural current (regulating service) to distribute sand along
the coastline. Without sand nourishment, large parts of the Dutch coasts will gradually retreat (De
Ruig, 1998). The Delftland Sand Engine is a pilot project to investigate if large-scale sand nourishment
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is more advantageous than repeated smaller replenishments (Slobbe et al., 2013). Another example of
nature-based flood defences are vegetated foreshores. Vegetated foreshores are a specific form of
NBFD. Gedan, Kirwan, Wolanski, Barbier, & Silliman (2011) conclude that, in many cases, wetland
plants reduce erosion and storm surges by slowing water flow, facilitating sediment deposition,
increasing shoreline cohesion and building peat (regulating service). Examples of vegetation in the
Netherlands with these abilities are willow trees in fresh water environments, reeds in fresh or brackish
environments, grass weeds in brackish water and cord grass in salt environments (Borsje et al., 2014).
In the Netherlands vegetated foreshores can improve flood protection levels as an addition to existing
infrastructural works. In that way, vegetated foreshores can be applied as an integral part of the flood
defence system instead of solely enhancing the physical structure of a dike or dam. Furthermore, NBFD
are able to adapt to changes in water level, allowing them to grow when the water level increases.
When sea level rise is moderate and does not exceed a critical point for the vegetation growth,
vegetated foreshores are able to adapt to a rising sea level by growth of the wetland barrier (Kirwan
& Temmerman, 2009; Gedan et al., 2011).

1.2 Problem outline
Institutional setting
Considering ecosystem services, like nature-based flood defences, in flood protection is not common
(De Groot, Alkemade, Braat, Hein & Willemen, 2010). Conventional strategies are still the fundamental
approach and NBFD are not mainstreamed in water management. A central challenge of NBFD in the
Netherlands (and abroad) is the actual implementation in practice (Janssen, 2015). Just a minority of
the flood defences in the Netherlands are nature-based. Moreover, part of this minority are pilot
projects and therefore not part of mainstream flood protection management (Janssen, 2015). The level
of uncertainty of NBFD hampers the implementation because Dutch institutions in flood protection
are based on profound justifications, such as the probability of flooding determined by law. Institutions
in flood risk management are therefore focussed on infrastructural measures. Hard flood protection
measures are the dominant practice, norm, belief and interest (institutions) that underlie flood risk
policy and which aim towards preserving the status quo and thus towards optimisation and protecting
investment rather than innovation (Van der Brugge, Rotmans & Loorbach, 2005). The current
institutional setting can therefore hamper the implementation of nature based flood defences. A
better understanding of the institutional setting can enable the implementation of NBFD.
NBFD governance arrangements
The way actors are involved and the way decisions are made in the implementation of NBFD can be
different compared to conventional flood defences. Korbee & Van Tatenhove (2013) explain that
nature-based solutions in marine infrastructure require innovative governance arrangements because
different actors are involved and there is a change in actor coalitions, applied resources and rules of
the game. Different stakeholders, like national and regional authorities and water boards can have
contradicting interest in the implementation of NBFD. These contradictions can be about finance,
safety levels or integration of other functions. Additionally, new coalitions between stakeholders can
emerge. Therefore, to introduce NBFD in the Netherlands as an actual approach in flood defence
requires a proper understanding of governance arrangements as well. As Van Slobbe et al. (2013, p.
962) point out: ‘’Decision-making is no longer a matter of coastal engineering, but one of integrated
governance.’’ Uncertainties about new types of governance arrangement in implementing NBFD are
even more important to address then uncertainties about physical aspects (Lach, Rayner, & Ingram,
2005; Van den Hoek et al., 2012).
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1.3 Research goal
In order to improve implementation of NBFD a better understanding of the institutional setting and
governance arrangements in NBFD is necessary. The following research goal is identified:
To understand the working of governance arrangements and the institutional setting for NBFD
implementation and to make recommendations to enable NBFD implementation.
To achieve this research goal I look into governance arrangement and institutional setting of several
cases. The institutional setting of flood protection management influences the governance
arrangement of NBFD. The relevance of this research is already partly addressed in the introduction,
but will now be explained to a full extent. This research goal has both a scientific and societal relevance.
Scientific relevance
Scientifically this research is important to improve the knowledge of implementation of NBFD.
Research on the implementation of NBFD is rather limited compared to research on physical aspects
(Naylor, Coombes, Venn, Roast, & Thompson, 2012). The lack of research on implementation can be
identified as a knowledge gap in the NBFD science. The knowledge on implementation is important to
bridge the gap from technical possibilities towards application of NBFD. As Lach et al. (2005) and Van
den Hoek et al. (2012) point out: an improved understanding about new types of governance
arrangements in implementing NBFD is more important to address then uncertainties about physical
aspects. Research on governance arrangement is therefore important for the scientific foundation of
NBFD.
Additionally, this research addresses several theories: the framework of interaction oriented policy
research by Scharpf (1997), the application of game theory as a modelling tool (Osborne & Rubinstein,
1994; Rasmusen, 2007; Schelling, 2010) and institutional rules-in-use by Polski and Ostrom (1999) to
analyse the institutional setting. These are further explained later on. By using these theories, I
complement to their understanding and development. Especially, the practical assessment of these
theories in a multiple case-study can improve the knowledge about the transition of these theories
towards practice. Additionally, the combination of the rules-in-use and the framework of interaction
oriented policy research and game theory is a new way of assessing governance arrangements and
institutions. The seven rules-in-use are part of the Institutional Analysis and Development framework
by Ostrom (2011), which is a policy analysis framework as well. The combination as part of the method
adds to the scientific knowledge about institutions and governance arrangement. At last, research on
NBFD can benefit from this thesis because it contributes to the analysis of cases. In this way, this
research improves the knowledge of the application of NBFD in practice.
Societal relevance
This research gives recommendations to practice on how to enable the application of NBFD. When the
implementation of NBFD is enabled, this research is also relevant for society because advantages of
this approach can then be utilized. Society can profit in several ways. First, the extensive costs for
upgrading and maintaining conventional infrastructural flood defences can be restrained (Temmerman
et al., 2013). As the probability reduction of flooding in the Netherlands is paid for by the government,
society can take advantage of the cost savings. Secondly, negative side effects of traditional flood
defences can be limited, like the loss of ecosystem functioning (Wesenbeeck et al., 2014). Healthy
ecosystems can, for example, improve fish colonies which is advantageous for local fisheries and
recreation. By understanding NBFD governance arrangements and institutions this research can enable
the implementation of this approach.
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1.4 Research questions
To achieve the goal of this thesis, one main question and three sub questions are made. The
overarching main question enables me to achieve the research goal. The main question is as follows:
How do governance arrangements and institutions influence implementation of NBFD and
how can the implementation be enabled?
To answer the main research question three sub questions are made. The questions divide the research
into three manageable parts.
1. How do governance arrangements and institutions influence the implementation of NBFD?
2. How have implementations of NBFD been established considering governance arrangements
and institutions?
3. How can implementation of NBFD be enabled?
For a clear interpretation of these questions I explain what I mean by the following terms in this
research:








For governance arrangements I focus on the combination of actors and the interaction
between actors, as defined by Rhodes (2007, p.8): governance arrangements are the
‘’continuing interactions between network members, caused by the need to exchange
resources and negotiate shared purposes’’. The explanation by Rhodes (2007; 2012) that
governance arrangements involve non state actors is less important because I cannot rule out
a significant role of the state for this research.
To explain institutions I follow the comprehensive definition by North (1994, p. 8) which
emphasises interaction: institutions are ‘’humanly devised constrains that structure human
interaction’’.
Implementation (or realisation) is the application of a concept into practice.
NBFD is an overarching term for different flood defence techniques that make use of natural
dynamics to contribute to flood protection.
For the term enable I mean factors that can contribute to the implementation of NBFD. These
factors can be part of the governance arrangement or the institutional setting. In naming
factors that enable the implementation of NBFD I follow the perspective of institutional design
by Alexander (2005, p. 213): institutional design is the development of ‘’rules, procedures, and
organisational structures … (to) achieve a desired objective’’. The objective is to enable the
implementation of NBFD. I further explain institutional design in the theoretical section
(Paragraph 2.2). Despite I investigate aspects that enable the implementation I have not the
intention to recommend NBFD for all flood protection. Only when they are beneficial as an
integral solution.

Despite this research is not based on hypotheses, as will be explained in the research approach
(paragraph 1.5), two underlying assumptions about NBFD were present at the start of the research.
Besides answering the research questions I reflect on these assumptions in the conclusions as well.
First, flood protection in the Netherlands has historically been the responsibility of the government
domain (Meijerink & Dicke, 2008; Van Koningsveld et al., 2008). However, I assume that involvement
of new actors, like NGO’s on nature conservation, enables the implementation of NBFD because of the
nature aspect of this concept. Second assumption is that a crucial conflict between flood protection
and nature conservation is present when investigating governance arrangements and institutions of
NBFD implementation (Van Loon-Steensma & Vellinga, 2013). The conflict between these two aspects
can hinder the implementation of NBFD.
14

1.5 Research approach
To answer the research questions and to improve the understanding of NBFD governance
arrangements and institutions I follow an explanatory approach. Therefore, I do not make use of
hypotheses but describe the causes and effects of governance arrangements and institutions of several
cases. In the framework below (figure 1) I illustrate the different steps to answer the research
questions and to achieve the research goal. First, I develop a conceptual framework by focussing on
the first research question (Chapter 2). This conceptual framework is based on theory about the
governance arrangements and institutions because these two aspects are central in the research goal.
The conceptual framework improves my understanding of the governance arrangements and
institutional setting and therefore enables me to continue to the case studies. The analysis of the cases
is based on the second research question. A case selection and a methodology (Chapter 3) are made
prior to the cases. Three in-depth case studies of NBFD applications in the Netherlands are conducted
to create a better understanding of the enabling factors of NBFD implementation. The cases are
analysed one by one (Chapter 4 to 6). Based on the outcomes of these three cases I finish with
conclusions and reflections (Chapter 7). In this chapter I answer my research questions and reflect on
the theory and methodology. I also explain my contributions to theory and give final recommendation.

Figure 1 Research model
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Chapter 2: Theory
2.1 Governance theory
The concept of governance arrangement is already introduced as the combination of actors and
interaction between actors. Interaction is caused by the need to exchange resources and negotiate
shared purposes (Rhodes, 2007, p. 8). Governance arrangements are a central element in the analysis
of the implementation of NBFD in this research. In this section I give a further theoretical elaboration
of this concept and explain how it fits in the conceptual framework. A governance arrangement is a
way to describe a flood protection development process. As explained, in the implementation of NBFD
new stakeholder can be involved, affecting the development process (Korbee & Van Tatenhove, 2013;
Van Slobbe et al., 2013). Analysis of governance arrangements helps to understand the
implementation of NBFD.
Domains in governance arrangements
Governance arrangements include general shift from government led arrangements to a more
inclusive and integral process of governing. This is also called the shift from government to governance,
wherein the governmental authorities increasingly depend on other organisations to achieve societal
goals (Kooiman, 1993; Rhodes, 2012; Torfing, 2012). For both government as governance
arrangements the ultimate goal is collective action for a certain purpose. However the road towards
this goal differs (Stoker, 1998). In this research the societal goal is sustainable flood risk management.
Theory on governance arrangements describes the changes in role distributions and actor interactions.
Instead of governmental organisations governing societal goals, non-state actors can increase their
influence on development processes. Governmental regulation is based on hierarchy and formal
arrangements. Governance arrangements can depend on a network of different domains.
Government, civil-society and market are considered the three main domains (see figure 2) (Kooiman,
1993; Van de Meene, Brown, & Farrelly, 2011; Steurer, 2013). Governments, civil-society
organisations, and market actors are interrelated in governance. Whereas conventional flood risk
management in the Netherlands is mainly focussed on hierarchical government regulation, NBFD
might comprise of a governance arrangement involving multiple domains.

Government

Civil-society

Market

Figure 2 Three domains of governance
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Actors and stakeholders
Individuals and organisation fulfil important roles in a governance arrangement because of their
interaction. They can be from the same governance domain or from different ones. A distinction can
be made between strategic actors and stakeholders. On the one hand, strategic actors (or: actors) are
able to influence outcomes in an action situation. Furthermore, ‘’strategic actors undertake purposeful
actions, choosing those actions that they believe are suitable to achieve their objectives’’ (Hermans,
Cunningham & De Reuver, 2016, p. 11). On the other hand, stakeholders are more passive in a strategic
action situation. They are called stakeholders because they have a stake, and they will act accordingly
but not on the same level as the strategic actors. The influence of a stakeholder is therefore much
lower. However, actors have to take the interest of the stakeholder into account. An example of a
stakeholder is a local inhabitant. He or she has a stake in local flood protection measures but is no
actor in the decision-making process. An inhabitant cannot cooperate in development of a flood
defence but he or she can legally object to plans. However, if a group of inhabitants would decide to
join in a movement they can become a strategic actor (Hermans et al., 2016).
Governance in NBFD
The Ecoshape consortium, consisting of private parties, governmental organisations and research
institutes, developed the Building with Nature Design Guideline (see figure 3) to give guidance on how
to introduce and integrate BwN in water infrastructure developments (Ecoshape, 2017). This guideline
contains different aspects important for implementation of NBFD. The guideline consists of several
blocks among which is governance. According to the guideline feasibility of NBFD depends on four
governance arrangements aspects: networks, regulatory context, knowledge context and realisation
framework. The aspect networks is about arenas, actors and agendas, like the interplay between
different governance domains explained above, and the influence of these aspects on the outcome of
governance arrangement (Ecoshape, 2017). The second aspect is the regulatory context, explaining
that NBFD should also fit into existing regulations. These regulations are the institutional context,
which I explain in the next paragraph. Third, the knowledge context influences the governance
arrangement. NBFD is an innovative concept, meaning knowledge about enabling and constraining
factors of NBFD alternatives is not self-evident. In a governance arrangement it is therefore important
to deal with uncertainties of NBFD solutions. The final aspect of governance arrangements of the NBFD
guideline is a realisation framework. This is about building organisational and contractual
arrangements to enable the realisation of NBFD solutions. This aspect focusses on the definition of
tasks and responsibilities in different planning phases (Ecoshape, 2017). This aspect of the governance
arrangement can be considered as the final agreements about the implementation.

Figure 3 Governance as part of the BwN Design Guideline (Ecoshape, 2017)
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Project phases
Project phases are important in spatial developments and are also incorporated in the BwN Design
Guideline (see figure 3, blue block). Project phases are closely connected to governance arrangements
because they are a structural guideline of planning processes. The implementation of flood protection
in the Netherlands follows several phases: initiation, exploration, elaboration and construction (see
figure 4). According to the Ministerie van I&M (2016), the initiation phase includes the identification
of the shared goals by the national and regional government and first research on more general
aspects, such as local problems and the scope of stakeholders. The exploration phase implies the
development of smart and sustainable solutions on a broad scope, based on a problem analysis. The
exploration phase results in an optimal solution which is further developed in the elaboration phase.
In the realisation phase a public tender and the construction take place. However, this phase is not of
interest for this research because no alterations to the general plan are made. For this research the
exploration is most important because in this phase different solutions, including NBFD, are
considered.

Initiation

Start

Analysis

Exploration

Assessment

Decision

Elaboration

Elaboration

Construction

Assessment

Decision

Figure 4 Phases of the implementation of flood protection (HWBP, 2014)

Interaction interpreted as game
The interaction between actors in a governance arrangement can be compared to a game, involving
multiple players and rules of the game. Players have goals they want to achieve (interest) and can
choose between strategies. As Rhodes (2007, p. 1246) defines as an aspect of governance: governance
arrangements are ‘’game like interactions, rooted in trust and regulated by rules of the game
negotiated and agree by network participants’’. Scharpf (1997) also considers the constellation of
actors and their interaction as a game. Game theory is therefore a way to approach governance
arrangements. Game theory applications can be useful as ‘exemplifying theory’ (Rasmusen, 2007).
‘’Game theory primarily helps to identify situations in which (the making of) interdependent decisions
is somehow problematic’’ (Schelling, 2010, p. 27). In this research interactions between actors are
interpreted as a game. It helps to understand interactive decisions after they took place and is
therefore useful for the analysis of governance arrangements (McCain, 2009). Interpretation of actor
interactions according to game theory in this research is different from simulation games or serious
gaming theories, which are about learning via experimentation prior to a real world situation (Mayer,
2009).
Game theory is about ‘’the actions of decision-makers who are conscious that their actions affect each
other’’ (Rasmusen, 2007, p. 11). This consciousness means decision-makers act rational and also
reason strategically (Osborne & Rubinstein, 1994). The analysis of rational actions in strategic and
complex situations makes game theory a suitable theory to analyse NBFD governance arrangements.
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Game theory consists of some essential elements: players, strategies, actions and payoffs (Rasmusen,
2007). Players are the actors (individuals or organisations) who make decisions. A player has a certain
strategy to reach a desirable outcome. Actions are activities or responses depending on the strategy.
The payoff is the utility a player receives at the end of a game. Osborne and Rubinstein (1994) give the
following explanation about games and players.
‘’A game is a description of strategic interaction that includes the constraints on the actions
that the players can take and the players’ interest, but does not specify the actions that players
do take. In all game theoretic models the basic entity is a player. A player may be interpreted
as an individual or as a group of individuals making a decision.’’ (Osborne & Rubinstein, 1994,
p. 2)

2.2 Institutional theory
In order to understand governance arrangements it is important to look at the institutional setting. As
Alexander (2005, p. 210) explains: ‘’all planning takes place within a specific institutional context, or
often in sets of different and varying ‘nested’ institutional contexts as indeed do all societal activities.’’
Understanding the institutional setting is therefore important for proper implementation of NBFD. For
this reason, institutional theory is addressed in this research. Institutions are ‘’humanly devised
constraints that structure human interaction’’ (North, 1994, p. 8). For example, rules about responsible
authorities in governance arrangement in flood risk projects are institutions. A distinction can be made
between formal and informal institutions, referring to the nature of processes of development or
communication (Pahl-Wostl, 2009). Formal institutions are the official governmental bureaucracies
and laws; informal institutions refer to socially shared rules or discourses, like social norms and values
(North, 1994; Pahl-Wostl, 2009). Formal and informal institutional rules interact and shape actions and
behaviour of actors. Institutions determine the playing field, which can be level or unbalanced.
Unbalanced means that the rules favour a particular outcome. Additionally, institutions can change
and they vary cross-space and inter-temporarily (Scharpf, 1997). Therefore, the institutional setting
can slowly transform. Institutional transformation is relevant for planning because of two different
viewpoints: positive and normative understanding of institutional transformation (Alexander, 2005).
Positive understanding enables more effective action in an institutional contexts by descriptiveexplanatory knowledge. Normative understanding of institutional transformation means knowing how
to effect intentional change which is also named institutional design (Alexander, 2005). Institutional
design is a way to imbed NBFD as a way of flood protection in the development process of flood
protection measures. This research focusses both on a positive and a normative understanding
because the purpose is to explain the implementation in the current institutional setting and also to
give recommendations on how institutions can be adapted to enable the implementation of NBFD (see
paragraph 1.3/1.4).
Path dependency
Young & Underdal (1997, p. 1) define institutions as ‘’constellations of rights, rules, and relationships
that define social practices and guide interactions among those who participate in them’’. This
definition is connected to the ‘Historical institutionalism’ school of thought about institutionalization
by Hall and Taylor (1996) because it associates institutions with organisations and the rules set by
formal organisation. Historical institutionalism tends to have a view on institutional development that
emphasizes path dependency and unintended consequences (Hall & Taylor, 1996). This viewpoint on
institutions matches a problem identified in this research: infrastructural measures are the dominant
practice, norm, belief and interest underlying flood risk policy and which aim towards preserving the
status quo and thus towards optimisation and protecting investment while hampering innovation (Van
der Brugge et al., 2005). Path dependency is also explained by Scharpf (1997, p. 41): ‘’once institutions
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are installed and once actors have come to rely on their coordinating function, institutional change will
be costly and thus institutions are hard to reform or abolish, even if the circumstances that brought
them about, and that may originally have justified them, no longer persist.’’
This path dependency is referred to as institutional inertia by Genschel (1997) who identified three
causes why institutions are difficult to change: sunk costs, uncertainty and political conflict. Sunk costs
describe the costs, in time, money and effort, to develop a certain institution. Changing to a new
institutional arrangement would mean existing investments are ignored and new investments are
needed. For example, in Dutch flood risk management a lot is invested in high safety levels according
to institutionalized norms. Uncertainty also prevents institutional change because effects of new
institutions ‘’are much more difficult to predict than the effects of given institutions’’ (Genschel, 1997,
p.48). The uncertainties of new institutions therefore pose a risk to actors in a governance
arrangement. Political conflict is the final cause of institutional inertia, meaning that some actors may
benefit from conventional institutions. If partiality between actors is the case, overpowering the
existing institutional setting might be difficult.
Effect on behaviour
Fundamental to any institutional analysis is the question posed by Hall & Taylor (1996, p. 7): ‘’how do
institutions affect the behaviour of individuals?’’ For a large part, the institutional setting determines
outcomes of a governance arrangements. Polski and Ostrom (1999) describe seven institutional rules
affecting the actors in a governance arrangement (see figure 5). These rules explain the influence of
institutions on different aspects of a governance arrangement. The seven rules-in-use are the
following:
1. Position rules. These specify the set of positions or rules that participants assume in an action
situation and the number and type of participants who hold each position.
2. Boundary rules. These affect which participants enter or leave positions and how they do so.
3. Choice rules. These specify the actions participants in a given position might take.
4. Aggregation rules. These rules determine how decisions are made in an action situation.
5. Scope rules. These are criteria or requirements that determine the final outcome of an
interaction.
6. Information rules. These affect the amount and type of information available to participants.
7. Payoff rules. These rules affect how costs and benefits are divided in the game.
Figure 5 Seven rules-in-use
affecting a governance
arrangement (Ostrom,
2005)
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2.3 Conceptual framework
Based on the theory about governance arrangements and institutions a conceptual framework (see
figure 6) is developed to explain the relation between these concepts and the influence on the
implementation of NBFD. The conceptual framework is used to analyse the NBFD cases. Governance
arrangements are about the actors involved and the interaction between the actors in flood protection
developments. As explained, the interaction in a governance arrangement can be seen as a game.
Institutions affect different aspects of the governance arrangement. The following conceptual
framework illustrates the basic concepts and relations in governance arrangements of NBFD and helps
me to structure the research into basic aspects I will emphasize in the cases (Scharpf, 1997). The
framework is a representation of the development process, in which actors are involved in a game,
influenced by the institutional setting. The conceptual framework for this research is based on the
explanatory framework for interaction oriented policy research by Scharpf (1997) because this
framework emphasizes the interaction between actors by game theory. He explains: ‘’the primary
business of interaction oriented policy research within the framework of actor-centred institutionalism
is to explain past policy choices and to produce systematic knowledge that may be useful for
developing political feasible policy recommendations’’ (Scharpf, 1997, p. 43). However, whereas
Scharpf (1997) makes a distinction between the actor constellation and the modes of interaction, I
consider only one game-interaction in this conceptual framework. This is because Scharpf (1997)
provides four predetermined modes of interaction. I conduct this research in an explanatory way and
do not focus the explanation of interaction by predetermined modes.

Figure 6 Conceptual framework based on interaction oriented policy research by Scharpf (1997)

When analysing a governance arrangement a ‘conflict’ between actors can be identified. This conflict
arises from the policy environment in general and is a situation where actors with different interests
pursue their goal. As explained in the problem outline, implementation of NBFD in Dutch flood
protection is not yet common. This problem arises from the policy environment of flood protection.
Important in the analysis of this problem is the institutional setting. The institutional setting is the set
of rules influencing the actors and the interaction in the game. Actors are able to influence the
outcome of the conflict and are characterized by the possession of capabilities, perceptions and
preferences. The capabilities can be physical and monetary resources, technological capabilities or
privileged access to information (Scharpf, 1997). Perceptions and preferences are an actor’s view on
particular matters and it goals. These characteristics may be relatively stable, but can change through
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learning and persuasion (Scharpf, 1997). The characteristics are further explained in paragraph 3.3.
How actors are positioned to one another and how they interact is the game. The game describes the
strategy options of players, the outcomes associated with strategy combinations and the preferences
of the players (Scharpf, 1997). Finally, the game has a certain outcome which is implemented in
practice
Game theory
Game theory is used as a method to analyse the actor constellation and the modes of interaction.
Scharpf (1997) applies game theory as well to explain the actor constellation and modes of interaction.
However, I combine the actor constellation and the modes of interaction into one game aspect. This
enables a more integral analysis of the game. Game theory improves the understanding of how
decisions by players result in a particular outcome. Game matrices and game trees help the analysis
by simplifying the games. This will be further explained in the methodology section (paragraph 3.3).
Rules-in-use
One addition is made to the framework by Scharpf (1997) to make the analysis of the institutional
setting more profound. This is done because the emphasis on the institutional setting by Schrapf (1997)
is rather limited. The seven rules-in-use by Polski and Ostrom (1999) are applied to get a better
understanding of the institutional setting. These rules give a proper analytical framework of the
institutions influencing the actors, actor constellations and modes of interaction. As Polski and Ostrom
(1999) describe, they give the minimal but necessary set of rules that are needed to explain policyrelated actions, interactions and outcomes. By analysing the rules-in-use understanding of the formal
and informal institutions that determine the playing field is improved.
Overlap institutional setting and games
The influence of the ‘institutional setting-block’ on the ‘actors and game interaction blocks’ is not as
clearly separated as illustrated by the framework by Scharpf (1997). These two blocks more gradually
merge into each other. The institutional setting and the actors and the game are closely intertwined. I
can explain this argument based on different levels of social analysis by Williamson (1998), which is a
hierarchical exposition of institutions in which the higher levels impose constraints on levels below. On
the top level, he identifies the embeddedness of informal institutions. Formal rules of the game are
the second layer. Subsequently a governance arrangement level that deals with the play of the game
is the third level. According to Williamson (1998), this level of the governance arrangement is part of
the institutional setting whereas Scharpf (1997) considers this as separate block. The levels by
Williamson make clear that there is overlap between the institutional setting and the actual game. It
is therefore important to emphasize that the analyses blocks are closely connected.
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Chapter 3: Methodology
3.1 Case selection
In general, a multiple case study is stronger and more robust than a single case study (Herriott &
Firestone, 1983; Yin, 2003). By analysing multiple cases the understanding of the implementation of
NBFD in the Netherlands improves. For this research I use a holistic multiple case design (Yin, 2003).
Holistic means no distinction is made between subunits within a case and the cases are examined
separately from the other cases. I use multiple cases by considering them as multiple experiments and
not as multiple subjects within an experiment. However, the results from the separate analyses are
compared to identify similarities between the different cases.
Cases are selected according to purposeful sampling, meaning they are chosen deliberately because
of their characteristics (Creswell, 2013). Four criteria are applied to all cases. First, the cases had to be
Dutch. Analysis of cases abroad has no use for this research because I aim to make recommendations
for NBFD in the Netherlands. In foreign countries, the institutional setting can differ considerably,
influencing the implementation on NBFD. The second criterion is that cases had be a real application
of NBFD instead of just a pilot project. Pilots are experiments, whereas applications are applied in
practice to last for a long time. Pilot projects can be achieved in a different institutional setting and
governance arrangement than real applications. Research on implementation is therefore better
conducted on applications. Third, the cases had to be ‘successful’ in terms of implementation, meaning
that they are finished and a nature-based solutions is applied. Moreover, Janssen (2015) concluded
two cases of NBFD, the Afsluitdijk and Markermeer, were unsuccessful, making it more valuable to
investigate successful cases in this research instead. The final criterion is proper excess to data. If
access to information, literature as well as personal communication, is limited, adequate research was
not possible.
Moreover, the selection of cases is based on replication, meaning that some cases are selected to
duplicate exact conditions, but other cases have one or two changed conditions to investigate the
difference (Yin, 2003). For this reason one of the three cases is not a NBFD but a NBS, meaning that a
nature-based solution is applied but flood protection had no purpose. This is the case of the Marker
Wadden. This enables the comparison between NBS implementations and NBFD implementations. The
other two cases have a flood protection purpose. Here, a distinction is made between a relatively large
scale NBFD and a small scale application. An overview of different NBFD projects in the Netherlands is
given by Janssen (2015). Two NBFD cases are selected from this list: the Hondsbossche and Pettemer
sea (large scale) defence and fort Steurgat at the Noordwaard polder (small scale).

3.2 Data collection
Data collection is done by using a combination of different sources (data-triangulations). By using
multiple sources of data, the quality of the data collection is improved. First, policy documents are
used to obtain information about the cases. Secondly, in-depth and semi-structured interviews are
conducted with involved actors of the cases to complement to the information of the policy
documents. Semi-structured means no strict pre-designed question format is used to guide the
interview. Only a few general questions are asked to ensure important topics are explained. In this way
I let the interviewee decide what important aspects of the development process are. In-depth means
I ask follow-up questions about the explanations of the interviewee. This ensures I received important
detailed information for the analysis of the case (Creswell, 2013). All interviews are recorded and
transcribed. Finally, conversations with experts about the cases are held. These experts are mainly
researchers. These conversations are summarized and reported. Interviews and conversations are
conducted to obtain extra information and verify analyses.
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3.3 Step-wise approach
For the analysis of the cases the following steps are taken to analyse the governance arrangements
and institutions. These steps are based on the conceptual framework introduced in chapter 2.3. By
using this step-wise approach the crucial aspects that led to a NBFD are identified.
Step 1: introduction case
First, a general description of the context of the case is explained. For each case I describe aspects of
the social, geographical, technical and economical context. In the introduction I identify the main
‘conflict’ of the governance arrangement which was important for the eventual outcome of a naturebased solution.
Step 2: actor analysis
Following the introduction is an actor analysis. I explain the main capabilities, perceptions and
preferences of actors in the interaction process. This gives an overview of the relevant information of
the actor. I also identify the main interests of the actors which are important to determine the payoff
of the game analysis.
The analysis of actors is based on the categories given by Scharpf (1997). Not all categories are
considered because some are merged together to give a more concise overview. According to Scharpf
(1997), actors are characterized by capabilities, perceptions and preferences. Capabilities ‘’describe all
action resources that allow an actor to influence an outcome in certain respect and to a certain
degree’’ (Scharpf, 1997, p.43). I distinguish financial and personal capabilities. Financial capabilities are
the monetary contributions an actor can make to a project. Personal capabilities are specific
knowledge, skills or possibilities of an actor. Perceptions describe how an actor interprets a problem
and how they see their role and the conditions around them. Preferences are divided in interests and
identity (Scharpf, 1997). For interest I describe the main goals of an actor. Identity describes the basic
values and unintentional characteristics of an actor, for example the way other actors perceive them.
Step 3: institutional analysis
Analysis of institutional setting is the next step. The question here is: what are the rules, norms and
procedures that assign roles to participants and define the interactions? The analysis explains what
institutions influence the actors and the game. The institutional settings are the rules-in-use. I analyse
the institutional setting by making use of the seven types of rules identified by Polski and Ostrom
(1999): position rules, boundary rules, authority rules, aggregation rules, scope rules, information rules
and payoff rules. These institutional rules are explained in chapter 2.2.
Step 4: game analysis
Step 4 is the game analysis in which the interaction between actors is analysed. This is an important
step in analysing the governance arrangement. The theoretical view of interpreting governance
arrangements as games is already explained in paragraph 2.1. Here, I explain the methodological side.
I identify strategy options, choices and payoffs of actors and the interaction process by game theory
to analyse the cases.
In general, game theory is a mathematical approach to analyse interactions. However, in this research
game theory is used as a modelling tool to provide insight in interactions of NBFD governance
arrangements, and in this way focus on ‘soft game theory’ (Schelling, 2010). Analysing the action
interaction by game theory requires a simplification of the governance arrangement. By simplifying
and analysing interactions, dilemmas and choices after the game has been completed (ex post), game
theory allows me to improve the understanding of the governance arrangement. To analyse the
governance arrangement I focus on some crucial aspects. As Rasmusen (2007, p. 13) explains
‘’simplicity is the goal of modelling, and the idea is to keep the number of players down to a minimum
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that captures the essence of the situation’’. To do this, the focus is on primary policy actors, who are
‘’directly and necessarily participating in the making of policy choices’’ (Scharpf, 1997, p. 71). Although
I distinguish only two actors out of a multitude of stakeholders, they include other stakeholders that
might influence the choices of these primary policy actor. A primary policy actor can therefore
represent other stakeholder’s interest. By distinguishing only two primary policy actors the game is
better to understand (Scharpf, 1997). By analysing primary policy actors representing other
stakeholders interests simplification into games does not imply significant loss of information (Scharpf,
1997).
In applying game theory, I follow a descriptive approach to understand how people behave in a
strategic situation. A game model can be seen as an elaboration of a governance arrangement using
applications of game theory, namely game matrices and game trees. The following section is a more
in-depth explanation about the theory behind game matrices and game trees.
Game theory contains multiple analytical tools to understand the phenomena that we observe when
decision-makers interact. For this reason I explain a distinction that can be made is between strategic
games and extensive games. In a strategic game players chose their plan of action up front and without
knowledge about the choice made by other players (Osborne & Rubinstein, 1994). This means players
make their decisions simultaneously and might not know what the other will decide. Strategic games
are modelled in a matrix. In an extensive game a player has the opportunity to consider his actions
whenever he has to make a decision, and not only at the beginning of the game (Osborne & Rubinstein,
1994). Therefore, extensive games are modelled in a tree, representing sequential decisions. The
choices made by a player can depend on the choices made by the other. However, used as a method
to analyse interaction, both strategic and extensive games are applied at the same case in this research
in order to understand the governance arrangement. In that way, a game matrices can give an
overview of the different choices and game trees can describe dependency on former decisions and
the successive choices.
Step 5: conclusion
The last step includes the conclusions about the crucial aspects that led to a NBFD. The crucial aspects
are explained based on the actor, institutional and game analysis of the case. The conclusions of the
different cases are compared in the final chapter (Chapter 7: Conclusions and reflection).

3.4 Research quality
Validity and reliability
The quality assessment of this research can be divided in validity and reliability aspects. Validity
concerns the extent to which a researcher is measuring what he says he is measuring (Farting, 2016).
We can divide validity into construct, internal and external validity (Yin, 2003). First, construct validity
can be established by correct operational measures for the concepts being studied (Yin, 2003). The
conceptual framework based on the framework of interaction oriented policy research by Scharpf
(1997) is important to achieve construct validity. Moreover, for the institutional analysis, construct
validity is achieved by applying the seven rules-in-use by Polski and Ostrom (1999), which ensures a
proper and complete overview of the institutions. By applying game matrices and game trees a clear
and structured method is applied to analyse the governance arrangement.
Second, internal validity is about establishing a correct causal relation and to draw no wrong
conclusions (Yin, 2003). Simplification of governance arrangements must lead to a better
understanding. Correct causal relations can be identified because the processes are simplified.
However, simplification can endanger the internal validity because not all aspects are considered. To
ensure a valid simplification, all considerations and choices are extensively explained. The combination
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of literature and interviews improves the internal validity. Moreover, validation conversations ensure
correct relations are identified and no wrong conclusions are drawn.
Third, for external validity I establish the domain to which the results can be generalised (Yin, 2003).
In general, case-studies are difficult to generalise because the context differs. However, as this is an
explanatory research, the purpose is to improve the understanding of practical applications in NBFD.
Therefore the recommendations are more general. The purpose is not to generalise specific case
results towards other practices.
Reliability of research is the possibility to repeat the study and arrive at the same findings and
conclusions (Yin, 2003). Reliable results are ensured by explaining all sequential steps of the research
extensively, explaining the interpretation of findings and documenting the interviews and
conversation.
Ethics
Research ethics is about the values on which decisions are made about the courses of action during all
phases of research (Farthing, 2016). The research is conducted at Deltares, which is an independent
institute for applied science. This allows an unprejudiced viewpoint on the research goal. However, the
case-study research involves a close cooperation with practice. Concerning the ethics of the generation
and analysis of the data, I follow several considerations made by the ESRC Framework for Research
Ethics (referred to by Farthing, 2016):






Participants are fully informed about the purpose, methods and intended use of the research.
The independence of the research is clear.
Those who participate do so voluntarily.
If desirable, confidentiality of supplied information is respected.
If desirable, the anonymity of participants is respected.
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Chapter 4: Marker Wadden
4.1 Introduction
The first case study focusses on the Marker Wadden project. By analysing cases I aim to answer the
second research question as formulated in paragraph 1.4: how have implementations of NBFD been
established considering governance arrangements and institutions? Therefore, the major goal of this
case study is to understand the governance arrangement of the Marker Wadden project and the
institutional setting influencing it. The Marker Wadden case is a Dutch application of NBS. In this
project an archipelago of islands and marshes is constructed in the Markermeer. Reason for this
development was the bad water quality and ecological quality of the Markermeer. This is a NBS project
because the islands are built by using silt of the lake’s bottom. This should improve the turbidity of the
lake and create a nature reserve for flora and fauna above and under water. This is an innovative
technical solution. Moreover, the project has been developed by a new governance arrangement as
well because a nature conservation organisation has been actively involved. As explained in the
problem outline (chapter 1.2), good understanding of governance arrangement and institutional
setting is necessary to enable the implementation of NBFD.
This case is selected according to the criteria given in paragraph 3.1. The Marker Wadden is a successful
Dutch NBS application. It is successful because the project is already in the realisation phase. This case
is selected because it does not focus on flood defence, enabling a comparison between projects with
and without a flood protection purpose. The Marker Wadden is therefore a case of NBS, which is a
more general concept of applying natural dynamics than NBFD. Additionally, it contributes to an
improved understanding of governance arrangements and institutions influencing the implementation
of NBS in general.
In this chapter, I explain my approach for this case study. Thereafter, I elaborate on my analysis of the
Marker Wadden case, consisting of an actor analysis, institutional analysis and a game representation.
In the conclusion of the case study I summarize the crucial aspects for establishing this NBS.

4.2 Case study approach
Theory and conceptual framework
Governance arrangements and institutional rules are the theoretical fundament of this research. In
paragraph 2.1 I elaborate on the concept of governance arrangement as the process of decisionsmaking, taking place through institutions and involving multiple actors (Lautze et al., 2011).
Governance arrangements entail the interaction between different disciplines and policy domains,
such as flood defence and nature. Institutions are rules that guide human interaction (Ostrom, 2005),
which is explained in paragraph 2.2. The institutional setting of spatial developments influences the
governance arrangement. As Alexander (2005, p. 210) explains: ‘’all planning takes place within a
specific institutional context, or often in sets of different and varying ‘nested’ institutional contexts.’’
The concepts of governance arrangements and institutions are merged in the framework of interaction
oriented policy research by Scharpf (1997), which is explained in paragraph 2.3. By following this
framework in a step-wise approach (see paragraph 3.3) I analyse the development of the Marker
Wadden. First, I give an overview of the development process of the Marker Wadden. Based on this, I
identify an essential problem (conflict) in the development of the Marker Wadden. This conflict is an
actor interaction which I analyse to explain how this NBS has been established. I conduct an actor
analysis to describe the capabilities, perceptions and preferences of the primary actors for this
problem. Then, I investigate the institutional setting of the conflict by the seven Rules-in-use (Polski &
Ostrom, 1999). Based on these analyses I use applications of game theory to describe the actor
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constellation and interaction between the primary actors. This is the game representation of this case
study. I describe the dilemmas, choices and outcomes of this game. In the conclusion I reflect on the
analysis and determine the factors of the governance arrangements and institutions that enabled or
constrained the development of this NBS project. I elaborate on links between, for example,
institutional aspects and decisions described in the game matrix.
Data collection
Data collection for this case study is done by looking into multiple data sources (data-triangulation).
First, literature consisting of research papers, policy documents and websites is used. Secondly, four
consultations and discussion are held with researchers working on the Maker Wadden case as well.
Appendix 1 lists an overview of conversations and interviews. Finally, transcripts of seven interviews
held by Grotenbreg contribute to the data. These interviews with key actors of de development
process were conducted in 2016 for research on the facilitating role of the government. The goal of
this research was to analyse the government’s dilemma between ‘democratic’ and ‘delivery’ values.
The interviews were conducted in a semi-structured way which resulted in an explanation of the
personal experiences and visions of the interviewees in the Marker Wadden project. For this reason, a
lot of data can be obtained from these interviews for this research as well.
Furthermore, a ‘validation session’ was organised to validate the analysis (see Appendix 2). The goal
of this session was to discuss and improve the findings of the analysis. This validation session ensured
the game description is a correct representation of the actual case. Three researchers working on the
Marker Wadden project attended this session. Feedback from this session is used to improve the
analysis and conclusions.

4.3 Introduction case
The Marker Wadden project is located alongside the Houtribdijk between Lelystad and Enkhuizen (see
figure 7). The Markermeer, together with the IJsselmeer and IJmeer, were closed off from the North
Sea after the construction of the Afsluitdijk in 1932. 1976 the Houtribdijk between the Enkhuizen and
the city of Lelystad was completed, separating the Markermeer from the IJsselmeer. The intention was
to create the polder Markerwaard. However, these plans were postponed and finally cancelled in 2004
(Nota Ruimte, 2004).

Figure 7 Location Marker Wadden between Lelystad and Enkhuizen (NOS & Natuurmonumenten, 2017)
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Despite the Markermeer is one of the largest (70,000 ha.) nature conversation areas of the
Netherlands, the ecological state of the lake does not meet the standards (Rijkswaterstaat, 2014).
Multiple ecological problems can be identified, according to the MER ‘First phase Marker Wadden’
(Rijkswaterstaat, 2014). First, natural swamps and shore zones are absent in the Markermeer.
Transitions are instant between the shore and deep waters. This has a negative effect on the
biodiversity of the lake. Secondly, natural dynamics of the Makermeer are reduced after the
construction of the dams and dikes. As a result, silt accumulates and the turbidity increased which has
a major negative effect on flora and fauna of the lake. These two reasons are the cause of the third
problem, which is the absence of proper habitat for birds. For example, the turbidity limits the primary
production by algae’s and therefore the growth of other fauna, like fish, which is a major source of
food for birds. As a result, the quantity of aquatic birds and the overall ecological quality are declining
(Rijkswaterstaat, 2014). In 2009, the Markermeer and IJmeer were designated Natura 2000-areas
(Ministerie LNV, 2009). This means the area falls under the Bird and Habitat Directive which is part of
the Nature Conservation Act 1998. The ecological and chemical goals of the Water Framework
Directive are already set in 2000 and are adopted in the Water Act of 2009.
Governance arrangement
The Marker Wadden project has been developed according to an innovative governance arrangement
which I analyse in this case study. Therefore, I give a short overview of the major events regarding the
development of the first phase of the Marker Wadden. This first phase implies the development an
archipelago of 500 acres by 2020 (Staatscourant, 2014). Several years of articulating goals and policy
programs followed after the cancellation of the plans to develop the Markerwaard in 2004. In 2008,
both the Cabinet as a partnership of the Province of Flevoland, North-Holland and a variety of private
parties determined that a combination of living, accessibility and ecology is needed for the
development of the region (WMIJ, 2011). The concept of TBES (Toekomst Bestendig Ecologische
Systeem) defines the major aim for the area. A TBES creates ecological resilience to absorb other
spatial developments (WMIJ, 2011). The Natura 2000 status of the Markermeer and IJmeer prevents
spatial developments. By creating a TBES negative effects of spatial developments for nature are
juridical enabled (WMIJ, 2012a).
After several development programs and costs estimations were considered too expensive the Lower
House of Parliament asked for a market consultation for the development of the Markermeer and
IJmeer (Volbeda, n.d.). The market consultation was organised by the WMIJ task force
(Werkmaatschappij Markermeer-IJmeer), which consisted of representatives of the ministry of
Infrastructure and Environment, the ministry of Economic affairs and the provinces of Flevoland and
North-Holland (see figure 8). In 2012 three consortia were requested to explore different
developments (Waterhout, Zonneveld & Louw, 2013). Alongside the proposals of the consortia and
independently of the official market consultation demands Natuurmonumenten proposed a fourth
plan in collaboration with Royal HaskoningDHV (Volbeda, n.d.). This plan implied the archipelago of
wetland islands (the Marker Wadden) of around 10,000 acres (Natuurmonumenten, 2012, Volbeda,
n.d.). Despite Natuurmonumenten had not followed the market consultation process the plan of the
Marker Wadden was adopted by the WMIJ (WMIJ, 2012). Two of the other consortia focussed on
measures alongside the coast of North-Holland and did not propose the development of a marsh area.
One consortium proposed a wide approach including a marsh area alongside the Houtribdijk. However,
the construction method of this marsh area differed substantially from the proposal of
Natuurmonumenten. Based on the results of the market consultation the WMIJ developed three
alternative strategies for the Markermeer. The Marker Wadden plan by Natuurmonumenten was part
of two of these alternatives (WMIJ, 2012). In one alternative the Marker Wadden would be combined
with measures at the shore of North-Holland and Flevoland, and in another alternative only the Marker
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Wadden would be developed (WMIJ, 2012). The Marker Wadden development approach was used in
the alternatives because the construction method of the marsh area by Natuurmonumenten was
considered more beneficial than the marsh area proposed by another consortium. Furthermore, the
proposal by Natuurmonumenten was less expensive than the other proposals (WMIJ, 2012).

Figure 8 Diagram of project structure of the Marker Wadden

An important aspect of the proposal by Natuurmonumenten was the contribution of €15 million by
the Dream Foundation of the National Postcode Lottery. This contribution was a benefit of the
development of the Marker Wadden (WMIJ, 2012). According to Waterhout et al. (2013) this
contribution triggered the development of the Marker Wadden. Because of the contribution by the
National Postcode Lottery both the Ministry of Infrastructure and Environment and the Ministry of
Economic affairs contributed €15 million for the development of the Marker Wadden (Ministerie EZ,
2013). Later, the province of Flevoland participated by contributing €5 million. Now, the required €50
million to start the development of the first island was achieved (Volbeda, n.d.). The Ministries
(Rijkswaterstaat as executive organisation), the province of Flevoland and Natuurmonumenten made
a cooperation agreement for the further development of the project (Staatscourant, 2014).
Natuurmonumenten and Rijkswaterstaat together were responsible for the implementation of the
project. A timeline of the development process is shown below (figure 9).

Figure 9 Timeline of main event in the development of the Marker Wadden
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Essential in the development of the Marker Wadden was the actor interaction about the market
consultation. More specifically, the interaction between the WMIJ and Natuurmonumenten about the
proposal Natuurmonumenten delivered independently of the market consultation rules. This
interaction determined the development of the Marker Wadden. For this reason, the subsequent
analysis of this case study focusses on this interaction.

4.4 Case analyses
4.4.1 Actor analysis
The analysis of the actors is the first steps in analysing the Marker Wadden according to the
conceptualframework. The two main actors in this case are the WMIJ and Natuurmonumenten. The
analysis focusses on these actors because they are the main actors for the initiative of the Marker
Wadden. The WMIJ is a coalition the ministry of Infrastructure and Environment, the ministry of
Economic Affairs and the provinces of Flevoland and North-Holland. Natuurmonumenten is an
association representing 719 thousand members and donors. They develop and maintain nature
reserves in the Netherlands. These actors are the primary policy actors. Although I distinguish only two
actors Natuurmonumenten and the WMIJ include other stakeholders that might influence the choices
of these primary actors (Scharpf, 1997). Additionally, the input of these stakeholders is communicated
through the two primary policy actors. WMIJ as a primary policy actor represents governmental
decisions and national interest in general. The WMIJ also represents Rijkswaterstaat, which is a policyimplementing organisation of the ministry of Infrastructure and Environment. Natuurmonumenten
also represents the Dream Foundation of the National Postcode Lottery because its contribution is
directly linked to Natuurmonumenten as a primary policy actor. The analysis of actors is based on the
categories given by Scharpf (1997), as explained in paragraph 3.3. Table 1 and 2 give an overview of
the capabilities, perceptions and preferences of the primary policy actors. An explanation of the factors
listed in the tables is given in Appendix 3.
Table 1 Overview of capabilities, perceptions and preferences of the WMIJ

Primary
policy
actor
WMIJ

Capabilities

Financial resources
-Ability to invest
manpower
Rijkswaterstaat
-Financial resources
of Ministries (30
million)

Personal capabilities
-Legal authority
-Government owner
Markermeer
-Rijkswaterstaat very
experienced in large
development
(technological
capabilities) but lacks
knowledge about
nature developments

Perceptions

Preferences

-Ecological conditions
perceived by formal
guidelines WFD and
Natura 2000

Interest
-Improve
collaboration with
NGO’s and stimulate
private initiative

-Contradiction
‘delivery’ values
(efficiency and
flexibility) and
‘democratic’ values
(authority, fairness
and the public
interest).
-Risk depends on
magnitude financial
costs
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-Safeguard
democratic
representation
government
-Achieve KRW, N2000
targets and TBES
-Implement a costs
efficient
development plan for
Markermeer

Identity
-Ministry values new
forms of governance
-Rijkswaterstaat is
technocratic and
bureaucratic
organisation and
wants to be in control
of developments

Table 2 Overview of capabilities, perceptions and preferences of Natuurmonumenten
Primary
policy
actor
Natuurmonume
nten

Capabilities

Financial resources
-Ability to invest
manpower
-Financial
contribution of the
Postcode Lottery (15
million)

Perceptions

Personal capabilities
-Good in raising funds
-Knowledge about
ecology and nature
development

-Improve ecological
quality by creating a
bird paradise
-High risk because of
relatively high costs;
risk of losing support
members if projects
turns into fiasco

Preferences

Interest
-Improve ecological
quality Markermeer
-Realise project for
members
-Prevent fiasco
-Use contribution
Postcode Lottery

Identity
-Development and
maintenance of
nature and
landscapes
-Accessibility and
experience of nature
for members
-Collaboration with
different
stakeholders

4.4.2 Institutional analysis
For the analysis of the institutional setting most important institutions influencing interaction between
Natuurmonumenten and the WMIJ are described. The seven rules-in-use are used as a method to get
a complete view on the institutions influencing the interaction. An explanation about the rules-in-use
is given in chapter 2.2. An overview of the institutions rules for this case study is given in figure 10.
Position rules
These specify the set of positions or rules that participants assume in an action situation (Polski and
Ostrom, 1999). The positions focussed on in this analysis are the position of the WMIJ as organiser of
the market consultation and Natuurmonumenten as a private actor linked to the development of the
Markermeer. Position rules in a market consultation are the requesting and the delivering actors. The
position of the WMIJ is to request proposals for the development of a TBES via the market consultation.
Natuurmonumenten ignored the request to deliver according to the market consultation rules and
proposed their plan independently of the request. However, as private actor, they were not obliged to
take this position but they were free to propose their ideas.
Boundary rules
Boundary rules affect which participants enter or leave positions and how they do so (Polski and
Ostrom, 1999). The position of Natuurmonumenten was determined by the general task of the
organisation which is nature development. Therefore, the identity of Natuurmonumenten, as
identified in the actor analysis, is the boundary rule that determines the position. The development of
the TBES concept gave Natuurmonumenten the incentive to submit their vision on the lake (Marielle
van Riel, personal communication). The TBES concept made clear what the goal of the WMIJ was. This
triggered Natuurmonumenten to take initiative and make their proposal. The governmental vision for
a TBES was therefore also an boundary rule. Again, the WMIJ was commissioned to optimize the plans
for the Markermeer by the national government. Its position is determined by the Lower House of
Parliament which requested the organisation of a market consultation to optimize the development
vision for the area (Volbeda, n.d.).
Choice rules
These specify the actions participants in a given position or situation might take (action capacity)
(Polski and Ostrom, 1999). Natuurmonumenten had to choose whether they submitted their vision to
the market consultation or submit it separately. The market consultation had the prerequisite to hand
over to plans to the government (WMIJ, 2012a). However, Natuurmonumenten did not agree to these
terms because they were afraid the development would stagnate (Natuurmonumenten, interview by
Grotenbreg). This affected their choice on how to submit their plan. Eventually, Natuurmonumenten
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submitted their proposal to the WMIJ independently of the market consultation. The WMIJ had to
decide on the market consultation. This means they had to choose which proposals were considered
in the development of the Markermeer. This entails the WMIJ had to decide whether to adopt the plan
by Natuurmonumenten which was submitted apart from the market consultation. In the end, the
WMIJ decided to adopt the plan of Natuurmonumenten (Ministry of Infrastructure and Environment,
interview by Grotenbreg).
Aggregation rules
These rules determine how decisions are made in an action situation (Polski and Ostrom, 1999). The
Postcode Lottery is able to decide whether they contribute to the project. They decide to contribute
to the proposal of Natuurmonumenten because of its innovative character. However, the Postcode
Lottery preferred Natuurmonumenten not to hand over the plans to the WMIJ because the Postcode
Lottery did not want to subsidize a governmental project (Natuurmonumenten, interview by
Grotenbreg). This determined the decision by Natuurmonumenten to submit their proposal
independently of the market consultation. The decision on the market consultation was taken by the
WMIJ exclusively.
Information rule
Information rules affect the amount and type of information available to participants (Polski and
Ostrom, 1999). Natuurmonumenten knew their plan was in line with the goals of the WMIJ because it
would contribute to a TBES. The information of the WMIJ was the content of the plan by
Natuurmonumenten and the associated contribution by the Postcode Lottery. Additionally, the WMIJ
knew the content of the proposals submitted by the other consortia. Therefore, the WMIJ was able to
determine the best development strategy for the Markermeer.
Scope rules
Scope rules are criteria and requirements that determine the outcome of the game between
Natuurmonumenten and the WMIJ. An important scope rule is the TBES. This ‘future resilient
ecological system’ defines the goal to improve the ecological quality of the Markermeer region. This
scopes the goal of the Marker Wadden to improve the nature values of the area. The proposal of
Natuurmonumenten did not fully meet this scope rule because it only focussed on the archipelago
(personal communication Grotenbreg). Another important scope rules for the outcome of the
interaction between Natuurmonumenten and the WMIJ is the institutional boundary of the market
consultation (WMIJ, 2012a). Although the WMIJ developed several conditions the proposals had to
comply to, the proposal of Natuurmonumenten did not meet these conditions. The plan was less
comprehensive and would not result in a complete TBES. However, the WMIJ ignored these rules in
the final outcome and adopted the plan of Natuurmonumenten. It can be concluded that this scope
rule was not strict. Moreover, no penalties or sanctions were issued because the WMIJ ignored the
rules. Finally, scope rules were the KRW and the Natura 2000 guidelines. The KRW guidelines are the
responsibility of the Ministry of Infrastructure and Environment. The Natura 2000 guidelines were
emphasized by the Ministry of Economic Affairs. This ministry is responsible for these nature goals.
The financial contribution by the Ministry came from their budget for Natura 2000 and therefore the
Ministry wanted these goals to be considered (Rijkswaterstaat, interview by Grotenbreg; EZ interview
by Grotenbreg).
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Payoff rules
These rules affect how costs and benefits are divided in the game (Polski and Ostrom, 1999). The
most important payoff rules are the financial contributions of €15 million by the National Postcode
Lottery and the €30 million by the ministries. Payoff rules determined these amounts. The
prerequisite for the contribution by the Postcode Lottery was a public contribution that would triple
their amount. However, it was difficult for the ministries not to invest in this project. Content wise
the Marker Wadden proposal matched the goals of the government. Furthermore, initiative was
taken by a private party and the plan included a €15 million private contribution. Not complying to
the proposal would not have been in line with the view of the government to stimulate private
initiative (Natuurmonumenten, interview by Grotenbreg). The prerequisite by the Postcode Lottery
has been an important payoff rule in the dividing of the costs.

Figure 10 Overview institutional context of interaction between Natuurmonumenten and WMIJ

4.4.3 Game analysis
Based on the analyses of actors and institutions the crucial interaction resulting in a NBS can be
analysed by game theory. The game is the analysis of the dilemmas by actors and the relationship of
the choices by actors. This can be represented by a game matrix and game tree and results in three
outcomes (see figure 11 and table 3). The outcomes describe which combination of choices is beneficial
for the actors.
The game I analyse is the interaction between the WMIJ and Natuurmonumenten about the proposal
Natuurmonumenten delivered independently of the market consultation rules. The proposal of the
Marker Wadden plan by Natuurmonumenten and the reaction by the WMIJ has been crucial in the
development of this NBS project. The game can be seen at the beginning of the involvement of
Natuurmonumenten in 2012 and decided the course of the following implementation phase. In the
game successive decisions are taken, meaning that the WMIJ reacts on the decision taken by
Natuurmonumenten. Natuurmonumenten and the WMIJ act on their own because they do not
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cooperate in this game. Binding agreements are not possible because the market consultation hinders
this. Therefore, this game is a non-cooperative game as described by Scharpf (1997, p.99): ‘’the actors
act on their own, without the possibility of binding agreements and with a single-minded interest in
maximizing their own payoffs but in awareness of their interdependence with other actors and with
complete knowledge of the available strategies and the associated payoffs of all other players.’’
First, Natuurmonumenten had a vision on the development of the Marker Wadden. However,
achieving this vision was possible by two strategies. First, Natuurmonumenten could take initiative and
propose to develop the Marker Wadden together with the public authorities independently of the
market consultation rules. The main argument for this choice is to bypass the terms and conditions of
the market consultation. Natuurmonumenten received the €15 million fund by the National Postcode
Lottery for the development. When they would proceed in proposing their plan, they had to make an
initial investment (in manpower) and invest more in the actual development phase (personal
communication Gerald Jan Ellen). For Natuurmonumenten investing in a project of this size is a risk
because they have accountability to their members (Rijkswaterstaat, interview by Grotenbreg).
Another strategy would be to follow the rules of the market consultation and submit their plan
according to the rules. An important institutional rule was that Natuurmonumenten would have to
hand over its idea to the government (Natuurmonumenten, interview by Grotenbreg). Then,
Natuurmonumenten would not be assured of being involved in the further development and the
contribution by the postcode would have been dropped (Natuurmonumenten, interview by
Grotenbreg). The dilemma for Natuurmonumenten is whether they should submit their plan
independently of the market consultation rules or submit is according to these rules.
Following the decision by Natuurmonumenten is the dilemma for the WMIJ. For this game, WMIJ had
to choose between adopting the proposal by Natuurmonumenten or rejecting it. This dilemma is based
on a general dilemma governmental organisations are facing: facilitate private actors and cooperate
with them or keep a highly institutionalized government role (Grotenbreg & Altamirano, 2017;
Grotenbreg & Van Buuren, 2016). The first strategy choice by WMIJ was to allow deviation of the
market consultation rules. This is the actual outcome of the game in reality. This entails that the WMIJ
adopted the proposal by Natuurmonumenten. However, in this case Natuurmonumenten had an
advantageous position because they did not follow the restricting rules of the market consultation
(WMIJ, 2012a). This meant the WMIJ chose project continuation and facilitation before institutional
rules. Additionally, this choice would mean that the WMIJ agrees to the co-development of
Rijkswaterstaat and Natuurmonumenten. Therefore, it shows the governmental authority wants to
collaborate with private actors on a more equal level. The other possible strategy for WMIJ was to
comply to the rules and reject the initiative by Natuurmonumenten. In this case, they would proceed
with the proposals submitted to the official market consultation. The main argument for this strategy
is to safeguard the democratic representation and reduce the risk of the governmental authorities.
I will now explain which outcomes are most beneficial. The outcomes are based on the interest of both
actors which are identified in the actor analysis. In this way I describe why decisions are taken. My
argumentation of why I give a certain score to a specific interest for all outcomes and both actors is
explained in Appendix 4. The outcomes of the game are given by a score. These scores represent the
interest of the actors. A score of 1 is very negative, a score of 2 is negative, a score of 3 is positive and
a score of 4 is very positive. Outcome (2) is excluded from the analysis because the WMIJ does not
have to choose between their strategy options if Natuurmonumenten chooses to submit their plan in
accordance with the rules. This is because the game represents sequential decisions and if
Natuurmonumenten decides to deliver the plan in accordance with the rules the WMIJ can only follow
the market consultation.
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Figure 11 Tree representation of Marker Wadden game
Table 3 Matrix representation of Marker Wadden game

Natuurmonumenten
Submit plan Marker
Deliver plan in
Wadden
accordance with rules
independently of rules

Market consultation Marker Wadden

(1)

Allow deviation of rules and
adopt plan NM

(2)

3\3

WMIJ
(3)

Rules are binding: follow
market consultation

(4)

2\1

3\2

Based on the analysis I conclude that the outcome of the development process, in which
Natuurmonumenten proposes their plan independently of the market consultation and the WMIJ
adopts it, is the most optimal outcome (3\3). Other strategies would have resulted in less beneficial
outcomes (2\1 & 3\2). In the Marker Wadden case Natuurmonumenten decided to submit their plan
independently of the market consultation rules because delivering their plan in accordance with the
rules is not the optimal outcome for them (2). Natuurmonumenten takes a risk with their strategy
because, if the WMIJ decides to reject their proposal, they end up with the worst possible outcome
(1). However, after Natuurmonumenten decided to propose their plan independently of the rules, the
WMIJ chose to allow their proposal, which was more beneficial for them (3) than rejecting it (2).
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4.5 Conclusions
This case study analysed the governance arrangement and institutions of the Marker Wadden project.
Understanding these governance arrangements and the associated institutional setting is necessary to
improve the implementation of NBS. In this case study I combined an actor analysis and institutional
analysis to develop a game representation to explain a crucial actor interaction in the development of
the Marker Wadden. In this way the following research questions has been analysed: how have
successful implementations of NBS been established? Three crucial aspects of the governance
arrangement and institutional setting are identified.
First, a governance arrangement to finance the project was important for the development of the
Marker Wadden. Financially the proposal by Natuurmonumenten had an advantageous over the other
proposals because the plan was more costs efficient. Moreover, the private contribution by the
Postcode Lottery made the plan more attractive to the WMIJ. This contribution was important in
several ways. It stimulated Natuurmonumenten to take initiative in proposing their plan. Additionally,
the financial contribution by the Postcode Lottery had the prerequisite (aggregation rule) towards the
ministries to deliver a financial contribution. For the ministries it was difficult to refuse a private
contribution and therefore contributed as well. Finally, the contribution by the Postcode Lottery
created the condition to involve Natuurmonumenten in the further development of the project.
Although private contributions are not a matter of course they can stimulate developments of NBS. In
general, the improvement of nature values can stimulate co-financing of nature conservation
organisations or funds (Groot et al., 2014). This case shows that a financial arrangement contributing
to the development costs, as part of the governance arrangement, can enable the implementation of
the NBS.
A second important aspect that led to this outcome was the ability of the governmental actors to
deviate from the rules of the market consultation and adopt the plan by Natuurmonumenten. To start,
the rules of the market consultation did not fit the requirements of Natuurmonumenten to participate
in the market consultation. The rules of the market consultation made Natuurmonumenten decide to
break the rules. Furthermore, the proposal by Natuurmonumenten was not a complete solution to
develop a TBES. The WMIJ therefore had to be able to let go of institutional regulations of the market
consultation (scope rule). The WMIJ decide to do this because the proposal by Natuurmonumenten
was least expensive and no sanctions were issued when they broke the rules. However, this decision
was bad for the democratic representation of the WMIJ actors. Adopting the plan of
Natuurmonumenten was considered more important by the WMIJ. This enabled
Natuurmonumenten’s plan to develop the archipelago and led to the involvement of
Natuurmonumenten in the following plan elaboration phase. Despite institutional regulations of the
market consultation are less rigid than institutional rules for water safety, which were not at stake for
the Marker Wadden, I can conclude that deviating from the rules contributed to the development of
this NBS. The possibility to deviate from institutional setting can therefore enable innovative solutions
and governance arrangements.
The third aspect contributing to the successful implementation of this NBS project is the initiative by
the private actor. Natuurmonumenten developed a costs efficient solution to improve the quality of
the Markermeer and possessed required ecological knowledge for the following development. An
important factor for private actors to take a pro-active approach is a clear vision by governmental
authorities. This can stimulate private initiative because they give private actors more certainty about
governmental goals on a local scale. The government vision of creating a TBES was a triggering event
for Natuurmonumenten’s approach (boundary rule). Developing this kind of vision (structuurvisie)
about nature developments can therefore stimulate private initiative.
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The institutional analysis by the seven rules-in-use identified and structured institutional rules
influencing this governance arrangement. Important rules are the boundary rule of the TBES which
triggered the initiative by Natuurmonumenten. Additionally, scope rules of the market consultation
also influences the governance arrangement because these prerequisites were ignored by
Natuurmonumenten and the WMIJ. Finally, important for the governance arrangement were the
payoff rules about the interwoven contributions of the Postcode Lottery and Ministries providing the
financial means.
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Chapter 5: Hondsbossche and Pettemer sea defence
5.1 Introduction
The second case study focusses on the Hondsbossche and Pettemer sea defence (HPSD). Similar to the
first case study I focus on the second research question: how have implementations of NBFD been
established considering governance arrangements and institutions? The goal of this case study is to
understand the governance arrangement and institutional setting that led to the NBFD of the HPSD.
As explained in the problem outline (chapter 1.2), good understanding of the governance arrangement
and institutional setting is necessary to improve the implementation of NBFD. The HPSD was a hard
dike which had to be reinforced to meet the safety requirements. To improve flood safety a dune
system in front of the dike was developed by a sand nourishment. This is a NBFD because sand
nourishment is used to develop a dynamic natural system to protect the hinterland from flooding.
Developing a sandy coastline improves future adjustment to changing boundary conditions, for
example, the rising sea level. However, in the development process of HPSD different hard solutions
were considered as well. In this case study I explain why a sandy reinforcement was chosen.
The HPSD case was selected according to the criteria given in paragraph 3.1. The HPSD is a Dutch NBFD
application. Moreover, the case is considered successful because the construction is finished and the
HPSD is the primary flood defence. Moreover, the HPSD is a large scale NBFD.
In this chapter I first explain the research approach and the collection of data specifically for this case.
Thereafter, I give an introduction of the case. In the introduction the governance arrangement
resulting in a NBFD is identified. In the following paragraphs, the development of the HPSD is analysed
by means of an actor analysis, institutional analysis and game analysis. Finally, based on these analyses
I draw several conclusions about the implementation of this NBFD.

5.2 Case study approach
Theory and conceptual framework
Governance arrangements and institutional rules are the theoretical fundament of this research. In
paragraph 2.1 I elaborate on the concept of governance arrangements as the process of decisionsmaking, taking place through institutions and involving multiple actors (Lautze et al., 2011).
Governance arrangements entail the interaction between different disciplines and policy domains,
such as flood defence and nature. Institutions are rules that guide human interaction (Ostrom, 2005),
which is explained in paragraph 2.2. The institutional setting of spatial developments influences the
governance arrangement. As Alexander (2005, p. 210) explains: ‘’all planning takes place within a
specific institutional context, or often in sets of different and varying ‘nested’ institutional contexts.’’
The concepts of governance arrangements and institutions are merged in the framework of interaction
oriented policy research by Scharpf (1997), which is explained in paragraph 2.3. By following this
framework in a step-wise approach (see paragraph 3.3) I analyse the development of the HPSD. First,
I give an overview of the development process of the HPSD. Based on this, I identify an essential
problem (conflict) in the development process. This conflict is an actor interaction which I analyse to
explain how this NBS has been established. I conduct an actor analysis to describe the capabilities,
perceptions and preferences of the primary actors for this problem. Then, I investigate the institutional
setting of the conflict by the seven rules-in-use (Polski & Ostrom, 1999). Based on these analyses I use
applications of game theory to describe the game between the primary actors. I describe the
dilemmas, choices and outcomes of this game. In the conclusion I reflect on the analyses and
determine the factors of the governance arrangement and institutions that enabled or constrained the
development of this NBFD project.
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Data collection
For this case study I looked into multiple data sources as well (data-triangulation). First, literature
consisting of research papers, policy documents and websites is used. Secondly, I conducted semistructured in-depth interviews, as explained in paragraph 3.2. Interviews are conducted with the
province of Noord-Holland and the waterboard Hoogheemraadschap Hollands Noorderkwartier
(HHNK) (see Appendix 1). Moreover, a researcher who investigated the HPSD case is also interviewed.
The interviews were also used to discuss thoughts about the analysis and improve the findings. This
improved the validity of the analysis.

5.3 Introduction case
The HPSD is a primary dike located at the
North-Sea coast in the Province of NorthHolland, close to Camperduin and Petten
(see figure 12). The dike segment was
built in 1880. Originally, this dike
consisted of the Hondsbossche dike (ca. 4
km) and the Pettemer dike (ca. 1 km.) For
the development of the dune system
both dike segments are combined in the
HPSD. The new dune has a length of 8
kilometres. The HPSD had to be
reinforced to meet the safety norm of
1/10.000, meaning that the dike should
be able to resist a combination of high
water and an extreme storm which only
occurs, on average, once every 10.000 Figure 12 Location HPSD West of Camperduin and Petten
years (Van der Most, Slootjes &
Schasfoort, 2014).
The start of the development of a NBFD at the HPSD can be seen in 2003. In this year, based on new
insights on the effect of waves on coastal defences, ten Dutch coastline areas were considered to be
weak links in the flood defence (Ministrie van V&W, 2003). One of these weak links was the HPSD. It
was confirmed by the environmental impact assessment committee that too much water would
overtop the dike in case of a major storm, erosion could cause decrease of the dike’s stability and the
connection to adjacent dunes were vulnerable (Noord-Holland, 2005). The Ministry formulated the
goal to improve all weak links in accordance with the safety standards (Ministerie van V&W, 2003).
Furthermore, spatial quality was adopted as an additional priority because functions like living, nature
and recreation in the coastal areas were under pressure (Ministerie van V&W, 2003). Therefore,
wherever possible, a combination of improving flood safety and preserving or enhancing spatial quality
is preferred. Spatial quality in this project includes landscape and cultural history, recreation,
(experience of) living environment and nature (HHNK, 2008). The project to reinforce the HPSD is called
Coast at Strength (Kust op Kracht) and is part of the subsidy program HWBP-2 of the Ministry of V&W
(now Ministry of Infrastructure and Environment). This subsidy program is developed to improve dike
segments that do not meet the requirements.
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Governance arrangements
Multiple stakeholders were involved in the reinforcement process of the HPSD. An overview of all
stakeholders in the development process of the HPSD is given in Appendix 5. The main stakeholders of
the HPSD development are listed below:











HHNK is the waterboard responsible for the HPSD. Its main goal is to safeguard the flood safety
by reinforcing and maintaining flood defences.
The province of Noord-Holland has the authority over the legal procedure for this spatial
development, like the EIA. The province’s role was to develop alternatives in cooperation with
HHNK and to lead the spatial quality developments.
The Ministry of Infrastructure and Water (Ministry of V&W) appointed the double purpose of
the reinforcement of the weak link and financed the development.
Rijkswaterstaat is the implementation organisation of the Ministry of V&W. Rijkswaterstaat
supervised the development from a financial perspective and was later on involved in the
elaboration of the plan.
The municipality Zijpe (nowadays municipality of Schagen) was the local authority. Their
perception for the reinforcement of the HPSD was to improve the local economy as well. The
municipality also supported the public opinion of the development.
Citizens board was an organisation of local citizens. Its goal was to express the inhabitant’s
interest.
The Delta Commissioner represents the Delta program. The Delta program is a National
program to improve flood safety. The Delta commissioner advises the Minister.

The roles of the actors changed during the process. The process can be divided into an exploration
phase where a preferred solution is determined and a plan elaboration phase where the preferred
solution is further developed (see figure 13). In the exploration phase the Administrative Consultation
(AC) made the decision for a preferred integral solution for the HPSD project, called Coast at Strength.
The AC consisted of the HHNK, province of Noord-Holland and Rijkswaterstaat. However, HHNK and
the province had a leading role in the making of alternatives. Rijkswaterstaat had a controlling role
because its perspective as financer (interview HHNK, 2017). After determining the preferred solution,
the plan elaboration phase started. The roles changed at this point. The AC remained as an overarching
group for official decisions, permits and objection procedures. However, to further develop the integral
preferred solution, the project was divided over two tracks: safety and implementation and spatial
quality. Spatial quality was led and financed by the province. This track consisted of 40 to 50 small
building blocks, mostly at the land side of the dike, to improve the spatial quality (interview NoordHolland, 2017). The track safety and implementation was responsible for the safety and the
development of the dunes at the sea side of the dike. Only a few inseparable spatial quality aspects
are considered in this track. For the track safety and implementation an Integral Project Management
team (IPM team) was developed, led by HHNK and Rijkswaterstaat. This IPM team was supported by
the project group so that all actors had a saying in the development, information was shared and
official procedures for permits were fulfilled. The project group consisted of HHNK, Rijkswaterstaat,
HWBP-2, the province and the municipality. At last, an advice group, consisting of local stakeholders,
had contact with the project group to discuss their interests.
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Figure 13 Project structure HPSD
(interview HHNK, 2017; interview
Noord-Holland, 2017; HHNK, 2008;
HHNK, 2013)

Three alternatives
In 2005 essential temporary measures were implemented by the waterboard to improve the water
safety while the development process took place. These measures, consisting of sand nourishment, a
rougher surface of the Hondsbossche dike and a steel wall on top of the Pettemer dike, were not
sufficient to meet the safety standards but could be implemented quickly (Aukes, 2004). In the design
process for the reinforcement of the HPSD, multiple alternatives were developed and assessed
(interview Noord-Holland, 2017). I focus on the three main alternatives which were considered:
traditional dike reinforcement, an overtopping resistant dike and the NBFD alternative of sandy
seawards reinforcement. These alternatives are based on the main options considered in the
development (Noord-Holland, 2006)
The first alternative is traditional dike reinforcement meaning that the dike height is increased.
Different options were available for traditional dike reinforcement, reaching from one metre to seven
metres (HHNK & Noord-Holland, 2009). However, increasing a dike leads to widening the base by a
ratio of 1:6, resulting in an increase of the width up to 42 metres (HHNK, 2008). This base increase had
to be developed at the land side of the dike because the foreshore at the seaside was unsuitable
(interview, Noord-Holland, 2017). Traditional dike reinforcement is illustrated in figure 14 (top
illustration). A major drawback of this alternative was that several houses were located close to the
dike. In case of traditional dike reinforcement, these houses had to be removed. Moreover, local
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residents did not want the dike to increase because this would block a lot of sunlight behind the dike
(interview Kothuis, 2017).
As second alternative HHNK proposed to reinforce
the coast by an overtopping resistant dike, which
was at first considered to be a widely supported
solution (interview Kothuis, 2017). An overtopping
proof dike meant the dike is strengthened and had
not to be heightened (see figure 14 bottom
illustration), which was one of the requests by the
residents. Moreover, no houses near the dike had to
be removed. Instead of heightening, the dike is
reinforced to withstand wave energy. However, in
case of a severe storm, waves could come over the
dike. If necessary, a drain behind the dike could
discharge most of the overtopping water. Because
for this solution less space was needed on the land Figure 14 Cross section of traditional dike reinforcement
side of the dike, the costs were much lower and overtopping resistant dike (Comcoast, 2006)
(interview HHNK, 2017). Table 4 gives an overview of the costs for the different alternatives. An integral
assessment by the province, which is supported by the EIA, approved the proposal of an overtopping
proof dike (Noord-Holland, 2005a; Noord-Holland, 2005). However, the plan of the overtopping proof
dike was then obstructed. Unexpectedly, the proposal encountered a lot of public resistance because
it was unacceptable for the local residents that waves could come over de dike (Heems & Kothuis,
2012). The residents were organized in a citizens board. The municipality of Zijpe performed an
important role as mediator between the citizens board and the waterboard, province and national
government (interview Kothuis, 2017). Moreover, the solution was turned down because of improved
hydraulic boundary conditions determining the required strength of a dike (Alkyon, 2007; NoordHolland, 2007). These two aspects are reasons why the approach of an overtopping resistant dike was
stopped and the search for an alternative solution continued. These two aspects are further explained
in the institutional analysis.
The third alternative is based on a large sand nourishment and expanding flood protection towards
the sea (seawards reinforcement). In this alternative a dune system is constructed, meaning the
reinforcement had little impact on the landside of the dike. Based on multiple criteria, like safety,
environment, costs and nature, this nature-based alternative was appointed as preferred solution in
2010 (HHNK & Province of Noord-Holland, 2009). This alternative could count on broad public support
because if would give an positive impulse to the area. The province also supported this plan (interview
Noord-Holland, 2017). This alternative was most expensive to construct but delivered financial benefits
because of recreation and tourism gains (Arcadis, 2010). As a result of the incorporation of spatial
quality measures the costs where increased. At first, this preferred solution was turned down by the
Minister because the estimated costs of €340 million exceeded the budget of €250 million.
Furthermore, the Minister wanted the maintenance costs to be included in the plan as well (Aukes,
2014). To lower the costs the goal to improve spatial quality was continued in a separate program. The
province led this spatial quality program (Ruimtelijke Kwaliteit Zwakke Schakels) (Aukes, 2014).
However, because of broad support for this plan, the sandy seawards reinforcement remained the
preferred solution.
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Table 4 Overview of total financial costs and benefits HPSD (Arcadis, 2010)

Total costs
(million euro)
Total benefits
(million euro)
Balance

Traditional dike
reinforcement
180

Overtopping resistant
dike
144

Sandy reinforcement
211

10

10
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170

134

167

Completion of development process
Finally, in 2010 the Minister of Infrastructure and Water (V&W) and the delta commissioner
announced the preference for a sandy solution which obliged the HHNK and Rijkswaterstaat to
proceed with this option (Aukes, 2014). In 2012 the final decision was made to reinforce the weak link
of the HPSD by a sandy nature based solution. This marked the end of the development process. This
decision was based, among other aspects, on construction time, risk, land acquisition, feasibility, public
support and environment. The alternative to develop the primary flood defence by a large sand
nourishment was further elaborated to be fully constructed at the seaside of the dike. The old dike
loses its function and the foreshore, beach and sand dune are fully responsible for flood protection
(HHNK, 2013). In 2013, the project is tendered after which it is implemented (interview Noord-Holland,
2017). The reinforcement of the HPSD was finished in 2015. An overview of the development process
is illustrated in the timeline below (figure 15).

Figure 15 Timeline development process HPSD

As explained the process can be divided between a exploration phase where a preferred solution is
chosen and a plan elaboration phase where the preferred solution is further developed. As Aukes
(2014) explains, the planning process is characterized by the choice between hard infrastructural dike
reinforcement or a nature based solution. The planning process can be divided into the period 20042010 and the period 2010-2013. These two phases in the planning process are divided by the decision
taken by the Minister of V&W to proceed with a sand solution. For this reason, in the first phase is
focussed on the process to decide between a hard and a nature-based solution. In the second phase
the development of a sandy solution is elaborated. For this reason, further analysis focusses on the
first phase because here the consideration between hard or nature-based reinforcement took place.
Despite the Minister makes the final decision, in this case study the focus is on the regional decision
for a preferred solution. This is an important decision advising the Minister. I focus on the interaction
between HHNK and the province because these actors had a major role in the development process.
HHNK and the province were responsible for the development of solutions and determining a
preferred solution which would be further elaborated (interview HHNK, 2017; interview NoordHolland, 2017). In this exploration phase the consideration between a hard and a nature-based
solution is made. The further analysis focusses on the governance arrangement and institutions of
HHNK and the province to determine a preferred solution.
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5.4 Case analyses
5.4.1 Actor analysis
A further analysis of the actors is the first steps in analysing the HPSD according to the theoretical
framework. The focus is on two actors who are the core of the analysed governance arrangement. The
two main actors in determining the preferred solution are HHNK and the province. Although I
distinguish only two actors, HHNK and the province include other stakeholders that might influence
the choices of these primary actors (Scharpf, 1997). Additionally, the input of stakeholders is
communicated through the two primary policy actors. HHNK represents in this view Rijkswaterstaat
because both actors have a focus on flood safety and HHNK represents Rijkswaterstaat’s financial
perspective. The province represents the local municipality and the local inhabitants via the citizens
board because their focus is on integrated area development and spatial quality. The analysis of actors
is based on the categories given by Scharpf (1997), as explained in paragraph 3.3. Table 5 and 6 give
an overview of the capabilities, perceptions and preferences of the primary policy actors. An
explanation of this extensive actor analysis are given in Appendix 6.
Table 5 Overview of capabilities, perceptions and preferences of the HHNK
Primary
policy
actor

HHNK
(RWS)

Capabilities

Perceptions

Financial resources

Personal capabilities

- RWS: finance for
development

- Leading project
since identification
weak links.
- Technical
knowledge to
design
reinforcement

- Responsible for
water safety
- Focus on best
technical solution
- RWS: focus on
efficiency

Preferences

Interest

Identity

- Reinforcement
fits within current
methods

- Focus on
improving flood
safety

- Reinforcement
can be
implemented in
current situation

- Willing, but not
always able, to
deliver according
to societal request

- Reinforcement is
expandable to
adjust to future
changes
- Sober and
efficient
Table 6 Overview of capabilities, perceptions and preferences of the Province of North-Holland
Primary
policy
actor

Province
of NorthHolland
(Municipality and
citizens
board)

Capabilities

Perceptions

Financial resources

Personal capabilities

- Finance for
spatial quality

- EIA-procedure
- Prime authority
on area integrated
development
- Representing
public opinion

- Spatial quality is
important goal
besides flood
safety
- Public support for
reinforcement is
important
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Preferences

Interest

Identity

- Design gives
opportunities for
spatial quality

- Primary authority
for regional and
integral area
developments

- Reinforcement
has public support:
no houses are
removed, the dike
is not heightened
and no water
comes over dike

5.4.2 Institutional analysis
For the analysis of the institutional setting most important institutions influencing interaction between
HHNK and the province are described. The seven rules-in-use are used as a method to get a complete
view on the institutions influencing the interaction. An explanation about the rules-in-use is given in
chapter 2.2. An overview of the institutions rules for this case study is given in figure 16.
Boundary rules
Boundary rules affect which participants enter or leave positions and how they do so (Polski and
Ostrom, 1999). The positions of both actors are determined by their governmental roles and are
stipulated in the Law on flood defence. HHNK has the plan developing position because this
organisation is the authority responsible for flood protection. HHNK and Rijkswaterstaat cooperate in
the plan elaboration because HHNK is owner of the primary flood defence and Rijkswaterstaat is
responsible for maintaining the coastline (HHNK, 2013). The province verifies the development plans
by the waterboard because it has the authority over EIA, the legal objection procedure and the
environmental permit.
Position rules
These specify the set of positions or rules that participants assume in an action situation (Polski and
Ostrom, 1999). The position rules of HHNK and the province are already discussed in the actor analysis.
HHNK and the province had a position to develop a preferred solutions meaning that they design the
reinforcement plan. This is the exploration phase, where the decision between a hard and a naturebased solution is made.
Choice rules
These specify the actions participants in a given position or situation might take (action capacity)
(Polski and Ostrom, 1999). HHNK and the province had to choose between different alternatives. This
case study focusses on three alternatives: traditional dike reinforcement, an overtopping resistant dike
and a sandy seawards reinforcement. The action of the province is to judge these alternatives based
on the EIA. The criteria of the EIA are very divers and focus on water safety, coast morphology, other
soil and water aspects, nature, landscape and cultural history, spatial quality, agriculture, costs and
economy (Noord-Holland, 2005a).
Aggregation rules
These rules determine how decisions are made in an action situation (Polski and Ostrom, 1999). First,
the province and the HHNK decide on a preferred solution. This results in a preferred solution by the
regional authorities. This preferred solution is the regional advice towards the ministry (NoordHolland, 2005a). The Minister decides on the final development.
Another important aggregation rule is about the legal objection procedure. When a development plan
is made there is a legal procedure for objection. This can lead to an appeal at the Council of State. An
appeal at the Council of State can delay a development seriously. For this reason, HHNK will prevent
as much as possible objections against its proposals (interview Kothuis, 2017).
Information rule
Information rules affect the amount and type of information available to participants (Polski and
Ostrom, 1999). An information rule that influenced the development process was the availability of
new information about hydraulic boundary conditions (Hydraulische Randvoorwaarde: HR) which the
dike had to meet. The hydraulic conditions are determined by Rijkswaterstaat. The safety norm
indicates the hydraulic load a dike must be able to withstand. Therefore, the hydraulic conditions
determine the required strength of a flood defence. These hydraulic boundary conditions consist of
water and wave energy (Ons Water & STOWA, 2016). Because of new knowledge, insights and
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developments, the hydraulic conditions can change (Ministerie van V&W, 2007a). For example new
insight in the behaviour of water flows and waves. According to the Law on flood defences (Wet op de
Waterkering) the hydraulic boundary conditions must be renewed and tested every five years
(Ministerie van V&W, 2007). In 2001, the HPSD was considered safe according to the HR2001.
However, in 2003 (between two test moments) new insights in the hydraulic load led to the
appointment of the weak link HPSD (Ministerie van V&W, 2003a). This started the reinforcement
process of the HPSD based on the interm-hydraulic conditions (HR2003). In 2006, the proposal for an
overtopping proof dike was rejected because the hydraulic conditions were amplified again (HR2006).
As it turned out, more water could come over the dike than was calculated before (Alkyon, 2007). The
alternative of the overtopping proof dike had to be changed because new information about the
hydraulic conditions was available. As a result, the overtopping proof dike had to be designed more
comprehensively.
A second information rule is the resistance by the local inhabitants. Information about the requests by
the inhabitants changed. The waterboard and the province designed the overtopping proof dike to
meet the demands of the inhabitants: no dike heightening and no removal of houses. However, the
inhabitants did not know this dike allowed a certain amount of water to come over de dike. The
possibility of water coming over the dike was standard for the waterboard and they did not take into
account the opposition of the inhabitants. New information, which was the collection of 1600
signatures (Heems & Kothuis, 2011), showed the inhabitants clearly opposed an overtopping resistant
dike. This suddenly changed the arguing about the alternatives because there was an additional
request by the inhabitants.
Thirdly, the perspective of HHNK on the costs for a sandy solution changed because of new
information. At first, the costs of an overtopping proof dike were much lower than for a sandy solution.
Besides that the overtopping proof dike became more expensive, which will be explained later, the
sandy solution became less expensive. HHNK discussed the sandy solution with construction
companies who were very willing to construct and maintain the sandy alternative. For this reason, the
construction costs turned out to be lower than expected (interview HHNK, 2017). This new insight
about the market prices for development was important information affecting the development.
Scope rules
Scope rules are criteria or requirements that determine the final outcome of an interaction. Several
scope rules are identified for this development process. First, for the reinforcement of the HPSD two
purposes had to be combined: flood protection and spatial quality. This rule influenced the process
because they were important boundary conditions for the reinforcement of the HPSD. Already in 2003
the aim to bundle flood protection and spatial quality was put forward by the Ministry of V&W
(Ministry of V&W, 2003). Although these two purposes were both considered important in the
development it is often emphasized that flood safety was the primary aim, followed by spatial quality.
The Waterboard and Rijkswaterstaat focussed on flood safety and the Province on the spatial quality
(interview Noord-Holland, 2017).
A second scope rule was the final deadline at which the flood defence had to be at strength. At the
appointment of the weak links the deadline of 31 December 2015 was set. Before the year 2016 all
weak links had to meet the safety standards. Because the process took relatively long to develop a
proposal which met the requirements of the province, the deadline was in favour of a sandy solution
(interview Noord-Holland, 2017). As a result of delays the seaward reinforcement was the only
alternative that could be realised before the end of 2015. All other alternatives would take one or two
years extra (HHNK, 2013).
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A third scope rule affecting the outcome is an important prerequisite by the HWBP-2. The funding
program HWBP-2 is financed by the Ministry of V&W. This prerequisite is for the design to be sober
and effective (HWBP, 2014a). Sober means this program only contributes to necessary measures to
improve flood defences according to the legal standards. Any additions, for example for spatial quality,
have to be funded by other means. Effective means the costs for the reinforcement have to be
minimized for the entire lifecycle. As this scope rule is a prerequisite for funding it is adopted as an
interest for the proposals by HHNK.
The final scope rule is a condition valued highly by HHNK. The waterboard wanted to develop a solution
which can be adjusted in the future. Because in the future the impact on the flood defence can change
as a result of increased water levels or more severe storms, the solution had to be adaptable. In this
way, HHNK wants to prevent difficult and costly future interventions.
Payoff rules
These rules affect how costs and benefits are divided in the game (Polski and Ostrom, 1999). The
division of the costs is an important payoff rule. The national government is financially responsible for
the reinforcement of the HPSD because it is a primary flood defence. This also means the national
government made the final decision about the development. The Ministry of V&W provided 250
million euros for the reinforcement of the HPSD (Rijksoverheid, 2010). A prerequisite of the funding
was that the maintenance costs for 20 years had to be included in the plan as well (Aukes, 2014).
Moreover, this budget by the national government was reserved for the purpose of flood safety. The
province was responsible for the costs to improve spatial quality (interview Kothuis, 2017). The
waterboard is responsible for the maintenance of the dike after construction. The construction of a
sandy solution was more expensive than hard alternatives. However, a nature-based solution delivered
multiple future benefits which made the plan more costs efficient (Arcadis, 2010; Arcadis, 2013).

Figure 16 Institutions influencing governance arrangement based on Rules-in-use
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5.4.3 Game analysis
The game I analyse is the process to choose an alternative. HHNK and the province cooperated in the
making of the three alternatives, out of which they choose a preferred solution. The making of these
alternatives, and the decision for a most optimal solution was an iterative process of several years.
Therefore, in the game I identify represents no clear choices at a single moment but a consideration
of alternatives in an interaction between HHNK and the province. For this reason, I represent the game
only by using game matrices to explain the strategy options and corresponding payoffs. To analyse this
interaction I identify the following game. The traditional dike reinforcement is considered as an
alternative against two innovative solutions: the overtopping resistant dike and the sandy
reinforcement. I represent the game in this way because flood safety had to be improved; no
reinforcement was not an option. In the game I identify, HHNK developed two innovative alternatives
from a safety standpoint. In the governance arrangement to choose a preferred solution the province
could agree to one of the innovative alternatives or choose for the traditional dike reinforcement.
An important aspect in the development process of choosing a preferred solution is a turning point.
This turning point can be clearly analysed by representation in game matrices. In 2006, several
conditions changed, resulting in different payoffs for the alternatives for both HHNK and the province.
This turning point is central in the game analysis. First, the hydraulic boundary conditions changed,
making the overtopping proof dike less sustainable. Secondly, it became clear that local residents
opposed the overtopping proof dike. Third, HHNK became more aware of the relatively low financial
costs of a sandy solution. The perception of HHNK about the costs altered when they find out that
construction companies were very willing to construct and maintain a sandy solution. As it turned out,
the costs of the sandy solution were much more comparable to an overtopping proof dike (interview
HHNK, 2017).
To describe this turning point, I represent the payoffs in a game matrix prior to this turning point (table
7) and a game matrix after this turning point (table 8). The payoffs are based on the interest of both
HHNK and the province. The averages of the scores of the interest are displayed in the tables below.
All interests of the actors are scored for before and after the turning point. The scores represent the
interest of the actors. A score of 1 is very negative, a score of 2 is negative, a score of 3 is positive and
a score of 4 is very positive. The payoffs are further explained in Appendix 7. Outcome (1) and (3) are
the same, both resulting in a traditional dike reinforcement. Outcome (2) results in an overtopping
resistant dike and outcome (4) results in a sandy solution.
Table 7 Matrix representation of HPSD game before turning point

Province
Reject proposals
Accept innovative
HHNK resulting in
solution
traditional dike
reinforcement

Development HPSD before turning point

(1)

Overtopping resistant dike

(2)

2\1

4\3

HHNK
(3)

Sandy seawards solution

(4)

2\1
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3\4

Before the turning point the preferred solution was an overtopping proof dike, which is outcome (2).
Based on the interest, this outcome scores a payoff of 4 for HHNK and 3 for the province. The
aggregated payoff of outcome (4) is the same, only here HHNK scores 3 and the province 4. The choice
for an overtopping resistant dike can be explained by the interest of sober and efficient, which is about
the financial costs of the alternatives. This interest is considered more important than the other
interest resulting in this preferred solution. Outcome (1) and (3), resulting in a traditional dike
reinforcement have the lowest payoff for both actors.
Table 8 Matrix representation of HPSD after turning point

Province
Reject proposals
Accept innovative
HHNK resulting in
solution
traditional dike
reinforcement

Development HPSD after turning point

(1)

Overtopping resistant dike

(2)

2\2

2\2

HHNK
(3)

Sandy seawards solution

(4)

2\2

3\4

After the turning point outcome (4) is most optimal because outcome (2) reduced in payoff score. The
reduced score of an overtopping resistant dike has several reasons. First, an overtopping resistant dike
was considered much less attractive because the public opinion was clearly against this solution.
Before the turning point HHNK and the province were not aware of the public resistance against a
solution where water is allowed over the dike. After clear resistance of the local inhabitants, the
opinion of HHNK and the province on this alternative changed. Now, the sandy reinforcement was
considered the best alternative to meet the requests of the inhabitants.
Secondly, new hydraulic boundary conditions meant the overtopping resistant dike had to be designed
in a more extensive way, making it more expensive to build and reducing the possibility of future
adjustments. Before the hydraulic conditions changed the design of the overtopping proof dike was
relatively simple. An unelaborate design was sufficient to meet the safety standards. However, after
more strict hydraulic conditions were announced, the overtopping proof dike had to be extended by,
among other thing, reinforcements of the dike’s surface. Especially for the waterboard this changed
their opinion about this alternative. It not only made the dike more expensive, it also reduced the
future adaptability. As all reinforcement options for an overtopping proof dike already had to be
applied, the dike could not be reinforced in the future. This made the overtopping resistant dike score
low on the aspect of future adaptability.
The third aspect that changed in this turning point was the perception of HHNK about the costs for a
sandy solution. Although the average payoff for HHNK remains the same before and after the turning
point because they are rounded off (3 before and 3 after for outcome (4)), the interest of sober and
effective, representing the financial viewpoint, scores better after the turning point. According to
HHNK (interview, 2017), the waterboard became aware of the relatively low costs of a sandy solution
during this turning point. This was because they had spoken to construction companies who were very
willing to construct and maintain the sandy alternative. As it turned out, a sandy reinforcement was
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less expensive than expected. Therefore, the perception of HHNK about the costs of this solution
changed. This was approximately at the same moment that the overtopping proof dike became more
expensive because it had to be designed more extensive.

5.5 Conclusions
This case study showed the governance arrangements and institutions leading to a NBFD. In this case
study I combined an actor analysis and institutional analysis to develop a game representation to
explain a crucial factors in the implementation of the HPSD. In this way the following research
questions has been analysed: how have successful implementations of NBS been established? The
following aspects of the governance arrangement and institutional setting leading to this outcome
were crucial in the development of a NBS.
The turning point is central the game analysis. At this turning point, several conditions changed. The
analysis of this turning point is discussed with the project leader of HHNK for validation. In this
discussion the first two aspects of this turning point - the changed hydraulic conditions and the
resistance of the inhabitants - were complemented by a third aspect. The perception about the costs
of a sandy solution changed when HHNK recognized a sandy solution could be implemented less
expensively because construction companies were very willing to construct and maintain the sandy
alternative. This change in circumstances determined the outcome of a nature based solution. For this
reason, this turning point was an umbrella for several conclusions I can draw.
First, the changed hydraulic boundary condition was an important institutional rule affecting the
implementation. At first, a hard overtopping proof dike was considered most optimal in 2006.
However, new knowledge about the amount of water coming over the dike changed the hydraulic
conditions (HR2006). The changed hydraulic conditions meant the overtopping proof dike had to be
build more comprehensively, resulting in a more expensive and less adaptable dike design. Future
adaptability of the reinforcement solution was considered an important prerequisite by HHNK.
Because of, for example, future sea level rise reinforcement nowadays should leave room for further
reinforcements in the future. The scoring of the alternatives on this condition changed after the turning
point. Before the amplified hydraulic conditions the overtopping proof dike could be designed less
comprehensive making it a solution that allowed for future adjustments. However, the new hydraulic
conditions meant this alternative had to be extended leaving little room for future reinforcements. A
sandy solution is more adjustable to future changes than an overtopping resistant dike. Further
changes in hydraulic conditions are likely in the future because of the uncertainty about climate
change. The change in hydraulic conditions was therefore in favour of a sandy solutions, which was
more adaptable.
Second, the change in awareness about the public opinion was an alteration in the perception of HHNK
and the province. This change was in favour of the sandy solution. The support by local inhabitants for
nature based solution is also important in the consideration between alternatives. At first, the
waterboard and the province thought the major requests by the inhabitants were that the dike was
tot heightened and no houses were removed. Therefore, the overtopping resistant dike was designed.
However, after large opposition, HHNK and the province recognized that a third major request by the
inhabitants was that no water should be allowed over the dike. The local inhabitants supported the
alternative for a sandy reinforcement. Therefore, the overtopping proof dike was considered less
attractive.
Third, the perception of HHNK about the costs of a sandy solution changed when they recognized a
sandy solution could be implemented less expensively because construction companies were very
willing to construct and maintain the sandy alternative. This made the sandy solution more attractive
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compared to the other alternatives. Besides a sandy solution became less expensive, the costs of the
overtopping proof dike increased because of the amplified hydraulic conditions.
Independently of the turning point, the institutional rule to develop the weak links according to a
double purpose was important in developing a nature based solution. Despite flood safety was the
main objective, making spatial quality an important second purpose the in flood defence
reinforcement strengthened the payoff of a sandy solution of the HPSD. The purpose of spatial quality
resulted from the increasing pressure on spatial functions in the coastal area. Interesting is the
contradiction of the national government to, on the one hand, promote spatial quality in
reinforcement of flood defences, but on the other hand set the prerequisite of a sober and efficient
design. In the end, a medium between these conditions is developed. In the sandy reinforcement of
the HPSD a lot of spatial quality is accomplished but this was only partly financed by the national
government. Most of the spatial quality costs were covered by the province in the separated program
for spatial quality.
Finally, I can conclude that information rules were crucial in the development of the HPSD. Changing
information is the cause of the turning point. Also the scope rules about a sober and efficient design,
double purpose and adaptability to future changes were important institutions. The financial
arrangement between the national government and the province was also important for the
implementation of this NBFD.
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Chapter 6: Fort Steurgat at the Noordwaard polder
6.1 Introduction
In the third case-study I analyse the green wave damping dike at Fort Steurgat. Similar to the first two
cases I focus on the second research question: how have implementations of NBFD been established
considering governance arrangements and institutions? The goal of this case study is to understand
the governance arrangement and institutional setting that led to the nature based solution at fort
Steurgat. As explained in the problem outline (chapter 1.2), good understanding of governance
arrangement and institutional setting is necessary to improve the implementation of NBFD. In this case
I analyse the governance arrangements and institutions of the development of the green wave
damping dike at Fort Steurgat. For this dike willow trees are positioned in front of a conventional dike.
At high water the trees will inundate and the branches of the trees will attenuate the wave energy.
Because of the vegetation, the dike is designed about 0.6-0.7m lower in height and without a stone
surface (De Vries & Dekker, 2009; Oude, De Vries & Houwing, 2010). Because vegetation is combined
with a dike, this design can be seen as a ‘hybrid’ flood defence. Besides a costs reduction as a result of
the dike’s design, this hybrid dike has multiple advantageous, like an improved view of local residents
and nature and cultural values.
The green wave damping dike was selected according to the criteria given in paragraph 3.1. The HPSD
is a Dutch NBFD application. Moreover, the case is considered successful because the construction is
finished and the HPSD is the primary flood defence. Compared to the HPSD fort Steurgat is a relatively
small scale application of a NBFD.
In this chapter I first explain the research approach and the collection of data specifically for this case.
Thereafter, I give an introduction to the case. In the introduction the governance arrangement
resulting in a NBFD is identified. In the following paragraphs, the development of fort Steurgat is
analysed by means of an actor analysis, institutional analysis and game analysis. Finally, based on these
analyses I draw several conclusions about the implementation of this NBFD.

6.2 Case study approach
Theory and conceptual framework
Governance arrangements and institutional rules are the theoretical fundament of this research. In
paragraph 2.1 I elaborate on the concept of governance arrangement as the process of decisionsmaking, taking place through institutions and involving multiple actors (Lautze et al., 2011).
Governance arrangements entail the interaction between different disciplines and policy domains,
such as flood defence and nature. Institutions are rules that guide human interaction (Ostrom, 2005),
which is explained in paragraph 2.2. The institutional setting of spatial developments influences the
governance arrangement. As Alexander (2005, p. 210) explains: ‘’all planning takes place within a
specific institutional context, or often in sets of different and varying ‘nested’ institutional contexts.’’
The concepts of governance arrangements and institutions are merged in the framework of interaction
oriented policy research by Scharpf (1997), which is explained in paragraph 2.3. By following this
framework in a step-wise approach (see paragraph 3.3) I analyse the development of fort Steurgat.
First, I give an overview of the development process of fort Steurgat. Based on this, I identify an
essential problem (conflict) in the development process. This conflict is governance arrangement
which I analyse to explain how this NBFD has been established. I conduct an actor analysis to describe
the capabilities, perceptions and preferences of the primary actors for this problem. Then, I investigate
the institutional setting of the conflict by the seven rules-in-use (Polski & Ostrom, 1999). Based on
these analyses I use applications of game theory to describe the game between the primary actors. In
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the game representation I describe the dilemmas, choices and outcomes of this game. In the
conclusion I reflect on the analysis and determine the factors of the governance arrangement and
institutions that enabled or constrained the development of this NBFD project.
Data collection
For this case study I look into multiple data sources as well (data-triangulation). First, literature
consisting of research papers, policy documents and websites is used. Secondly, I conducted semistructured in-depth interviews, as explained in paragraph 1.5. This ensures I receive important detailed
information for the analysis of the case. Besides conversations with researchers who worked on the
same case interviews are conducted with the Waterboard Rivierenland (WR) and Rijkswaterstaat (see
Appendix 1). To validate my case analysis I discussed the analyses with a researcher of Deltares who
was involved in the development process (see Appendix 8).

6.3 Introduction case
The green wave damping dike of Fort Steurgat is located next to the Noordwaard polder, between the
town of Werkendam and National Park ‘De Biesbosch’ (see figure 17). For the national program ‘Room
for the River’, which started in 2007, the Noordwaard (2000 ha) was depoldered to improve flood
safety. The Room for the River program was a reaction on the near floods in the Netherlands in 1993
and 1995. In this program, at 34 locations along Dutch rivers the discharge capacity in case of extreme
water levels is increased by giving more space the rivers. Besides decreasing flood possibility the Room
for the River program had the objective to improve the spatial quality of river areas. The Room for the
River program is implemented by the Program Management Room for the River (Programmadirectie),
which is part of Rijkswaterstaat. The planning phase of the Noordwaard project could already start in
2005 before the formal start of the Room for the River program because the water lowering effect was
relatively certain, the financial costs were covered, and there was regional support (Van den Brink,
2008).
By depoldering the Noordwaard water
from the river Nieuwe Merwede can flow
directly towards the Biesbosch in case of
Nieuwe Merwede
high water. This increases the discharge
capacity of the river. As a result, the water
level of the Nieuwe Merwede is decreased
by 0.3 m at Werkendam and 0.6 m
upstream at Gorinchem. To depolder the
Noordwaard, the old primary dike at the
North-side of the polder, along the
Nieuwe Merwede, was lowered. The
Noordwaard polder, which was first
protected by a primary dike is now
positioned outside the protected area. In
case of high water levels, water flows
automatically into the polder at four Figure 17 Map of the area (De Vries & Dekker, 2009)
intake points at the North side of the Noordwaard. This happens once every few years, mostly in the
winter period. As a result, a new primary dike had to be constructed near Fort Steurgat to protect the
fort and the town of Werkendam. The safety level of the new dike had the legal safety norm of 1/2000
meaning that only a limited amount of water would come over the dike at a once in 2000 year river
discharge. The new dike had to be located as close to Fort Steurgat as possible in order not to reduce
the discharge capacity of the Noordwaard polder and because an intake point is located close to the
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fort (Projectbureau Noordwaard, 2010). This case study focusses on the development of this new
primary dike. The development was part of the Room for the River project Noordwaard.
Fort Steurgat was built in 1881 as part of a military defence line consisting of a series of forts which
were able to inundate land to protect major cities (de Nieuwe Hollandse Waterlinie). In 2001 fort
Steurgat was renovated and eleven homes were constructed in it. These houses overlook the new dike
and the Noordwaard polder. The town of Werkendam is positions behind Fort Steurgat and has about
11.500 inhabitants. The new dike at Fort Steurgat is part of a new small dike ring to protect part of this
built-up area.
Governance arrangement
In the governance arrangement to develop the new primary dike several actors and stakeholders had
a major position. The main actors and stakeholders in the development of the primary dike at Fort
Steurgat are (see Appendix 9):





Rijkswaterstaat: leading the project to depolder the Noordwaard and therefore also the dike
reinforcement at Fort Steurgat. Rijkswaterstaat financed the dike construction.
Waterboard Rivierenland (WR): advising on the dike design and responsible for the
maintenance of the new primary dike at Fort Steurgat.
Deltares (research institute): responsible for investigating the functioning for a green wave
damping dike.
Inhabitants of Fort Steurgat: opposed to the development of a high traditional dike because
it would block their view.

The development of the primary dike at Fort Steurgat was part
of the Room for the River project Noordwaard (see figure 18).
The project organisation of Rijkswaterstaat prepared the
construction of a new primary dike at Fort Steurgat. Deltares
provided technical support for the design. The Noordwaard
project organisation interacted with an executive support
group, which was set up especially for the dike development at
fort Steurgat (interview WR, 2017). The executive support
group consisted of Rijkswaterstaat, WR and Deltares. Deltares,
who were paid for by Rijkwaterstaat, investigated the
functioning for a green wave damping dike. The project
organisation by Rijkswaterstaat developed the dike design.
Then, the executive support group gave an advice about this
design to the administrative group. The administrative group
then decided which alternative was submitted to
Rijkswaterstaat’s Room for the River program. Although this
was not a final decision but strong advice, the solution
submitted by the administrative group can be considered as the
offical decision about the development of the dike.
Dike design
Figure 18 Project organisation development
First, a traditional dike design was proposed for the new dike fort Steurgat
primary dike at Fort Steurgat. In this case, the dike would be
higher and wider. Inundation of the Noordwaard would create a seven km stretch of open water. For
this reason, considerable wave energy had to be taken into account for the dike design. Therefore, the
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traditional dike would have to be 5-5.5 m +NAP high and reinforced with a stone surface (Groot et al.,
2014). The traditional dike design was opposed by the inhabitants of the fort because the height of the
dike would spoil the view of the inhabitants. Because of looming official objection procedures
alternative dike designs were considered (interview Rijkswaterstaat, 2017). Several proposals were
considered not possible by Rijkswaterstaat, like an inflatable dike. Additionally, the inhabitants
proposed the dike to be moved by 600 metres. However, this was not possible because one of the four
intake points was located close to the fort (Groot, Lenselink, de Vlieger, & Janssen, 2011). Then, a
design was made for a very gradual slope (1:16) of the dike, making it look less high. The inhabitants
did not agree to this alternative because the view from the fort was still blocked. Finally, in 2008, the
idea of a green wave damping dike was proposed. Rijkswaterstaat, WR and Deltares were all interested
in a possible green wave damping dike (interview Rijkswaterstaat, 2017). In early 2009, Deltares was
asked to investigate the wave damping capabilities of vegetation. Willow trees were chosen as the best
suitable vegetation because of several reasons. Among other aspects, willow trees have sufficient
strength, survive inundation for a considerable time, grow between three and four metres high and
can be maintained cheaply (De Vries & Dekker, 2009). The branches of willow trees are strong but
flexible making them suitable to absorb wave energy. At first, Deltares developed three alternatives
for the application of vegetation in front of the dike (De Vries & Dekker, 2009). The alternative of willow
trees directly in front of the dike was chosen as most optimal solution because this option would least
obstruct water flow, would be most optimal for maintenance and would fit best in the landscape (see
figure 20). As it turned out, willow trees could reduce the waves by 80% making them very suitable to
attenuate wave energy in front of a dike (De Vries & Dekker, 2009). Figure 19 shows that the
attenuation of waves is most effective in approximately the first 30 metres of vegetation. According to
Rijkswaterstaat (interview, 2017), vegetation could lower the necessary height of a dike by 1-1.5m.
However, in the final design the dike was lowered by 0.6-0.7m. As the vegetation attenuates wave
energy, no stone surface was necessary for the dike. This was beneficial in two ways (interview De

Figure 19 Reduction of wave height at 100 metres of vegetation, modelled by SWAN-MOD. Wave damping of vegetation is
determined by vegetation factor consisting of the diameter of willow trees, amount of branches and a drag coefficient. AD00 is the
base alternative, AD01 has a low vegetation factor, AD02 has a medium vegetation factor and AD03 has a high vegetation factor
(De Vries & Dekker, 2009)
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Figure 20 Final design for green wave damping dike
at Fort Steurgat (De Vries & Dekker, 2009)

Vries, 2017). First, a grass surface was much less expensive than a stone surface. Secondly, a dike with
a stone surface is more difficult and more expensive to raise in the future. The vegetation in front of
the dike made the dike therefore more adaptable to future increases of the water level.
After modelling the impact of vegetation on the waves, the water service of Rijkswaterstaat decided
in July 2009 that the design for a green wave damping dike was safe. Thereafter, the WR administration
announced it supported a green wave damping dike. As responsible for the future maintenance of the
vegetation and the dike, the support by WR was decisive for the development of a NBFD (Groot et al.,
2011). WR could take responsibility for the dike maintenance because the Ministry ensured it would
incorporate vegetation in the legal testing rules for flood defences (Voorschrift Toetsen Veiligheid)
(Groot et al., 2014). In 2014, an assessment method was developed by Rijkswaterstaat and Deltares
(Venema, Schelfhout & Van der Meulen, 2014). Based on this method, the waterboard could test
periodically if the dike meets the safety norm. Furthermore, as WR described a green wave damping
dike as a world’s first administrative support by the Room for the River program management,
municipality and the province followed quickly (Groot et al., 2014). The decision to proceed with an
innovative dike design was therefore taken. Figure 21 illustrates the development process in a timeline.

Figure 21 Timeline about the development process

Based on this introduction the following analyses will focus on the governance arrangement and
institutions which were central in the development of the green wave damping dike. Therefore I zoom
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in on the roles of two actors: Rijkswaterstaat and waterboard Rivierenland. These two actor were
crucial in the development process resulting in a NBFD.

6.4 Case analyses
6.4.1 Actor analysis
According to the theoretical framework, further analysis of the actors is the first steps in analysing the
development process of the green wave damping dike at Fort Steurgat. The focus is on two actors who
are the core of the analysed governance arrangement. Waterboard Rivierenland and Rijkswaterstaat
are the main actors in the governance arrangement towards a NBFD. Deltares had an important role
in the process as well. However, Deltares only provided necessary information. Rijkswaterstaat and
WR were involved in the governance arrangement. The analysis of actors is based on the categories
given by Scharpf (1997), as explained in paragraph 3.3. Table 9 and 10 give an overview of the
capabilities, perceptions and preferences of the primary policy actors. An explanation of this actor
analysis for both actors is given in Appendix 10.
Table 9 Overview capabilities, perceptions and preferences Rijkswaterstaat
Primary
policy
actor

Rws

Capabilities

Perceptions

Financial resources

Personal capabilities

- Financial budget
for Noordwaard
project

- Very experienced
in implementation
large
developments

- Dike Fort Steurgat
is part of
Noordwaard
project

- No knowledge
about application
of vegetation for
flood defence.

- Growing interest
in Building with
Nature innovations

Preferences

Interest

Identity

- Keep dike
reinforcement
within time and
financial
boundaries of
project
Noordwaard

- Implementation
organisation with
technocratic
culture
- Advocate of
innovation

- Reduction of
construction costs
- Stimulate
innovative projects

Table 10 Overview capabilities, perceptions and preferences waterboard Rivierenland
Primary
policy
actor

WR

Capabilities

Perceptions

Financial resources

Personal capabilities

- Responsible for
maintenance of
dike

- Advising on dike
design
- No knowledge
about application
of vegetation for
flood defence.
- No method for
testing if green
dike meets safety
standards

- WR needs
sufficient certainty
that safety norm is
met
- Higher
maintenance costs
do not outweigh
advantages

Preferences

Interest

Identity

- Sufficient
certainty about
new method.
Possible by:
overdesign of
safety level,
sufficient research,
changed
assessment
regulation and
ownership of dike

- Regional water
managing
authority with
focus on flood
safety

- Stimulate
innovative
solutions
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- WR is innovative
waterboard.

6.4.2 Institutional analysis
For the analysis of the institutional setting most important institutions influencing the consideration
for the dike construction are described. The seven rules-in-use are used as a method to get a complete
view on the institutions influencing the governance arrangement. An explanation about the rules-inuse is given in chapter 2.2. An overview of the institutions rules for this case study is given in figure 22.
Boundary rules
Boundary rules affect which participants enter or leave positions and how they do so (Polski and
Ostrom, 1999). Rijkswaterstaat’s role is determined by their designation as initiator of the Room for
the River project Noordwaard. The dike construction at fort Steurgat is part of this project making
Rijkswaterstaat the initiator of this sub project as well. Waterboards are responsible for temporarily
assessments and maintenance of primary flood defences. The new dike at fort Steurgat is located in
the management area of WR, which involved them in the dike design process.
Position rules
These specify the set of positions or rules that participants assume in an action situation (Polski and
Ostrom, 1999). The position of Rijkswaterstaat and waterboard Rivierenland is to develop a dike
design. Consideration of alternatives was necessary because inhabitants of fort Steurgat objected to a
traditional dike construction. Rijkswaterstaat designed the proposal of the dike design and, together
with waterboard, decided on the advice towards the Room for the River program.
Choice rules
These specify the actions participants in a given position or situation might take (action capacity)
(Polski and Ostrom, 1999). As Rijkswaterstaat was responsible for the dike design, an important action
for them was to decide how to implement the NBFD. It turned out that vegetation was very suitable
for wave reduction. A dike reduction of 1-1.5m was possible according to Rijkswaterstaat (interview,
2017). However, a moderate application of NBFD would enable a dike reduction of 0.6-0.7m. The dike
would then be overdesigned regarding the safety norm. The moderate solution is less drastic. WR’s
role was to advice on the design by Rijkswaterstaat. Basically, they could choose whether to approve
or reject the design. In this advice WR could incorporate their interest, like if uncertainty was enough
reduced. If the waterboard rejected the innovate NBFD a traditional dike could be the alternative.
Aggregation rules
These rules determine how decisions are made in an action situation (Polski and Ostrom, 1999). The
aggregation rules are already explained in the case introduction. The Noordwaard project organisation
of Rijkswaterstaat prepared the construction of a new primary dike at fort Steurgat. The Noordwaard
project organisation interacted with an executive support group, which was set up especially for the
dike development at Fort Steurgat. The executive support group consisted of Rijkswaterstaat, WR and
Deltares. The executive support group adviced the administrative group about the best possible
solution for the dike. The administrative group then decided which alternative was submitted to
Rijkswaterstaat’s Room for the River program.
Another aggregation rule is about the legal objection procedure. When a development plan is made
there is a legal procedure for objection. This can lead to an appeal at the Council of State. An appeal
at the Council of State can delay the development of the Noordwaard. For this reason, Rijkswaterstaat
wanted to prevent objection by considering all options that were beneficial for the inhabitant. This
would also strengthen Rijkswaterstaat position in case of an objection procedure (interview
Rijkswaterstaat, 2017).
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Information rule
Information rules affect the amount and type of information available to participants (Polski and
Ostrom, 1999). Important information for the development of the green wave damping dike was the
research about the functioning of vegetation by Deltares. This research had to conclude whether
vegetation was a suitable solution to damp the wave energy in front of the dike. For example, if it
turned out that the willow trees reduced wave height less and the dike only could be lowered by 0.3m
the advantages were probably to low compared to the disadvantages. Then a traditional dike was
probably implemented (interview WR, 2017).
Scope rules
Scope rules are criteria or requirements that determine the final outcome of an interaction. First
important scope rule is that the dike construction at fort Steurgat had to stay within the time and
financial boundaries of the Room for the River project Noordwaard. The Room for the River program
was one of the most important national programs on flood safety between 2000 and 2015. The Room
for the River project was a National Core Decision for Spatial Planning (Planologische Kernbeslissing),
which was a major instrument of the national government before the new Wro (Wet ruimtelijke
ordening) of 2008. This Core Decision describes the national goal to improve flood safety and spatial
quality of all major rivers by the end of 2015 (Ministery of V&W & PDR, 2010). The dike construction
was required not to delay and stay within in budget of this project. It was therefore important to
prevent legal objection as much as possible (interview Rijkswaterstaat, 2017).
Second institutional scope rule affecting the outcome of the process was the assessment framework
of the flood safety norm. To regularly develop an up-to-date status about the flood safety and to
safeguard future flood protection, article 9 of the Water Law obliged all primary flood defences to be
assessed temporarily (Ministery of V&W, 2007b). Before the new safety assessment framework of
2017 (WBI 2017) a dike had to be assessed every 5 years (now it is once every 12 years). A dike is
assessed according to the norm, which is fixed in the law as well. The Prescribed Safety Assessment for
Primary Flood Defences (Voorschrift Toetsen op Veiligheid Primaire Waterkeringen 2006-2011,
VTV2006) contained uniform prerequisites for this assessment. The VTV described how this
assessment is done and by whom. The VTV was closely related to the Hydraulic Conditions
(Hydraulische Randvoorwaarde, HR2006). The hydraulic conditions determined the relation between
high water levels and other loads on a flood defence and the legal norm. The VTV and the HR conditions
were developed by the Ministry including Rijkswaterstaat. In case of Fort Steurgat the waterboard had
to assess the primary flood defence according to the VTV and the HR every five years. To do this the
waterboard reports about the safety levels of the primary flood defences to provincial executives. The
province checks the assessment, based on the VTV, and reports to the Ministry of V&W (Ministery of
V&W, 2007). Finally, the Minister checks the report again and informs the parliament. Because of new
knowledge, insights and developments, the VTV and the HR can change (Ministerie van V&W, 2007a).
The effect of vegetation on flood defences was not incorporated in these institutions. For this reason,
an assessment method specifically for fort Steurgat was made by Deltares (Venema et al., 2014). This
would increase the certainty for WR about testing the vegetation. The development of an assessment
method of vegetation was an important prerequisite of WR (interview WR, 2017).
Final scope rule is about the ownership of the land on which the dike and the vegetation are
constructed. Rijkswaterstaat acquired the land from farmers to construct the dike. However, WR
wanted to own the land on which the willow trees were planted when they became responsible for
the maintenance. When WR owned the land they had more control over the maintenance process.
This also improved the certainty about the innovative solution. Handing over the land rights was
therefore an important prerequisite for WR as well.
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Payoff rules
These rules affect how costs and benefits are divided in the game (Polski and Ostrom, 1999). The
financial costs were clearly divided. Rijkswaterstaat was responsible for the construction costs and WR
was responsible for the maintenance costs. The alternative of a green wave damping dike meant that
the construction costs decreased and the maintenance costs increased. However, this was not a reason
for WR to decide to reject the innovative solution because of the additional benefits (interview WR,
2017). The waterboard could possibly generate some revenues from pruning the willow trees. Both
Rijkswaterstaat and the Waterboard Rivierenland explained that the financial aspect in this project
was not considered as very important. This could be due to the relatively small size of the project.

Figure 22 Overview of institutional rules

6.4.3 Game analysis
In the game analysis I describe the main choices of Rijkswaterstaat and WR by applications of game
theory. By using a game matrix and a game tree I explain the possible outcomes of the process and the
corresponding payoffs of the players involved. Based on this I can explain what were crucial elements
in the governance arrangement. I apply two methods of game theory to explain the crucial elements
resulting in a NBFD in this case study. First, I explain the different strategies and outcome by a game
matrix (see table 11). Thereafter I analyse the game by a tree structure (see figure 23).
The interaction about a green wave damping dike started by the objection of the local inhabitants who
opposed to the construction of a high dike blocking their view. This resulted in the consideration of a
green wave damping dike. At the beginning of the interaction, when the alternative of a green wave
damping dike emerged, there was already a close cooperation between Rijkswaterstaat as developer
and the waterboard as future manager of the dike. Rijkswaterstaat explained (interview, 2017) they
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deliberately involved the waterboard in an early stage to improve the possibility of success. It is
therefore important to note that, although I explain two crucial dilemmas for two actors, interaction
between and decisions taken by the actors happened parallel. The process is simplified by means of
these game models to improve the understanding. The tree model does not mean no interaction took
place between the successive decisions. The decision by Rijkswaterstaat to investigate the possibilities
of a green wave damping dike was taken in cooperation with the waterboard, who already announced
to find the wave damping dike an interesting alternative, as long as it met the prerequisites (interview
Rijkswaterstaat, 2017; interview WR, 2017).
Research on the functioning of vegetation showed willow trees were very suitable for wave
attenuation. Rijkswaterstaat now had to decide how to apply the NBFD, for which they had two
possible strategies. Rijkswaterstaat could choose for an optimal or a moderate application of the NBS.
As explained, WR then had to advice about the solution proposed by Rijkswaterstaat meaning they
chose between rejecting or approving the dike design. According to Rijkswaterstaat (interview, 2017)
the wave attenuation was so great the dike could be lowered by 1-1.5 m. Lowering the dike by 1-1.5m
would be the optimal application of the NBFD because the functioning of the vegetation would be
utilized to its full extent. However, this would have been a fairly drastic reduction in height which could
scare of the waterboard to approve to a NBFD all together (interview Rijkswaterstaat, 2017). Rejection
of this proposal by the waterboard would therefore result in a traditional dike instead. Rijkswaterstaat
could also choose to apply the NBS in a moderate way. In this way, the dike would be reduced by 0.60.7m. In fact, the dike would then be overdesigned regarding the legal requirements. This was in favour
of the waterboard because it gives them additional certainty about the flood safety. Again, if the
waterboard would reject this dike design it would result in a traditional dike.
Table 11 Game matrix showing strategies and payoffs of Rijkswaterstaat and waterboard Rivierenland in normal form

Waterboard Rivierenland
Reject proposal of
Accept proposal
NBFD

Development dike fort Steurgat

(1)

Moderate application of
NBFD

(2)

1\3

3\3

Rijkswaterstaat
(3)

Optimal application of NBFD

(4)

1\3

4\2

Both strategies and the payoffs are shown in table 11. The scores represent the interest of the actors.
A score of 1 is very negative, a score of 2 is negative, a score of 3 is positive and a score of 4 is very
positive. Explanation of the payoff scores, based on the interests of the actors, is given in appendix 11.
The interest if WR to improve the certainty about flood protection is considered more important than
the interest of innovation. Therefore, the ratio in weight 4:1 is applied for these interests. Outcome (1)
and (3) both result in a traditional dike because the waterboard rejects the NBFD. The payoff of the
traditional dike (1\3) shows this outcome is worst for Rijkswaterstaat because no dike reduction, costs
reduction or innovation is achieved. For WR this outcome is reasonably good because a traditional dike
gives great certainty about flood protection. However, no innovation takes place. Outcome (2) has
been the actual outcome, namely a moderate application of a NBFD. The payoff of the moderate
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application of a NBFD (3\3) has increased for Rijkswaterstaat because the dike is lowered a bit, costs
are reduced and innovation is applied. However, these aspects are not utilized to a full extent. The
waterboard’s payoff for this outcome is again reasonably good. Because the dike is overdesigned they
are fairly certain about the flood safety. Additionally, innovation is applied as proof of concept.
Outcome (4) shows an optimal application of a NBFD. The payoff of this outcome (4\2) is best for
Rijkswaterstaat because the dike is built as low as possible, costs are reduced to a full extent and
innovation is fully applied. However, this outcome is worst for the waterboard because their main
interest, certainty about flood protection, scores low. Outcome (2) can therefore be seen as a
compromise between Rijkswaterstaat and the waterboard.
A further analysis of the governance arrangement is given by a game tree model. In this model
successive decisions are represented. The strategy choices by Rijkswaterstaat and WR remain the
same. Additionally, I apply the concept of ‘Nature’ in this model. Nature is incorporated in the game
tree analysis as a player choosing its strategy at random. Nature is a pseudo player to describe an event
over which no one has control but which affects the strategies of other players (Rasmusen, 2007). I
use this concept to describe the outcome of the research about the functioning of vegetation by
Deltares before Rijkswaterstaat chooses is strategy. This research could have had two possible
outcomes which were not influential: vegetation could be suitable or not suitable as part of the primary
flood defence. If the vegetation was not suitable for wave reduction, the outcome would result in a
traditional dike as well. The payoff score in this case would be 1/3.

Figure 23 Game tree model including Nature representing the sequential decision in the game

The waterboard needed some level of certainty about the functioning, maintenance and testing of the
green wave damping dike in order to positively advice on a NBFD. This is considered the main interest
of the waterboard in this game. Four aspects could improve the certainty of a NBFD. First, the
assessment regulation had to be changed to include vegetation. Vegetation could not be tested with
the existing assessment framework. Therefore, WR demanded vegetation was included. A specific test
method was developed for this dike. This ensured WR could assess the safety level in the future.
Secondly, sufficient research supported the wave reducing capability of the willow trees. Deltares
conducted extensive research about the functioning of the dike (Nature). This also led to the approval
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of Rijkswaterstaat about the suitability of vegetation to reduce waves. This gave WR sufficient support
about the wave reducing capacity of the vegetation. Third, WR obtained the land ownership of the
dike so that they have full control over the maintenance of the vegetation. For construction the land
was first bought by Rijkswaterstaat but then handed over to WR. Owning the land meant WR is certain
they can maintain the willow trees. Finally, the dike is overdesigned compared to the legal
requirements. By including some margin in the safety level, for example by making the dike a bit higher
than technically and legally necessary, WR had a buffer to counteract the uncertainty of this innovative
solution. The dike therefore easily met the safety norm of 1/2000. Additionally, the gradual slope of
the dike meant it could handle a lot more water topping over than prescribed (interview
Rijkswaterstaat, 2017). Only the overdesign of the dike was different for a moderate or an optimal
application of NBFD. However, this aspect was important and made the difference in payoff of the
waterboard between the moderate and the optimal form of NBFD.

6.5 Conclusions
In this case study I analysed the governance arrangement and institutions which led to NBFD of fort
Steurgat. I combined an actor analysis and institutional analysis to develop a game representation to
explain a crucial governance arrangement in the development of the green wave damping dike. In this
way the following research questions has been analysed: how have successful implementations of NBS
been established? The analyses are discussed with the researcher of Deltares who was involved in the
development process to validate the case study findings. The following factors of the governance
arrangement and institutional setting leading to this outcome were crucial in the development of a
NBFD.
First, consideration of a NBFD started by opposition of the inhabitants of fort Steurgat against the
construction of a high dike in front of the fort. Rijkswaterstaat wanted to prevent official objection
procedure and therefore started to investigate alternative developments. A green wave damping dike
turned out to be the best feasible alternative. The objection by the inhabitants caused the demand of
an alternative and was therefore important in the development.
Secondly, innovation was supported by both actors. At the time, Rijkswaterstaat had a growing interest
in Building with Nature innovations. An example of this is the development of the sand engine. The
green wave damping dike at fort Steurgat matched this growing interest. WR was convinced this
alternative could improve application of NBFD elsewhere. Additionally, for WR this innovative dike
alternative was considered as a good way to attract international attention. Both actors saw innovation
as an important advantage to choose for this alternative. The NBFD was even chosen as the best
alternative despite the lack of evidence about the functioning of willow trees in other places. The
opinion of actors towards the application of innovative solution contributed to this NBFD.
Third important aspect in the development of this NBFD was the extent to which uncertainty of the
innovative alternative was reduced. This was especially important for the waterboard, being
responsible for the maintenance of primary flood defences and the periodic testing of the safety level.
WR needed some level of certainty about the functioning, maintenance and testing of the green wave
damping dike in order to positively advice on this solution. WR demanded a certain level of certainty
in order to approve to a NBFD. Four aspects contributed to the improved certainty of this innovative
solution. First, the assessment regulation had to be changed to include vegetation. Secondly, sufficient
research supported the wave reducing capability of the willow trees. Third, WR obtained the land
ownership of the dike so that they have full control over the maintenance of the vegetation. Finally,
the dike is overdesigned compared to the legal requirements. This comes down to developing a
moderate application of the NBFD. By including some margin in the safety level, for example by making
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the dike a bit higher than technically and legally necessary WR had a buffer to counteract the
uncertainty of this innovative solution. Developing a moderate application can technically be
impossible in other cases. In this case a moderate application made the NBFD more achievable. The
combination of an innovative concept and a conventional dike was a good concession because no
absolute win-win situation was possible. The lack of evidence about the functioning of this solution
was a disadvantageous for the waterboard. Fort Steurgat was the first case where vegetation was
applied in this way. The waterboard therefore support a moderate solution. As the game analysis
showed, the decision by the waterboard was decisive. A moderate solution for pioneering projects was
in this case the most likely outcome.
The analyses also showed the information and scope rules are important institutional aspects in this
case. The information rule of functioning of the vegetation was an important aspect (Nature) in the
game tree analysis. The scope rules were part of the interest of Rijkswaterstaat and WR determining
the payoffs of these actors. Costs (payoff rule) had no major role in this development process.
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Chapter 7: Conclusion and reflection
Nature-based flood defences can be a more sustainable way of flood protection because of negative
side effects of conventional hard flood defences. However, a serious problem hampering the
implementation of NBFD is that hard flood protection is the dominant practice in Dutch flood defence.
This practice is hard to change because it is strongly embedded in the Dutch approach of flood
protection. For example, norms, methods and knowledge of flood protection are institutionalized and
are aimed at hard flood protection. The governance arrangements can change because of the
involvement of new stakeholders, like nature-conservation organisations. Increased understanding of
institutions and governance arrangements in NBFD is therefore important to enable the
implementation of NBFD. The research aim of this research is as follows:
To understand the working of governance arrangements and the institutional setting for NBFD
implementation and to make recommendations to enable NBFD implementation.
To achieve this research goal a research question and three sub questions are made. The main
questions is:
How do governance arrangements and institutions influence implementation of NBFD and how can
the implementation be enabled?
The main question is divided over three sub questions:
1. How do governance arrangements and institutions influence the implementation of NBFD?
2. How have implementations of NBFD been established considering governance arrangements
and institutions?
3. How can implementation of NBFD be enabled?
In paragraph 1.4 an elaborate explanation of these research questions is given. In this chapter I will
first answer the sub questions one by one. Secondly, I reflect on the theory and methods applied in
this research. Third, I explain the contributions of this research to theory. I finish by giving
recommendations for practice and for further research.

7.1 Conclusions
For the conclusions I answer the three research questions. The combination of these conclusions
answers the main question of this research.
7.1.1 How do governance arrangements and institutions influence the implementation of NBFD?
In order to understand governance arrangements and institutions of NBFD I explain these concepts
and conclude how these can be combined in a conceptual framework to analyse implementation of
NBFD (see figure 24). Based on the conceptual framework I explain how governance arrangements and
institutions influence NBFD implementation.
Understanding governance arrangements is important to improve NBFD implementation (Ecoshape,
2017; Van Slobbe et al., 2013). Implementation of NBFD entails the making of decisions about flood
protection. Rhodes (2007) describes governance arrangement as the ‘’continuing interactions between
network members, caused by the need to exchange resources and negotiate shared purposes’’
(Rhodes, 2007, p. 8). Therefore, governance arrangement describes the process of decisions-making,
involving multiple actors and taking place through institutions (Lautze et al., 2011). Actors have a
certain interest in flood protection and are able to influence the outcome of the development process.
Institutions are a bundle of rights, rules, and relationships (Young et al., 1997), influencing the actors
involved and the interaction between them. Hard measures based on strict safety standards are the
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traditional way of protection against flooding in the Netherlands. Path dependency or institutional
inertia (Genschel, 1997; Van der Brugge et al., 2005) means that this method is strongly embedded in
Dutch flood protection policy, making it difficult to change this approach. Institutions can therefore
influence the implementation of NBFD.
The conceptual framework explains how governance arrangements and institutions influence the
implementation of NBFD and is based on the framework of interaction oriented policy research by
Scharpf (1997). In this framework the governance arrangement is represented by actors who interact
in a game. The interaction is interpreted as a game in which players have strategies which can result
in different outcomes and payoffs (Osborne and Rubinstein, 1994; Rasmusen, 2007). Game theory can
improve the understanding of actions by interdependent decision-makers. Institutions influence the
actors and the game in different aspects. Seven rules-in-use explain the different effects of institutions
(Polski & Ostrom, 1999). To conclude, actors, actor-interaction (games) and institutions determine the
outcome of flood protection developments. This process determines if a NBFD is implemented.

Figure 24 Conceptual framework based on interaction oriented policy research by Scharpf (1997)

7.1.2 How have implementations of NBFD been established considering governance arrangements and
institutions?
In this research I looked into three successful cases of NBFD implementation: the Marker Wadden, the
Hondsbossche and Pettemer sea defence and fort Steurgat. For the cases I explained crucial factors
leading to a NBFD solutions. To answer this research question I now conclude with the factors that
were important in the implementation of a NBFD. An overview of these factors is given in figure 25. I
divide the findings over the three main blocks of the conceptual framework as follows. Factors relating
to the position or interest of actors are assigned to the actors block. Institutional rules influencing the
actors and the game are assigned to the institutional setting block. Factors involving multiple actors or
factors about the interaction between actors are assigned to the game block. After the explanation of
the findings per case for these three blocks I describe the influence of the institutions on the
governance arrangement based on a theory about path dependency. This also describes how the
implementation of the cases has been established.
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Figure 25 Factors enabling the implementation of a NBFD per case

Actors
The position or interests of actors is important for understanding actors in the governance
arrangement. Per case actors are described according to their capabilities, perceptions and
preferences (Scharpf, 1997), which resulted in main interests influencing their choices in the game.
The following factors enabled implementation of NBFD considering the actors. First, in the Marker
Wadden case the involvement of the NGO Natuurmonumenten was crucial in the governance
arrangement. This was the only case were a NGO was part of the game. In the HPSD and fort Steurgat
cases governmental authorities were the main actors. Secondly, important in the HPSD case was the
interest of the waterboard to reinforce the flood defence costs efficiently. A sandy solution becoming
less expensive was therefore important for the waterboard to support a NBFD. Third, in the case of
fort Steurgat reducing uncertainty about flood protection was important for the waterboard. The
waterboard needs certainty about the flood safety because they are responsible for the flood defence.
Finally, both actors in the fort Steurgat case supported innovation. A NBFD was supported by these
actors because of their interest in an innovative solution.
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Institutions
Institutional factors influence the governance arrangement in the cases. The institutional setting is
analysed by the seven rules-in-use (Polski & Ostrom, 1999). I conclude with institutional rules which
were crucial for the implementation of the NBFD per case. First, in the Marker Wadden case the clear
and explicit governmental vision is a boundary rule. This boundary rule triggered Natuurmonumenten
to take part in the governance arrangement. Secondly, in the HPSD case the hydraulic boundary
conditions becoming stricter is an information rule. This information rule was one of the factors leading
to the turning point in the game. Third, in the HPSD case spatial quality was considered an important
second purpose of the flood defence reinforcement. This scope rule was in favour of a NBFD. Finally,
in the case of fort Steurgat implementation of a NBFD depended on the functioning of the vegetation.
The necessity for profound research about the functioning was an information rule. The outcome of
the research affected the governance arrangement.
Additionally to the crucial institutional aspects per case more general similarities between the
institutional rules of the different cases can be pointed out. These are not summarized in figure 25 but
are worth mentioning. Boundary rules determine the participants entering the governance
arrangement of NBFD. This affects the outcome because these actor’s interests are considered. For
the cases HPSD and fort Steurgat the boundary rules determine that governmental authorities are the
actors in the governance arrangement. The role of waterboards and Rijkswaterstaat is determined by
the Law on flood defence and the role of the province is determined by their authority over the EIA,
the legal objection procedure and the environmental permit. The roles of governmental authorities in
these case were therefore more strongly embedded than the role of the NGO in the Marker Wadden
case, which was an innovative governance arrangement. Information rules affect the governance
arrangement in these cases. In general, available information influences how alternatives or dilemmas
are perceived by actors. The information rules differ strongly between cases. However, in all cases the
information rules influenced the interest and therefore the payoff of one or more actors in the game.
For this reason, information rules were important in the implementation of NBFD. Scope rules
influence the outcome of the governance arrangement in general because these are prerequisites of
the development, like the explicit goal for spatial quality in the case of the HPSD. In the cases where
flood protection was the objective (HPSD and fort Steurgat), scope rules for nature conservation, like
the Natura 2000 and the Bird and Habitants Directive, were not considered as parallel goals influencing
the governance arrangement about the flood protection measure. In these cases nature values only
had a minor role. Although the purpose of NBFD is to prevent negative impact on nature or to
contribute to nature values, these institutions were not significantly considered in the development of
these NBFD. These NBFD were therefore implemented without institutional scope rules that would
favour nature development. Finally, financial aspects were important in two cases: the Marker
Wadden and the HPSD. Payoff rules affected the development in these cases. However, at fort Steurgat
costs were considered less important. Compared to the other cases scale can be an explanation for
this. The financial costs for the Marker Wadden and the HPSD were much higher than the relatively
small scale project of fort Steurgat. However, when the payoff rules are beneficial for a NBFD these
cases show that NBFD can be implemented.
Game
The game is the interaction between actors in a governance arrangement. The games are analysed by
applications of game theory: game matrices and game trees. I conclude on the main factors of the
games per case which were important for the implementation of a NBFD. First, in the Marker Wadden
case the interaction about deviating from the market consultation rules was an important factor
resulting in the development of the archipelago. Both actors choose a strategy which ignored the
market consultation rules because this was more beneficial than following the market consultation
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rules. The rules were not very strict which allowed the deviation. Secondly, for the private funding by
the Postcode Lottery conditions were developed which intertwined the funding with a governmental
contribution. This financial interaction was important for the implementation of a nature-based
solution. Third, in the HPSD case the turning point was crucial in the implementation of a NBFD. At the
turning point the hydraulic boundary conditions changed, making the overtopping proof dike less
sustainable. It also became clear that local residents opposed the overtopping proof dike and HHNK
became more aware of the relatively low financial costs of a sandy solution. As a result of the turning
point the payoffs of the actors for development options changed. Fourth, in the HPSD case and the
fort Steurgat case local opposition was a factor influencing the implementation of a NBFD. Local
inhabitants in both cases opposed to a higher dike. Finally, the possibility to implement a moderate
alternative of the NBFD was an important aspect in the game in the case of fort Steurgat. An design
relying more on the functioning of vegetation would have been less beneficial for the waterboard.
Rijkswaterstaat and the waterboard interacted about the design of the NBFD, which resulted in the
successful implementation.
Path dependency
One of the main connections in my conceptual framework is the influence of institutions on the
governance arrangement. Path dependency, as explained in paragraph 2.2, describes the
embeddedness of institutions and the difficulty to change the dominant practice. Path dependency
therefore explains why it is difficult to change the conventional way of flood protection and to
implement NBFD. However, the cases of this research show that implementation is possible and the
embedded practice can be overruled. Paragraph 2.2 explained three causes of path dependency
identified by Genschel (1997): sunk costs, uncertainty and political conflict. Based on the cases I explain
how these causes of path dependency are bypassed or abolished. This contributes to an improved
understanding of how NBFD implementations are established and which factors can enable the
implementation.
Sunk costs describe the costs, in time, money and effort, to develop a certain institution. Changing to
a new practice would mean existing investments are ignored and new investments are needed.
However, in these cases I found that developing a NBFD alternative did not discount for the existing
investments, like dikes, high safety standards or the responsibility of governmental actors. As the case
of fort Steurgat shows NBFD can be combined with hard flood protection measures. NBFD alternatives
therefore fit within existing institutions. Moreover, when the NBFD alternative was more expensive
(this was not the case in fort Steurgat), private funding or increased benefits counteracted the
necessary additional investments. Because the NBFD were financially justified sunk costs did not
hamper the implementation.
Uncertainty is a second cause of path dependency because effects of a new practice are more difficult
to predict than the effects of the dominant practice (Genschel, 1997). In the cases uncertainty was
present and overcome in different ways. In the Marker Wadden case the proposal by
Natuurmonumenten was chosen despite the uncertainty about the functioning because it had several
benefits making it the preferred option, like the financial contribution by the Postcode Lottery. In the
case of the HPSD the NBFD alternative was a sand nourishment. The uncertainty about the application
of sand is relatively low because it is not a new method. In the fort Steurgat case uncertainty was
counteracted in four ways: by including vegetation in the assessment regulation of flood defences,
conducting research to support the functioning of a NBFD for a specific area, providing the waterboard
with the ownership of the entire NBFD to improve control over maintenance and over-dimensioning a
NBFD compared to the legal requirements. Uncertainty about NBFD did therefore not cause path
dependency towards conventional flood defences in these cases.
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Political conflict is a third cause of path dependency, meaning that some actors may benefit from
conventional institutions. The case studies show that in the cases where flood protection is the
purpose governmental authorities are the main actors. This is the same as in conventional flood
protection strategies. These actors have the same position and do not lose their role when
implementing NBFD. Losing their position was therefore not an argument for governmental actors not
to implement NBFD. Additionally, if partiality between actors is the case, overpowering the existing
institutional setting might be difficult (Genschel, 1997). However, in these cases partiality was not
present because a NBFD was supported by all actors. For these reasons political conflict did not prevent
the implementation of a NBFD. To conclude, sunk costs, uncertainty and political conflict of
conventional embedded institutions did not prevent the implementing NBFD by governance
arrangements.
7.1.3 How can the implementation of NBFD be enabled?
Two assumptions regarding NBFD implementation prior to this research are described in paragraph
1.4. First, I will reflect on these assumptions. Secondly, based on the findings of the three cases I
describe four factors enabling NBFD implementation.
Assumptions
First, I assumed that involvement of new actors, like NGO’s on nature conservation, enables the
implementation of NBFD because of the nature aspect of this concept. In the Marker Wadden case
Natuurmonumenten was a main actor in the implementation of a NBFD. However, in the HPSD case
and the fort Steurgat case governmental authorities were the main actors. I found that the
involvement of NGO’s depends on the goals of a project. If flood protection is part of the goals NGO’s
were not involved in the governance arrangement. In a project where flood protection is not a purpose
it can be easier to involve NGO’s. Governmental actors were in the HPSD and fort Steurgat case able
to implement a NBFD. Implementation of NBFD is therefore possible by governmental arrangement
despite Korbee, Mol and Tatenhove (2014, p. 12) explain that ‘’a substantial BwN design will not likely
emerge under a conventional project arrangement’’. All development projects are different in some
ways and in these cases aspects do differ as well. However, I cannot conclude that these successful
implementations are established under a governance arrangement that substantially differs from the
conventional government led arrangements.
Second assumption is that a crucial conflict between flood protection and nature conservation is
present when investigating governance arrangements and institutions of NBFD implementation (Van
Loon-Steensma & Vellinga, 2013). However, no such conflict can be identified in the three cases of this
analysis. All games described depend on actors, interest and ‘rules of the game’ of the specific cases.
In the Marker Wadden case the crucial game is about the market consultation and the choices of the
actors to follow the rules of the market consultation or not. In the HPSD case the crucial game describes
the turning point because of several changes and the effect this has on the alternatives. In the case of
fort Steurgat the crucial game is about the uncertainty of the functioning of vegetation and the choice
between a moderate or optimal application of a NBFD. Based on these games, no predetermined
conflict for NBFD is present, like the trade-off between flood protection and nature conservation. The
second assumption is therefore also refuted.
Enabling factors
I describe four factors that can enable the implementation of NBFD. These factors are part of a lever
in the implementation. These factors do not guarantee a NBFD but can contribute to reaching a certain
tipping point when a NBFD is favoured over hard flood defences.
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First, certainty about safeguarding flood safety is important for actors in the implementation of flood
protection measures. The functioning and maintenance of NBFD is more uncertain than conventional
flood defences. Reducing uncertainty about NBFD is an important factor to consider in the exploration
phase of a flood protection development. The case of fort Steurgat revealed four measures to improve
the certainty of a NBFD: include vegetation in the assessment regulation of flood defences, conduct
research to support the functioning of a NBFD for a specific area, provide the waterboard the
ownership of the entire NBFD to improve control over maintenance and over-dimension NBFD
compared to the legal requirements.
Second factor which can enable the implementation of NBFD is support by local inhabitants. In the
case of fort Steurgat and the HPSD local inhabitants opposed to a conventional dike reinforcement. In
both cases a nature-based alternative to improve flood safety was supported by the local inhabitants
and other stakeholders. Local opposition can therefore support the development of a NBFD. However,
local inhabitant’s opinion is not always in favour of a NBFD. For example, in the case of managed
realignment people of Netherlands may oppose to a NBFD because struggle against the water is
strongly embedded in the people’s heritage (Temmerman et al., 2013).
Third, parallel goals besides flood protection can enable the implementation of NBFD. Spatial quality
in the HPSD case and innovation in fort Steurgat case supported a nature-based solution in these
projects despite both aspects were subordinate to flood protection. In the HPSD case spatial quality
was an important goal for the province because they wanted to use the reinforcement of the weak link
to initiate spatial developments in the area. The province was therefore advocate of the sandy NBFD
design despite this solution was more expensive. In the fort Steurgat case both Rijkswaterstaat and
the waterboard were advocates of innovation. Both actors were interested in applying vegetation
because of its innovative character besides other advantageous. Integration of multiple goals can
improve the argument for a NBFD. As NBFD are more multifunctional than conventional flood defences
(van Slobbe et al., 2013), they fit better to a development where different goals are pursued. Parallel
goals like nature, recreation or innovation can therefore enable the implementation of NBFD.
However, parallel goals are only set in some programs, like spatial quality in the Room for the River
program. Parallel goals are not embedded in flood protection policy. The current flood protection
program by the Dutch government (HWPB-2) has the design criterion of ‘sober and efficient’, meaning
that only necessary measures for flood protection are financially funded (HWBP, 2014a). The HWBP-2
therefore gives little room for parallel goals besides flood risk.
Finally, valuing future adaptability can enable the implementation of NBFD. One of the core principles
of NBFD, namely that they are more adaptable to changing water conditions, is incorporated in the
implementation for the primary flood defences of the HPSD and fort Steurgat. Especially in the HPSD
case the waterboard emphasized their interest to develop a flood defence that can be adjusted in the
future to adapt to sea level rise. In this case, the ability of the nature-based alternative to be adaptable,
albeit by human sand nourishments, was one of the key arguments to develop this solution. To a lesser
extent this was also an argument in the case fort Steurgat. A nature-based alternative in this case
meant a stone surface on the dike was not necessary. Therefore, future adjustments were easier to
construct and less expensive. In this case, a NBFD indirectly contributed to the adaptability of the flood
defence. Valuing future adaptability therefore enabled the implementation of NBFD.

7.2 Reflection
Now my questions are answered and the research goal is achieved I reflect on the research. I do this
by critically looking at the theoretical fundament of this research and methodology used.
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Reflection on theory
This research is based on theory about governance arrangements and institutions. These concepts are
merged into one conceptual framework. The conceptual framework is based on the framework of
interaction oriented policy research by Scharpf (1997). Applications of game theory and the seven
rules-in-use by Polski and Ostrom (1993) complete the conceptual framework. This framework was
useful for the analysis of three cases. Although the rules-in-use are part of the Institutional Analysis
and Development (IAD) framework by Ostrom (2011) I chose to apply the framework by Scharpf in
order to merge an aspect of the IAD framework into the framework of interaction oriented policy
research. I chose to use the framework by Scharpf as a fundament because it focusses on interaction
and makes the link to game theory explicitly. The addition of the seven rules-in-use was a valuable way
to analyse the institutional setting because it enabled me to identify different institutional aspects.
This comprehensive analysis of institutions is an added value of the framework of interaction oriented
policy research by Scharpf (1997).
Game theory has a prominent place in the conceptual framework. The governance arrangement can
be compared to a game, involving rules, actors, strategies, actions and payoffs (Osborne and
Rubinstein, 1994; Rasmusen, 2007). Based on applications of game theory I analysed the governance
arrangements. Although I was able to thoroughly analyse these cases and to draw conclusions from
these analyses, a major drawback can be identified. The purpose of using the game applications was
to reduce the complexity of the governance arrangements in order to improve the understanding.
However, simplification of the governance arrangements is at the same time a disadvantage of this
analysis (Finus, 2008; Madani, 2013). Complex cases are difficult to represent in game matrices and
game trees Aspects of the complexity might be lost, like actors, connections between actors and
choices. Awareness of this limitation is therefore important when interpreting these findings. In the
case studies of this research I counteracted this limitation in three ways. First, I simplified the
governance arrangement by focussing on primary policy actors, as described by Schrapf (1997). In this
way interest of other stakeholders are represented via these primary policy actors. Secondly, the
context of the game representations is explained elaborately. An textual explanation of situations
supports the game representations on aspects which are difficult to capture in a game matrix or tree.
Third, validation conversations improved the validity of the game representations.
The meaning of the concept of NBFD is not unambiguous. In this research NBFD is defined as an
overarching term for different flood defence techniques that make use of natural dynamics to
contribute to flood protection. However, disagreement can arise about the specific contributions of
nature in flood defences projects and whether a project can be assigned as an NBFD or not. The term
NBFD can be interpreted broadly. However, in this research I incorporated NBFD of varying methods
and explained per case the nature-based factor to clarify my viewpoint.
Reflection on methodology
The step-wise approach based on the conceptual framework gave a good understanding of the
governance arrangements and institutions of the cases. The case introduction explained the major
conflict in implementing a NBFD. Then, the actor analysis identified the main interest of the actors and
the institutional analysis identified the institutions influencing the governance arrangement. Both
analyses enabled the development of the game representation. Together, these analyses gave a
profound understanding of the crucial aspects leading to NBFD implementation. Additionally, the
combination of policy literature and in-depth interviews resulted in a substantial data base. However,
the following aspects are worth mentioning in this reflection.
First, scoring of the interest and the final payoff of the game is subjective despite arguing why certain
scores are given. I used a four-points scale, which gives a limited representation of reality. Additionally,
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when the payoffs of two outcomes with the same score are compared, they might seem similar.
Although these two outcomes are equally beneficial in general, on specific interests they can differ
substantially. Moreover, the final payoff scores are the average of the different interest. The final
payoff is then rounded off in order to keep clear payoff scores. This can also give a misrepresentation
between scores. For this reason, it is important to pay attention to the explanation and argumentation
of the scores (see appendices) instead of solely looking at the final number.
Secondly, an institutional change has occurred after these cases were implemented. Since 1 January
2017 the Water law contains new norms for primary flood defences. The goal is to exceed a safety
standard in which the chance to decease as a result of flooding is less than 1 on 100,000 for everyone
in 2050. A major change is the switch from an exceedance probability to a flooding probability. The
exceedance probability assumes the chance of a particular water level, whereas the flooding
probability assumes the chance of a flood defence to fail. For the flood probability a wide range of
failure mechanisms is included (HWBP, 2016). The question might be if this institutional change affects
the findings of this research. In my opinion this institutional alteration did not change the fact that the
Dutch approach to flood safety is focussed on very high safety standards. A strict safety norm is
therefore still in place.

7.3 Contributions to theory development
In this paragraph I explain contributions to theory. A reflection on the theory by Scharpf (1997), Polski
and Ostrom (1999) and game theory scholars based on my experiences in this research is provided. I
also reflect on the contribution of the specific theoretical foundation of this research for the research
on NBFD implementation.
The combination of the framework of interaction oriented policy research by Scharpf (1997) and the
institutional analysis by the seven rules-in-use by Polski and Ostrom (1999) provide a conceptual
framework for a comprehensive analysis of complex cases where the focus is both on an in-depth
understanding of interactions and institutions. The interaction oriented policy research framework
focusses on interaction between actors, for which applications of game theory are used. However,
Scharpf (1997) provides no comprehensive analysis of different types of institutions, which is valuable
for a better understanding of the institution setting influencing a governance arrangement. The seven
rules-in-use by Polski and Ostrom (1999) enable a profound analysis of the institutional setting. Based
on the cases this research shows the added value of combining both theories. The combination enables
a comprehensive analysis of cases with a focus on both interaction between actors and institutions. A
focus on just one of these theories would limit the analysis of either interactions or institutions.
The interaction oriented policy research framework is similar to the IAD framework. The analysis
based on the combination of the framework by Schrapf (1997) and the institutional analysis by Polski
and Ostrom (1999) is comparable to an analysis in which the IAD framework is combined with game
theory. An explanation of the choice for a conceptual framework based on Scharpf is given in
paragraph 2.3. The combination of game theory and the IAD framework is considered valuable by
Ostrom (2010). However, Ostrom (2010, p.647) argues ‘’it is not feasible to develop a formal game …
to analyse the more complex empirical settings with many variables of relevance affecting outcomes
and of importance for institutional analysis.’’ As explained in the reflection on theory (see paragraph
7.2) in this research’s case studies I was able to analyse complex empirical settings by game theoretical
models without losing crucial information because of three reasons: representation of interests of
other stakeholders via the interests of primary policy actors, explaining the context of the game
representations elaborately and conducting validation conversations. This research therefore shows
the possibility of analysing complex cases by game theory.
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Another aspects found in the analysis of the cases is that game matrices and game trees can be
combined to represent the same game. I therefore apply these applications of game theory in a new
way. In game theory game matrices are applied to describe a game where players make their decisions
simultaneously and do not know what the other will decide. In this (strategic) game players chose their
plan of action up front and without knowledge about the choice made by other players (Osborne &
Rubinstein, 1994). In an extensive game a player has the opportunity to base his action on the choice
of the other player. A player can consider his actions at the moment he has to make a decision, and
not only at the beginning of the game (Osborne & Rubinstein, 1994). Therefore, extensive games are
modelled in a tree, representing sequential decisions. Game matrices and game trees are therefore
originally developed to analyse different interactions. However, in this research the game analysis
combines game matrices and game trees to give a profound explanation of the same governance
arrangement. In this way, the game matrix provides an overview of the possible outcomes and the
game tree provides an overview of the successive strategy options. The choice for the matrices and
the game trees is determined by the interpretation of the cases. Again, validation conversations
ensured the validity of the game representations. However, if more than two actors are identified,
which was not the case in this research, a game tree is more useful because it enables representation
of strategy options for more than two actors (Scharpf, 1997). Based on the case analyses this research
shows that game matrices and game tree can be combined to analyse a single game.
The interaction oriented policy research framework considers actor constellation and modes of
interaction as separate analyses. However, in this research, these two aspects are combined into one
game analysis. According to Scharpf (1997) the actor constellation is the static picture of ‘’the players
involved, their strategy options, the outcomes associated with strategy combinations and the
preferences of the players over these outcomes’’ (Scharpf, 1997, p. 44). The modes of interaction are
a description of four predetermined interaction methods. The game analysis of this research is similar
to the actor constellation of Scharpf (1997). Additionally, I describe the interaction in the game in an
explanatory way but I do not focus on predetermined modes of interaction. Despite I do not analyse
the game according to the four modes of interaction I was able to explain the interaction in the
governance arrangement. The research therefore shows the possibility to merge the actor
constellation and modes of interaction into one game analysis.
The theoretical approach of this research enabled a profound analysis of the institutional setting and
the governance arrangements. For three cases I found factors of the institutional setting and the
governance arrangement that can enable the implementation of NBFD. Analysis of successful cases
shows that implementation is possible and this research provides factors which enable the
implementation. Analysis of cases as shown in this research can accelerate the understanding of
enabling and constraining factors for the implementation of NBFD. In this way, this research adds to
existing case studies of NBFD in the Netherlands, like the research of knowledge arrangements by
Janssen (2015). This research contributes to the existing body of case studies about NBFD in the
Netherlands. Moreover, improved understanding of real-world cases can improve the institutional
design towards flood risk management in which NBFD are more substantially imbedded.

7.4 Recommendations
To complete this research I give recommendations for practice and for further research. The
recommendation for practice summarize how implementation of NBFD can me enabled. The
recommendations for further research provide leads for additional research about the institutions and
governance arrangements of NBFD implementation.
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For practice
To give a clear overview of the recommendations for practice I summarize my conclusions about
enabling factors for NBFD implementation. These recommendation can enable to implement NBFD in
places where they are beneficial for an integral solution. Based on the enabling factors I make the
following recommendations:






Reduce uncertainty about flood protection of NBFD by (1) including vegetation in the
assessment regulation of flood defences, (2) conducting research to support the functioning
of a NBFD for a specific area, (3) providing the waterboard with the ownership of the entire
NBFD to improve control over maintenance and (4) over-dimensioning a NBFD compared to
the legal requirements.
Investigate NBFD options in places where local inhabitants oppose to conventional dike
developments or reinforcements.
Broaden the scope of flood defence measures by including multiple purposes, like spatial
quality or innovation.
Consider future adaptability in flood protection goals.

For further research
In this research I focus on successful cases of NBFD. Additional case study research can contribute to a
better understanding of the institutions and governance arrangements in NBFD implementation.
Increasing the number of cases in which governance arrangements and institutions are analysed
improves the certainty about the findings of this research (Yin, 2003). For additional case study
research I propose two specific research objectives are investigated as well. First, case study research
including cases after 2017 where the new norms of the Water law are applied would be valuable. A
comparison between cases prior to 2017 and after 2017 can investigate the possible differences in the
institutional setting. Secondly, unsuccessful cases are not considered but valuable lessons can be
drawn from NBFD ‘implementation failures’. In these cases the aspects can be identified which
hampered the implementation of NBFD. An example of a case in the Netherlands where a NBFD was
considered but not chosen as the optimal solution is the dike reinforcement between Werkendam and
Hank (interview WR, 2017). Reasons why a NBFD was rejected were that ownership of the vegetation
could not be achieved by the waterboard and the functioning under extreme conditions could not be
assured (interview WR, 2017). This matches some findings of this research. However, further research
of unsuccessful cases is necessary to obtain a more complete understanding of crucial aspects in the
implementation of NBFD. Combining results from successful and unsuccessful case can give a more
complete view about enabling and constraining factors for the implementation of NBFD.
Besides additional case study research I propose further research on the linking between different
phases of flood defence projects. When assessing the crucial aspects for the implementation, this
research mainly focusses on the exploration phase. In this phase different alternatives are considered
and a decision is made for a certain development option. However, to enable the implementation of
NBFD it is also important to link the exploration phase to other phases, such as the realisation and
management phase (interview Penning, 2011). Linking these phase means, for example, shifting funds
from construction to maintenance budgets, making the division of costs more efficiently. However,
institutionalized rules about the funding of flood defence construction can prevent the shifting of funds
to other phases, even when the overall costs are less (interview Penning, 2017). Lessons can be learned
about factors enabling and constraining this link between phases. Therefore further research about
the link between phases can enable the implementation of NBFD.
Finally, as explained in paragraph 7.3 this research did not analyse the game according to the modes
of interaction described by Scharpf (1997). I propose further research about the specific modes of
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interaction for the implementation of NBFD to provide an additional explanation about the interaction
between actors in a governance arrangement. This can improve the understanding of the institutions
and governance arrangements for the implementation of NBFD as well. Moreover, research about
NBFD implementation including the modes of interaction would enable a comparison between the
game analysis of this research and the analysis based on the method by Scharpf (1997).
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Appendix 1: List of consulted researchers and interviewees per case
Case/person

Organisation

Data

Gerald Jan Ellen

Deltares

Summary

Marielle van Riel

Wageningen University and Research centre

Summary

Violette Wieriks

Erasmus University Rotterdam, Rijkswaterstaat

Summary

Sanne Grotenbreg

Erasmus University Rotterdam, Deltares

Summary

Interviews by Grotenbreg:

Natuurmonumenten

Transcript

Rijkswaterstaat (3x)

Transcript

Ministry of Economic Affairs

Transcript

Ministry of Infrastructure and Environment

Transcript

Province of Flevoland

Transcript

Marker Wadden

HPSD
Baukje Kosthuis

TU Delft

Audio/transcript

Hans Eikelenboom

Provincie Noord-Holland

Audio/transcript

Anita Willig-Kos

Hoogheemraadschap Hollands Noorderkwartier Audio/transcript

Fort Steurgat
Mindert de Vries

Deltares

Summary

Johan van der Meulen

Waterschap Rivierenland

Audio/transcript

Erik-Jan Houwing

Rijkswaterstaat

Audio/transcript

Stéphanie IJff

Deltares

Summary

Ellis Penning

Deltares

Summary

The records and transcripts of the interviews and the summaries of the conversations are submitted
as primary data alongside the thesis. The interviews by Grotenbreg are not submitted as primary
data but can be requested in consultation with Grotenbreg and the author of this thesis.
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Appendix 2: Validation session Marker Wadden (in Dutch)
Bijeenkomst validatie analyse Marker Wadden 23 mei Utrecht (10h – 11h)
Aanwezig
Gerald Jan Ellen
Sanne Grotenbreg
Marielle van Riel

Organisation
Deltares
EUR, Deltares
WUR

Doel: Validatie analyse
Vorm: Power point van analyse en resultaten + open discussie
Sanne Grotenbreg

Andere alternatieven ten opzichte van voorstel NM waren inhoudelijke
gericht op moeraseilanden. Kosten waren echter allemaal veel hoger.
Hierover is wel literatuur beschikbaar: alternatieven consortia.

Marielle van Riel

Marktuitvraag belangrijk voor NM vanwege momentum dat het genereerde.

Algemeen

Slib probleem wordt niet door marker wadden opgelost, al was dit
oorspronkelijk wel het doel van de marktuitvraag en werd het plan van NM
ook gepromoot dat ze slib gebruikten om de eilanden te maken. Het was
duidelijk dat het project niet zou leiden tot een volledige TBES. Dit is een van
de punten waarop Natuurmonumenten afweek van de eisen van de
marktuitvraag. Het plan van Natuurmonumenten was minder veelomvattend
dan de andere plannen waardoor het ook goedkoper was.

Algemeen

Voorkomen van fiasco is ook belang van de overheid omdat zij al jaren aan
het investeren waren in onderzoek en formuleren van doelen. De overheid
kon zich daarom ook geen fiasco veroorloven. Daarnaast hebben zij
daadkracht willen laten zien.

Algemeen

Privaat initiatief stimuleren wordt gezien als niet zo belangrijk. Zeker niet
voor de WMIJ, wel voor ministers of nationale politiek. Duidelijk formuleren
in beschrijving dat deze onderdeel zijn van primary policy actor WMIJ.
Marker wadden dient als voorbeeld om dit te stimuleren, daarom, via de
WMIJ, is het een belang om privaat initiatief te promoten.

Gerald Jan Ellen

Waarom zouden private partijen risico willen nemen (om initiatief te
nemen)? De primaire belangen van private partijen zijn continuïteit en winst.
Echter, NBS kunnen zorgen voor voortbestaan, winst, innovatie, uitstraling.
Maar ik moet wel kijken of deze motieven genoeg zijn voor een private partij
om echt initiatief te nemen of enkel ‘mee te doen’. Dit kan weer afhankelijk
zijn van de situatie.

Algemeen

Wat is de link van mijn analyse en conclusies met de implementatie van NBS.
NBSin hoeverre is er een link tussen NBS en mijn analyse. Op welke manier
draagt de game die ik schets bij aan de verbeterde implementatie van NBS. Ik
wil iets kunnen zeggen of verhouding dilemma private partijen ten opzichte
van dilemma overheid.  Is dit per se gelinkt aan NBS. Geldt dit niet voor
alle bouwprojecten?  Wellicht heeft dit iets te maken met schaal. Marker
Wadden is grootschalig project. Grootschalig NBS nemen private partijen
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minder snel initiatief, maar misschien wel bij kleinere lokale vraagstukken.
Kosten zijn dan ook lager.
Marielle van Riel

Voor dat NM kwam was het idee er al om NBS te gebruiken. Onderzoek naar
de mogelijkheid van moerassen was namelijk al uitgevoerd voor
Natuurmonumenten haar voorstel indiende. NBS zijn dus geen resultaat van
de game die gespeeld is.

Algemeen

Kernvraag is: Op welke manier zouden private partijen vaker een belang
kunnen hebben bij initiatief nemen in NBS?

Algemeen

Belangen die ik beschrijf zijn goed. Kosten efficiënte ontwikkeling is
belangrijkste voor WMIJ. Stimuleren privaat initiatief minst. Uitleggen dat er
geen volgorde zit tussen belangen wat betreft prioriteit.
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Appendix 3: Actor analysis Marker Wadden
1. WMIJ
Capabilities
The financial resources of the WMIJ are high compared to the private actor Natuurmonumenten. Two
ministries can invest part of their budget on the project. Eventually, both Ministry of Infrastructure
and Environment and the Ministry of Economic affairs contributed €15 million for the development of
the Marker Wadden (Ministerie EZ, 2013). However, this is relatively low compared to the €631 million
WMIJ itself estimated it would costs to develop the TBES. Additionally, the WMIJ is able to apply
Rijkswaterstaat’s personnel to develop the Markermeer. The financial contribution of the government
to this project is relatively low compared to other large developments (RWS, interview by Grotenbreg).
A personal capability of the WMIJ is its legal authority. They are able to decide on future visions and
developments of the region. Furthermore, local governments have the legal authority to issue zoning
plans and permits needed for the development of the Markermeer. The government is also owner of
the Markermeer. Personal capabilities of Rijkswaterstaat are high as well. They are very experienced
and have led large developments many times before. They were also involved in other large Building
with Nature projects, like the Delfland Sand Engine. Rijkswaterstaat has a lot of technical knowledge
about water and infrastructural developments. However, they lack knowledge about nature
developments and natural processes (RWS, interview by Grotenbreg).
Perceptions
The perception of WMIJ on the Marker Wadden project can be described by several aspects. First, the
problem definition of the poor ecological conditions of the Markermeer is perceived by the WMIJ and
Rijkswaterstaat by the formal guidelines. According to Rijkswaterstaat ecologically high quality water
meets objectives defined by the Water Framework Directive and the Natura 2000 (Rijkswaterstaat,
2016). They focus on achieving formal institutional rules to improve the water quality. Second,
governmental authorities can perceive projects like the Marker Wadden as a general dilemma
between ‘delivery’ and ‘democratic’ values (Grotenbreg & Altamirano, 2017). Initiative by private
actors is encouraged to shift public responsibility to private sectors (Rhodes, 2012). However, this can
result in a decrease of discretion and democratic legitimacy. Both aspects are considered important by
governmental organisation (RWS, interview by Grotenbreg). Rijkswaterstaat sees its role towards
private actor in two ways. On the one hand, they approve cooperation with other actors in developing
this project. On the other hand employees of Rijkswaterstaat value their working methods to ensure
quality of the development. In the actor constellation I focus more on these perceptions. Finally, the
risk perception depends on the financial costs. The WMIJ sees the Marker Wadden as a relatively low
risk project. As explained above, financially the Marker Wadden project is not substantial for the WMIJ.
Preferences
Several interests can be identified for the WMIJ. The first is to improve collaboration with NGO’s and
stimulate private initiative. This interest in associated with the perception of shift public
responsibilities to private actors, as described above. Collaboration between government and private
actors can be done by Public Private Partnerships. This is advantageous for governmental authorities
because, among other aspects, costs can be reduced and risks can be shared (Gudde, 2017;
Rijkswaterstaat, 2017). Improving collaboration and stimulating Public Private Partnerships is part of
the trend shift. In this shift from government to governance authorities increasingly depend on other
organisations to achieve societal goals (Rhodes, 2012). For this reason the WMIJ benefits from a
project where this collaboration is done well because this can motivate the private sector to take
initiative in the future (personal communication Gerald Jan Ellen). The second interest of the WMIJ is
to safeguard the democratic representation. This is linked to the perception about the contradiction
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between ‘democratic and delivery’ values by the government. By safeguarding the democratic values
the WMIJ safeguards government authority, fairness and the public interest (Meijerink & Dicke, 2008;
Grotenbreg & Altamirano, 2017). Avoiding of risk is a democratic value as well (Grotenbreg &
Altamirano, 2017). Collaboration with NGO’s can conflict with this interest because collaboration can
demand abandoning institutionalized governmental rules. This matches with delivery values, which
focus on efficiency and flexibility (Grotenbreg & Altamirano, 2017). Third, and perhaps obviously, the
goal to improve the ecological state of the Markermeer is of major interest to the WMIJ. Additionally,
the goal is to create a TBES in the Markermeer region. As explained before, the WMIJ perceives the
Water Framework Directive and the Natura 2000 aims as guidelines for improving the water quality.
Rijkswaterstaat is responsible for achieving the goals of the Water Framework Directive and the
Ministry of Economic Affairs for the Natura 2000. Furthermore, after years of research on the
Markermeer, the WMIJ has the interest to make progress on achieving these goals. Finally, the
government has a major interest in a costs efficient development of the Markermeer. A more costs
effective plan is more likely to be implemented on a short time span. Improving the costs efficiency of
the development plan is one of the goals of the market consultation by the WMIJ, as can been red in
the assignment description (WMIJ, 2012, p. 25):
‘’Design a Future Resilient Ecological System (TBES) for the Markermeer-IJmeer, including a cost
estimation for the construction and maintenance, which can be developed with less public financial
funds than the governmental plans.’’
The private contribution of the Postcode Lottery makes the development of the Markermeer more
costs efficient. Utilizing this contribution is considered an advantage by the WMIJ (WMIJ, 2012).
The identity of the WMIJ as a coalition of governmental authorities is to be a representation of the
government in general. However, difference between the ministries and Rijkswaterstaat are described
by Van den Brink (2008): whereas the ministry of Infrastructure and Environment values new forms of
governance arrangements Rijkswaterstaat has a more technocratic identity. Busscher, Heeres and
Lenferink (2011) describe Rijkswaterstaat’s identity from the perspective of the market: market actors
see Rijkswaterstaat as an important partner that wants to be in control in a joint project.
2. Natuurmonumenten
Capabilities
Natuurmonumenten has fewer capabilities compared to the WMIJ. Especially financially their
resources are lower. Their total yearly expenses are just €122 million (Natuurmonumenten, 2015). This
is relatively low compared to the 775 million expenses only on personnel by Rijkswaterstaat
(Rijkswaterstaat, 2015). Therefore, for Natuurmonumenten it is a substantial investment to develop a
project of this size because of personnel costs (personal communication Gerald Jan Ellen). However,
they were able to obtain a contribution of €15 million by the Dream Foundation for the
implementation of the project (Postcode Loterij, 2017). This contribution influenced the position of
the primary policy actor Natuurmonumenten in the development of the Marker Wadden.
Despite the relative low financial resources Natuurmonumenten has some strong personal capabilities.
First, they are capable of raising funds to finance the implementation of the Marker Wadden.
Furthermore, Natuurmonumenten has a lot of knowledge on ecology and nature development. For
example, Natuurmonumenten owns several areas (marshes) at the island of Texel which are important
breeding places for birds (Natuurmonumenten, 2017). These areas are, despite the salinity,
comparable to the Marker Wadden area.
Perceptions
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The perception of Natuurmonumenten about the purpose of the Marker Wadden project is to improve
the ecological quality of the area as well. However, whereas the WMIJ perceives ecological quality
from the perspective of formal guidelines Natuurmonumenten focusses especially on attracting rare
or endangered bird species and creating a unique landscape. Natuurmonumenten wants to propagate
the Maker Wadden archipelago as a bird paradise. The perception of nature quality is therefore
different between the two major actors. Additionally, the perception of risk is different for
Natuurmonumenten. If Natuurmonumenten collaborates in the development of the Marker Wadden
they share the risk as well (Natuurmonumenten, interview by Grotenbreg). The risk for
Natuurmonumenten to develop a project of this size is high compared to the WMIJ. First, it’s a large
and expensive development for the organisation. Secondly, Natuurmonumenten has a responsibility
towards their members who financially contribute to the organisation. These members can withdraw
their contributions if, for example, the project fails half way and the investments are lost.
Preferences
Four major interests can be identified for Natuurmonumenten in the Marker Wadden project. First,
Natuurmonumenten wants to improve the ecological quality of the Markermeer. The bad conditions
of the lake were a major incentive to develop the plan for the Marker Wadden. Second,
Natuurmonumenten wants to realise a project for their members to visit. For Natuurmonumenten it
is important that members can experience the nature reserve. This is why they propagate the Marker
Wadden as a bird paradise. Moreover, an appealing project like the Marker Wadden can attract more
members. This is why several efforts were made to get public attention for the project, like the
possibility to vote for the national elections on the first Marker Wadden island in March 2017. Third,
Natuurmonumenten must prevent that the projects turns into a fiasco because this can seriously
damage the organisation. This is part of the basic self-interest of self-preservation, autonomy and
growth (Scharpf, 1997). The Marker Wadden project is a major investment for Natuurmonumenten
and therefore a large risk. If it turns into a fiasco it can seriously influence their basic self-interest.
Finally, it is of the interest of Natuurmonumenten to use the contribution of the Postcode Lottery. If
the project does not succeed the Postcode Lottery withdraws their fund. However, this would be a
missed opportunity for Natuurmonumenten because they would miss out on this contribution to
develop a project in their name. Furthermore, the Postcode Lottery only wants to finance the plan if it
is implemented by Natuurmonumenten and does not want to subsidize a government project
(Natuurmonumenten, interview by Grotenbreg).
The identity of Natuurmonumenten is derived from its mission statement. Here, Natuurmonumenten
states that, among nature development and maintenance, they give people the opportunity to actively
experience nature (Natuurmonumenten, 2017a). This aspect, which I described before, is an important
part of their identity. Furthermore, collaboration is also an important aspect of their identity. The
mission statement describes they cooperate in a constructive way with different stakeholders
(Natuurmonumenten, 2017a). The reason for this is that, despite other benefits, Natuurmonumenten
is a civil association (Natuurmonumenten, 2015). Collaboration with other is stakeholders is important
for a widely supported organisation.
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Appendix 4: Game outcomes Marker Wadden
In this appendix I explain the how the game outcomes are developed. First, table 1, 2 and 3 show the
scores of the specific interest per actor. The interest are identified in the actor analysis.
Natuurmonumenten’s goals of nature development is not applied because there would be no
differences between the outcomes. Nature would, although in another form, be developed in all
outcomes. All interest are weighted equally. These tables give an explanation of the payoff scores. A
score of 1 is very negative, a score of 2 is negative, a score of 3 is positive and a score of 4 is very
positive.
Subsequently, the score are added to come to a final score. This is displayed in tables 4 and 5. The
average score is displayed in the game analysis paragraph of the case study.
Table 1
Stakeholder Interest
Natuurmonumenten

Government

Score explanation

Realise appealing project for members

4

Natuurmonumenten has a lot of influence on the development.

Prevent fiasco (because of high risk)

1

Implementing a large development has a high risk for
Natuurmonumenten.

Use contribution Postcode lottery

4

Natuurmonumenten receives €15 million from the Postcode Lottery.

Stimulate private initiative

4

Project can stimulate private developments because the government
shows it is able to deviate from its institutional rules and can
collaborate with private stakeholders on an equal level.

Safeguard democratic representation,
equal treatment and risk avoidance

1

Democratic values are abandoned in order to adopt proposal
Natuurmonumenten. Different conditions of market consultation for
Natuurmonumenten and other consortia.

Achieve Natura 2000 and TBES goals

3

The Natura 2000 goals are considered because of the scope rules are set
by the ministry. However, as Rijkswaterstaat collaborates on the
implementation they cannot set more strict goals for the Natura 2000.

Implement a costs efficient development
plan for Markermeer

4

Contribution of €15 million by the Postcode Lottery.

Table 2
Stakeholder Interest
Natuurmonumenten

Government

Score explanation

Realise appealing project for members

1

Proposal by Natuurmonumenten is rejected. Natuurmonumenten not
able to submit plan to offical market consultation anymore and have
therfore no proposal at all. (Natuurmonumenten, interview by
Grotenbreg)
No further risk in future but invested manpower is lost.

Prevent fiasco (because of high risk)

1

Use contribution Postcode lottery

1

The contribution by the Postcode Lottery is withdrawn because they do
not want to ‘’subsidize the government’’.

Stimulate private initiative

1

Safeguard democratic representation,
equal treatment and risk avoidance

4

Destimulation of the private initiative. Especially because plan
contained a large private financial contribution (Natuurmonumenten,
interview by Grotenbreg)
Proposal Natuurmonumenten is rejected because of compliance of
rules. Results in high democratic representation and equal treatment.

Achieve Natura 2000 and TBES goals

3

The government can choose from a variety of measures developed by
the market consultation. However, ideas from Natuurmonumenten are
not considered.

Implement a costs efficient development
plan for Markermeer

1

Costs efficient plan Natuurmonumenten and contribution Postcode
Lottery is lost.
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Table 3
Stakeholder Interest
Natuurmonumenten

Government

Score explanation

Realise appealing project for members

2

Natuurmonumenten has to hand over their plan and is not involved in
the implementation. Therefore, they have less influence on the details
of the development, like aspects that matter to their members.

Prevent fiasco (because of high risk)

4

Natuurmonumenten won’t be involved in the implementation and
therefore has to spend less manpower.

Use contribution Postcode lottery

1

The contribution by the Postcode Lottery is withdrawn because they do
not want to ‘’subsidize the government’’.

Stimulate private initiative

2

Private initiative is not stimulated because there is no initiative by
private actors. Initiative is also not deteriorated.

Safeguard democratic representation,
equal treatment and risk avoidance

4

Rules of market consultation are followed resulting in an equal
treatment between proposals Natuurmonumenten and other consortia.

Achieve Natura 2000 and TBES goals

4

The government can choose from a variety of measures developed by
the market consultation. The government is therefore able to select on
the Natura 2000 targets.

Implement a costs efficient development
plan for Markermeer

2

Contribution of Postcode Lottery is lost but proposal by
Natuurmonumenten would still be more costs efficient than other
proposals

Table 4
Interests
NM

Realise appealing project
for members

Prevent fiasco
(because of high risk)

4
1
2

1
1
4

Outcome (1)
Outcome (3)
Outcome (4)

Use contribution
Postcode Lottery

4
1
1

Total score

9
3
7

Average

3
1
2

Table 5
Interests
WMIJ

Outcome (1)
Outcome (3)
Outcome (4)

Stimulate
private
initiative

4
1
2

Safeguard
democratic
representation
and equal
treatment
1
4
4

Achieve
Natura
2000
targets
3
3
4
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Implement a
costs efficient
development
plan for
Markermeer
4
1
2

Total
score

12
9
12

Average

3
2
3

Appendix 5: Stakeholders HPSD
The stakeholder analysis is conducted to get an understanding of all stakeholders involved in the
development process of the HPSD. The aim is to explain the resources, perceptions and objectives of
all major stakeholders.
At the stakeholder level, actions are explained by perceptions, objectives and resources. Perceptions
explain the stakeholders’s image of the policy problem (Scharpf, 1997). Certain information can affect
the stakeholders’s perception. Therefore, the perception of an actor can change if new information
becomes available (Hermans, 2016). Objectives or interest provide a focus or aim for a stakeholder
and help to understand the intentions and motivations of stakeholders (Hermans, 2016). Resources
explain the capabilities of an stakeholders. Resources can be personal capabilities, physical resources,
technological capabilities or privileged access to information (Scharpf, 1997). They provide practical
means or instruments to realise objectives (Hermans, 2016). Although this analysis is focussed on
stakeholders instead of actors I identify actions wherever possible.
This analysis focusses on the following stakeholders:
-

Waterboard HHNK
Province Noord-Holland
Ministry V&W
Rijkswaterstaat
Municipality Zijpe
Citizens board
Delta commissioner

Stakeholder
HHNK

Stakeholder
level
Perceptions

Objectives

Resources
Actions
Province NoordHolland

Perceptions

Objectives
Resources

Flood safety must be improved. Solution should fit within
current methods for construction and maintenance
(interview Kothuis, 2017). Focus is on best technical solution
(Aukes, 2014).
Responsible to develop reinforcement plan (HHNK, 2008).
Reinforcement should be well maintainable. Complete
reinforcement within shortest possible timeframe because
flood safety is very low. Meet prerequisite of sober, robust,
sustainable design. Design must be sustainable.
Technical knowledge, legal authority to develop
reinforcement plan (HHNK, 2008)
Develop alternative reinforcement options for the HPSD.
Leading safety track.
Spatial quality is important goal besides flood safety. Spatial
quality opportunity for economy (tourism), public space,
nature etc. (interview Noord-Holland, 2017). Province is
important authority for integral area developments and
therefore wants a broadly supported plan.
Improve spatial quality. Safeguard objective local
stakeholders.
€15 million for spatial quality. Legal authority for EIA and
environmental permits (interview Noord-Holland, 2017).
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Actions

Ministry V&W

Perceptions

Rijkswaterstaat

Objectives
Resources
Actions
Perceptions

Objectives
Resources
Actions
Municipality
Zijpe

Perceptions

Objectives
Resources

Citizens board

Actions
Perceptions

Objectives

Delta
commissioner

Resources
Actions
Perceptions

Objectives
Resources
Actions

Make integral assessment of alternatives and approve
design. Leading spatial quality track (interview NoordHolland, 2017).
Pressure on spatial functions like living, economy, nature and
recreation in coastal area. Measures to improve safety
should therefore offer opportunities to improve spatial
quality. Safety first, but include other functions wherever
possible (Ministry V&W, 2003). Preference for sandy solution
grows because new insights become available and
progressive ministers are appointed (interview NoordHolland).
Double purpose for HPSD.
€250 million from HWBP-2 (Rijksoverheid, 2010).
Determine if funding is assigned to solution.
Solution should meet prerequisite HWBP-2: sober and
effective meaning they finance only safety improvements
and costs have to be minimized (HWBP, 2014). Focus on
flood safety (Aukes, 2014).
Meet prerequisite of sober, robust, sustainable design.
€250 million from HWBP-2. Legal authority over coastline.
Support HHNK to develop alternative reinforcement options
for the HPSD.
Spatial quality is important to improve local economy. Public
support for reinforcement is important. Supports sandy
solution (Aukes, 2014).
Safeguard public opinion. Spatial planning municipal area.
Representing local citizens. Communication between
governments and citizens (interview Kothuis, 2017). Legal
authority over local permits and developments.
Improve communication between citizens and authorities.
Reinforcement must be in best interest of local citizens.
Safety must be improved, however on some prerequisite.
The fight against water is won, no water should be allowed
over de dike (Heems & Kothuis, 2012).
At first, prevent dike heightening and removing of houses.
Later prevent allowance of water topping over dike as well
(interview Kothuis, 2017).
Representing public opinion
Protest against plans
Protection against flooding most important. Sand
nourishments support flexibility for future coastal defence
(Deltacommissie, 2008)
Implementation of sandy reinforcement
Advising Minister V&W (Rijksoverheid, 2010)
Announce support for sandy solution
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Appendix 6: Actor analysis HPSD
HHNK:
Capabilities
The financial capability of the primary policy actor HHNK is relatively low. HHNK does not contribute
to the development costs of the reinforcement. Rijkswaterstaat, as executing organisation of the
Ministry, has the most financial resources in this project. The funding comes from the HWBP-2, which
is part of the Delta program. 250 million euro was available for the reinforcement of the HPSD (Aukes,
2014). The funding by the HWBP-2 is meant to improve the flood safety. The minister therefore makes
the final decision. Rijkswaterstaat as implementing organisation of the Ministry was responsible for
the financial contribution.
The personal capability of the HHNK is its role to lead the project since the identification of the weak
links. HHNK is able to make proposals about the reinforcement. A personal capability is therefore that
they have control over the development. Additionally, the HHNK has technical knowledge. In the
elaboration phase of the reinforcement HHNK cooperates with Rijkswaterstaat.
Perceptions
An important perception on the reinforcement of the HPSD is that the HHNK and Rijkswaterstaat are
responsible for the flood safety of the hinterland. They are responsible for the assessment and
maintenance of the flood defence. The first 20 years after the realisation of the sandy seawards
reinforcement the contractor has to take care of the maintenance. After this period, Rijkswaterstaat is
responsible for the upkeep of the coast, for example by sand nourishments, and HHNK is responsible
for the maintenance of the dune system and the old dike (HHNK, 2013).
All stakeholderss’ part of the primary policy actor HHNK have slightly different perceptions on how to
develop the reinforcement. This is important in the understanding of the governance arrangement.
HHNK focusses on the best technical solution but give place to sandy solutions after the appointment
of a new administration in 2009 (Aukes, 2014). The focus on the best technical solution results from
their responsibility for flood safety. Rijkswaterstaat’s focus is on efficiency. As financial contributor and
testing authority of flood defences the demand of Rijkswaterstaat was to design the reinforcement
sober and efficiently (interview HHNK, 2017).
Preferences
The primary policy actor HHNK has several interests in the reinforcement of the HPSD. The following
interest are identified by the waterboard (interview HHNK, 2017). First, HHNK benefits from a design
that fits with their standard assessments and maintenance methods. This is the case when a more
standard dike design is implemented. A sandy solution is more difficult to maintain because, for
example, different functions are combined. Secondly, the reinforcement should fit easily into the
current situation because HHNK is responsible for the development. A difficult solution is therefore
undesirable. Third, reinforcement should be expandable to be able to adjust to future changes. Climate
change makes it desirable to reinforce the primary flood defence in a way that is adaptive to future
changes. The final interest in the design of the reinforcement was to make it sober and efficient. This
was a major condition set by Rijkswaterstaat. The reinforcement depended on the financial
contribution of the HWBP-2 by the Ministry, of which Rijkswaterstaat is part. For this reason, it’s in the
interest of HHNK to comply to this request.
The identity of HHNK is characterized by its focus on improving flood safety. This is one of the core
aims of a waterboard. However, in the beginning it was difficult for the waterboard to adopt new
methods (Aukes, 2014; interview Noord-Holland, 2017). Furthermore, based on an explanation by
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Kothuis (interview, 2017) the identity of HHNK can be described as very willing to deliver a design in
accordance to the request by the inhabitants. The fact that HHNK made a dike design in which the dike
did not had to be raised proves this. In first instance, HHNK was convinced that the societal support
for the overtopping proof dike was high because it met the request not to heighten the dike and not
to remove any houses. Additionally, little response was given by inhabitants of Petten on newsletters
and a large scale information session. Only after the overwhelming resistance of the residents, HHNK
understood that an overtopping proof dike was not desirable by the local society (Heems & Kothuis,
2012). After this resistance, the waterboard reconsidered the overtopping proof dike.
Province of Noord-Holland
Capabilities
The contribution for the spatial quality, the second purpose of the project, was delivered by the
province of Noord-Holland (interview Noord-Holland, 2017). Therefore, province had financial
capabilities as well. The financial contribution for the spatial quality by the province was about 15
million euro, which was complemented by municipal funding (interview Noord-Holland, 2017).
However, the primary goal of the reinforcement remained flood defence. Additionally, the budget to
improve the flood safety was much larger. The budget of the province gave it only control over spatial
quality aspects and not about the decisions about flood safety.
The personal capabilities of the province are high because the province has to approve the plans. The
province is the assigned authority for the EIA, which gives it control over the proposals by the
waterboard (interview Noord-Holland, 2017). The province makes an assessment of the proposals
before the final decision is made by the Minster. In this way, the province has a capability to assess the
proposal. The province is also part of the exploration of solutions. It has therefore multiple roles.
The municipality and the citizens board have major personal capabilities as well. They represent the
public opinion on the development of the HPSD. Their demands are important in the considerations
about the design. For HHNK it is undesirable to make a proposal that encounters a lot of public
resistance. They want to deliver a societal desirable design and do not want to delay the project by
official objection procedures (interview Kothuis, 2017). For this reason, the personal capability of
representing the public interest is important.
Perceptions
The perception of the province changed during the development process. First their focus was on
reinforcement of the dike. Improving the flood safety was considered most important (Aukes, 2014).
However, after the resistance of the residents the province moved their focus from flood safety to
spatial quality (interview Kothuis, 2017). Spatial quality is an important incentive for other local
developments and investments (interview Noord-Holland, 2017). For this reason, the province
supported the sandy seawards reinforcement. In this alternative most opportunities for spatial
improvements were available. Moreover, spatial quality is a driver for the tourist sector, which is
increasingly important for the local economy of the area (interview Noord-Holland, 2017). The focus
of the municipality was also on a soft solution because of the additional benefits (Aukes, 2014).
Another perception on the reinforcement is that public support for the development is important.
Especially the province and the citizens board are crucial stakeholders in the representation of the
public opinion (interview Kothuis, 2017). Public support entails that the authorities consider the
requests by the residents.
Preferences
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Two major interests are identified for the primary policy actor Noord-Holland. First, the design must
give opportunities to improve the spatial quality. As explained, the perception of the province is that
spatial quality is an important driver of local developments and the local economy. The second interest
of the province is to approve an alternative that is supported by the local residents. This is not a direct
interest of the province. However, the prerequisites for this are that no houses are removed and the
dike is not heightened. Additionally, it is considered unacceptable by the local citizens if water is
allowed to come over the dike. This gives the residents the feeling that they are treated as secondclass citizens (interview Kothuis, 2017).
The identity of the province is that they are an important actor in regional and integral area
developments (interview Noord-Holland, 2017). Because of the scale of the project, the province is
able to oversee the effects of the development on multiple aspects.
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Appendix 7: Game outcomes HPSD
In this appendix I explain the how the game outcomes are developed. First, table 1, 2 and 3 show the
scores of the specific interest per actor for different outcome prior to the turning point. Table 4, 5 and
6 show the scores for after the turning point. The interest are identified in the actor analysis. All
interest are weighted equally. These tables give an explanation of the payoff scores. A score of 1 is
very negative, a score of 2 is negative, a score of 3 is positive and a score of 4 is very positive.
Subsequently, the score are added to come to a final score. This is displayed in tables 7 to 10. Again,
the different scores prior to and after the turning point are calculated. The average score is displayed
in the game analysis paragraph of the case study.
Table 1
outcome (1) & (3) Stakeholder Interest
HHNK
Reinforcement fits within
Traditional dike
current methods
reinforcement
(before turning
point)

Province

Score explanation
4

Dike reinforcement is technically easy to
construct and maintain. Well-known
technique for waterboard

Reinforcement can be
implemted in current
situation

1

Dike has to be heightend. This takes a lot of
place at the land side. Broadening of base is
not possible at seaside.

Reinforcement is
expendable to ajust to
uncertainties in the future

1

Further heightening is undesirable

Sober and efficient

1

Costs are relatively high because dike base
needs a lot of space and houses have to be
demolished

Design gives opportunities
for spatial quality

1

Little opportunities to improve spatial quality

Reinforcement has public
support

1

Dike increases by 2-4 meters. Houses have to
be demolished because dike is widened.

Table 2
outcome (2)
Overtopping
resistant dike
(before turning
point)

Stakeholder Interest
HHNK

Province

Score explanation

Reinforcement fits within
current methods

3

Dike design is new but comparable to
traditional dike. Construction is therfore more
difficult but maintanance stays the same

Reinforcement can be
implemted in current
situation
Reinforcement is
expendable to ajust to
uncertainties in the future

4

Little need for space.

3

Overtopping proof dike can be extended to
improve flood safety in future

Sober and efficient

4

Least expensive solution.

Design gives opportunities
for spatial quality
Reinforcement has public
support

2

Only a few opportunities to improve spatial
quality
No houses are demolished, dike is not
heightened.

Table 3
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4

outcome (4)
Sandy seawards
reinforcement
(before turning
point)

Stakeholder Interest
HHNK

Province

Score explanation

Reinforcement fits within
current methods

1

Design and maintanance is completely new.

Reinforcement can be
implemted in current
Reinforcement is
expendable to ajust to
Sober and efficient

4

Reinforcement can be contraucted at seaside
of old dike
Sandy is expandable and can be adjusted
easily in future
Development and maintance costs are very
high

Design gives opportunities
for spatial quality

4

Spatial quality gives opportunities for
tourisme, nature and local developments

Reinforcement has public
support

4

No houses are demolished, dike is not
heightened and no water comes over dike

4
1

Table 4
outcome
StakeholderInterest
Reinforcement fits within current methods
Traditional dike HHNK
reinforcement
(after turning
point)

Province

Score

explanation

4

Dike reinforcement is technically easy to
construct and maintain. Well-known
technique for waterboard

Reinforcement can be implemted in
current situation

1

Dike has to be heightend. This takes a lot of
place at the land side. Broadening of base is
not possible at seaside.

Reinforcement is expendable to ajust to
uncertainties in the future

1

Further heightening is undesirable

Sober and efficient

1

Costs are relatively high because dike base
needs a lot of space and houses have to be
demolished

Design gives opportunities for spatial
quality

1

Little opportunities to improve spatial
quality

Reinforcement has public support

2

Dike increases by 2-4 meters. Houses have
to be demolished because dike is widened.
No water is allowed over the dike.

Table 5
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outcome
Overtopping
resistant dike
(after turning
point)

StakeholderInterest
HHNK

Province

Score

explanation

Reinforcement fits within current methods

3

Dike design is new but comparable to
traditional dike. Construction is therfore
more difficult but maintanance stays the
same

Reinforcement can be implemted in
current situation

2

Need for more extensive development of
Overtopping proof dike

Reinforcement is expendable to ajust to
uncertainties in the future

1

Extending overtopping proof dike is not
possible anymore because it is design
according to most extensive design.

Sober and efficient

2

more extensive design increased the costs

Design gives opportunities for spatial
quality
Reinforcement has public support

2

Only a few opportunities to improve spatial
quality
No houses are demolished, dike is not
heightened. However, water is allowed to
come over dike.

2

Table 6
outcome
StakeholderInterest
Reinforcement fits within current methods
Sandy seawards HHNK
reinforcement
(after turning
point)

Province

Score

explanation

1

Design and maintanance is completely new.

Reinforcement can be implemted in
current situation
Reinforcement is expendable to ajust to
uncertainties in the future
Sober and efficient

4

Design gives opportunities for spatial
quality

4

Reinforcement can be contraucted at
seaside of old dike
Sandy is expandable and can be adjusted
easily in future
HHNK is more aware that development costs
can be coparable to overtopping proof dike.
National government wants to finance
sandy solution.
Spatial quality gives opportunities for
tourisme, nature and local developments

Reinforcement has public support

4

4
4

No houses are demolished, dike is not
heightened and no water comes over dike

Table 7
HHNK

Reinforcement fits Reinforcement can Reinforcement is Sober and
within current
be implemted in
expendable to ajust effective
methods
current situation
to uncertainties in
the future1
Traditional dike
4
1
1
Overtopping proof
3
4
3
4
Sandy solution
1
4
4
1

Table 8
Province

Traditional dike
Overtopping proof
Sandy solution

Design gives
opportunities for
spatial quality
1
2
4

Reinforcement
Total
has public support
1
4
4

Table 9
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2
6
8

Average

1
3
4

Total

Average

7
14
10

2
4
3

HHNK

Reinforcement fits Reinforcement can Reinforcement is Sober and
within current
be implemted in
expendable to ajust effective
methods
current situation
to uncertainties in
the future

Traditional dike
Overtopping proof
Sandy solution

Table 10
Province

Traditional dike
Overtopping proof
Sandy solution

4
3
1

1
2
4

Design gives
opportunities for
spatial quality

1
2
4

1
1
4

1
2
4

Reinforcement
Total
has public support

2
2
4
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3
4
8

Total

Average

7
8
13

Average

2
2
4

2
2
3

Appendix 8: Validation conversation fort Steurgat (in Dutch)
Deltares 15 augustus
Gesprek met: Mindert de Vries
Johan van der Meulen (WSRL) vragen naar mislukte casussen waar vegetatie (riet en griend) is
toegepast maar mislukt. Het kan interessant zijn om te kijken waarom het hier mislukt is. Er waren
hier bijvoorbeeld geen bewoners betrokken. Daarnaast is de vraag: in hoeverre is mijn schema op die
gevallen ook van toepassing.
Boskalis (in samenwerking met andere aannemer) speelde geen beslissende rol in het beslis proces.
Rijkswaterstaat had een ontwerp naar boskalis ‘gestuurd’. Er was geen spraken van een design and
construct contract. Boskalis was de uitvoerder van het Noordwaardproject. Fort steurgat was hier
onderdeel van. Zeker wanneer je kijkt naar het ‘beslisproces’ was Boskalis geen actor.
De stenen bekleding van de harde dijk was niet nodig bij een grienddijk. Harde dijk is duurder om op
te hogen dan een gras bekleding. Toekomstbestendigheid speelde dus een rol. Al is zachte bekleding
niet direct een NBS, maar was dit wel mogelijk door de NBS. Met name door de zachte bekleding
werden de kosten gereduceerd. Dit ‘compenseerde’ de kosten voor de griend. Echter is er nog weinig
zeker over het precieze kostenplaatje van een grienddijk inclusief onderhoud. Of het goedkopere
onderhoud opweegt tegen de lagere aanlegkosten is de vraag. Mindert heeft destijds wel een ‘snoei
bedrijf’ gevraagd een offerte te maken voor het onderhoud van een griend (zie bijlage Ontwerp
groene golfremmende dijk Fort Steurgat).
Boom structuur is goed, al zat er wel nog een heel proces voor de beslissing van Nature, namelijk de
oppositie van de bewoners die geen dijk verhoging wilde. Dit heeft geleid tot de beslissing om
vegetatie te onderzoeken. De oppositie van bewoners was erg belangrijk in dit proces. Hun belang
moet ik ook meenemen in de game-analyse (dit is bij de belangen van rws onderverdeeld).
Het klopt dat de innovatie oplossing die er nu ligt een soort tussenoplossing is. De dijk is
overgedimensioneerd om meer zekerheid over de waterveiligheid te geven (ws heeft sowieso graag
altijd iets hoger dijk dat norm voorschrijft). De dijk had ongeveer 1 meter lager gekund, maar de
oplossing die is toegepast is maar 0.6-0.7m lager. De volledige toepassing van de meter dijkverlaging
zou een optimale toepassing zijn geweest. (dit komt overeen met de drie mogelijke uitkomsten die ik
schets)
Over de belangen van Rijkswaterstaat en waterschap Rivierenland die ik noemde was Mindert het
eens. Hij noemde geen andere belangen naast de oppositie van bewoners, die ik onder het belang
van Rijkswaterstaat heb gezet (Rwsvoorkomen vertraging Noordwaardvoorkomen officiële
bezwaren bewoners dijkverhogingdijk verlagen om bewoners tegemoet te komen).
Midert beschijft de boomstructuur die ik heb gemaakt als een kern waar een wolk omheen zit van
belangen en invloeden. Dit komt overeen met de analyse die ik heb gemaakt. Ik moet zorgen dat dit
duidelijk is beschreven.
Dat ik veel nadruk leg op het wegnemen van onzekerheden bij het waterschap is Mindert het eens.
Hij bevestigd de vier aspecten die ik hiervoor noem: grond in bezit WSRL, toetsings kader ontwikkeld,
wetenschappelijk onderzoek en overdimensionering.
Verder stelt mindert vragen over hoe ik de payoff-scores onderbouw. Hij vindt dit twijfelachtig hoe
de scores gegeven worden. Ik heb hem uitgelegd hoe ik de scores baseer op belangen.
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Appendix 9: Stakeholders Fort Steurgat
The stakeholder analysis is conducted to get an understanding of all stakeholders involved in the
development process of fort Steurgat. The aim is to explain the resources, perceptions and objectives
of all major stakeholders.
At the stakeholder level, actions are explained by perceptions, objectives and resources. Perceptions
explain the stakeholders’s image of the policy problem (Scharpf, 1997). Certain information can affect
the stakeholders’s perception. Therefore, the perception of an actor can change if new information
becomes available (Hermans, 2016). Objectives or interest provide a focus or aim for a stakeholder
and help to understand the intentions and motivations of stakeholders (Hermans, 2016). Resources
explain the capabilities of an stakeholders. Resources can be personal capabilities, physical resources,
technological capabilities or privileged access to information (Scharpf, 1997). They provide practical
means or instruments to realise objectives (Hermans, 2016). Although this analysis is focussed on
stakeholders instead of actors I identify actions wherever possible. This analysis focusses on the
following stakeholders:
-

Waterboard Rivierenland
Rijkswaterstaat
Deltares
Inhabitants fort Steurgat

Stakeholder
Waterboard Rivierenland
(WR)

Rijkswaterstaat
(incl. Room for the River
program management)

Inhabitants

Stakeholder
level
Perception
Objective

Resources
Action
Perception
Objective

Resources
Action
Perception
Objective
Resources

Responsible for future maintenance.
- Safeguard flood safety.
- Get assurance about maintenance (Groot et al.,
2014) (door beheer en monitoringsplan Deltares
en toezegging aanpassing VTV)
- Execute innovative program resulting in
(inter)national exposure (Groot et al., 2014)
- knowledge about innovative dike design can
improve future combination of functions (Groot
et al., 2014).
Financial budget maintenance
Approve design by Rijkswaterstaat
Leading project, acquires land
- Execute innovative (BwN) project (Groot et al.,
2014)
- Finish Noordwaard project within time and
financial budget
- Prevent opposition inhabitants in order not to
delay Noordwaard project (Groot et al., 2014)
Financing project
Design dike segment at fort Steurgat
Do not want their view being blocked
Prevent traditional dike
Threat of legal objection procedure
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Deltares

Action
Perception
Objective
Resources

Action

Protest against traditional dike
Advocate of application of innovative concept
Scientific support of green wave damping dike
Capable of constructing models to examine the
functioning of vegetation as part of the flood
defence
Investigating green dike design
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Appendix 10: Actor analysis Fort Steurgat
Rijkswaterstaat
Capabilities
Rijkswaterstaat had financial resources for the construction of the dike. The dike reinforcement at fort
Steurgat was part of the Noordwaard project. For this reason Rijkswaterstaat was financially
responsible for the sub project fort Steurgat as well. The budget to depolder the Noordwaard, as part
of the Room for the River program, was already set. Rijkwaterstaat did not want to exceed this budget
(interview WR, 2017). Personal capability of Rijkswaterstaat is that the organisation is very experienced
in the implementation of large developments (Rijkswaterstaat, 2015a). However, Rijkswaterstaat had
little knowledge on the application of vegetation as part of a primary dike. For this reason Deltares was
asked to investigate the possibilities for vegetation to be applied as part of the flood defence.
Perception
The perception of Rijkswaterstaat focussed on the Room for the River project Noordwaard. The dike
at fort Steurgat is only a part the Noordwaard project. The dike reinforcement should not hamper the
development of this project of the Room for the River program. Opposition of inhabitants could delay
the Noordwaard project, which was an extra motive for Rijkswaterstaat to consider alternative options
(interview Rijkswaterstaat, 2017; interview WR, 2017). Another important perception for the
development of a green wave damping dike was the growing interest at Rijkswaterstaat for Building
with Nature innovations (Groot et al., 2014). Agreement about the possibilities of Building with Nature
solutions increased at Rijkswaterstaat. For example, Rijkswaterstaat was already developing the Sand
Engine, which is an icon of Building with Nature in the Netherlands. Within the Room for the River
program there was also support for innovative solutions. For this reason, the application of a green
wave damping dike was seen as an alternative worth considering.
Preferences
The first interest of Rijkswaterstaat was to keep the dike reinforcement at fort Steurgat within the time
and financial boundaries of the Noordwaard project. The dike reinforcement is just a minor part of this
Room for the River Program. Rijkwaterstaat main interest at fort Steurgat was to keep the dike
development within the boundaries of the overarching project. The green wave damping dike met
these conditions because it could be developed within the available time and even for a lower budget.
Developing a dike with support of local inhabitants is important to prevent legal objection procedure
which can delay the Noordwaard project (interview, Rijkswaterstaat, 2017). Second interest of
Rijkswaterstaat is that a green wave damping dike could reduce the construction costs of the dike. Not
only could the dike be built lower, the stone surface was also not necessary when vegetation reduced
the wave energy in front of the dike (interview Rijkswaterstaat, 2017). A cost reduction of the dike at
fort Steurgat would be beneficial for the Noordwaard project in general. Final interest of
Rijkswaterstaat is to stimulate innovative projects. The Room for the River program of Rijkswaterstaat
was also interested in innovative solutions because of changing conditions in river areas and to
improve the Dutch water sector (Ruimte voor de Rivier, 2017). For this reason Rijkswaterstaat
supported an innovative solution.
The identity of Rijkswaterstaat is a representation of the organisation in general. Rijkswaterstaat is a
implementing organisation of the Ministry of Infrastructure and Environment and has a fairly
technocratic identity (Van den Brink, 2008). Although Rijkswaterstaat did not favour traditional dike
reinforcement, the green wave damping dike was technically very substantiated. The identity of
Rijkswaterstaat was therefore also visible in this solution. Additionally, Rijkswaterstaat acknowledges
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innovation is important for the organisation (Rijkswaterstaat, 2017b). Therefore, within
Rijkswaterstaat there was sufficient support for this solution (interview Rijkswaterstaat, 2017). Other
innovative projects by Rijkswaterstaat, like the Marker Wadden, show that the organisation is willing
to experiment with new concepts. This part of RIjkswaterstaat’s identity contributed to their
decisions.
Waterboard Rivierenland
Capabilities
The financial resource of waterboard Rivierenland was their responsibility to maintain the dike after
construction. High maintenance costs are a drawback and could have been a reason for WR to cancel
the alternative of a green wave damping dike. However, the increased maintenance costs of a green
wave damping dike were no restrain in the development of a reinforcement plan because of the
additional benefits (interview WR, 2017). Personal capability of WR is their role to advise on the design
of Rijkswaterstaat. WR can approve or disapprove a design by Rijkswaterstaat, for example, if they do
not agree to the maintenance, for which they are responsible. Other personal capabilities of the
waterboard can be explained by the lack of knowledge and methods for the innovative solution.
Comparable to Rijkswaterstaat, WR had no knowledge about the application of vegetation for flood
defence. Research by Deltares was necessary for the development of this alternative. Additionally, no
method was available for WR to assess the impact of vegetation on the safety level. However, WR is
responsible for testing if the dike meets the safety norm. It was therefore important for WR that
additions about vegetation were made in the assessment regulation by the ministry of V&W (interview
WR, 2017). The assessment regulation is explained in the institutional analysis.
Perceptions
A major perception of WR in the dike reinforcement is that they need certainty about the innovative
solution of a green wave damping dike. This is because of their responsibility about safety of the flood
defence. According to WR (interview, 2017), sufficient tactics are needed to ensure the safety norm is
met. First, the assessment regulation had to be changed to include vegetation. Secondly, sufficient
research must support the wave reducing capability of the willow trees. Third, the dike is overdesigned
to increase the certainty. Finally, WR wants the land ownership of the dike so that they have full control
over the maintenance of the vegetation. Another perception of WR is that the increased maintenance
costs of the green wave damping dike to not outweigh the advantages of this alternative. Advantages
are that this alternative is more in line with the requests by the inhabitants of fort Steurgat. The willow
trees also have higher natural and historical values compared to a traditional stone covered dike.
Preferences
Two interests are appointed by WR that were of major importance in the governance arrangement.
First, sufficient certainty was needed about the functioning and testing of willow trees as part of a
primary flood defence because of WR’s responsibility about flood safety. To improve the certainty, the
four aspects described at the perception of WR were achieved. Another interest determining the
choice for a green wave damping dike is support of innovative solutions by WR. The Dijkgraaf of WR
was proponent of this innovative solution. He was convinced that, as a unique application of
vegetation, it could attract many visitors (Groot et al., 2014). Additionally, the willow trees at fort
Steurgat could improve the application of vegetation elsewhere (interview WR, 2017). The identity of
WR in this case is straight forward. WR is a regional water management authority and primarily
focussed the flood safety. Safeguarding the flood safety is therefore their primary concern. However,
WR is considered is an innovative waterboard (interview Rijkswaterstaat, 2017). This contributed to
the support of the waterboard for a green wave damping dike.
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Appendix 11: Game outcomes fort Steurgat
In this appendix I explain the how the game outcomes are developed. First, table 1, 2 and 3 show the
scores of the specific interest per actor. The interest are identified in the actor analysis. These tables
give an explanation of the payoff scores. A score of 1 is very negative, a score of 2 is negative, a score
of 3 is positive and a score of 4 is very positive. Subsequently, the score are added to come to a final
score. This is displayed in tables 4 and 5. The average score is displayed in the game analysis paragraph
of the case study. Score are not equally weighted as shown in table 5.
Table 1
Traditional dike Stakeholder
Interest
Score
Rijkswaterstaat Prevent delay Noordwaard
2
by supporting interest
inhabitants

WR

Explanation
Inhabitants oppose to height traditional dike.
Opposition by inhabitants via legal objection
procedure can possibly delay project

Reduction construction
costs

1

Traditional dike is standard solution without
costs reduction

Apply innovative solution

1

No innovation

Safeguard certainty about
future assessment of flood
safety and maintenance
Apply innovative solution

4

Traditional dike results in well-known
maintenance, VTV is applicable as assessment
framework
No innovation

1

Table 2
Moderate
application
NBFD

Stakeholder

Interest

Score

Rijkswaterstaat Prevent delay Noordwaard
by supporting interest
inhabitants
Reduction construction
costs

WR

Explanation

3

Dike height is reduced by 0.6-0.7m

3

Costs are reduced, but not to full extent

Apply innovative solution

3

Safeguard certainty about
future assessment of flood
safety and maintenance
Apply innovative solution

3

Proof of concept of wave attenuation by
vegetation, however not to full extent
Less certainty because no proof of concept.
However, among other aspect design is overdesigned
Innovation can attract visitors
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4

Table 3
Optimal
application
NBFD

Stakeholder

Interest

Score

Explanation

Rijkswaterstaat Reduce dike height to
support interest inhabitants
and prevent delay
Noordwaard
Reduction construction
costs

4

Dike height is reduced by 1-1.5m

4

Construction costs are optimally reduced

Apply innovative solution
Safeguard certainty about
future assessment of flood
safety and maintenance
Apply innovative solution

4
2

NBFD applied to full extent
Least certainty because no proof of concept.
Some aspects used to improve certainty but no
margin in safety level
Innovation can attract visitors

WR

4

Table 4
Rijkswaterstaat

Traditional dike

Develop dike fort
Reduction
Steurgat within time construction costs
and financial
budget of
Noordwaard project

Improve innovative Total
solutions

Average

2

1

1

4

1

Moderate
application NBFD

3

3

3

9

3

Optimal application
NBFD

4

4

4

12

4

Table 5
WR

Weight
Traditional dike

Safeguard certainty Improve innovative Average
about future
solutions
assessment of flood
safety and
maintenance
80%
20%

4

1

3

Moderate
application NBFD

3

4

3

Optimal application
NBFD

2

4

2
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