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Abstract 

Considering the Netherlands’ vulnerability to sea level rise (SLR), the question is raised to what extent it is 
prepared to cope with long term SLR. To what extent does coastal risk management in the Netherlands, 
which is centred around the Delta Programme, consider a range of policy options to accommodate more 
extreme scenarios of SLR? And what mechanisms explain why policy options accommodating more extreme 
scenarios of SLR are (not) being considered? This thesis aims to address both questions and offers a study 
of the main policy initiatives in coastal risk management in the Netherlands, with an analysis of the Delta 
Programme. In order to answer the first research question, this thesis provides an overview of relevant 
policy initiatives by distinguishing between protection, accommodation, attack and retreat based strategies. 
These categories were first identified by the Dronkers et al. (1990) and were also used by Haasnoot et al. 
(2019) in the context of the Delta Programme. 

Based on this overview, the thesis concludes that Dutch coastal risk management is designed in light of 
projections until 2050, as such continuing the protection-based approach of human intervention through 
sand nourishment and hard infrastructure and with limited attention for so-called no-regret measures. This 
current strategy is not well suited to respond to long term needs and is not well adapted to more extreme 
scenarios of SLR. The focus on the period until 2050 raises the question as to what comes in the second half 
of this century. “After 2050, the deluge?”, to paraphrase the expression first used by French King Louis XV. 
The post-2050 period is discussed and studied in ongoing research projects, but is largely absent from policy 
documents and the political agenda.  

The thesis then deductively applies the concept of lock-in to analyse the main stumbling blocks hindering 
the incorporation of more long term climate adaptation concerns into Dutch coastal risk management. A 
combination of interlinked and sometimes mutually reinforcing technological, behavioural and institutional 
lock-in mechanisms is identified. The Delta Works have created a technological lock-in through the 
construction of inflexible storm surge barriers and dams, also contributing to high public confidence in hard 
coastal defences. The Delta Fund’s focus on flood safety until 2050 does not incentivise more extreme 
scenarios of SLR to be taken into account. Based on eleven expert interviews, it is observed that a multitude 
of actors and different levels of government are involved in Dutch coastal risk management, resulting in 
neither level of government assuming full responsibility to ensure that long term considerations and more 
extreme scenarios of SLR are taken into account. This thesis argues that this constitutes a lock-in mechanism 
based on responsibility avoidance, which has not yet been identified in the literature. By following an 
inductive approach and drawing on game theory, the thesis argues that the responsibility avoidance 
mechanism is a useful addition to the literature on lock-ins. It is finally concluded that the development of 
a national vision on spatial development and climate adaptation could help overcome the lock-in 
mechanisms. 



iv 

Samenvatting 

Gezien de Nederlandse kwetsbaarheid tegenover zeespiegelstijging stelt zich de vraag in welke mate het 
klaar is om antwoord te bieden op zeespiegelstijging op lange termijn. In welke mate bevat het Nederlandse 
kustrisicomanagement, met een belangrijke rol voor het Deltaprogramma, een breed palet aan 
beleidsopties om een antwoord te bieden op meer extreme scenario’s van zeespiegelstijging? En welke 
mechanismen verklaren waarom beleidsopties die een antwoord te bieden op extreme scenario’s van 
zeespiegelstijging (niet) in overweging worden genomen? Deze thesis biedt een antwoord op beide vragen 
en bevat een studie van de belangrijkste beleidsinitiatieven in kustrisicomanagement in Nederland, met 
onder meer aandacht voor het Deltaprogramma. Om de eerste onderzoeksvraag te beantwoorden wordt 
een overzicht gegeven van de relevante beleidsinitiatieven en wordt nagegaan of deze bestaan uit een 
strategie op basis van bescherming, accommodatie, aanvallen of terugtrekken. Deze categorieën werden 
voor het eerst geïdentificeerd door Dronkers et al. (1990) en werden ook gebruikt door Haasnoot et al. 
(2019) in de context van het Deltaprogramma. 

Op basis hiervan concludeert de thesis dat het Nederlandse kustrisicomanagement is vastgelegd in het licht 
van prognoses tot 2050, met verderzetting van de huidige strategie gebaseerd op bescherming via 
menselijke interventie door zandsuppletie en harde infrastructuur en met beperkte aandacht voor no-
regret maatregelen. Deze huidige strategie is echter niet goed aangepast aan de noden op lange termijn en 
aan meer extreme scenario’s van zeespiegelstijging. De focus op de periode tot 2050 leidt tot de vraag wat 
er dan komt in de tweede helft van deze eeuw. “Na 2050, de zondvloed?”, om de uitdrukking die gebruikt 
werd door de Franse koning Louis XV te parafraseren. De discussie over de periode na 2050 vindt wel plaats 
in onderzoeksprojecten, maar is grotendeels afwezig van beleidsdocumenten en de politieke agenda.  

De thesis past het lock-in concept deductief toe om de belangrijkste hindernissen te identificeren die het 
meenemen van langetermijnadaptatieoverwegingen in kustrisicomanagement bemoeilijken. Een 
combinatie van technologische, gedrags- en institutionele lock-in mechanismen wordt geïdentificeerd, die 
met elkaar verbonden zijn en elkaar soms versterken. De Deltawerken hebben een technologische lock-in 
gecreëerd door de constructie van inflexibele stormkeringen en dammen en hebben bijgedragen aan het 
publieke vertrouwen in harde kustverdediging. Het Deltafonds bevat verder geen incentives om rekening 
te houden met meer extreme scenario’s van zeespiegelstijging. Op basis van elf interviews blijkt dat een 
grote verscheidenheid aan actoren en beleidsniveaus betrokken is bij het Nederlandse 
kustrisicomanagement, waardoor geen enkel niveau de volledige verantwoordelijkheid neemt om te 
verzekeren dat er voldoende aandacht is voor de lange termijn en dat er rekening wordt gehouden met 
meer extreme scenario’s van zeespiegelstijging. De thesis beargumenteert dat dit een lock-in mechanisme 
omvat dat gebaseerd is op het ontwijken van verantwoordelijkheid. Op basis van een inductieve aanpak en 
door gebruik te maken van speltheorie stelt deze thesis dat dit lock-in mechanisme een nuttige aanvulling 
vormt op de literatuur omtrent lock-ins. Er wordt ten slotte geconcludeerd dat een nationale visie op 
ruimtelijke ontwikkeling en klimaatadaptatie kan helpen om de lock-in mechanismen te overkomen. 
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1. Introduction

[S]takeholders with a low risk tolerance […] may wish to consider global-mean sea-level rise above the
assessed likely range by the year 2100.

- Fox-Kemper et al., 2021, p. 122

One could be forgiven for not having paid attention to this rather dry observation from the Working Group 
I’s almost 4,000 pages long contribution to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC). It makes reference to the IPCC’s projections regarding sea level rise (SLR). As a result 
of the increase in global mean surface temperature, the IPCC concludes that global SLR will likely reach 1 m 
by 2100. The term ‘likely’ indicates a certainty of 66%, demonstrating that there is a serious chance that SLR 
will be higher than the estimated limit of 1 m. Research that surveyed experts on SLR found that more 
extreme scenarios of global SLR exceeding 2 m by 2100 should be considered for planning purposes 
(Bamber, Oppenheimer, Kopp, Aspinall, & Cooke, 2019). Based on the data provided in this study, the IPCC 
concluded with a likelihood of 95% that SLR would be limited to 2,3 m in 2100 (Fox-Kemper et. al., 2021; 
IPCC, 2021). These estimates are much higher than the likely scenario, because they also includes processes 
which are not yet well understood, but which can nevertheless have a large impact, for example rapid 
Antarctic melting. Further note that a 95% likelihood still leaves a real possibility that eventual SLR would 
be even higher. It shows that projections regarding SLR are still subject to deep scientific uncertainty. 

As such, the sentence quoted above is particularly relevant to policy makers in the Netherlands. After 
centuries of land reclamation and drainage, 55% of the Dutch territory has become embanked, including 
62% of the urban area. The embanked part of the territory is home to two thirds of the Dutch population, 
more than 11 million people. Additionally, the area is of vital economic importance to the Netherlands 
(Schultz Van Haegen & Wieriks, 2015). As such, protection against SLR is of key importance to the 
Netherlands. This is also recognised in the National Adaptation Strategy (NAS), which identifies SLR as one 
of four key impacts of climate change that are relevant for the Netherlands (IenW, 2016). This is because 
SLR leads to various challenges, such as flood safety in coastal areas, freshwater supply as well as coastal 
erosion (Haasnoot et al., 2018).  

Policy makers and officials involved in Dutch coastal risk management therefore clearly belong to the group 
of stakeholders with a low risk tolerance identified by the IPCC. This raises the question whether the advice 
of the IPCC has been taken into account. To what extent are climate adaptation considerations taken into 
account? How are more extreme scenarios of global mean sea level rise (SLR) higher than 1 m taken into 
account? In order to study this subject, this thesis looks at flood safety in Dutch coastal areas and aims to 
address two research questions:  

1) To what extent does coastal risk management in the Netherlands consider a range of policy options
to accommodate more extreme scenarios of SLR?

2) What mechanisms explain why policy options accommodating more extreme scenarios of SLR are
(not) being considered?

In order to answer the research questions, this thesis first provides a literature review of relevant academic 
studies and in then distils an analytical framework. The second chapter discusses the research methodology. 
The fourth chapter provides a historical overview of Dutch coastal risk management and identifies which 
mechanisms have hindered or strengthened its development. It concludes that historically, institutional 
factors have been the main stumbling blocks in policy development. The fifth chapter provides an overview 
of policy initiatives that are currently relevant, largely centred around the Delta Programme. This 
programme was established to advise the Dutch government on policy responses regarding the impact of 
climate change on flood safety and freshwater supply. The initiatives are analysed using the distinction 
between protection, accommodation, attack and retreat based strategies as a basis. Consequently, this 
thesis concludes that the current strategies are protection-based and designed in light of projections until 
2050, making them not well suited to respond to long term needs or more extreme scenarios of SLR. The 
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sixth chapter then uses the concept of lock-in, among others drawing from the scientific literature on 
climate mitigation policies, to identify in an deductive manner the main mechanisms that create a stumbling 
block for the incorporation of more long term climate adaptation concerns into coastal risk management. 

Based on a combination of desk research and eleven semi-structured interviews, a mix of interlinked and 
sometimes mutually reinforcing technological, behavioural and institutional lock-in mechanisms is 
identified. The Delta Works have created a technological lock-in through the construction of inflexible storm 
surge barriers and dams, also contributing to high public confidence in hard coastal defences. While the 
financing linked to the Delta Programme is well suited to implement flood safety objectives, its narrow focus 
does not allow to approach the question of long term climate adaptation as part of a broader policy 
challenge that also involves spatial development and energy needs. As such, the Delta Programme’s set-up 
does not incentivise more extreme scenarios of SLR to be taken into account. It is also observed that an 
important hindrance to the adoption of a more long term perspective is the involvement of a multitude of 
actors and different levels of government in Dutch coastal risk management, which are unwilling and/or 
unable to undertake the necessary steps to ensure that attention is given to long term considerations and 
that more extreme scenarios of SLR are taken into account. Drawing on game theory, the thesis offers a 
theoretical explanation of this responsibility avoidance lock-in mechanism, which has not yet been 
discussed in the literature. In order to overcome this policy lock-in, it is finally suggested that a national 
vision on spatial development and climate adaptation is developed. 
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2. Literature review  

This chapter provides an overview of the relevant literature, identifies research gaps and elaborates on how 
these lead to the research questions that this thesis aims to address. First, the latest scientific findings 
regarding SLR are summarised and a short overview of the relevant social sciences literature is given. It is 
concluded that the natural science indicates a need for an analysis of Dutch coastal risk management policy 
from a long term perspective, which is currently lacking. This research gap leads to the first research 
question. Based on a brief analysis of the SLR scenario’s used as a basis for Dutch policy, a first preliminary 
answer is given to this research question, which leads to a second research gap and the second research 
question. By drawing on literature on climate mitigation, this chapter finally develops an analytical 
framework based on the lock-in concept that is applied in the next chapters to respond to the second 
research question. 

2.1. Bridging the gap between natural and social sciences 

Recent scientific evidence has resulted in new insights regarding SLR and the possibility of faster and higher 
levels of SLR as a result of rapid Antarctic melting. This is particularly important for the Netherlands because 
due the interplay between water and gravity, Antarctic melting primarily results in higher SLR in the 
Northern hemisphere. As such, faster and higher levels of SLR could have serious consequences for flood 
safety in the Dutch coastal areas (Haasnoot et al., 2018). The vast amount of ice on the Antarctic continent 
could have a big impact on SLR. Projections of Antarctic melting are highly uncertain because certain 
processes like marine ice cliff instability and marine ice sheet instability are not yet well understood. Due to 
this deep uncertainty, these processes are not yet reflected in the likely estimate of SLR by 2100. In other 
words, they are not part of the 1 m SLR by 2100 that is projected by the IPCC. Nevertheless, they could have 
a high impact on SLR by 2100, especially in a scenario with a large increase in global mean surface 
temperature. As such, the IPCC indicates that it cannot be excluded that global SLR rises to levels well above 
1,5 m by 2100, as also shown in Figure 1. A study referred to in the IPCC report recommends that scenarios 
of 2 m SLR by 2100 should be considered for planning purposes. The report also notes that the sea level will 
continue to rise after 2100 and that the impact and scale of long term SLR is uncertain. According to the 
IPCC, SLR of more than 15 m by 2300 cannot be ruled out in a high emission scenario (Bamber et al., 2019; 
Church et al., 2013; Fox-Kemper et. al., 2021; IPCC, 2021). 

Faster SLR fits in a series of scenarios that have a lower probability but could potentially have a disastrous 
impact, or so-called high-end scenarios. For a country like the Netherlands where a large part of the area 
and the population is vulnerable to SLR, also these high-end scenarios should be taken into consideration 
in the decision-making process (Haasnoot et al., 2020). Furthermore, SLR will continue after 2100. This 
means that independently from the question what level of SLR will be observed in 2100, humanity will at 
some point be faced with even higher levels. The question is thus not necessarily whether there will be SLR 
higher than 1 m, but rather when this will happen (IPCC, 2021). 

Figure 1: Projected SLR in different IPCC scenarios 

 

Source: IPCC, 2021, p. 22 
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Due to the Netherlands’ historical relationship with the sea, flood risk management in coastal areas has 
been subject to much attention in the academic literature. Especially after the disastrous flood of 1953, 
coastal risk management became a prominent issue on the public, political and research agenda. Many 
studies have been done to evaluate the various policy initiatives, identifying factors and actors that have 
contributed to or hindered policy development. 

Meijerink (2005) pointed to the importance of advocacy coalitions in shaping flood safety policy alongside 
the Dutch coast in 1945-2003 and noted the relative stable development of policies, with an absence of 
sudden policy shifts. The sole exception to this stability was the construction of the Eastern Scheldt storm 
surge barrier, which will be discussed later. Zegwaard, Petersen, & Wester (2015) concluded that flooding 
events created an important boost for policy progress, as flood safety became a more prominent issue on 
the public agenda. Verduijn, Meijerink, & Leroy (2012) similarly concluded that even though there was no 
flooding event in the early 2000s, a specific crisis framing was key for the establishment of the Delta 
Programme in the early 2000s, as will be discussed later. Huitema & Meijerink (2009) looked into the 
contribution of policy entrepreneurs in the development of flood safety policy, also discussing the case of 
the Eastern Scheldt as well as floods from rivers. They concluded that key actors can play an important role 
and make a specific contribution, but that circumstantial events, such as extreme weather events or 
changes in the political landscape, are also important factors that explain policy development. Kaufmann, 
van Doorn-Hoekveld, Gilissen, Van Rijswick, & Doorn-Hoekveld (2016) identified good practices in Dutch 
flood safety management, such as the relative independence of flood safety policy from daily politics and 
the technical expertise. Bloemen, Van der Steen, & Van der Wal (2019) looked into the development of 
climate adaptation policy in the early 2000s and pointed towards bureaucratic struggles as a stumbling 
block, in particular between the ministry responsible for the environment, also in charge of adaptation 
policy, and the ministry responsible for water management. Policy progress therefore required these 
struggles to be overcome. Biesbroek & Candel (2019) concluded that fragmentation in decision-making and 
a lack of coordination may also lead to important delays in policy progress. Schultz Van Haegen & Wieriks 
(2015) and Van Alphen (2016) specifically discussed the link between flood safety and climate adaptation 
with a study on the Delta Programme, but specifically focused on the institutional aspects.  

Even if not all these studies took the impact of climate change into account, they still offer useful insights 
as policies to limit floods in the short term can be beneficial from a climate adaptation perspective even if 
they were not specifically intended as such. In other words, they can serve as so-called contributive policies. 
In this sense, factors that hinder the development of more short term flood safety can potentially also teach 
us something about the stumbling blocks that hinder the incorporation of long term climate adaptation 
considerations. Nevertheless, these contributive policies can never replace climate adaptation policy, and 
measures focused on short term flood safety in coastal areas are not necessarily interchangeable with 
policies needed in light of long term SLR. This is because the latter requires the use of a forward-looking 
perspective, over a much longer time period and faced with much more uncertainty than what is usually 
the case for contributive policies (Dupuis & Biesbroek, 2013). In this sense, there is a need for academic 
studies that also focus specifically evaluate policies from a perspective of long term climate adaptation. This 
is currently lacking, as even studies that incorporated a forward-looking perspective focused in abstract 
terms on how policy-making can be adjusted in light of uncertainty and changing circumstances, without 
concretely evaluating the current state of affairs (Van der Brugge & Van Raak, 2007). 

As such, based on recent evidence from natural science that points towards the possibility of higher and 
faster levels of SLR as well as the problem this causes to flood safety in the Dutch coastal areas, this thesis 
argues that an overall study of Dutch coastal risk management from a climate adaptation perspective is 
needed. This is particularly the case in light of the IPCC’s recommendation to take more extreme scenarios 
of SLR into account in the planning process, an advice that should certainly applies to Dutch policy makers 
and experts considering the country’s vulnerability to the impact of SLR. This raises the question whether 
the advice of the IPCC is taken into account in the design of Dutch coastal risk management. Such a study is 
currently lacking, which leads to the identification of the first research gap, that this thesis aims to address 
with the following research question: To what extent does coastal risk management in the Netherlands 
consider a range of policy options to accommodate more extreme scenarios of SLR?  
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In order to answer this first research question, this thesis analysis the relevant legislation and policies, 
according to the framework developed by the IPCC in its First Assessment Report (Dronkers et al., 1990). 
The IPCC then defined three different adaptation strategies in the framework of coastal risk management, 
namely accommodation, protection and retreat. This categorisation is still used as a reference in academic 
studies worldwide (Dedekorkut-Howes et al., 2020; Thomsen, Smith, & Keys, 2012) but also in the Dutch 
context (Haasnoot et al., 2019). A strategy of protection focuses on defending vulnerable areas and their 
population and economic activities by limiting the negative impact of events. Protection can be “hard”, 
involving human-made structures like dykes and seawalls, or “soft”, which makes use of nature-based 
defences. Accommodation on the other hand focuses rather on increasing the resilience of the vulnerable 
areas and enhancing their capacity to handle adverse impacts. Retreat involves the abandonment of 
vulnerable areas and the resettlement of inhabitants. Lately, authors like Dedekorkut-Howes et al. (2020) 
have added a fourth option to the list, namely attack. This involves increasing the resilience of vulnerable 
areas by advancing towards the sea. A policy that takes into account extreme scenarios of SLR would include 
elements of different approaches in order to respond in a flexible manner to the long term needs. An 
overview of the different definitions is provided in Table 1. 

Table 1: Key strategies and measures for coastal risk management 

Some indicative answers to the first research question can already be identified a priori. The projections 
regarding SLR that are used for planning and decision-making in Dutch coastal risk management policy are 
currently based on the Delta scenarios. The Delta scenarios are based on projections by the Dutch Royal 
Meteorological Institute (KNMI) (2015) regarding the impact of climate change in the Netherlands, which 
are in turn based on the likely estimates of the IPCC in its Fifth Assessment Report. These estimates, and 
thus also the Delta scenarios and the Delta Programme, consider a maximum SLR alongside the Dutch 
coastline of about 0,4 m at a pace of 10 mm/year by 2050 and a SLR of 1 m at a pace of 14 mm/year by the 
end of the century. As such, the upper bounds of the projected SLR in the Delta scenarios mirrors the likely 
scenario of SLR projected by the IPCC, but it is much lower than the 2 m that experts argue should be the 
reference point for countries with a low risk tolerance. 

As the Delta scenarios at this moment do not consider more extreme scenarios, claims have been made by 
experts in popular media that the Netherlands currently lacks a ‘Plan B’ that prepares the country for high-
end scenarios (Ekker, 2019; Schuttenhelm, 2019; 2020). Concerns about this lack of a more transformative 
scenario exist in particular in coastal areas, such as in the Dutch coastal province of Zeeland (Ekker & Hofs, 
2018). Also two studies executed within the framework of the Delta programme concluded that after 2050, 
major policy changes will likely have to take place. The studies also concluded that preparation for these 
policy shifts should already begin due to the length of the planning and decision-making process (Haasnoot 
et al., 2018; Haasnoot, Diermanse, Kwadijk, de Winter, & Winter, 2019).  

Strategy Definition 

Protection 

Hard 
Defending vulnerable areas and their population and economic activities by 
limiting the negative impact of events using human-made structures like 
dykes and seawalls 

Soft 
Defending vulnerable areas and their population and economic activities by 
limiting the negative impact of events using nature-based defences like 
beaches and dunes 

Accommodate 
Increasing the resilience of the vulnerable areas and enhancing their 
capacity to handle the impact 

Retreat Abandoning vulnerable areas and resettling inhabitants 

Attack Increasing the resilience of vulnerable areas by advancing towards the sea 

Source: Overview by author, based on Dronkers et al. (1990); Dedekorkut-Howes et al. (2020, pp. 6-
8). 
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As such, connected to the first question, also a second research question can be identified, namely: What 
mechanisms explain why policy options accommodating more extreme scenarios of SLR are (not) being 
considered? This question fits closely with the already existing literature on lock-ins, that aim to explain why 
certain policies, concerns or technologies are not taken into account as much as they would be if they were 
to be evaluated solely based on rational considerations. This thesis draws on the literature on climate 
mitigation policies to develop an analytical framework, which will be discussed in the next section, that will 
later be applied to answer the second research question. 

2.2. Carbon lock-in research: Technology, institutions and behaviour 

In order to gain a comprehensive picture of the stumbling blocks that may hinder the implementation of 
climate adaptation policy, this thesis draws on the academic literature regarding the concept of lock-in. The 
first section elaborates on the development of the concept in the field of economics and explains how it 
was later applied in social sciences. The second section then explains how the concept has already been 
applied in studies regarding climate mitigation, whereas the third section develops a framework to use the 
concept in studies on climate adaptation policy, which then applied in chapter 6. 

2.2.1. Lock-in: From economic concept to a broader use 

The concept of lock-in was originally developed in the field of economic studies, and more particularly in 
research regarding economies of scale and the adoption of new technologies. In his work on “lock-in by 
historical events”, Arthur (1989) demonstrated that a combination of random historical events and 
economic factors can cause technologies to be locked-in. As a technology becomes more mature and more 
widely used, it brings higher returns for less investment as a result of learning by doing and economies of 
scale. This makes it more interesting in the short term to benefit from returns on this earlier investment 
rather than undertaking new investments in support of a new technology. This may also plays a role in 
future investment, when it is perceived that further investment in an existing technology may be beneficial 
compared to investing in an alternative. In this case, sunk costs, or investments that were made previously, 
influence investments in the future, whereas rational behaviour would constitute that each investment 
decision is made based on a new cost-benefit analysis. Research has shown that costs incurred in the past 
often influence decision-making regarding future investments, because there is a (sometimes not rational) 
hope for economies of scale or economies of scope to occur (Gifford, 2011).  

Furthermore, as a result of network and co-ordination effects, other market players can benefit from 
adopting the same technology. This effect is for example visible in ICT, where being part of the same 
telecommunications network as other market players brings clear advantages. Finally, consumers and 
producers adopt adaptive expectations, as they grow increasingly confident of the incumbent technology 
and familiarity with it reduces uncertainty. Altogether, these effects lead to path dependency, which gives 
incumbent technologies and systems an advantage over newcomers, even if the incumbent technology is 
inferior (Arthur, 1989; Arthur & Arrow, 1994; Foxon, 2002). It can be, but does not necessarily have to be, 
a conscious strategy of the providers of the incumbent technology to prolong the lock-in. For example, Wells 
& Nieuwenhuis (2012) found that the automotive industry is remarkably stable because bigger players 
rapidly absorb newcomers. Consequently, even though the composition of the international automotive 
industry has changed significantly due to the rise of Asian manufacturers, the technical composition of what 
constitutes a car has largely remained the same.  

Whereas the original focus of lock-in research was largely on technological and economic factors, Pierson 
(2000) extended the argument to political institutions. According to Pierson, also political and 
administrative institution accumulate knowledge and expertise after they have been established. Hence, 
effects like adaptive expectations, economies of scale and learning effects are also present in policy-making. 
That is not to say that the effects are equal, however. Pierson (2000) stated that due to the complexity and 
opacity of politics, practices that are normal in economics, like learning by trial and error, are much more 
difficult in government. Politics generally tend to work on shorter time horizons, where shorter-term gains 
largely outweigh longer-term considerations. Additionally, Pierson (2000) considered that politics suffer 
from a status quo bias, as politicians tend to not only bind themselves, in order to show their commitment 
towards a certain policy vis-à-vis voters, but also their successors, in order to build a lasting legacy. Due to 
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these particular characteristics, Pierson argued that political institutions are actually more prone to path 
dependency than the economic arena, and that lock-ins are more present. 

Likewise, Foxon (2002) stated that similar effects as economies of scale, learning by doing, network 
economies and adaptive expectations also exist on the side of the legislator, and as such influence formal 
legislation as well as informal social conventions and norms. For instance, legislation in place at a given time 
is often targeted towards the technology or system that is dominant at that time. Even if it is not specifically 
intended to protect the incumbents, it can still prove to be a difficult threshold for newcomers. This is 
problematic notwithstanding the role government should play in regulating the market, be it a minimal role 
like managing market forces by for example assuring rule of law and an environment of respect for 
contracts, or a more proactive role like overriding market forces by for example addressing market 
externalities (Unruh, 2000). Building on the work of Arthur and Pierson, Foxon (2002) distinguished 
technological and institutional lock-ins as two separate, yet clearly interlinked and often also mutually 
reinforcing dimensions. 

Zauberman (2003) and others studied a third type of lock-in, namely a behavioural lock-in. One factor in 
this is the cost of switching, namely consumers’ lack of willingness to search and change to a new technology 
after having done an initial investment cost towards an already existing one. This is the result of a tendency 
towards short term thinking and avoidance of immediate costs, combined with a relative lack of information 
and uncertainty regarding the new technology. Additionally, consumers also grow attached to the products 
they are using and processes they are working with, which may create a mental barrier to switching, called 
habituation (Murray & Häubl, 2007; Zauberman, 2003).  

2.2.2. Applying the concept of lock-in to climate change policy 

Originally developed for studying the penetration of new technologies in the market, the term lock-in was 
soon also applied to study climate mitigation policies. Unruh (2000) considered that systemic technological, 
institutional and social factors kept fossil-fuel based energy systems intact and, as such, hindered climate 
mitigation efforts. This phenomenon was then termed “carbon lock-in”. Unruh’s reasoning clearly built on 
the economics of scale argument, but he nevertheless also considered other factors. For example, he 
pointed towards formal labour organisations and informal voluntary associations that could result in the 
dissemination and consequently in the acceptance of certain societal norms. Furthermore, as the 
technology was broadly accepted among the general public, it also influenced the preferences and attitudes 
of the public towards dominant technologies. These trends were then also reinforced by the media. 
Altogether, this collection of formal and informal societal forces became an important political force to 
lobby on behalf of the existing technology. As a result, they influenced public institutions, which generally 
tend to lock-in for long periods of time after their establishment. This can be a conscious effort to protect 
the incumbent technologies or system, influenced by the aforementioned lobbying, but, as mentioned 
before, can also be the result of mere familiarity with incumbent technologies (Ibid.). 

The concept of carbon lock-in or lock-in mechanisms has since then been widely used in academic studies 
to understand the mechanisms that hinder the development of various dimensions of climate and energy 
policy. It has been used to generate more general policy advice (Seto et al., 2016), but it has also been 
applied to a wide range of concrete cases, such as climate mitigation measures (Klitkou et al., 2015; 
Kotilainen et al., 2019), comparisons between different cases of climate policy (Barnett et al., 2015; Burch, 
2010), or multi-country comparisons (Klitkou et al., 2015).  

Like Unruh (2000), Seto et al. (2016) conceptualised carbon lock-in also as consisting of three parts, namely 
technological/infrastructure lock-in, institutional lock-in and behavioural lock-in, emphasising that these are 
mutually reinforcing. They also identified what is required in order to overcome each of these lock-ins. 
Overcoming technological or infrastructure lock-in depends on the anticipated costs of the alternative as 
well as of moving away from the current system. Institutional lock-in can be overcome by increasing 
institutional plasticity, promoting institutional change or the carbon friendly alternative itself becoming 
institutionally locked-in. Finally, behavioural lock-in can be dealt with by addressing individual habits and 
preferences, as well as the social norms and practices by which individual behaviour is shaped.  
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The approach by Seto et al. (2016) very closely resembles the work of Unruh (2000). However, other authors 
looking at the factors that inhibit the adoption of climate policies have not always explicitly used a similar 
structure. For example, Klitkou et al. (2015) focused on different lock-in mechanisms, rather than on 
categorising them as technological, institutional and behavioural lock-ins. In their multi-country comparison 
on the introduction of green transportation technologies they studied learning effects, economies of scale, 
economies of scope, network externalities, informational increasing returns, technological interrelatedness, 
collective action, institutional learning effects and differentiation of power and institutions. In their 
research, they found examples of each of the mechanisms, although they did not always constitute a carbon 
lock-in. Indeed, Klitkou et al. (2015) found that every mechanism can, under certain circumstances, also 
incentivise the adoption of new technologies. For example, in Norway, network externalities have caused 
the incumbent infrastructure built for fossil-fuel based transport to hinder the introduction of the necessary 
hydrogen infrastructure. Conversely, in Finland and Sweden, network externalities have resulted in the 
existing fuel infrastructure actually supporting the more widespread diffusion of advanced biofuels, 
benefitting the transition towards cleaner technology.  

It is thus clear that also studies that do not explicitly build their research on the concept of carbon lock-in 
as consisting of technological and infrastructural, institutional and behavioural factors, still come to 
conclusions that can be structured following the three-dimensional view of the concept. This is logical, 
because as argued in among others Kotilainen et al. (2019) and Seto et al. (2016), these three dimensions 
are interlinked and often even mutually reinforcing, making it hard to completely separate one dimension 
from another. That is why this thesis will further build on the existing academic literature on carbon lock-
in, and include the three dimensions that are traditionally researched, namely technological and 
infrastructural, institutional and behavioural lock-ins. Studying all three dimensions will indeed provide the 
most comprehensive picture of all challenges involved, and how they are interconnected. 

2.2.3. Towards a climate adaptation policy lock-in 

The concept of carbon lock-in has until now been applied to climate mitigation policy, as discussed in the 
previous section, but not to climate adaptation policy. However, this section demonstrates that it is also 
possible to conceptualise carbon lock-in in such a way that it can be used for research on climate adaptation.  

For example, in their analysis of various studies on climate adaptation, Biesbroek, Klostermann, Termeer, & 
Kabat (2013) used the term barriers to refer to obstacles hindering climate adaptation policy progress. They 
concluded that much attention goes to institutional factors. Biesbroek, Termeer, Klostermann, & Kabat 
(2014) zoomed in on one innovative adaptation project, the Rotterdam Water Plaza, and discussed three 
different mechanisms that are at the basis of the difficulties related to the project, namely the risk-
innovation mechanism, the frame polarization mechanism and the conflict infection mechanism. Both 
articles stop short of explicitly connecting their findings to the literature on lock-ins because they consider 
the mechanisms to be linear, rather than also mutually or self-reinforcing as in the case of a lock-in. 
However, it should be noted that there are nevertheless important similarities in the findings. For example, 
using the conflict infection mechanism, Biesbroek et al. (2014) analysed how tensions between different 
levels of government and different institutions, combined with scepticism of the citizens vis-à-vis these 
institutions, caused an atmosphere of mistrust. This can be connected to institutional lock-in. Furthermore, 
the risk-innovation mechanisms, used to describe the uncertainty that is inherently connected to the 
innovative nature of the project caused the citizens to be sceptical about the project’s chances of 
succeeding. This uncertainty left room for different framings of the project, which the authors called the 
frame polarization mechanism. Some preliminary visualisations of the project caused a general panic among 
some citizens as they feared that the Water Plaza would be dangerous for children, due to a high perceived 
risk of drowning. The uncertainty that resulted from the innovative nature of the project clearly made 
citizens very sceptical. This is a very similar argument to Zauberman’s (2003) research on behavioural lock-
in, which also showed that consumers or citizens tend to stick to familiar, incumbent technologies as a way 
of avoiding uncertainty, even when these technologies are inferior to newer, more innovative alternatives.  

Similarly, Biesbroek & Candel (2019) also do not explicitly refer to the concept of lock-in in their comparative 
study of mechanisms resulting in policy (dis)integration in food and climate change adaptation policy. Also 
here, however, their findings can be connected to the lock-in literature that was discussed previously. They 
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for example mentioned turf wars between institutions as a factor that can both hinder policy integration, 
but at the same time, these inter-institutional conflicts can also signal that the issue is being taken seriously, 
or at least important enough to fight for. In the latter case, the inter-institutional conflict actually 
strengthens policy integration. Furthermore, Biesbroek & Candel (2019) referred to the key role of scientific 
lobbying. This can also be seen as part of the societal pressure groups, which Unruh (2000) identified as 
being key in keeping the lock-in intact. In this case, however, the scientific groups managed to come up with 
a competing narrative to the incumbent discourse, and, subsequently, influence its change. 

As Biesbroek et al. (2013) note in their study on barriers to climate adaptation policy, the concepts used to 
identify the factors hindering progress in climate adaptation policy vary widely. Because of the similarities 
between the concept of lock-in and the frameworks previously applied to study climate adaptation policy 
in the Netherlands, this thesis argues that the concept of lock-in can be a useful tool to study the 
mechanisms behind the lack of progress in climate adaptation policy, and demonstrates this by using it to 
explain why policy options accommodating more extreme scenarios of SLR are (not) being considered. 

In order to apply the concept to research on climate adaptation, this thesis draws on its earlier use in 
literature on climate mitigation. Kotilainen et al. (2019, p. 576) define a lock-in as a “technological pathway 
or a system becoming self-reinforcing [which] eventually causes path dependency, limiting the options of 
the actors, institutions and networks”. Klitkou et al. (2015) define carbon lock-in as “the persistence of fossil 
fuel-based technological systems despite the fact that their well-known environmental externalities 
contribute to climate change [and] their inhibition towards the diffusion and adoption of carbon-saving 
technologies.” Seto et al. (2016, pp. 426-427) used an elaborate definition of carbon lock-in: 

Path-dependent processes are those that develop inertial resistance to large-scale 
systematic shifts, with resistance to change driven by favourable initial social and economic 
conditions and the momentum of increasing returns to scale. There are many examples of 
path dependence that entrench technical, institutional, and behavioural systems with 
known technical and environmental disadvantages. Where these disadvantages include 
carbon emissions to the atmosphere, the path dependence is termed carbon lock-in. Carbon 
lock-in generally constrains technological, economic, political, and social efforts to reduce 
carbon emissions. 

There are thus clear similarities between the definitions that are also relevant for climate adaptation. It 
concerns the notion that the mechanisms are mutually or self-reinforcing, that they are technological, 
institutional or behavioural in nature and that their existence inhibits policy changes that are necessary 
from a long term perspective. These elements can combined into a definition for a climate adaptation policy 
lock-in that is used as a basis for this thesis, namely: A set of mutually (self-) reinforcing mechanisms which 
maintain the incumbent coastal risk management strategy, preventing climate adaptation considerations 
from being sufficiently taken into account. The mechanisms referred to in the definition are understood to 
be either related to technology or infrastructure, institutions or behaviour.  

Based on this definition, a framework similar to the approach by Kotilainen et al. (2019) can be developed, 
as shown in Table 2. Technological lock-ins may arise due to sunk costs, as investments made in the past 
may influence behaviour and investments in the future (Gifford, 2011). This can be because spreading the 
costs of earlier investments over a larger number of units of the same (economies of scale) or a similar 
(economies of scope) technology lowers the cost per unit. This may seem to be a cost-saving measure, but 
leads to alternative solutions being left out of consideration, also if they have an even lower cost per unit 
(Kotilainen et al., 2019). Technological interrelatedness arises when complementary coastal defence 
mechanisms are more easily developed due to spill-over effects from existing mechanisms. Network 
externalities lead to a lock-in if related policies are designed in a certain way in order to be compatible with 
the existing coastal defence mechanisms, leading to a sub-optimal situation. Informational increasing 
returns refers to the fact that awareness and visibility related to a technology makes it more likely to be 
considered and accepted. As there is generally more awareness related to existing coastal defences, this 
can lead to a lock-in. Technological learning effects lead to a technological lock-in if knowledge and 
experience from existing coastal defences lead to a focus on improving these defences, rather than 
considering alternatives (Klitkou et al., 2015; Kotilainen et al., 2019).  
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Table 2: Key climate adaptation policy lock-in mechanisms 

Lock-in type Underlying mechanism Definitions 

Technological 

Economies of scale 

Costs from earlier investments can be spread over 
more units when the same technology is used on a 
larger scale, seemingly leading to cost-saving and 
preventing consideration of alternatives 

Economies of scope 

Costs from earlier investments decrease when a 
technology based on a similar philosophy is used on a 
larger scale, seemingly leading to cost-saving and 
preventing consideration of alternatives 

Technological 
interrelatedness 

Complementary coastal defence mechanisms are 
more easily developed due to spill-over effects from 
existing mechanisms 

Technological learning 
effects 

Knowledge accumulated due to experience with 
incumbent coastal defence mechanisms leads to 
attempts at improving existing mechanisms rather 
than developing alternatives 

Informational increasing 
returns 

Awareness and visibility related to a technology makes 
the technology more likely to be considered and 
accepted 

Network externalities 
Other policies are designed in such a way that they are 
compatible with the existing coastal defence 
mechanisms, leading to a sub-optimal situation 

Behavioural 

Perceived cost of 
switching 

Uncertainty related to alternative coastal defences 
results in incorrect assumptions on costs, risks and 
benefits, privileging existing mechanisms 

Habituation 
Familiarity with and confidence in existing structures 
results in other alternatives not being considered 

Institutional 

Collective action 

Involvement of key stakeholders, such as interest 
groups, environmental organisations or businesses 
associations can result in the promotion of vested 
interests, rather than consideration of alternative 
strategies 

High density of 
institutions 

Different institutions can lead to competing interests 
and priorities and institutional rivalry, hindering the 
consideration of alternative coastal risk defence 
strategies 

Complexity and opacity 
of politics 

Short-term political and electoral interests outweigh 
long-term considerations, benefiting existing coastal 
defence strategies 

Institutional learning 
effects 

Knowledge accumulated due to experience with 
existing coastal defence mechanisms leads to 
attempts at improving existing strategies rather than 
developing alternatives 

Source: Compiled by author, based on Kotilainen et al. (2019, pp. 578-579). 
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A behavioural lock-in may come from a perceived cost of switching. This can for example be due to a cost 
being incurred immediately, compared to the return on investment only being apparent in the longer term. 
It can also be the consequence of uncertainty and a lack of information related to alternative coastal 
defences resulting in incorrect assumptions related to costs and risks, resulting in inaccurate cost-benefit 
analyses. This lock-in mechanism can be related to habituation, a mental barrier hindering consideration of 
alternative coastal defences due to citizens’ familiarity with, confidence in and subsequent attachment to 
existing structures (Kotilainen et al., 2019; Murray & Häubl, 2007; Zauberman, 2003).  

Collective action may result in an institutional lock-in if key stakeholders, such as interest groups, 
environmental organisations or businesses associations promote vested interests connected to existing 
coastal defences. This lock-in mechanism can be connected to the complexity and opacity of politics, as 
short term concerns and electoral interests outweigh long term considerations. Decision-making can not 
only be hindered on the political level, but also on the administrative level, within or between institutions 
or between different levels of government due to the high density of institutions. Competing interests may 
result in institutional rivalry, making it more difficult for alternative coastal defence mechanisms to be 
considered. Finally, knowledge from experience with incumbent coastal defence mechanisms often leads 
to attempts at improving the governance framework for existing mechanisms rather than attention for 
alternatives, leading to a lock-in mechanism due to institutional learning effects (Klitkou et al., 2015; 
Kotilainen et al., 2019.  

It is important to note that several of these lock-in mechanisms may be interconnected. For example, 
because the government is a key player in both regulating, designing and implementing measures related 
to coastal risk management, it is likely that institutional and technological learning effects overlap. 
Furthermore, due to the complexity and opacity of politics, decision-makers may be more open to be 
influenced by the promotion of vested interests through collective action or to the wariness of considering 
alternative options due to a perceived high cost of switching among citizens, resulting in a mutually 
reinforcing lock-in. Altogether, this framework is used as a basis to study the mechanisms that explain why 
policy options accommodating more extreme scenarios of SLR are (not) being considered and to answer the 
second research question. 
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3. Research approach and methodology  

This chapter further builds on the literature review and concretely discusses the research approach and 
methodology that will be used to answer the two research questions. First, the overall research design is 
discussed. Then, the research method that will be used to answer the two research questions is discussed. 

3.1. Research design 

The proposed research design is a qualitative, in-depth single case study. The strength of such a research 
approach is that it allows the researcher to fully analyse the context and different processes of the case 
which allows for a deeper understanding. However, as the research findings rely on only one case, issues 
may arise as to external validity or generalisability (Bryman, 2016). The question is thus to what extent the 
findings of this study regarding the Netherlands can be generalised to other countries. 

It is in this context useful to point out the Netherlands’ unique vulnerability to SLR as well as its important 
historical relationship with the sea. Indeed, large parts of the Dutch territory and population are located in 
areas that are embanked (Schultz Van Haegen & Wieriks, 2015). Furthermore, the disastrous 1953 flood is 
still part of the collective memory in the Netherlands and there is a societal expectation to protect the 
country against highly uncertain (up to 1 in 100.000 years) flooding events (Haasnoot et al., 2020). The 
Netherlands has now also taken the initiative to start a Delta coalition with other low lying countries, 
specifically to discuss adaptation to climate change and the impact of SLR (Rijksoverheid, 2016). 

These factors have resulted in coastal risk management and climate adaptation policy to SLR to be higher 
on the public and political agenda in the Netherlands compared to other countries, making the Netherlands 
more likely to take high-end scenarios into account in its decision-making. In other words, lock-in 
mechanisms should be less present in the Netherlands compared to other countries, because the political 
and public attention should avoid that potential lock-in mechanisms are created. Conversely, if lock-in 
mechanisms are found in the Netherlands, it is likely that they are also, and potentially to a greater extent, 
present in other countries where SLR is not placed as high on the agenda. The Netherlands can thus be 
considered as an “extreme” or “unique” case compared to other countries (Bryman, 2016, p. 70).  

The focus on a single case study also helps to address one other problem that is particular to the climate 
adaptation literature. Comparative case studies have suffered from the fact that adaptation policy is a 
relatively new research topic, making concepts ill-defined and not well-operationalised, which in turn makes 
it more difficult to compare between cases across different regions or countries (Dupuis & Biesbroek, 2013). 
By applying a clear framework to one in-depth case study, this thesis provides conceptual insights regarding 
the concept of lock-in and its use in studies on climate adaptation, which can later be used to more clearly 
operationalise this concept and subsequently have more sound comparative studies. 

3.2. Research method 

The data used to answer the first research question largely consists of primary documents (mainly 
government sources) and academic literature. It is expected that desk research will be the most effective 
method of gathering the necessary information as much of the information needed to answer the first 
research question is already publicly available. It can however be supplemented with information from 
expert interviews when necessary. As discussed in the literature overview, the extent to which coastal risk 
management in the Netherlands considers a range of policy options to accommodate more extreme 
scenarios of SLR is assessed in a deductive manner, by identifying the number of different strategies that 
are part of the Dutch policy compared to the classification proposed by Dronkers et al. (1990).  

The challenge in answering the second research question lies in effectively identifying the different 
elements in the policy context that may have led to a climate adaptation policy lock-in as well as in proving 
the causality between the different mechanisms and the eventual lock-in. For this, it is necessary to scope 
the context of the relevant legislation and policies. Data is collected by making use of desk research, analysis 
of government documents and secondary literature. In order to strengthen the validity of the conclusions 
regarding causal relationships, this material is complemented with primary qualitative research, namely 
eleven semi-structured interviews with fourteen experts. The experts are selected in order to cover a wide 
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range of expertise and include both professionals from the public and private sector as well as academia. 
Furthermore, experts active in different levels of government are interviewed in order to gain a 
comprehensive overview of the policy field and to identify the relevant lock-in mechanisms. An overview of 
the interviewees is provided in Annex I, the questions are listed in Annex II. 

These lock-in mechanisms will largely be used in an deductive manner, by analysing the empirical data and 
verifying whether evidence of the different mechanisms can be found. However, in one case the empirical 
data points towards a lock-in mechanism that is not included in the Table 2. In this case, this mechanism is 
further defined and its underlying dynamics are clarified via an inductive approach, by drawing on game 
theory. An overview of all different research steps is provided in the flowchart in Figure 2. 

Figure 2: Flowchart with research steps 
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4. How the past impacts the future 

The Netherlands has a long tradition of coastal risk management, going back centuries. This chapter 
provides a brief overview of the main historical developments and identifies important lock-in effects that 
have hindered the development of relevant policy initiatives in the past. Chapter 6 comes back to some of 
the main lock-in effects identified here and studies whether they are still relevant in the current context.  

4.1. The flood of 1953 as part of the Dutch collective memory 

In the night of 31 January to 1 February 1953, the largest storm surge on record along the Dutch coast 
combined with three consecutive high spring tides resulted in a large-scale flood, claiming the lives of 
around 2000 people. A further 100.000 people needed to be evacuated, 4,500 houses were destroyed and 
a total of 140.000 hectares of land were flooded for a longer period of time (De Kraker, 2006). An even 
greater disaster, such as the flooding of the major population centre and economic powerhouse of the 
Randstad region, was only barely prevented due to a combination of luck and ad hoc measures, such as 
jamming a ship to plug a hole in a dyke (Husby, de Groot, Hofkes, & Dröes, 2014). 

The disaster had however made clear that the maintenance of the dykes was inadequate and that due to 
decentralisation, there were insufficient resources to ensure the monitoring of the dykes at all locations (De 
Kraker, 2006). As such, citizens and local authorities demanded that the national government would 
establish stricter flood protection standards and provide the financial means to implement them (Pilarczyk, 
2007). The flood proved to result in a strong call for action, and the government established the Delta 
Commission to study how the Netherlands could be better protected from future flooding. Its intent was to 
determine the flood management strategy for the Netherlands for the coming decades. The work of the 
Delta Commission resulted in a proposed Delta Plan, which proposed a strategy based on shortening the 
Dutch coastline, in order to limit the risk of flooding. The plan resulted in a series of infrastructure works, 
called the Delta Works, which closed off all open connections to the sea, except the access points to the 
ports of Antwerp and Rotterdam (Zegwaard et al., 2015). The proposed project was a national one, uniting 
the national, provincial, municipal and water board authorities behind a common goal (Husby et al., 2014).  

The importance of the 1953 flood can hardly be overstated. As also demonstrated by Zegwaard et al. (2015), 
(near) flood events have had a great impact on flood management in the Netherlands, serving as an external 
trigger that incentivised a change in policy. The 1953 flood specifically stands out because of its impact on 
coastal risk management, which is particularly relevant for the research topic of this thesis, because it 
heavily impacted the southwestern coastal province of Zeeland. As such, the 1953 flood is still part of the 
collective memory in the Netherlands (Interview de Rooij, Santbergen & van Tilburg, 30 March 2021) 

Indeed, the years following the flood were a decisive moment, as the Delta Works reshaped Dutch flood 
risk management. However, the importance of the 1953 flood does not come from the Delta Commission 
proposing innovative solutions, nor from a sudden awareness regarding the risk of floods. Actually, the idea 
of shortening the coastline existed since the 19th century, the Delta Commission drew heavily on already 
existing plans and technology dating from the 1930s, and the Dutch agency Rijkswaterstaat had already 
issued warnings during and immediately after the Second World War regarding the state of the Dutch 
coastal defences (Huitema, 2002; Lintsen, 2002; Meijerink, 2005; Zegwaard et al., 2015).  

Rather, the 1953 flood served as an external trigger that boosted a change in policy, through the subsequent 
work of the Delta Commission. As such, they were key in overcoming the institutional lock-in that had 
prevented the earlier plans from being implemented. Whereas the majority of dykes were under 
administration of local water boards, the disaster allowed Rijkswaterstaat, via the Delta Commission, to 
develop a national coastal management strategy (Lintsen, 2002). Furthermore, only after the 1953 flood, 
the issue of flood risk management rose to a sufficient level of prominence on the political agenda so that 
adequate financial resources were allocated to strengthen the coastal defences (Zegwaard et al., 2015). As 
such, the event made it possible to overcome the complexity and opacity of politics and to focus on a more 
long term strategy.  

A few decades earlier, the same pattern had already taken place. During the second half of the 19th century, 
various plans were designed to reclaim the Zuiderzee, a relatively shallow bay that had been created in the 
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early Middle Ages after one or several lakes became connected to the North Sea due to erosion and various 
floods. Nevertheless, institutional rivalry between the national agency Rijkswaterstaat, regional provinces 
and local water boards prevented the execution of these plans. Also the Ministries of War and Finance were 
opposed to the project, as they feared the impact on the Dutch national defence respectively the financial 
cost (Huitema, 2002). The key project of the proposed Zuiderzee Works, the construction of the Afsluitdijk, 
would replace 250 kilometres of dykes under control of local water boards with one 32 kilometres dam 
under supervision of Rijkswaterstaat. As such, the proposed works were not simply an engineering 
challenge and ecological question, but also included a centralisation of the competence of coastal risk and 
flood management (Disco, 2002). It was only after the flood of 1916 caused dyke failure and threatened 
Amsterdam, that the reclamation became a top priority on the political and public agenda. In 1918, the law 
was passed that would start the Zuiderzee works. The flood had redefined the Zuiderzee as a “dangerous 
body of water” in the public eye and as such allowed the institutional lock-in to be overcome by again 
serving as an external trigger boosting a change in policy (Disco & Van den Ende, 2003, p. 506; Zegwaard et 
al., 2015). 

While the 1953 flood was a solution to overcome the institutional lock-in, the Delta Works strengthened 
other lock-ins. First, they fit in a long-standing tradition of confidence that the Dutch have in technological 
solutions to flood risk management, which was also seen when human-made hard infrastructure, such as 
the Afsluitdijk, was chosen as the solution after the 1916 flood (Disco & Van den Ende, 2003). This strategy 
can be considered as hard protection, based on the classification used by the IPCC (Dronkers et al., 1990). 
Rather than rethinking this approach, it was easier to use learning effects to improve existing infrastructure 
or use technological interrelatedness to build like structures. As such, by focusing on hard infrastructure in 
the form of storm surge barriers and dykes, the Delta Works reinforced the hard protection based strategy. 
As the infrastructure would be in place for many decades and therefore determine the strategy that could 
be followed, the Delta Works consequently resulted in new, technological lock-ins being created (Wesselink, 
Bijker, De Vriend & Krol, 2007).  

Second, the land reclamation that had started in the Dutch Golden Age in the 17th century had inspired 
great confidence in the human ability to steer and shape the environment in the Netherlands. By continuing 
an approach that was based on hard, human-made infrastructure and technology, the Delta Commission 
strengthened this idea and reinforced habituation to the existing approach among the Dutch population. 
This in turn impacted the cost-benefit analysis that citizens make regarding the different strategies, resulting 
in a perceived high cost of switching to an alternative strategy. These two mechanisms together resulted in 
a behavioural lock-in. The 1953 flood and the subsequent focus on hard infrastructure created the image of 
seawater as something “dangerous”, which should be kept far from inhabited land. This makes it harder to 
discuss alternative approaches today, such as retreat or accommodation, which would make use of natural 
defences that allow the seawater to come more inland (Interview Broekhuis & Elshof, 22 March 2021; 
Interview de Rooij et al., 30 March 2021). 

This behavioural lock-in was further strengthened due to the so called “poldermodel” which is the Dutch 
version of a consensus-based decision-making process and the cornerstone of water policy. Flood risk 
management is planned and executed by a small group of specialists, namely engineers, academics and 
policy makers. Even though heated discussions can take place behind the scenes, the eventual decision 
tends to be taken on a consensual basis (Wesselink et al., 2007). It therefore appeared to the general public 
that “everything is under control”, resulting in great confidence in the approach taken and reinforcing the 
behavioural lock-in (Wesselink et al., 2007, p. 194).  

Due to the great confidence in the approach followed, the issue became less prominent on the public 
agenda, and therefore less electorally interesting as a political topic. Due to the short-term nature of politics 
and the belief of the public that everything was under control, there was little to gain for the political class 
to question the approach that was chosen. To the contrary, it was often pointed out that there was no 
public demand for the focus on hard infrastructure to be changed and that therefore, no change was needed 
(Wesselink et al., 2007). This can be seen as an institutional lock-in. 

Finally, it should be pointed out that the three different lock-ins were interconnected and mutually 
reinforcing. For example, the institutional lock-in resulted in the continued focus on hard infrastructure, 
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without many questions being asked. This in turn resulted in a behavioural lock-in among the public due to 
great confidence in the approach chosen, which was then the reason that the approach was not questioned 
on the political level either. Subsequently, the lack of support for alternative approaches than the one based 
on hard infrastructure resulted in a reinforced technological and behavioural lock-in. 

4.2. The Ecological Turn in Dutch Flood Risk Management 

The engineers in charge of the Delta Works had taken the conscious decision to start with the construction 
of the smallest project, the Hollandse IJssel storm surge barrier, in order to gain experience to then 
undertake the bigger projects, such as the Eastern Scheldt barrier, which was considered the most 
challenging of the Delta Works. Soon, however, the Eastern Scheldt barrier proved to be a major turning 
point in the Dutch approach to coastal risk management (Disco, 2002). 

This storm surge barrier was envisaged as a structure that would fully close off the Eastern Scheldt, and by 
the beginning of the 1970s, construction in that sense had started. However, around the same time, an ad 
hoc coalition of local interest groups like shellfish entrepreneurs, together with environmentalists, started 
to raise awareness regarding the economic and ecological consequences of the closure. In 1973, the new 
centre-left government of Prime Minister Den Uyl gave increased political attention to this coalition. 
Consequently, new people were appointed to supervise the works, and for the first time non-engineers such 
as environmental experts and biologists, joined the hydrological experts. Eventually, the decision was taken 
to construct the Eastern Scheldt barrier in a hybrid form, with part of it remaining open under normal 
conditions and only being closed off in case of storm conditions (Disco, 2002). 

Whereas ecological and economic considerations had also been raised in the case of the Afsluitdijk a few 
decades earlier, the “safety first” approach based on engineering prevailed. The Eastern Scheldt proved to 
be a turning point in this thinking, as for the first time other considerations were also taken on board. This 
shift in thinking was largely the result of the diversity of the coalition that pushed for an alternative solution, 
from local entrepreneurs to environmentalists, combined with a favourable political landscape (Disco, 2002; 
Lintsen, 2002; Meijerink, 2005; Wesselink et al., 2007; Zegwaard et al., 2015). Nevertheless, since the 
Eastern Scheldt storm surge barrier remains a human-made construction, it would still be a hard protection 
strategy according to the IPCC’s classification, albeit with more attention for environmental considerations 
than was previously the case (Dronkers et al., 1990). 

A further shift in thinking would take place regarding the management of flood risk from rivers, since the 
deadlock in this area was not settled with the decision on the Eastern Scheldt storm surge barrier. The 
original plans of Rijkswaterstaat to limit the impact of river flooding were judged to insufficiently take into 
account ecological considerations. Local residents and conservationists undertook legal action to delay the 
implementation of the plans of Rijkswaterstaat. A first concrete attempt to integrate ecological concerns 
into flood protection was undertaken in 1987 by the so-called Plan Stork, a multidisciplinary project by 
various scientists. Rather than creating new hard infrastructure, floodplains in use for agriculture or other 
forms of economic development had to be used again for their original purpose, namely providing sufficient 
space for the river in case of higher water levels. The proposal would combine ecological and flood safety 
considerations (Wesselink et al., 2007). As such, Plan Stork can be considered as a strategy based on 
accommodation (Dronkers et al., 1990). 

The approach in Plan Stork was in line with evolutions in academia and on the European level and was 
embraced by then Minister for Transport and Water Management (V&W) Neelie Kroes, through the 
influence of one of her advisors who co-authored the study. Also the support of former Minister of Housing, 
Spatial Planning and Environment (VROM) Ed Nijpels was key, as he became director of the Dutch chapter 
of the World Wide Fund for Nature (WWF). The plan was nevertheless received with scepticism among 
other key stakeholders. The Ministry of Agriculture, Nature and Food Quality (LNV) feared the impact of the 
proposals on agriculture, while some nature organisations were afraid that nature conservation goals would 
become of secondary concern in such integrated projects. As such, Plan Stork was only hesitantly 
implemented through small-scale projects (Verduijn, 2012; Zegwaard et al., 2015).  

The lukewarm support lasted until the (near-)floods of 1993 and 1995, when rivers rose to very high levels 
after a long period of rain. In 1995, 250.000 people and 1 million cattle had to be evacuated. This raised 
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public awareness regarding flood safety and brought the issue on the political agenda as a priority, resulting 
in an increase of public and political support which allowed the scepticism of certain stakeholders to be 
overcome. Key principles of the Plan Stork were then implemented via the programme “Room for the 
River”. This programme had a dual objective, namely reducing the risk of flooding by accommodating a 
higher discharge capacity for the Rhine and the Meuse, and increasing the quality of overall spatial 
development. The latter allowed that also objectives other than flood risk could be incorporated in the 
projects, such as nature objectives and recreation. The program was allocated a budget of 2,2 billion euro 
in its initial phase and is generally considered a success. It achieved its overall objectives and was 
implemented without major cost overruns or delays (Zevenbergen, Rijke, Van Herk, & Bloemen, 2015). 

More important for the research topic of this thesis, however, is that the Room for the River programme is 
today still seen as a major turning point in Dutch flood risk management. First, the programme was explicitly 
set up with two goals in mind. Besides flood safety, also spatial planning and nature management were 
included as objectives. As such, the programme completed the ecological turn that was started with the 
reorientation of the Eastern Scheldt storm surge barrier and incorporated a flood risk management strategy 
that was based on accommodation (Dronkers et al., 1990; Interview Bloemen, 23 February 2021; 
Zevenbergen et al., 2015).  

Second, the programme was built around a national vision, but part of the decision-making took place on a 
local, decentralised level. This allowed for more flexibility to adjust the plans to take into account concerns 
of citizens and incorporate ideas of key stakeholders. This in turn proved to be key in assuring that the 
projects had local ownership and a sufficient support base, allowing for a more smooth implementation 
(Interview Bloemen, 23 February 2021; Zevenbergen et al., 2015). 

Third, the reorientation away from hard infrastructure also made the Room for the River programme more 
flexible to adjust to future needs, as it did not create additional technological lock-ins that resulted from 
the construction or reinforcement of dykes. This makes it a good example of adaptive management. This is 
an approach focused on flexibility. In light of uncertainty regarding future needs, it aims to avoid the 
creation of lock-ins by ensuring there is sufficient technological and institutional flexibility to respond 
adequately when there is more certainty. This approach based on adaptive management would later 
become the cornerstone of the Delta Programme (Zevenbergen et al., 2015). 

4.3. Lessons from the past 

Based on the above overview of 20th century flood risk management in the Netherlands, some conclusions 
can be drawn as to the lock-ins that have hindered the development of coastal risk management in the past. 
First, major breakthroughs in Dutch coastal risk management can be connected to extreme weather events, 
namely the (near) floods of 1916, 1953, 1993 and 1995. It is noticeable how institutional lock-ins such as 
institutional rivalries, concerns regarding divisions of competence and the short term nature of politics were 
the primary stumbling blocks throughout the previous century. Indeed, in all cases, progress was made after 
an extreme weather event served as an external trigger that boosted policy change by pushing the issue of 
flood safety higher on the public and political agenda, allowing the institutional lock-in to be overcome.  

Second, technological and behavioural elements did not particularly cause lock-ins. Conversely, the path 
that was chosen in the 20th century has now resulted in a technological lock-in, due to the focus on human-
made construction projects that can be considered as a hard protection strategy. Similarly, the focus on 
human intervention and construction as the primary component of Dutch coastal risk management has also 
resulted in a behavioural lock-in, as the hard protection strategy has led to habituation to the current 
approach among the public. Chapter 6 elaborates on how these lock-ins influence the debate on climate 
adaptation in light of more extreme scenarios of SLR.  

Finally, considerations other than flood safety, such as ecological concerns, were only taken into account 
relatively recently, first with the construction of the Eastern Scheldt storm surge barrier in the 1970s, and 
even more so with the Room for the River programme in the early 2000s. The next chapter continues the 
analysis of Dutch coastal risk management and specifically focuses on the Delta Programme, which was set 
up as a policy response to prepare the Netherlands for climate change. 
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5. The Delta Programme: Preparing the Netherlands for the impact 

of climate change 

At the basis of the Dutch approach to flood risk management, and thus also coastal risk management policy, 
is the Delta Programme. This chapter provides some background on the historical development of the Delta 
Programme, and then elaborates on some of its key characteristics with a focus on policy until 2050. In this 
context, it zooms in on sand nourishment and hard infrastructure as the cornerstones of current policies. 
Additionally, it elaborates on research regarding long-term SLR and its effect on the Netherlands in the post-
2050 context, as well as the different options on the table on how to respond to this. The chapter finally 
concludes that only protection-based strategies are being considered as a basis of coastal risk management. 
As such, the answer to the first research question is that only a limited number of policy options are being 
discussed, and not with the intention to accommodate more extreme scenarios of SLR. 

5.1. The road to the second Delta Commission 

A first attempt to look at the long term impact of climate change was undertaken through the Programme 
Adaptation, Spatial Planning and Climate (ARK) that ran between 2006 and 2010. This programme was 
initiated by the ministry in charge of spatial development (VROM) and involved the cooperation of various 
other national ministries, including those in charge of agriculture and nature (LNV), economic affairs (EZ) 
and transport and water management (V&W), as well as provinces, water boards and municipalities. The 
ARK programme was well designed and eventually led to the adaptation strategy “Make Space For Climate”, 
published in 2007. One of the four main priorities identified in this strategy was flood safety, with particular 
attention for SLR. As such, the programme can be considered to be somewhat successful (Interview 
Bloemen, 23 February 2021; VROM, 2007).  

However, the ARK programme did not manage to have a direct long lasting impact, because it did not trigger 
the release of funds or the adoption of legislation that were necessary for a full-fledged policy on climate 
adaptation to be developed. The proposal to use the 2007 coalition negotiations that would eventually lead 
to the Balkenende IV government to include a budget of 500 million euros for adaptation measures was 
never formalised and thus never officially suggested to the negotiators (Bloemen et al., 2019). 

A first reason why the ARK programme did not have a lasting impact was that the VROM ministry had a 
limited budget, especially compared to other ministries like V&W. As such, the objectives of the ARK 
programme had almost no impact on the financial streams within the government administration and did 
not manage to free sufficient budget for implementation (Interview Nijhof, 4 August 2021). 

As a ministry with only a limited budget, VROM’s strength mainly lied in its experience in setting 
environmental norms and regulations related to spatial planning. However, it was not able to build on this 
expertise in the 2000s due to a trend of decentralisation and deregulation that has been observed in the 
Netherlands under christian-democratic Prime Minister Jan-Peter Balkenende (2002-2010) and 
conservative-liberal Prime Minister Mark Rutte (2010-present). As these cabinets aimed to cut down on 
overall national regulation regarding spatial planning, there was no willingness to consider proposals that 
would undercut this trend (Interview Expert EAA, 13 April 2021; Interview Nijhof, 4 August 2021). 
Furthermore, the political landscape in the Netherlands was shaped by the ideas of Pim Fortuyn, a populist 
politician and denier of the human influence on climate change. This made attention to the risks of climate 
change electorally uninteresting. As a result, there was the lack of high level political interest during the set-
up of the programme in the early 2000s. This led the programme to develop into a purely administrative 
endeavour, without political visibility (Bloemen et al., 2019; Interview Bloemen, 23 February 2021; 
Interview Nijhof, 4 August 2021).  

The lack of political involvement in the ARK programme also left the question unanswered as to which 
ministry was about to lead the charge in addressing the question of flood safety in light of climate change 
(Bloemen et al., 2019). Because while the ARK programme remained largely out of the scope of political 
visibility, other programmes were already underway. Short after the start of the ARK programme, in 2005, 
Hurricane Katrina had claimed the lives of hundreds of people in New Orleans. Twist, Schulz, Van der Steen, 
& Ferket (2013) explain how the question immediately arose whether a similar disaster could take place in 
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the Netherlands. Furthermore, the disaster made clear that attention should also be given to limiting the 
impact of floods, rather than merely focusing in attempts to prevent them from happening. Considering the 
clear link of this question with flood safety, it was the ministry of V&W that took charge in addressing the 
issue. 

Many of these concerns influenced the preparation of a non-paper on water management that was being 
prepared by V&W, and were eventually incorporated in the final “Water Vision” of 2007, an overarching 
policy document about flood safety, but also water quality and ground water (V&W, 2007). The Water Vision 
confirmed the exclusive responsibility of the government to ensure flood safety for all its citizens. In this 
sense, the Water Vision broke with a shift in thinking that had already taken place on the administrative 
level, namely putting more emphasis on individual responsibility and encouraging citizens to take 
precautionary anti-flood measures themselves, for example during the construction of houses (Twist et al., 
2013). As such, an administrative attempt to draw from a more accommodation-based approach was 
undone at the political level. 

Besides the Water Vision, there were also two other reports being drafted. First, the report on Flood Safety 
in the 21st Century looked into Dutch flood safety until 2050. A review found that some of the Netherlands’ 
flood defences did not comply with the required standards, which themselves were outdated. Additionally, 
it became clear that important institutional challenges existed in order to address this problem, as 
responsibility was divided between different levels of government and the allocation of the necessary 
financial resources for long term flood safety was relatively low on the list of priorities during budgetary 
negotiations. This report introduced for the first time the concept of multilayer safety by explicitly 
connecting flood safety to spatial development and proposed a three-step strategy: prevention through 
flood safety measures; spatial planning to limit the impact of floods; and disaster relief, such as evacuation 
plans (Zanting & Noordam, 2008). In addition, the Water Vision proposed to set up a new Delta Commission 
in order to study the Dutch preparedness to deal with the impact of climate change on water management. 
The proposal to set up a second Delta Commission was suggested after Al Gore’s “An Inconvenient Truth” 
put the issue of climate change high on the public and political agenda (Interview van Alphen, 6 August 
2021). The main conclusions of the Water Vision, the report on Flood Safety in the 21st Century and Delta 
Commission were then incorporated in the National Water Plan 2009-2015 (Twist et al., 2013; van Alphen, 
2016). 

However, until the Delta Commission was established, there were clear institutional lock-in mechanisms in 
place that prevented policy progress. The complexity and opacity of politics resulted in a lack of political 
attention and insufficient funds for the objectives of the ARK programme, and a high density of institutions 
resulted in institutional rivalry between the ministries involved. Both lock-ins resulted in problematic 
situations that were well known on the administrative level, such as the outdated flood defence norms. 
They were only overcome when an extreme weather event, Hurricane Katrina, put the issue high on the 
political agenda, supported by the attention for Al Gore’s documentary. While Hurricane Katrina did not 
directly result in an adjustment in Dutch coastal risk management (Twist et al., 2013), it served as an external 
trigger boosting policy change and was key in attracting sufficient political and public attention for the 
institutional lock-in to be overcome, resembling in a way how the first Delta Commission was the result of 
the 1953 flood (Zegwaard et al., 2015).  

5.2. From Delta Commission to Delta Programme 

One year after its establishment in 2007, the Delta Commission published 12 recommendations for the 
future in September 2008. One recommendation entailed the political-institutional dimension of the advice 
and was later also largely implemented via the entry into force of the Delta Act, the establishment of the 
position of Delta Commissioner and the creation of the Delta Fund with an annual budget of around one 
billion euros at its inception (Deltacommissie, 2008; Schultz Van Haegen & Wieriks, 2015). Every year, the 
Delta Commissioner reports on the progress made on all level of government, from the municipal to the 
national level, with a first publication in 2010 and the latest update being the Delta Programme of 2022 
Deltaprogramma, 2021). The Delta Programme also clearly settled the discussion as to which minister and 
ministry was in charge of climate adaptation policy in water management: V&W was designated as the lead 
ministry, with VROM and LNV being co-responsible (Delta Programme, 2010).  
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This institutional set-up of the Delta Programme, with its basis in the Delta Commission’s political-
institutional recommendation, is generally considered to be very positive and is regarded as the Delta 
Commission’s most important achievement. This is confirmed by previous research (Van Buuren & Tiesman, 
2014; Verduijn et al., 2012), as well as by the interviews conducted in the framework of this thesis (Interview 
Bloemen, 23 February 2021; Interview Broekhuis & Elshof, 22 March 2021; Interview Nijhof, 4 August 2021; 
Interview van de Vijver, 2 April 2021; Interview van Gool, 23 April 2021; Interview van Herk, 13 April 2021). 
However, turning the recommendation into a successful institutional framework was not a given, 
considering the atmosphere of institutional rivalry between important ministries V&W and VROM, some 
disagreements within V&W and the financial and economic crisis. The discussion regarding the lead ministry 
was settled when the VROM ministry was entirely abolished under the Rutte I government in 2010, marking 
the end of a decade in which the ministry had already lost much of its standing. Some competences were 
merged into other ministries, with environment being taken over by V&W which was then renamed the 
Ministry of Infrastructure and Environment and later the Ministry of Infrastructure and Water Management 
(IenW). Some aspects of spatial planning, such as permits, were transferred to the Ministry of the Interior, 
but spatial development was largely decentralised and transferred to lower levels of government. The 
abolishment of VROM fit in a larger trend of decentralisation, but was also the result of a political choice to 
make environmental issues less prominent because of electoral reasons. The word “environment” was not 
included anymore in the name of any national ministry (Interview Nijhof, 4 August 2021; Van Dinther, 2021).  

Furthermore, there was opposition to the second Delta Commission issuing recommendations as an 
independent government commission, as there had been public and political criticism regarding the use of 
this independent commission and its perceived functioning as a ‘shadow power’ (Twist et al., 2013). There 
was also opposition among V&W civil servants, who feared that the commission would interfere with their 
work and who considered V&W capable of undertaking such a study without external direction (Interview 
Nijhof, 4 August 2021). When the Commission circulated a first draft of its recommendations, it received 
criticism from among others the LNV ministry regarding its use of scenarios of high SLR, namely SLR of up 
to 1,3 m to 2100. Also scientists who had participated in the Commission later criticised the focus on this 
upper boundary SLR scenario in the Commission’s communication, as they deemed it unrealistic (Schreuder, 
2008). This estimate was much higher than the range of 0,4-0,7 m that was projected at that time, based 
on the then IPCC estimates (Interview Nijhof, 4 August 2021; Twist et al., 2013)..  

Similarly as with regard to the set-up of the Delta Commission, also the set-up of the Delta Programme was 
hindered by an institutional lock-in due to the complex nature of politics and institutional rivalry. A 
combination of different factors helped to overcome the lock-ins. First, the Delta Commission had received 
much political attention as it was established in the aftermath of Hurricane Katrina (Twist et al., 2013). Even 
though there was no flood event, the Delta Commission used a crisis-style framing in its communication to 
convey a message of urgency and collectiveness, which proved to be a successful strategy (Verduijn et al., 
2012). The fact that it was led by a former high level minister, Cees Veerman, also contributed to its success. 
Additionally, the Delta Commission successfully leading to the Delta Programme was largely the 
consequence of several strategic decisions. For example, the decision of the Commission to move the 
forward-looking perspective to the year 2100 instead of the original year 2200 helped to increase a political 
sense of urgency. The communication of the Commission focused on long term opportunities rather than 
on problems, in order to prevent accusations of fearmongering. This approach was also more compatible 
with the political mindset at the time, which preferred to frame climate change policy in terms of 
opportunities, such as innovation and technological developments, rather than focussing on the dangers 
and risks. Preparatory negotiations with the main stakeholders ahead of the publication of the 
Commission’s recommendations allowed the government to issue its reply only one week later and ensured 
that there was a continued momentum for the issue. These strategic decisions were however not the 
consequence of institutional structures, but rather the result of keen political insights of some key players, 
such as leading civil servants and the responsible minister, and a good personal chemistry between them. 
Indeed, the importance of the right person being on the right place or mere coincidences cannot be 
underestimated when explaining the successful set-up of the Delta Programme (Interview Bloemen, 23 
February 2021; Interview Nijhof, 4 August 2021; Twist et al., 2013).  
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5.3. The Delta Programme as cornerstone of Dutch water management 

After the Delta Programme had been established, the 2015 update has further concretised the programme 
into five Delta Decisions, of which the Delta Decision Flood Safety deals with, among others, flood and 
coastal risk management. Also the Delta Decisions Spatial Development and Freshwater have some 
connection to coastal risk management. The Delta Decision Flood Safety proposed a safety level of 105, 
which means that the mortality risk in the Netherlands due to flooding would not be higher than 1:100.000 
per year. An even lower risk limit was proposed for densely populated or economically very important areas 
or for areas with critical infrastructure. By 2050, all primary flood defences should be upgraded in 
accordance with this new risk level (Deltaprogramma, 2014; van Alphen, 2016). The Delta Decisions are 
furthermore geographically applied via different regional plans, one of which is the Preferential Coastal 
Strategy. In addition, an overarching strategic Decision Sand was also proposed (Deltaprogramma, 2014). 
These strategic documents are an important cornerstone of the Delta Programme and put forward concrete 
goals for 2050, as well as a forward looking perspective until 2100, albeit without concrete targets for the 
latter period. The reporting on the progress of these strategies was envisaged as an approach based on 
adaptive management, meaning that the incumbent strategies and priorities are regularly re-evaluated and 
potentially adjusted based on the latest scientific evidence, following a six-year cycle. This cycle of regularly 
re-evaluating and adjusting the strategies is a key characteristic of the Delta Programme. The 2021 edition 
includes the first sextennial review of the Delta Programme (Deltaprogramma, 2020). 

Even though the annual reports of the Delta Programme gain political and public attention, they do not 
have any legal force. As such, the proposals suggested by the Delta Programme have to be enacted via other 
pieces of legislation. For example, the Delta Decision Flood Safety was first incorporated into the National 
Water Plan 2015-2021 and then written into legislation and enacted via the Water Act in 2017. 

5.3.1. Soft wherever possible 

While it appears that Dutch coastal risk management is formed by a patchwork of different strategies, 
programmes and decisions, the priorities are relatively clear. At the basis of these various strategies is the 
adage “soft wherever possible, hard wherever needs to be”, which has resulted in a heavy focus on sand 
nourishment as the basis of Dutch coastal risk management. Only when sand nourishment is not possible, 
for example due to the absence of natural sand barriers, hard infrastructure such as dykes can be considered 
(Deltaprogramma, n.d. a). 

Dunes and sand beaches form the frontline of this strategy to protect the Dutch coastline. However, erosion 
caused by wind and waves causes the sand that forms these natural defences to erode. Sand nourishment 
is a human intervention to reinforce these natural sand barriers. Sand that is extracted from other areas is 
then used to supplement the remaining sand and reconstruct beaches and dunes, a process that has to be 
repeated regularly due to continued erosion. Furthermore, sand nourishment can also be used to allow the 
coastline to grow at a similar pace as SLR, so these natural barriers can continue to act as a defence 
mechanism. It is considered to be more cost-efficient compared to hard structures and it can have important 
co-benefits, such as for biodiversity and recreation (Dedekorkut-Howes et al., 2020). The importance of 
sand nourishment for overall Dutch coastal water management becomes clear due to the many references 
made to it throughout various policies and strategies. The National Coastal Vision (Deltaprogramma, 2013) 
for example contains 30 references to sand nourishment. Also the letter sent out to request input from 
various office holders by the chairman in charge of drafting the National Coastal Vision heavily focuses on 
sand nourishment (Geldhof, 2012). The Netherlands annually uses 12 Mm3 of sand for sand nourishment 
(Haasnoot et al., 2018). 

Depending on the intention of the use of sand nourishment, it can be considered as a strategy of protection 
and/or accommodation. One government official working on Dutch coastal risk management policy argued 
that sand nourishment in the Netherlands indeed combines elements of both protection and 
accommodation (Interview Lodder, 8 December 2020). However, the relevant policy documents covering 
nourishment heavily focus on the maintenance of the current coastline as it is and compensating for 
erosion, which would otherwise lead to a loss of 1 meter of land every year across the entire coastline 
(Deltaprogramma, 2020). This is much closer to what would be considered as protection rather than 
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accommodation, as the latter would require a focus on enhancing the resilience of the vulnerable areas 
affected rather than simply maintaining the current level of protection (Dedekorkut-Howes et al., 2020; 
Dronkers et al., 1990). This is also confirmed by others, who see sand nourishment in the Netherlands as 
maintenance of the coastline, without the impact of climate change being taken into account (Interview 
Nijhof, 4 August 2021). Furthermore, also other authors (Haasnoot et al., 2019) consider the Dutch coastal 
management strategy to be a protection-based approach, in which sand nourishment plays an important 
role. As such, this thesis considers that sand nourishment in the Netherlands is mainly used in the 
framework of a protection-based strategy. 

Important disadvantages are however the potential destruction of habitats and the negative impact on 
beach morphology, groundwater and currents. It can also be costly as the intervention has to be frequently 
repeated, with maintenance, modelling and monitoring required in between interventions (Dedekorkut-
Howes et al., 2020). As such, regular sand nourishment is not a good solution for locations that require 
frequent and large replenishing of sand. As an alternative, a one-time mega-nourishment has been 
proposed as a solution that can address at least some of the problems that normal sand nourishment faces, 
like the regular destruction of habitats. The Dutch Sand Engine is the first example of such an approach (De 
Schipper et al., 2016; Stive et al., 2013; Van Slobbe et al., 2013). 

The Sand Engine is the biggest sand nourishment project implemented by the Dutch government and 
consists of a one-time mega-nourishment of 21,5 Mm3 in the form of an artificial sandbank shaped as a 
peninsula. It stretches across the coastline over a distance of 2,4 km and reaches 1 km into the sea. The 
Sand Engine is intended to stabilise the present coastline over a distance of 10 km for the next 20 years. 
While traditional nourishment aims to undo the impact of erosion, the Sand Engine uses the natural 
elements and erosion to move the sand from the sandbank to the coastline, where it replenishes the sand 
that was removed there due to erosion (De Schipper et al., 2016; Stive et al., 2013). The Sand Engine is 
intended as part of the Dutch coastal risk management, but not only that. The National Coastal Vision also 
points towards various co-benefits, such as creating space for recreation, nature and even temporary 
infrastructure (Deltaprogramma, 2013). 

Some studies have already studied the different possibilities and effectiveness of mega-nourishments 
(Brown et al., 2016), but the Sand Engine can be considered as a pilot project. Some early indications show 
that about 72% of the loss of volume of the Sand Engine is indeed added to the adjacent beaches and dunes, 
although the pace at which this process takes place is highly dependent on the force of the waves (De 
Schipper et al., 2016). The first official evaluation in 2021 was largely positive about the project (Gerdes, 
Koning, Kort, & Soomers, 2021). It is clear that the Dutch government will pursue the path of sand 
nourishment in the coming years, with many of the measures planned being related to sand 
(Deltaprogramma, n.d. c). One of the main projects is the research programme Coastal Genesis established 
by the Decision Sand, which aims to make sand nourishment more cost effective (Deltaprogramma, n.d. a).  

5.3.2. Hard whenever it needs to be 

Nevertheless, the use of natural defences is not always possible, for instance in more densely populated 
areas where there is not enough space available. As explained in Chapter 4, the Netherlands engaged in the 
construction of a series of hard infrastructure coastal defences in the 20th century. First, the Afsluitdijk was 
constructed to close off Lake IJssel from the North Sea. As a result of the Delta Works in the second half of 
the century, it now has a series of storm surge barriers and dams in the Southwestern part of the country, 
among others the Maeslant and Eastern Scheldt storm surge barriers. Together with a network of dykes 
that protect the Netherlands from floods coming from seawater or discharge from the country’s largest 
rivers, the storm surge barriers constitute the primary barriers. Primary defences are subject to national 
regulation, mainly the Water Act. A network of secondary barriers protects against discharges from smaller 
rivers and provides a back-up defence. These fall under responsibility of the local water boards. 

The Delta Programme informs and evaluates the primary barriers. In order to implement the new risk level 
of the 2017 Water Act by 2050, a major six year evaluation of the primary defences is currently being 
undertaken and should be finished by the end of 2023. The evaluation should then indicate which barriers 
require reinforcement or additional maintenance. However, by mid-2020, only 25% of primary defences 
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had been evaluated. According to current estimates a total of 698 km of dykes and 171 coastal defence 
works will be upgraded in the next ten years (Deltaprogramma, 2020).  

The upgrades to the Dutch primary defences are executed via the High Tidal Defence Programme (HWBP), 
a cooperation of the national agency Rijkswaterstaat with local water boards. The HWBP provides financing 
for the upgrade of primary defences (HWBP, 2021a). This is particularly important for the local water 
boards, which manage 90% of the Netherlands’ primary defences. The remaining 10% is managed on the 
national level by Rijkswaterstaat (Deltaprogramma, 2020). Even though sand nourishment is the preferred 
solution, hard infrastructure nevertheless constitutes an important part of the Dutch coastal defences. 

5.3.3. The first sextennial review of the Delta Programme: More of the same 

The 2018 Delta Programme for the first time mentioned the possibility of a faster SLR than what is currently 
considered to be likely in the KNMI and Delta scenarios, which account for a SLR of up to 1 m by 2100 (Delta 
Programma, 2017a). A steering group had concluded that global SLR is indeed higher than the estimates 
currently used for the Delta scenarios, but that this effect is not yet visible alongside the Dutch coast. 
Together with an increased frequency of heavy rains, this was considered to be an observation that could 
potentially have a large impact on the Delta Programme (Deltaprogramma, 2017b). 

In preparation for the 2019 Delta Programme, a study was conducted by Haasnoot et al. (2018) to research 
the consequences of faster and higher levels of SLR for the Netherlands. Unlike the scenarios that are at the 
basis of the Delta Programme, this research project did include new insights regarding faster Antarctic 
warming. Haasnoot et al. (2018) studied two scenarios, a 2°C global temperature rise scenario that is 
compatible with the Paris Agreement, as well as a 4°C scenario. They considered the scenario of 2°C 
warming (by 2100, compared to pre-industrial times) equivalent to the Representative Concentration 
Pathway (RCP) 4.5 developed by the IPCC, and the 4°C scenario equivalent to RCP 8.5. Note that even though 
the IPCC has since developed the Shared Socioeconomic Pathways (SSPs), which also incorporate 
socioeconomic developments, the RCPs remain relevant to study climate change and are still used in the 
latest IPCC report (IPCC, 2021). Further note that the national commitments that countries worldwide have 
made under the Paris Agreement, the so-called Nationally Determined Contributions (NDCs), would lead to 
a global temperature rise of around 2,7°C if they are fully implemented. The mid-century climate neutrality 
targets that various major countries have announced could decrease the projected temperature rise to 
1,8°C in the most optimistic scenario, but only if earlier targets are adjusted accordingly, which is also after 
the most recent Glasgow Climate Summit still unclear (Climate Action Tracker, 2021; UNEP, 2021: UNFCCC, 
2021). The current trajectory estimated by the UNFCCC and UNEP therefore lies somewhere in between the 
RCP 8.5 and RCP 4.5 scenarios used by Haasnoot et al. (2018), so those scenarios can be considered as the 
lower and upper bound of a likely range.  

Haasnoot et al. (2018) compared the recent scientific findings, including faster Antarctic melting, to the two 
rapid global warming Delta scenarios that are currently used as a basis for the Delta Programme. They 
concluded that by 2050, a SLR of about 0,4 m is projected, without significant differences between the 
scenarios. Differences can only be observed in the post-2050 context, where the projections from the Delta 
scenarios are comparable to the median of the RCP 4.5 scenario but lower than the upper range of the RCP 
4.5 scenario and lower than most of the projections for the 8.5 scenario. Observed SLR alongside the Dutch 
coastline currently takes place at a pace of around 2 mm/year. The Delta scenarios take into account a SLR 
pace of maximum 10 mm/year by 2050 and 14 mm/year by the end of the century. Similarly as with regard 
to SLR, Haasnoot et al. (2018) concluded that in an a scenario of 2°C (RCP 4.5) or 4°C (RCP 8.5) of global 
temperature rise by 2100, there will be no significant change in SLR speed at least until 2050. The 
different trends are indicated in Figure 3 and Figure 4. 

The research by Haasnoot et al. (2018) was a major basis for the 2019 Delta Programme to conclude that 
the strategies currently in place as part of the Delta Programme remain a good basis for Dutch coastal risk 
management until 2050 (Deltaprogramma, 2018). This decision was later officially confirmed by the first 
sextennial review of the Delta Programme. This review confirmed that the likely SLR scenario of maximum 
1 m by 2100 as estimated by the IPCC remains the reference scenario for the Delta Programme and that no 
structural changes to the Delta Programme are needed in preparation for 2050 (Deltaprogramma, 2020).  
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Figure 3: Level of SLR in different climate change scenarios 

Source: Adapted from Haasnoot et al., 2018, pp. 78-79 

Figure 4: Speed of SLR in different climate change scenarios 

Source: Adapted from Haasnoot et al., 2018, pp. 78-79 

For the time being, the Dutch coastal risk management strategy will thus continue to heavily rely on a 
protection-based approach, following the adage of “soft wherever possible, hard wherever needs to be”. 
The sextennial review indeed acknowledged that sand nourishment would remain the cornerstone of Dutch 
coastal management, as the current strategies are sufficient in light of expected trends until 2050 
(Deltaprogramma, 2020). The research programme Coastal Genesis similarly concluded that the current 
approach with sand nourishment as a preferred strategy remains viable, using 2035 as an end point for their 
analysis. The programme does note that there are more uncertainties on a regional scale (Rijkswaterstaat, 
2020). However, as sand nourishment is a flexible method, the volumes can, to a certain extent, be easily 
adjusted to the observed SLR and regional differences can be accommodated (Interview Nijhof, 4 August 
2021). 

The Delta programme (2020) also concludes that no new sandy coastal defences are needed until the next 
planned sextennial review and focuses on paths for further research to make the strategy more efficient. 
The question is thus not whether sand nourishment will remain an important part of Dutch coastal risk 
management, but rather how. 
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5.4. After 2050, the deluge? How much will the sea rise – and when? 

Whereas Haasnoot et al. (2018) and, subsequently, the Delta Programme (2018, 2020), concluded that the 
current coastal risk management strategy is sufficient until 2050, research nevertheless indicates 
that significant changes will be required for the post-2050 context. This can also be observed in Figure 
3 and Figure 4. Firstly, the pace of SLR by 2100 would be three to six times higher in RCP 4.5 and 
RCP 8.5 respectively compared to the Delta scenarios. Second, whereas the Delta scenarios account for 
only 1 m SLR by 2100, the projected range of SLR by 2100 in RCP 4.5 and RCP 8.5 goes up to almost 2 m 
and more than 3 m respectively. Taking into account that the current NDCs under the Paris Agreement 
would lead to a path somewhere in between RCP 4.5 and RCP 8.5, the conclusion of Haasnoot et al. 
(2018) is similar to the expert judgement in the most recent assessment report of the IPCC, which 
calculated with a likelihood of 95% that SLR would be limited to 2,3 m in 2100 (Fox-Kemper et. al., 2021). 
This means that for the post-2050 period, the Delta scenarios do not sufficiently account for extreme levels of SLR. This observation can 
also have consequences for the strategies followed by the Delta Programme. As such, the following 
paragraphs elaborate on the limits to using sand nourishment as a go-to solution as well as the continued 
use of the current storm surge barriers in light of extreme scenarios of SLR. 

5.4.1. Soft whenever possible: Is sand nourishment viable as a long term solution? 

As indicated earlier, sand nourishment is the preferred solution in Dutch coastal risk management, under 
the adage of “soft wherever possible, hard wherever needs to be”. In order to study the feasibility of the 
continued use of sand nourishment in the long term, it is important to not only consider the level of SLR, 
but also its pace. The speed of SLR indeed has an important impact on the quantity of sand that is needed 
to nourish the beaches in order to keep pace with SLR. As such, the Delta Programme’s strategy, such as 
the focus on sand nourishment, remains sufficient until at least 2050. The sand used for the coastline to be 
heightened to follow SLR (thus not including sand nourishment as compensation for natural erosion) would 
increase 3-4 times in volume by 2050, and this continues to be a good projection (Haasnoot et al., 2018). 

Figure 5: Coastal defence measures needed for various SLR scenarios 

K1: Western Wadden Sea sinks at 6 mm/year 
K2: Eastern Wadden Sea sinks at 10 mm/year, 40 

million m3/year of sand needed to allow coastal 
foundation to grow accordingly (3-4 times current 
situation) 

K3: 50 million m3/year of sand needed for sand 
nourishment 

K4: Rivers deepen  
K5: 120 million m3/year of sand needed for sand 

nourishment (10 times current amount) 
K6: 240 million m3/year of sand needed for sand 

nourishment 
K7: 480 million m3/year of sand needed for sand 

nourishment 
Source: Adapted from Haasnoot et al., 2018, pp. 78-79 
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After 2050, however, various changes would need to be undertaken, because as also shown in Figure 5, 
there is a large gap between the Delta scenarios and the RCP 4.5 and RCP 8.5 scenarios from 2050 
onwards. As the left section of Figure 5 indicates, this for example means large increases in the volume of 
sand needed for nourishment if this remains the preferred coastal risk management strategy. RCP 4.5 
would necessitate sand nourishment volumes in 2100 that are 12-20 times higher than today, while RCP 
8.5 would lead to an increase in volume by factor 20-40, while the delta scenarios only estimate an 
increase in volume by factor 4-5 by 2100. Note that these estimates again do not include the volume needed to compensate for natural
erosion.

As sand nourishments are a flexible approach, the volumes can in theory rapidly be adjusted in light of the 
SLR that is observed in practice (Interview Nijhof, 4 August 2021). However, even though the continued use 
of sand nourishment as a go-to solution remains technically feasible in these scenarios of higher SLR, this 
change would greatly increase the cost to 840 -1200 million euros in the upper RCP 8.5 scenario, compared 
to only several tens of millions of euros today. Furthermore, there would also need to be an increase in the 
frequency of the nourishment and/or the use of mega-nourishments as well as an important expansion of 
sand extraction (Haasnoot et al., 2018). This would in turn raise questions regarding the environmental 
impact and cost effectiveness of sand nourishment as an important cornerstone of Dutch coastal 
management. It is therefore likely that a continuation of the current approach based on sand nourishment 
would not be the best solution in the post-2050 context. 

5.4.2. Assessing the Netherlands’ storm surge barriers in light of long term sea level rise 

In addition to sand nourishment, the Netherlands uses hard infrastructure, such as the dams and barriers 
constructed during the Zuiderzee and the Delta Works. When evaluating these hard coastal defences in 
light of long-term expected SLR, important limitations can be found.  

The 2018 Delta Programme concluded that the Eastern Scheldt storm surge barrier would need to be closed 
10 times per year in a 0,6 cm SLR scenario and 100 times per year in a 1,25 m SLR scenario, compared to an 
average of just one closure due to storm conditions per year now. This increased frequency of closures of 
the storm surge barrier would significantly alter the local ecology. The programme noted that even a SLR 
of only 0,5 m would already necessitate technical adjustments to the barrier (Deltaprogramma, 2017a). 
Haasnoot et al. (2019) also modelled the continued use of the Eastern Scheldt storm surge barrier in light 
of SLR and concluded that the barrier would have to be quasi permanently closed if SLR reaches a level of 
1,2 m. They additionally estimated that the Maeslant storm surge barrier would need to be closed thrice a 
year in case of 1 m SLR and about ten times a year if SLR reaches a level of 1,2 m. Since its construction in 
1997, the Maeslant barrier has only been closed twice due to storm conditions.  

Table 3: Closures of Dutch storm surge barriers in different SLR scenario’s 

SLR 

Estimated year of SLR according 
to different scenarios 

Number of closures 

Delta 
scenario* 

RCP 4.5 RCP 8.5 Maeslant Eastern Scheldt 

Current situation ~ 1 / 16 years ~ 1 / 1,5 year 

0,4 m 2050 2068 2059 ~ 1 / 5 years ~ 3 / year 

0,6 m 2069 2082 2070 ~ 1 / 2 years ~ 10 / year 

0,8 m 2085 2091 2077 ~ 1 / year ~ 20 / year 

1,0 m 2100 2098 2083 ~ 3 / year ~ 45 / year 

1,2 m > 2100 > 2100 2088  ~ 10 / year (quasi-)permanent 

Legend: EF: Range of estimated economic feasibility of barrier 
TF: Range of estimated technical feasibility of barrier 
*: The Delta scenarios estimating the impact of rapid climate change are used as a reference 

Source: Overview by author based on data from Haasnoot et al. (2018). 

EF TF TF 
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Table 3 provides an overview of the different estimates for both barriers. It is clear that the number of 
closures in the post-2050 context will increase significantly compared to the current situation. In a 
scenario of 0,6 m SLR, which the Delta scenarios and RCP 8.5 estimate to take place around 2070, the 
number of closures of the barriers will increase by a factor 6—10. The increased number of closures 
would also have an important economic impact. The Maeslant barrier regulates the access to the Port 
of Rotterdam, one of the world’s largest ports. As such, a closure of more than once per year is 
considered as a tipping point, above which there would be detrimental effects on shipping. Even if a 
certain amount of economic damage is considered acceptable from a societal point of view, the 
Maeslant barrier can only be closed a maximum of three times per year from a technical point of view. 
It is estimated that the Maeslant barrier would need to be closed once or thrice per year in case of SLR 
of 0,75 m respectively 1 m. There are no similar estimates for the Eastern Scheldt barrier, but it is 
considered that between 1 m and 1,5 m of SLR, the barrier would need to close so often that it would 
lose its purpose. Note that these estimates also do not consider the ecological impact of an increased 
number of closures, which could also be significant (Haasnoot et al., 2018). 

In addition to the increased number of closures, the storm surge barriers would also have to cope with 
storms of a higher intensity compared to those for which they were designed. As indicted in the 
overview in Table 4, the barriers would be faced with storms that are more intense than what they 
were designed for much more frequently due to SLR. Especially for the Maeslant barrier it is notable 
that the level of protection decreases quickly due to SLR. The barrier was designed to withstand storms 
that would lead to a sea level of 5 m above the reference point Amsterdam Ordnance Datum (NAP), 
which nowadays corresponds to protection against storms occurring once every 1.000 years. However, 
SLR of 0,4 m or 0,8 m significantly lowers this level of protection to once every 300 respectively 50 
years. In an extreme SLR scenario of 2 m, which is lower than the IPCC’s estimate of 2,3 m SLR by 2100 
based on expert judgement and a 95% likelihood, the level of protection would be lower than once 
every 10 years. Also the Eastern Scheldt barrier and the Haringvliet dam would be faced with a lower 
protection levels. Only the Afsluitdijk would maintain a relatively high level of protection even in a 2 m 
SLR scenario (Fox-Kemper et. al., 2021; Haasnoot et al., 2018).  

Table 4: Limits to the design of Dutch coastal defences in different SLR scenarios 

 Protection offered to storms with an intensity occurring once every X years 

0,1 m 0,4 m 0,6 m 0,8 m 1,0 m 2,0 m 

Eastern Scheldt 
barrier 

> 10.000 > 7000 > 2000 > 1000 > 800 > 20 

Maeslant 
barrier 

> 1.000 > 300 > 80 > 50 > 20 < 10 

Haringvlietdam  > 3.000 > 1.000 > 500 > 400 > 200 < 10 

Afsluitdijk > 100.000 > 100.000 > 100.000 > 100.000 > 100.000 > 2.000 

Compiled by author based on data from Haasnoot et al. (2018). 

While Haasnoot et al. (2018) remark that the occurrence of a storm with a higher intensity than what 
the defence system was designed for does not necessarily imply the system’s failure, it should however 
be noted that the risk significantly increases. The Maeslant barrier offers protection against a storm 
intensity that occurs on average every 80 years in case of a 0,6 m SLR scenario. This may very well be 
considered too low from a societal point of view, independently from the technical and economic 
feasibility of the increased number of closures. It should also be noted that the risk estimates by 
Haasnoot et al. (2018) do not include other potential risks, such as the risk of failure of the barrier 
functioning in the first place. Altogether, there is sufficient evidence that the storm surge barriers will 
not be able to guarantee a sufficient level of protection for the Netherlands in the second half of the 
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century, probably starting from around 2070. This means that they should either be replaced by new 
barriers, or that a new strategy should be used. 

The storm surge barriers and dams are the very visible aspects of the Dutch coastal defence strategy, 
but the primary defences also consist of a large network of dykes. Maintaining this network will 
become much more difficult in light of more extreme scenarios of SLR. The HWBP currently upgrades 
about 25 km of the primary defences per year. At this pace, it takes about 125 years until all of the 
Netherlands’ primary defences are upgraded. While this is no problem in light of SLR of 2 mm/year, 
this pace is likely to be too slow in case of much faster SLR, up to 60 mm/year. This means that the 
pace of upgrades will have to be significantly increased or that the upgrades will have to be much more 
elaborate (Haasnoot et al., 2018). 

5.4.3. Designing long term coastal risk management 

The previous paragraphs indicate that the current coastal risk management strategy faces serious 
limitations in the post-2050 context. While an important conclusion of the research by Haasnoot et al. 
(2018) was indeed that no significant changes in SLR are to be expected until 2050 alongside the Dutch 
coastline, they also indicated that the post-2050 context will require important changes, which should 
already be taken into account today. They argued that it is important to start exploring different 
adaptation strategies on time and that the uncertainty related to more extreme scenarios of SLR 
should be taken into account in the planning of infrastructure projects with a longer lifespan. This was 
also one of the main takeaways of the sextennial review, which concluded that policy-makers should 
take these possible post-2050 choices already into account today (Deltaprogramma, 2020). This is 
especially true in the Netherlands, which due to its unique vulnerability to SLR should give special 
attention to so-called high-end scenarios (Haasnoot et al., 2020). 

In order to further study the impact of climate change on SLR and the consequences thereof for the 
Netherlands, the Knowledge Programme Sea Level Rise was started in 2019. This project pursues five 
concrete research paths, namely providing an overview of the latest available scientific data, including 
the uncertainties related to Antarctic ice melting and subsequent SLR; analysing the feasibility of 
maintaining the current strategies in place in light of possible more extreme SLR; developing a 
methodology for monitoring of future changes, both locally and globally; proposing a post-2100 
perspective on SLR and climate adaptation; and studying concrete implementation strategies. The 
study’s intention is to analyse the latest available scientific evidence related to SLR, among others the 
IPCC’s Sixth Assessment Report, and publish its conclusions in time for the next sextennial review of 
the Delta Programme (Deltaprogramma, 2019a). 

While this programme has not yet come to a conclusion, some research has already been published. 
Haasnoot et al. (2019) looked into the different coastal risk management strategies in case of SLR as 
high as 2 m and 4 m. They consider four different options, namely protection closed, protection open, 
seaward and adaptation. The different options are presented in Table 5 and compared to the IPCC 
classification.  

The current Dutch strategy is a combination of protection-open in some areas, such as with the Eastern 
Scheldt barrier, and protection-closed in other areas, such as with the Afsluitdijk and Lake IJssel. To 
distinguish these options, Haasnoot et al. (2019) have proposed them as two separate strategies that 
can both be considered to be part of a protection approach. The difference between both policies lies 
in the fact that a protection-open strategy would result in a continuation of current policies, whereas 
a protection-closed approach would entail the permanent closure of the Rhine delta and Eastern 
Scheldt barrier, which now only closes in exceptional storm conditions. Conversely, the accommodate 
and retreat option are combined into one, as the authors argue that the Netherlands’ population 
density would not realistically allow for either one of these options to be chosen individually. 
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Table 5: Long-term Dutch coastal risk management options in case of high sea level rise 

Options proposed by Haasnoot et al. (2019) 
Classification 

Strategy Main elements 

Protection open 

- Continuation of current semi-open approach of 
Rhine delta and Eastern Scheldt barrier  

- Extensive use of soft measures like wetlands, sand 
- Extensive use of hard structures like dykes and dams 

Protect 

Protection closed 

- Similar to protection open, with extensive use of 
soft measures like wetlands, sand and even more 
extensive use of hard structures like dykes and dams 

- Unlike protection open, Rhine delta and Eastern 
Scheldt barrier will be permanently closed 

Protect 

Seaward 

- Use of land reclamation as a way to create new 
coastal defence mechanisms 

- Possible creation of new islands  
- Possible creation of new storm surge barriers 

Attack 

Adaptation 
- Creating floating and/or heightened buildings 
- Migration to less vulnerable areas 

Accommodate/Retreat 

Source: Compiled by author based on Haasnoot et al. (2019); Dedekorkut-Howes et al. (2019); 
Dronkers et al., 1990. 

Haasnoot et al. (2019) already provide some first insights into the long term feasibility of certain 
elements of the current Dutch coastal management strategy. A continuation of the current protection-
open approach will most likely not be feasible in case of high SLR, as also indicated by Haasnoot et al. 
(2018) and as elaborated in the previous section. The storm surge barriers will have to be closed so 
often, that the situation will change to de facto protection-closed. This could lead to a situation where 
the normal situation is the barrier being closed, and the opening of the barrier being the exceptional 
event, whereas now the barrier being open is the normal situation with its closing being the exception 
(Interview Nijhof, 4 August 2021). Alternative approaches such as the creation of artificial islands or 
the construction of floating buildings would require decades from planning to implementation. The 
solution for some parts of the Dutch coastline also depends on other countries, the seaward approach 
is for example not an option for the southern part of the Dutch coastline if Belgium is not willing to 
create the necessary artificial islands (Haasnoot et al., 2019). 

Other alternatives, such as inland migration, are also unlikely as they would require an important shift 
in societal mentality. The decision to abandon the Hedwige polder as nature compensation for the 
expansion of the Port of Antwerp was met with protest and turned into a controversial political issue. 
Now scheduled to be finished in 2022, it will have taken 17 years between the first decision and the 
eventual implementation. The Hedwige polder however only contains agricultural lands for 20 farmers 
and is just 3 km2 in size (De Meijer, 2018). It is thus very likely that that inward migration, which would 
require much larger portions of land to be abandoned and also include homes, would also face 
significant resistance. This is particularly true in the southwestern part of the Netherlands, such as the 
province of Zeeland, where retreat-based options are considered to be contrary to the local mindset, 
as it would mean admitting defeat vis-à-vis the sea (Interview Broekhuis & Elshof, 22 March 2021). 

5.4.4. Incorporating long term considerations in today’s coastal risk management 

Haasnoot et al. (2019) argue that it is not yet possible to choose one strategy rather than another. It is 
likely that a combination of approaches will be needed. For example, new barriers and additional sand 
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nourishment would be needed, where a choice would have to be made between focusing on keeping 
the current coastline intact, or rather moving seaward by using an attack approach and for example 
building artificial islands as a breakwater. Connecting these islands with storm surge barriers would be 
a combination of an attack and a protection-closed approach. The best approach could finally also vary 
between regions (Haasnoot et al., 2019; Interview Broekhuis & Elshof, 22 March 2021; Interview van 
Herk, 13 April 2021).  

Furthermore, there seems to be little to gain from starting the discussion on far reaching options such 
as retreat already today, due to the political sensitivity of the topic, the fact that it would require 
surrendering economically very important areas and because it could unnecessarily create panic 
among citizens (Interview Lodder, 8 December 2020). Policy makers that do not regularly engage with 
flood safety or coastal risk management tend to lack awareness regarding the long term challenges. 
Even among those policy makers with a deeper understanding of the issue, there is a reluctance to act 
as there is no public interest in the post-2050 window and no local support for taking the required 
measures. There is a fear that putting the issue of more extreme scenarios of SLR on the public agenda 
would be framed as fearmongering (Interview de Rooij et al., 30 March 2021; Interview Nijhof, 4 
August 2021; Interview van de Vijver, 2 April 2021).  

The lack of political awareness and the wariness to put it on the political agenda is in turn important 
because the societal choices that have to be made in the post-2050 period are considered to be 
primarily political (Interview Lodder, 8 December 2020). In other words, without political direction, no 
policy progress will be made. This could be unproblematic, as the realistic time estimate from project 
design and planning to implementation for the required larger scale interventions is about 30 years, 
whereas current estimates of SLR indicate that the coastal risk management strategy currently used is 
likely to be sufficient for the next 40-50 years. The calculation nevertheless changes if questions arise 
regarding the Maeslant storm surge barrier and the continued operation of the Port of Rotterdam, 
which is considered to be one of the most important and consequential societal decisions that will 
have to be taken in a scenario of extreme SLR, and in any case in light of long term SLR (Interview 
Lodder, 8 December 2020; Interview Nijhof, 4 August 2021). In such cases, the time between planning 
and implementation can easily take 40 years. Furthermore, further scientific research may revise the 
current estimates of SLR even more upward, which can also change how much time there is still left to 
respond (Interview Nijhof; 4 August 2021). Nevertheless, even though the future of the Port of 
Rotterdam is on the research agenda, it is not yet being discussed on the political level (Interview 
Bloemen, 23 February 2021). 

Even if it is not possible to start a societal debate on choosing one long term adaptation strategy over 
another, there is at least a case to be made that no adaptation strategy is excluded a priori and that 
some measures in light of extreme scenarios of SLR can already be taken today (Interview Broekhuis 
& Elshof, 22 March 2021; Interview Expert EAA, 13 April 2021; Interview van Herk 13 April 2021). This 
can be done through no-regret measures, which can in the context of this thesis be defined as 
measures that yield benefits independently of the long term adaptation strategy that is eventually 
chosen or even in the absence of SLR (Hallegatte, 2009). Implementing no-regret measures and nature-
based solutions have long been seen as an important cornerstone of coastal risk management in light 
of adapting to an uncertain level of SLR in academia (Cheong, Silliman, Wong, van Wesenbeeck, Kim & 
Guannel, 2013; Jones, Hole & Zavaleta, 2012). This was also recognised by several interviewees 
(Interview Expert EAA, 13 April 2021; Interview Nijhof, 4 August 2021; Interview van Gool, 23 April 
2021; Interview van Herk, 13 April 2021). 

Concretely, when it comes to coastal risk management, this entails focusing on nature-based solutions, 
and limiting construction along the coastline and restoring nature, in order to allow for sufficient space 
for the seawater, especially in flood prone areas. This can concretely be achieved by designing national 
plans designating “no-go”, “go” and “don’t know” zones. The first category would then constitute areas 
where construction is prohibited, the second category would designate areas where no problems are 
expected in light of long term SLR and the third category would consist of areas where the impact of 
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SLR is still uncertain (Interview Nijhof, 4 August 2021). In the latter category, construction could for 
example still take place by using methods that are flexible, such as modular building, climate adaptive 
building, elevated building or increasing the use of wood. These solutions can be more flexibly adapted 
in light of eventual SLR, whereas structures in concrete are more difficult to adapt (Interview Expert 
EAA, 13 April 2021; Interview van Alphen, 6 August 2021; Interview van Gool, 23 April 2021; Interview 
van Herk, 13 April 2021). It should however be taken into account that these buildings also require 
infrastructure, such as roads, electricity and water, and this is often more difficult to arrange in a 
flexible manner (Interview Nijhof, 4 August 2021).  

Additionally, the economic potential of the North Sea should be considered, such as artificial islands 
or floating buildings or floating farms with a focus on for example shellfish and seaweed. However, 
while these more advanced options can locally be a solution, it is unlikely that they can be applied on 
a large scale. Consequently, an attack-based strategy for overall Dutch coastal risk management seems 
unrealistic (Baptist et al., 2019; Interview Expert EAA, 13 April 2021; Interview van Herk, 13 April 2021). 

However, at this moment there is no concrete national policy that aims to address or prepare for SLR 
after 2050. The Delta Programme and the Water Act are focused on the timeframe until 2050 and do 
not provide further details on possible no-regret measures that can be implemented now in light of 
post-2050 SLR. Most other relevant programmes, such as the National Adaptation Strategy (NAS) from 
2016, the NAS’ progress report National Perspective on Climate Adaptation 2017-2019, the National 
Vision on Spatial Development from 2020 refer to the findings of the Delta Programme regarding the 
continuation of current policies. If they discuss the post-2050 context, they merely refer to the 
Knowledge Programme SLR without going into much detail (IenW, 2016; IenW, 2020; Rijksoverheid, 
2020). Projects that do aim to focus on innovation remain limited to local pilot programmes, without 
being applied more generally (Interview Policy Officer Union of Water Boards, 12 April 2021). Several 
interviewees confirmed that there is no real policy in place regarding post-2050 SLR and no-regret 
measures, and that the discussion on the post-2050 timeframe is at this moment notably absent from 
the public and political agenda (Interview Biesbroek & Elshoff, 22 March 2021; Interviewde Rooij et al., 
30 March 2021; Interview Nijhof, 4 August 2021; Interview van Gool, 23 April 2021). 

The policy process is currently still in the preparatory stages, namely translating scientific findings into 
more concrete policy recommendations in order to raise awareness among policy makers that there is 
a problem that needs to be addressed. There is an awareness among officials and knowledge 
institutions that this is an important challenge (Interview Nijhof, 4 August 2021; Interview van Alphen, 
6 August 2021).  

As such, this chapter concludes that the continuation of the current coastal risk management strategy 
would not be possible in a scenario of extreme SLR after 2050. Additionally, there is currently no policy 
in place for no-regret measures that could be beneficial in case of extreme SLR, independently of the 
adaptation path that is chosen. Whereas there is significant attention to adaptation measures in the 
post-2050 period in academia, this discussion is notably absent from the political and public agenda. 
As such, this provides an answer to the first research question, namely that coastal risk management 
in the Netherlands does not consider a range of policy options to accommodate more extreme 
scenarios of SLR. 

This leads to the question as to what mechanisms prevent other policy options from being considered. 
The next chapter further delves into this question by using the concept of climate adaptation lock-in 
and identifies the main lock-in mechanisms that are preventing long term climate adaptation concerns 
from being taken into account. 

  



32 
 

6. Identifying Lock-in Mechanisms  

The historical overview provided in chapter 4 shows that institutional lock-ins were the primary 
stumbling block in the development of flood safety policy, and that these could only be overcome after 
extreme weather events broke the (often political) deadlock by serving as an external trigger. However, 
chapter 4 also demonstrates that the construction of the Delta Works created new lock-ins as well, 
namely technological and behavioural lock-ins. This chapter further elaborates on these and other 
technological and behavioural lock-ins that explain why more extreme scenarios of SLR are not taken 
into account. Additionally, this chapter concludes that whereas some mechanisms that have resulted 
in an institutional lock-in in the past have been addressed by the Delta Programme, new institutional 
lock-ins have been created. 

6.1. How technological lock-ins limit innovation 

Indications of a technological lock-in related to the storm surge barriers can be observed in the Delta 
Programme. There is evidence that the storm surge barriers in their current form will not be able to 
guarantee a sufficient level of protection for the Netherlands in the second half of the century, 
probably around 2070. Considering the time needed for planning, decision-making and 
implementation, it is important to already consider alternatives today (Haasnoot et al., 2018). 
Nevertheless, possible alternatives are not on the table, as can be observed in the 2018 Delta 
Programme. The report notes that technical adjustments to the Eastern Scheldt would be needed in 
case of only 0,5 m SLR, but does not include any references to other strategies that can be considered 
(Deltaprogramma, 2017a). The 2020 Delta Programme states that in light of SLR of 1 to 2 m by 2100, 
important choices will have to be made long before 2050. These choices include “the closing regime 
of the Eastern Scheldt barrier and the eventual choice between an open and closed Eastern Scheldt 
and the method for dyke reinforcements” (Deltaprogramma, 2019b). The choices put forward in the 
case of the barriers are thus the equivalents of what Haasnoot et al. (2019) describe as protection-
open and protection-closed and are very close to a continuation of current policies, rather than 
considering approaches more based on accommodation or even retreat.  

Various mechanisms are at the basis of this lock-in. When for example the Eastern Scheldt barrier was 
constructed, it was a very innovative coastal defence mechanism. Through operating the barriers 
during several decades, Rijkswaterstaat has gained significant experience in maintaining and operating 
the existing systems. Taking advantage of a learning effect was also the rationale of starting with the 
construction of the smallest storm surge barrier, and only starting construction of the largest and most 
difficult ones at the end of the Delta Works (Disco, 2002). Note that because of the role of 
Rijkswaterstaat as government agency involved in both designing and implementing the coastal risk 
management strategies, there is almost no distinction between technological and institutional learning 
effects. In addition to the learning effects, a high cost was incurred when constructing the storm surge 
barriers. The total cost of the Delta Works was about 7 billion euros when adjusted for inflation, of 
which around half was spent on the Eastern Scheldt barrier and one fourth on the Maeslant barrier 
(Stichting Deltawerken, 2004). Additionally, since the construction of both barriers at the end of the 
previous century, much time and energy has been spent on operating, maintaining and renovating the 
primary defences (Interview de Rooij et al., 30 March 2021) The money and energy already spent on 
the current coastal defences constitute sunk costs, making it seemingly more interesting to continue 
to improve the current systems to have a higher return on investment rather than developing 
alternatives (Gifford, 2011; Kotilainen et al., 2019). This constitutes a technological lock-in due to 
economies of scale. 

Also in case of sand nourishment, which is currently at the core of the Delta Programme’s ‘soft 
whenever possible’ strategy, a lock-in due to learning effects can be observed. This is the case despite 
the fact that nourishments are a flexible strategy as they have to be regularly repeated, and as such 
they should in principle not lead to a lock-in effect (Interview Lodder, 8 December 2020; Interview 
Nijhof, 4 August 2021; Interview van Herk, 13 April 2021). Nevertheless, the national agency 
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Rijkswaterstaat has gained significant experience when it comes to sand nourishment and learning 
effects in this area have resulted in sand nourishment being the preferred solution for coastal risk 
management in the Netherlands, which is now almost not being questioned (Interview Bloemen, 23 
February 2021). Furthermore, because the relative cost of sand nourishment decreases as the volume 
increases, there are also advantages related to economies of scale, which can also lead to a 
technological lock-in (Interview Nijhof, 4 August 2021).  

Furthermore, a lock-in exists with regard to innovation in Dutch coastal risk management. The 

examples frequently mentioned in research and throughout the interviews further build on existing 

strategies (Interview Lodder, 8 December 2020; Interview Policy Officer Union of Water Boards, 12 

April 2021; Interview van Alphen, 6 August 2021; Interview van Gool, 23 April 2021; Interview van Herk, 

13 April 2021). For example, the Sand Engine is a different way of executing sand nourishment, but is 

largely based on the same technology as the traditional, more frequent sand nourishment used 

alongside the Dutch coast. Also future innovations with regard to sand nourishment are focused on 

the frequency and volume of the nourishments (Interview van Gool, 23 April 2021). Innovation in 

coastal risk management is in this case limited to improving an existing technology by applying it to a 

broader range of coastal defences, in an attempt to increase cost effectiveness while not challenging 

the existing overall strategy. This can be considered as an example of a lock-in mechanism due to 

economies of scope.  

Similarly, the Hondsbossche sea wall is innovative in the sense that it combines a hard structure with 
sand nourishment, whereas the coastal construction in Katwijk remains a hard infrastructure defence, 
albeit with a parking garage included. These projects are innovative in the sense that they approach 
coastal risk management as an integral question and that they aim to combine different objectives, 
such as flood safety and recreation. This is an important achievement, as will be addressed later in the 
section on institutional lock-ins. However, neither of these examples can be considered as a departure 
from the existing approach or as much more adapted to more extreme scenarios of SLR. Rather, they 
still fit within the existing strategy based on protection and benefit from spill-over effects of existing 
mechanisms (Dedekorkut-Howes et al., 2020). This can be seen as a lock-in due to technological 
interrelatedness, which demonstrates that innovation in coastal risk management is limited to 
developing coastal defences that are in line with existing technologies in attempt to increase cost 
effectiveness while not challenging the existing strategy. 

Altogether, economies of scale, economies of scope, technological interrelatedness and technological 
learning effects result in technological innovation being limited to what is in line with current policies, 
namely sand nourishment and hard defences. These coastal defences are a very visible coastal defence 
strategy as they are very noticeable in the open space, like storm surge barriers, or as they have to be 
frequently repeated, like sand nourishment (Interview Broekhuis & Elshof, 22 March 2021). They have 
therefore gained a lot of media attention and consequently awareness among the public. This can 
result in public acceptance of the chosen strategy. For example, due to this high visibility, the public 
scepticism towards sand nourishments in the early 1990s has now turned into strong public support 
(Interview Lodder, 8 December 2020). This can therefore be considered as an example of informational 
increasing returns that overcame the initial uncertainty towards sand nourishment. At the same time, 
informational increasing returns have created a new lock-in, as the high visibility of the current 
defences has resulted in a high confidence in the current protection-based strategy, making it more 
difficult to consider alternative strategies or no-regret measures. Additionally, as will be discussed 
later, informational increasing returns in combination with habituation impacts the perceived cost of 
switching lock-in mechanism, because it impacts the cost-benefit calculation that citizens make with 
regard to coastal defences, as will be discussed later. 

Finally, the current coastal defence strategy and particularly the storm surge barriers provide a false 
sense of security, preventing other coastal risk management strategies from being considered in the 
same area and hindering the adoption of no-regret measures. As there is a barrier in place, there seems 
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to be less of a need to consider alternative options or no-regret measures such as incorporating long 
term adaptation considerations into spatial planning and encouraging flexible building. Policies such 
as spatial development are adjusted in light of the security provided by the storm surge barrier, even 
though this security is not ever-lasting, thereby creating a lock-in due to network externalities 
(Interview van Alphen, 6 August 2021). Together with several institutional lock-in mechanisms, this 
impacts the political support for alternative coastal risk management strategies. 

6.2. Behaviour lock-ins: The Netherlands as a victim of its own success? 

As stated earlier, the historical relationship of the Dutch with the North Sea has generally resulted in a 
high confidence in the human ability to steer and shape the water environment and a certain national 
pride (Interview de Rooij et al., 30 March 2021). Citizens and decision-makers have grown accustomed 
to the current coastal risk management strategies and they have high confidence in the existing coastal 
defences. This makes it more difficult to place long-term adaptation concerns on the public agenda 
and to make alternative options or no-regret measures publicly discussable (Interview Broekhuis & 
Elshof, 22 March 2021). This high confidence in incumbent strategies hindering the consideration of 
alternative strategies can be described as a lock-in due to habituation. 

This habituation not only directly results in a high public confidence in the current strategies, it also 
influences the cost-benefit calculation that citizens make regarding alternative strategies, and 
therefore the perceived cost of switching mechanism. This mechanism is also influenced by the 
informational increasing returns mechanism, which results in high confidence in the current strategy 
due to its visibility. Both habituation and informational increasing returns favour the current strategy, 
and therefore result in a high perceived cost of switching for citizens. The perceived cost of switching 
mechanism in itself also favours the current strategy. This can be explained by the fact that the costs 
and benefits of switching to a new strategy or implementing no-regret measures take place 
asynchronously. The costs related to measures such as giving up land or investing in (more expensive) 
flexible building methods are incurred in the short term. Conversely, the benefits will only become 
clear in the longer term, namely when SLR takes place. Due to the uncertainty related to SLR, citizens 
may also not be very well aware of the potential risks and related costs related to SLR, whereas their 
unfamiliarity with alternative approaches may not make them well aware of the related benefits. Much 
of the perceived cost of switching is more deeply linked to the sentiments of the 1953 flood, which has 
created a mentality that the seawater should be kept away from land with all means possible. This 
memory makes it more difficult to discuss alternative options, such as accommodation or retreat, 
because they are perceived to have a higher risk than the incumbent strategy. Conversely, SLR is a long 
term process that is not yet visible alongside the Dutch coast, which makes it perceived as less serious 
of a risk (Interview de Rooij et al., 30 March 2021; Interview van Gool, 23 April 2021; Interview van 
Herk, 13 April 2021).  

It should be noted that this difference in perceived risk is not rooted in science. There is strong 
evidence that SLR will take place and future sand nourishments are subject to significant uncertainty, 
as they would have to be increased significantly in size and frequency, potentially making them a less 
viable solution from an economic and ecological perspective. Also the continued use of the storm surge 
barriers is uncertain in light of more extreme scenarios of SLR (Haasnoot et al., 2018). However, 
considering the high confidence in Rijkswaterstaat when it comes to sand nourishments and 
maintaining the hard infrastructure defences, the perceived uncertainty is much lower when it comes 
to continuing sand nourishment than when it concerns developing new alternatives. As such, this is a 
behavioural lock-in due to perceived cost of switching.  

The mechanisms described in this section altogether result in a high public confidence in the current 
policies, and limited support for alternatives. As pointed out in the next section, this has consequences 
for decision-making on coastal risk management via the collective action mechanism. 
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6.3. How the Delta Programme addressed old institutional lock-ins, and created 
new ones 

Institutional factors were the primary hindrance in the historical development of flood safety policy 
and the inclusion of different considerations in flood risk strategies, such as an ecological perspective. 
Nevertheless, a key difference exists nowadays compared to for example the Delta Works in the 20th 
century: the institutional set-up of the Delta Programme. The Delta Programme is set up as a 
cooperation mechanism between various levels of government, such as the national agency 
Rijkswaterstaat, the provinces and the local water boards. It has a clear leadership structure, with its 
administrative head being the Delta Commissioner and political responsibility falling onto the Minister 
for Infrastructure and Water Management. Additionally, the Delta Act foresees a fixed, long term 
budget, which allows the Delta Programme to function more independently from day-to-day politics 
than regular policy domains. The Delta Commissioner has a high visibility and the annual Delta 
Programme, which is reported to the Dutch House of Representatives, also receives significant media 
and political attention. The Delta Programme was also established based on the principle of adaptive 
management, which allows the programme to implement policy despite the uncertainty involved. The 
sextennial review allows the strategies of the programme to be adjusted in light of the most up to date 
knowledge (Bloemen et al., 2019; Van Alphen et al., 2016). 

These characteristics make that the Delta Programme is less subject to mechanisms such as 
institutional rivalry or the more short-term nature of politics than historical flood management, while 
still receiving the political and public attention that is required to keep the programme ongoing. Also 
the sextennial review, which allows for the objectives to be regularly adjusted, is considered as a key 
strength of the Delta Programme. As such, the institutional set-up of the programme is generally 
considered to be very positive (Interview Bloemen, 23 February 2021; Interview Broekhuis & Elshof, 
22 March 2021; Interview van Gool, 23 April 2021; Interview van Herk, 13 April 2021; Interview van de 
Vijver, 2 April 2021). 

It was also pointed out that coastal risk management is connected to various other challenges to flood 
safety. For example, higher temperatures can lead to a higher intensity of precipitation, leading to an 
increased flood risk. At the same time, SLR limits the capacity of rivers to discharge the water into the 
North Sea. The two risks are thus mutually reinforcing and extreme weather events could potentially 
lead to a perfect storm, resulting in much damage. These interactions are generally well addressed by 
the Delta Programme (Interview Expert EAA, 13 April 2021). 

However, the challenge does not end with flood safety. There was general agreement among the 
interviewees that coastal risk management and flood safety should be seen as part of a broader policy 
challenge, which also includes spatial planning, nature conservation, recreation, economic concerns, 
agriculture and climate mitigation measures such as clean energy (Interview Bloemen, 23 February 
2021; Interview Broekhuis & Elshof, 22 March 2021; Interview Lodder, 8 December 2020; Interview 
van Herk, 13 April 2021; Interview van de Vijver, 2 April 2021). This is especially true in a country like 
the Netherlands, with a limited territory and a high population density. That is why studies that take a 
forward-looking perspective also approach climate adaptation as a part of an integral long term policy 
challenge (Baptist et al., 2019). Conflicts may therefore arise between different objectives, such as 
flood safety, nature objectives and agriculture. Being able to successfully reconcile these various 
objectives is key for long term adaptation to SLR to be successful (Interview van Herk, 13 April 2021).  

An important key to the success of the Room for the River programme and the support it received 
among the broader public was exactly its integral approach and combination of different objectives 
(Interview Bloemen, 23 February 2021; Interview Expert EAA, 13 April 2021). The following paragraphs 
demonstrate however that the set-up of the Delta Programme currently does not allow for the 
necessary flexibility to take advantage of this possibility. A first problem lies in the way the funding of 
the Delta Programme is organised. A second problem consists of the division of competences across 
different layers of government in the Netherlands. 
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6.3.1. Follow the money: No financial incentive for an integrated policy approach 

The funds allocated to the Delta Programme via the Delta Fund are almost exclusively aimed towards 
flood safety, namely upgrading the Netherlands’ coastal defences so they comply with the standards 
of the Water Act by 2050. This was provided as such in the Delta Act in order to guarantee that the 
funds could be spent free from political interference. The framework for the determination of the 
standards by the Water Act was already largely determined by the 2015 Delta Programme and its 
proposal for a Delta Decision on Flood Safety (Deltaprogramma, 2015). This allowed for a science-
based and technocratic process with only limited political influence (Interview Lodder, 8 December 
2020).  

It is important to note that at the basis of the standards in the Water Act are projections regarding 
flood risk or evacuation requirements dating from the period 2009-2014 (Slootjes & van der Most, 
2016). This means that the estimates are based on similar estimates as the Delta Scenarios, namely an 
assumed SLR of 1 m by 2100, at a pace of 14 mm/year. In case of faster SLR, these standards would 
thus not be appropriate (Haasnoot et al., 2018). Considering the limitations of the Delta scenarios 
discussed earlier in light of post-2050 SLR, it is thus very likely that standards in the Water Act will have 
to be adjusted in light of SLR after 2050. At this moment, however, the funding provided by the Delta 
Fund targets compliance with the standards provided for in the Water Act, even though these are likely 
not well suited for the medium term. The Delta Fund provides in other words no incentive for more 
long term considerations to be incorporated in projects that are currently being developed.  

This is a missed opportunity, because the implementation of the Water Act has resulted in a major 
review of the Dutch primary coastal defences. A first review round of the primary coastal defences in 
the Netherlands based on the new standards is being conducted in 2017-2023, after which the 
defences that do not meet the standards of the Water Act can be upgraded with funding from the 
Delta Fund. Considering that the Knowledge Programme Sea Level Rise aims to come with its final 
conclusions by 2026, three years after the review round has been completed, local water boards fear 
that there will be a missed opportunity to already incorporate long term climate adaptation 
considerations in the upgrade of the coastal defences (Interview Policy Officer Union of Water Boards, 
12 April 2021). 

Furthermore, the focus on flood safety in a strict sense has concrete consequences for the success of 
long term adaptation projects. Various interviewees pointed to local support for adaptation measures 
as a key criterion for success (Interview van Herk, 13 April 2021; Interview Lodder, 8 December 2020; 
Interview van de Vijver, 2 April 2021). There is also a consensus in the literature that a lack of local 
support can be a key stumbling block for well-intended measures (Biesbroek et al., 2014). This is 
because a lack of local support can create a lock-in via the collective action mechanism, and prevent 
the measure from being implemented. This is particularly true if the proposed measure were to impact 
a powerful lobby group, such as local entrepreneurs or farmers. Historically, the power of collective 
action in determining Dutch flood risk management has been very clear and also today it is something 
that is considered as a major risk for the incorporation of climate adaptation concerns into coastal risk 
management (Disco, 2002; Interview Nijhof, 4 August 2021). 

This does not mean that the collective action lock-in mechanism cannot be overcome, the Room for 
the River programme for example successfully proved otherwise. The local population and 
stakeholders often have concerns and interests of themselves, which are not necessarily related to 
climate adaptation or coastal risk management. As such, by explicitly combining climate adaptation 
objectives with other objectives that have local support, the support among the general public for 
these adaptation projects can be significantly increased. These local objectives can be varied, and 
examples can for example include combining sand nourishment or a limited retreat with nature 
conservation and recreation or combining a dyke with a need to create parking space, as was done in 
Katwijk (Interview Broekhuis & Elshof, 22 March 2021; Interview van Gool, 23 April 2021; Interview 
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van Herk, 13 April 2021). Also the 2022 Delta Programme refers to the importance of combining flood 
safety objectives with other objectives (Deltaprogramma, 2021).  

The examples of coastal defence projects that integrate multiple objectives are nevertheless relatively 
limited and it is not guaranteed that their success can be repeated in other regions. In Katwijk, for 
example, the parking garage that was constructed alongside the dyke constitutes a different 
construction, as it has no purpose from a flood safety point of view (Interview Lodder, 8 December 
2020). As such, the initiative for the parking garage came from the municipality of Katwijk, which also 
arranged for the financing (Koopal, 2013). Not every municipality however has the means to undertake 
initiatives to combine different objectives with the flood safety measures that are proposed by 
Rijkswaterstaat, even if there is a local demand. Due to a trend of decentralisation since the 1990s, 
cities have become overstretched with too many responsibilities and a lack of finances (Interview 
Expert EAA, 13 April 2021; Interview van de Vijver, 2 April 2021).  

While Rijkswaterstaat has been willing to accept some additional costs and delays that arise from the 
integration of multiple objectives into its projects, for instance as a result of stakeholder and public 
consultations, it cannot use funds from the Delta Fund to finance (parts of) these additional objectives 
(Interview van Gool, 23 April 2021). The lack of flexibility hinders the development of flood safety 
projects furthermore in both directions. The rigidity of the allocation of the funds in the Delta Fund 
also does not allow for flood safety objectives to be incorporated into ongoing projects (Interview de 
Rooij et al., 30 March 2021). 

The original draft of the Delta Act, which among others laid down the provisions related to the Delta 
Fund, had actually foreseen a budget that could be allocated for objectives that were not directly 
related to flood safety, drawing on the success of the Room for the River programme. However, the 
Delta Commission had finalised its conclusions only two weeks before the collapse of the American 
investment bank Lehman Brothers. The discussions on financing therefore took place in the midst of 
the financial crisis of 2008 and the subsequent economic crisis in the Eurozone, and thus in a time of 
austerity measures and limited government spending. There was thus no political interest in 
incorporating other concerns, such as nature objectives, in the Delta Programme, as these were seen 
as unnecessarily expensive in times of austerity. There was also a concern that having multiple 
objectives would result in a dilution of the funds and result in the non-achievement of the flood safety 
objectives. This was especially true as it became clear that the Delta Fund would only receive an annual 
budget allocation of about 1 billion euro, the lower limit of the 1-2 billion euro range that was 
estimated by the Delta Commission as required funds for the objectives of the Delta Programme 
(Interview Nijhof, 4 August 2021). Therefore, the institutional set-up of the Delta Programme was 
influenced by the complexity and opacity of politics, as short-term considerations outweighed long-
term efforts. 

Consequently, due the focus on flood safety with a 2050 window as provided in the 2017 Water Act, 
the Delta Fund does not encourage that considerations related to more extreme scenarios of SLR are 
taken into account. Furthermore, there is a lack of resources and flexibility to reap potential co-
benefits from a project that is planned in light of HWBP, even though this could increase local support 
for the overall project. The Delta Programme is thus not well suited to overcome the collective action 
lock-in mechanism that has previously hindered the development of coastal risk management policy.  

6.3.2. Too many cooks in the kitchen? 

The national government is the primary financier to the Delta Fund and of the two main programmes 
with relevance for coastal risk management (IenW, 2021). It finances the Executive Programme Coastal 
Protection, through which Rijkswaterstaat organises the sand nourishment along the Dutch coast. It 
also finances half of the budget for the High Tidal Defence Programme 
(Hoogwaterbeschermingsprogramma, HWBP), a cooperation between Rijkswaterstaat and local water 
boards to upgrade the Netherlands’ primary defences to make them compatible with the 2017 Water 
Act. The other half of the budget coming from a collective fund by the local water boards (40%) and 
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from the local water board where the projects take place (10%) (HWBP, 2021b). As such, the national 
government in general and Rijkswaterstaat in particular have key competences when it comes to flood 
safety in the narrow sense, namely ensuring compliance of the Netherlands’ coastal defences with the 
standards of the Water Act. 

This is not necessarily only negative. Its focus on short term flood safety has allowed Rijkswaterstaat, 
through learning effects as discussed earlier, to accumulate significant expertise when it comes to the 
coastal risk management strategies that are currently used, such as sand nourishment. This is also 
recognised among the general public and among professionals active in flood safety, where 
Rijkswaterstaat inspires great confidence for its technical capabilities (Interview Bloemen, 23 February 
2021; Interview de Rooij et al., 30 March 2021). It is, however, also true that this narrow focus has led 
to several generations of flood safety professionals having been trained in a similar thinking 
environment (Interview de Rooij et al., 30 March 2021). In this sense, the learning effects constitute 
an institutional lock-in. 

This institutional lock-in is further worsened as the national government has, contrary to flood safety, 
very limited competences on spatial development. Due to the trend of decentralisation, most 
competences related to this were transferred to lower levels of government. There is thus no national 
ministry dealing with this issue on the national level, and no minister with political responsibility for it. 
There is in other words no incentive for the national government to develop the integral vision that 
would be required to incorporate long term adaptation concerns into coastal risk management. These 
factors together lead the national government to have a relatively narrow focus on flood safety, 
without having much consideration for other concerns (Interview Broekhuis & Elshof, 22 March 2021). 

The narrow focus also exists on other levels of government. For example, managers of local water 
boards still tend to exclusively focus on their traditional competences, often for political and electoral 
reasons. This tends to result in a narrow focus on flood safety, namely dyke reinforcement to keep the 
water away, which leaves very limited space to consider alternative options or no-regret measures 
that could be better suited in light of long term SLR (Interview de Rooij et al., 30 March 2021). Similarly 
as to the development on the national level, there is no willingness to move beyond a narrow 
interpretation of area of responsibility because electoral concerns and short term considerations 
outweigh the long term problems related to SLR. This in itself constitutes an institutional lock-in 
mechanism due to the complexity and opacity of politics. 

However, it would be too easy to explain the entire institutional lock-in by referring to the short term 
nature of politics. Also other factors contribute to this lock-in mechanism of the complexity and opacity 
of politics, related to the division of competences in the Netherlands. For example, a trend of 
decentralisation has led local governments to being overstretched and underfinanced (Interview 
Expert EAA, 13 April 2021; Interview van de Vijver, 2 April 2021). As such, lower levels of government 
have important responsibilities that are relevant for climate adaptation policy, but limited resources 
to take advantage of them. They are also considered to be less suited to develop an integral vision on 
climate adaptation because they lack an overarching, encompassing view due to their local or regional 
focus, but there are often also other, competing policies that require their attention. Conversely, the 
decentralisation has led the national level to lose a lot of its clout and influence when it comes to areas 
such as spatial development (Interview Broekhuis & Elshof, 22 March 2021; Interview de Rooij, 30 
March 2021; Interview van Gool, 23 April 2021). In addition, there is a fear that lower levels of 
government would start projects that might end up being a duplication or contradictory to the policies 
being developed on the national level (Interview Broekhuis & Elshof, 22 March 2021). Despite these 
limitations on the local level, the Delta Programme still looks at the municipal spatial development 
plans when it comes to achieving a more integral approach (Deltaprogramma, 2021). 

Each level of government has a relatively narrow focus on their own key responsibilities and seems to 
be unable (due to a lack of resources or competences) and/or unwilling (due to the complexity and 
short term nature of politics) to develop a more integrated vision. No level of government is developing 
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an integral, long term vision on climate adaptation and spatial development, in which more extreme 
scenarios of SLR could be taken into account. This in turn leads to path dependency and a continuation 
of current policies. This is a situation of unclear expectations and waiting for a different level of 
government to take initiative, thereby creating an institutional lock-in. A similar situation can be 
observed in the international context, where most countries are not preparing for more extreme 
scenarios of SLR. This can be explained by the domestic context of each country, but also by the 
realisation that different countries adopting competing strategies could undo much of the policy 
progress. For example, an attack-based strategy for the Netherlands would require Belgium to develop 
artificial islands. Closing off the Wadden Sea would require the cooperation of Germany. Generally, 
independently of the strategy chosen by the Netherlands, its coastal defences will be significantly less 
effective if neighbouring countries do not undertake any or similar measures. Especially in border 
areas, it will be difficult to ensure a certain level of protection of neighbouring countries to not have a 
similar level of protection, as seawater does not know borders (Haasnoot et al., 2019; Interview 
Bloemen, 23 February 2021; Interview Nijhof, 4 August 2021). 

This situation where the involvement of multiple actors leads to non-action is a notable difference 
from the historical context, where the high density of institutions led to the different institutions taking 
contradictory actions, thereby creating institutional rivalry and competition. The competition between 
the national government and the local water boards had slowed down the Delta Works, and the 1953 
flood was necessary to break the gridlock. Institutional rivalry also existed within the national level, 
between VROM and V&W, as to which ministry would take the lead in developing a climate adaptation 
strategy taking into account SLR.  

Whereas the historical context fits within the definition of what Kotilainen et al. (2019) call a lock-in 
due to a high density of institutions, this is not true for the current situation of non-action. This thesis 
therefore identifies the mechanism at the basis of the current lock-in as the responsibility avoidance 
mechanism. Table 6 shows a comparison of the responsibility avoidance and the high density of 
institutions lock-in mechanisms. The next section offers a theoretical explanation of the responsibility 
avoidance mechanism by drawing on game theory, which studies the dynamics and strategies of 
rational decision-making. 

Table 6: Comparison of the high density of institutions and responsibility avoidance lock-in 
mechanisms 

Lock-in 
mechanism 

Action Consequence Explanation Example 

A high 
density of 
institutions 

Competing 
decisions taken 

Institutional 
rivalry 

Different institutions take 
competing decisions, 
leading to ineffective 
policies 

Historical 
context in the 
Netherlands 

(no lock-in) Similar 
decisions taken 

Successful 
cooperation 

Cooperation is successful 
and policy progress is 
made 

Ideal situation 

Responsibility 
avoidance 

No decisions 
taken 

No action Due to unclear 
expectations and 
uncertainty, no decisions 
are taken and no policy 
progress is made 

Current context 
in the 
Netherlands 

Source: Compiled by author 
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6.3.3. Explaining the responsibility avoidance lock-in mechanism through the stag hunt 
dilemma 

Several studies have drawn on game theory to explain the dynamics of decision-making on climate 
change mitigation (Böhringer & Vogt, 2003; Pittel & Rübbelke, 2012). The decision-making processes 
can be explained through the prisoner’s dilemma, where two prisoners get a choice between either 
remaining silent (cooperating with the other prisoner) or confessing to a crime (non-cooperation). If 
both remain silent, they will receive a fine. If one confesses, s/he will go free, whereas the other will 
receive a 10 year prison sentence. If both confess, they will each receive a 5 year prison sentence.  

Independently of the choice of the other prisoner, it is better to choose the non-cooperation option, 
as shown in Table 7. If the other prisoner chooses the cooperation option and remains silent, the non-
cooperative prisoner goes free, rather than having to pay a fine if s/he also remains silent. If the other 
prisoner chooses the non-cooperation option and confess, the best choice is to also non-cooperate 
and receive a 5 years prison sentence, compared to 10 years. As such, the rational choice for both 
prisoners will be to choose the non-cooperation option and to confess, which is the Nash equilibrium. 

Table 7: The prisoner’s dilemma 

Prisoner A 

Stays silent (C) Confesses (NC) 

Prisoner B 

Stays silent (C) Each gets a fine A goes free, B gets 10 year 
sentence 

Confesses (NC) B goes free, A gets a 10 
year sentence 

Each gets 5 year sentence 

C = cooperation; NC = non-cooperation; Nash equilibrium. 

Source: Compiled by author 

Similarly, individual actors do not have a clear incentive to limit their emissions, because that would 
imply incurring costs whereas the benefit of climate action, namely a lower concentration of 
greenhouse gas emissions, benefits the world as a whole. This encourages freeriding behaviour. As 
shown in Table 8, the more rational choice is also non-cooperation, independently from what other 
actors do. Also in this case, the Nash equilibrium is for both actors to not cooperate. 

Table 8: The prisoner’s dilemma applied to climate mitigation 

Actor A 

Mitigation (C) No mitigation (NC) 

Actor B 

Mitigation (C) Both benefit from less 
climate change and spend 
resources 

Both benefit from less 
climate change, but only B 
spends resources 

No mitigation (NC) Both benefit from less 
climate change, but only A 
spends resources 

Neither benefits from less 
climate change and neither 
spends resources 

C = cooperation; NC = non-cooperation; Nash equilibrium. 

 Source: Compiled by author 
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In general terms, that the pitfalls of the prisoner’s dilemma apply to climate mitigation (Böhringer & 
Vogt, 2003; DeCanio & Fremstad, 2013; Nollkaemper, 2018). Also the IPCC draws similar conclusions 
in its Fifth Assessment Report, although not by referring to a specific game theory but rather generally 
to climate change as a problem of the commons (Stavins et al., 2014). This signifies that certain 
(in)actions can result in benefits on the individual level because the costs of (in)action are shifted to 
the societal level. There is thus an incentive for each individual to (not) act, resulting in a situation that 
is suboptimal from a societal point of view (Hardin, 1968).  

Unlike climate mitigation, there is no strand of research that has game theory to climate adaptation. 
This thesis nevertheless argues that it is still useful to draw lessons from game theory, even though 
coastal risk management does not follow the logic of the prisoner’s dilemma as the advantages of 
undertaking climate adaptation efforts are felt more locally. When it comes to coastal risk 
management, this thesis argues that it is possible to draw on a different example from game theory, 
namely the so-called stag hunt dilemma of Jean-Jacques Rousseau. Two hunters can choose to either 
hunt a stag together (cooperation), which has a value of 4, or each hunt a hare (non-cooperation), 
which is worth 1. Hunting the stag thus requires both hunters to cooperate, but is also more rewarding. 

Table 9: The stag hunt dilemma 

 Hunter A 

 Chooses to hunt stag (C) Chooses to hunt hare (NC) 

Hunter B 
Chooses to hunt stag (C) Each gets 2 A gets 1, B gets 0 

Chooses to hunt hare (NC) A gets 0, B gets 1 Each gets 1 

C = cooperation; NC = non-cooperation; Nash equilibrium.  

Source: Compiled by author 

As shown in Table 9, the preferred option is for both hunters to choose hunting the stag (cooperation), 
as this gives the greatest value for each. A more sub-optimal option is for each hunter to hunt a hare 
individually (non-cooperation). Both of these options are Nash equilibria, and the preferred option 
depends on the expected choice of the other hunter. The worst option is for one hunter to choose to 
cooperate and hunt the stag, whereas the other hunter chooses to not cooperate. In this case, the 
cooperation-oriented hunter gets nothing, whereas the non-cooperation oriented hunter receives 1 
(DeCanio & Fremstad, 2013). 

Table 10: The stag hunt dilemma applied to coastal risk management 

 Actor A 

 Adapt to extreme SLR (C) Not adapt to extreme SLR 
(NC) 

Actor B 

Adapt to extreme 
SLR (C) 

Both spend resources and 
receive protection 

Neither receives protection, 
even though B has invested 

Not adapt to 
extreme SLR (NC) 

Neither receives protection, 
even though B has invested 

Neither spends resources and 
neither receives protection 

C = cooperation; NC = non-cooperation; Nash equilibrium.  

Source: Compiled by author 
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When applied to coastal risk management, as shown in Table 10, the stag hunt dilemma makes clear 
that the preferred choice is for an actor to consider climate adaptation as part of coastal risk 
management and to prepare for more extreme scenarios of SLR, if the expectation is that other actors 
do so as well. Only if the expectation is that other actors are not considering these extreme levels of 
SLR, the best strategy is to also not consider it. When translated to the Dutch policy context on coastal 
risk management, the conclusions of the stag hunt dilemma can be applied to cooperation between 
actors on the same level of governance (for example different local water boards) but also between 
different levels (for instance between local water boards, provinces and the national government).  

Therefore, this thesis argues that the involvement of different institutions involved in designing Dutch 
coastal risk management does not result in an institutional lock-in because of contradictory policy 
making, as would be the case in a high density of institutions lock-in mechanism. Rather, unclear 
expectations regarding the actions of other actors result in a choice for non-cooperation and 
consequently in a sub-optimal Nash equilibrium, namely non-action. This additional lock-in mechanism 
called responsibility avoidance can be easily added to the framework that has been used throughout 
this thesis. It should be noted that the stag hunt dilemma that plays in decision-making related to 
climate adaptation can be addressed much more easily than the prisoner’s dilemma, because in the 
former the optimal situation from a societal point of view is also a Nash equilibrium. This Nash 
equilibrium based on cooperation can be achieved if the different players involved make their 
expectations clear and indicate that they also intend to choose the cooperation-based strategy. This is 
addressed in the next chapter. 
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7. Overcoming the lock-ins: A national vision on spatial 

development and climate adaptation 

7.1. Mutually reinforcing policy lock-in mechanisms 

The previous chapter discussed the different lock-in mechanisms divided in three categories 
(technological, behavioural and institutional), with an overview of the different mechanisms identified 
in Table 11.  

Table 11: Key climate adaptation policy lock-in mechanisms 

Lock-in type Underlying 
mechanism 

Examples 

Technological 

Economies of scale 
The high cost of constructing storm surge barriers makes it more 
attractive to continue operating them rather than consider 
alternatives 

Economies of scope 

Innovation in coastal risk management is limited to improving an 
existing technology by applying it to a broader range of coastal 
defences, such as sand nourishment and the Sand Engine, in an 
attempt to increase cost effectiveness while not challenging the 
existing strategy 

Technological 
interrelatedness 

Innovation in coastal risk management is limited to developing 
coastal defences that are in line with existing technologies, for 
example by combining sand nourishment and hard infrastructure, 
in attempt to increase cost effectiveness while not challenging the 
existing strategy 

Technological 
learning effects 

Knowledge accumulated due to experience with sand 
nourishment and constructing/operating hard infrastructure such 
as barriers lead to attempts to improve the existing mechanisms 
rather than developing alternatives 

Informational 
increasing returns 

Hard infrastructure such as dykes and storm surge barriers, but 
also sand nourishments through their regular repetition, are very 
visible, which makes it easy to raise awareness 

Network 
externalities 

Storm surge barriers lead to a certain sense of security, which 
takes away the pressure to take no-regret measures in the area 

Behavioural 

Perceived cost of 
switching 

The memory of the 1953 flood results in a negative perception of 
some alternative strategies, such as accommodation and retreat, 
whereas sea level rise is only seen as a very long term risk, which 
impacts the cost-benefit analysis of alternative strategies and 
results in a continuation of current policies 

Habituation 

A long history of water engineering has generally resulted in a high 
confidence in the human ability to steer and shape the water 
environment and a certain national pride, leading to a high 
confidence in the current approach 

Institutional Collective action 

Key stakeholders, such agricultural organisations or local interest 
groups focus on protecting their own vested interests, which 
results in a continuation of current policies, rather than 
consideration of alternative strategies 



44 

High density of 
institutions 

The involvement of different institutions lead to competing 
interests and priorities, leading to institutional rivalry and a 
continuation of current policies (historical context) 

Responsibility 
avoidance 

The involvement of different institutions leads each to consider 
the other to be better placed to take action, eventually leading to 
non-action and a continuation of policies (current context) 

Complexity and 
opacity of politics 

Short-term political and electoral interests outweigh long-term 
considerations, benefiting existing coastal defence strategies 

Institutional 
learning effects 

Knowledge accumulated due to experience with sand 
nourishment and constructing/operating hard infrastructure such 
as barriers lead to attempts to improve the existing mechanisms 
rather than developing alternatives 

Source: Compiled by author, framework based on Kotilainen et al. (2019, pp. 578-579). 

However, it should be pointed out that these mechanisms do not exist in a vacuum. To the contrary, 
important connections exist between the three different types of lock-ins and the different lock-
in mechanisms, and in some cases they are mutually reinforcing. This is demonstrated in Figure 6. 

Figure 6: Overview of different lock-in mechanisms in Dutch coastal risk management 

Source: Compiled by author 
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For example, institutional and technological learning effects in this context are very similar and 
mutually reinforcing. This is because of the key role of the national agency Rijkswaterstaat in 
legislating, planning, designing and implementing various aspects of the Dutch coastal risk 
management strategy, for example sand nourishment. This makes the distinction between the 
institutional and technological dimension of learning effects blurry.  

Furthermore, learning effects, economies of scale and scope as well as technological interrelatedness 
together favour a continuation of the current strategy, as they result in innovation only taking place if 
it does not challenge the overarching narrative. It should be noted that these lock-in mechanisms are 
mutually reinforcing. For example, taking advantage of economies of scale may give rise to further 
learning effects, whereas this additional learning in return constitutes an additional sunk cost which 
strengthens the appeal of using economies of scale as a mechanism to have a (perceived) higher return 
on investment. The same is true with regard to economies of scope and technological interrelatedness, 
although here it does not concern an increased use of the same coastal defence, but rather innovation 
through applying an existing technology to more coastal defences respectively developing new coastal 
defences in line with existing technologies. 

These technological lock-in mechanisms have resulted in a continued use of human intervention as a 
basis for coastal risk management, through reliance on sand nourishment and hard infrastructure. This 
approach is also very visible and has resulted in a high awareness among citizens regarding the chosen 
strategy, resulting in informational increasing returns. Together with habituation, the result of a long 
tradition of human intervention in the water environment, this creates a high public confidence in the 
current strategies. This high confidence in the current strategies influences the cost-benefit analysis 
that citizens make regarding the different coastal risk management strategies, making it more difficult 
to put alternative options on the table. The original technological lock-in mechanisms therefore 
indirectly contribute to a behavioural lock-in mechanism. 

This behavioural lock-in mechanism not only impacts the opinion of citizens, but also of decision-
makers, because they are highly perceptible to public opinion expressed via the collective action 
mechanism due to the complexity and opacity of politics. The previous chapter noted for example that 
it is possible to overcome the collective action mechanism, as evidenced by the Room for the River 
programme. Due to the complexity and opacity of politics, the Delta Programme does not have the 
required flexibility to overcome the collective action lock-in mechanism. These mechanisms contribute 
to and reinforce an already existing institutional lock-in caused by the responsibility avoidance 
mechanism and learning effects. By promoting the current strategy and not considering alternatives, 
the institutional lock-in in turn further reinforces the behavioural and technological lock-in 
mechanisms. 

7.2. Addressing lock-in mechanisms: A call for an integral national vision 

After the different lock-in mechanisms and their interlinkages have been identified in the previous 
chapter, the question then arises how they can be addressed. This thesis argues that it is more 
straightforward to address the institutional lock-in mechanisms, which would then have positive 
spillover effects to the other lock-in mechanisms. This approach was identified during several 
interviews as the best solution to overcome the current lock-in (Interview de Rooij et al., 30 March 
2021; Interview Expert EAA, 13 April 2021; Interview van de Vijver, 2 April 2021; Interview van Herk, 
13 April 2021). Additionally, as evidenced by the research discussed in the literature review, 
institutional lock-in effects have historically been the main stumbling block in the development of 
Dutch coastal risk management.  

An important institutional lock-in mechanism is caused by the high number of actors involved in policy 
making. This high density of institutions results in non-action, as the different actors are unwilling or 
unable to take the necessary measures to see coastal risk management as a broader policy challenge 
linked to spatial development. Multiple interviewees explained that there is a need for more policy 
direction, and have called for a vision on spatial development and long term climate adaptation on the 
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national level (Interview de Rooij et al., 30 March 2021; Interview Expert EAA, 13 April 2021; Interview 
van de Vijver, 2 April 2021; Interview van Herk, 13 April 2021). Such a national vision would not only 
give direction to government institutions, but also to the private sector, knowledge institutions and 
citizens, thereby helping to overcome technological and behavioural lock-in mechanisms. 

The Environment and Planning Act (Omgevingswet) which has been approved in 2016 does not aim to 
provide such an integral national vision. The Act intends to simplify the complex set of rules governing 
Dutch legislation regarding spatial planning by combining them into a single framework. While the Act 
includes a much-needed simplification of administrative rules, it is still unclear to what extent it will 
have an effect in practice, as its entry into force has been delayed several times (Interview van de 
Vijver, 2 April 2021). Furthermore, the Act includes several possibilities to incorporate climate 
adaptation concerns into a vision of spatial development, but the final responsibility for this remains 
with the municipalities and provinces as there is no clear national vision. This can also be seen in the 
2022 Delta Programme, which only points to the municipal visions as an appropriate tool to achieve a 
more integral approach to climate adaptation and spatial development (Deltaprogramma, 2021). 
However, this approach overlooks the limitations that municipalities face when addressing climate 
adaptation and as such, the Environment and Planning Act does not address the responsibility 
avoidance lock-in mechanism discussed earlier. 

A better solution would be to set up a new programme mirroring the Delta Programme, meaning that 
it could be led by the national government but with clear co-ownership of lower levels of government. 
Alternatively, the Delta Programme could also be reformed and expanded in scope to cover spatial 
development in a broad sense and allow for the incorporation of long term considerations into 
different policy domains. This would require a structural involvement of all levels of government in this 
new Delta Programme and would imply the transfer of the political responsibility for the Delta 
Programme from IenW to a new ministry with responsibility on spatial development. This would be in 
line with the demands for the re-establishment of a national ministry with responsibility for spatial 
development (Van Dinther, 2021). It remains to be seen whether the new national government that is 
currently being negotiated will respond to this call. 

Such a national vision could also alleviate some other concerns that are present. With the Knowledge 
Programme Sea Level Rise underway, interviewees point towards a lack of clarity of the direction that 
the national government is taking. They wonder what is expected of lower levels of government and 
how they can add to the ongoing research effort, but at this point it is not yet clear what the national 
government plans to do itself, what it will do in cooperation with provinces and water boards and what 
it will leave to local governments (Interview Broekhuis & Elshof; 22 March 2021). Others also wonder 
how the findings of the Knowledge Programme Sea Level Rise will be translated to instructions that 
are useful for the local water boards (Interview Policy Officer Union of Water Boards, 12 April 2021).  

Additionally, a national vision could address the fact that the Delta Fund’s set-up does not encourage 
approaching flood safety as part of a broader policy challenge. As a result, programmes financed by 
the Delta Fund in the framework of the Delta Programme, such as the HWBP, lack the flexibility to 
incorporate local concerns and address multiple objectives. An alternative approach is nevertheless 
possible, for example based on lessons learned from the successful Room for the River programme. As 
this programme had two distinct objectives, increasing flood safety and improving spatial quality, it 
was more flexible as to how the resources were spent. Evaluation by Rijkswaterstaat and by non-
governmental organisations concluded that this dual objective was key to the programme’s success 
and to creating local support for the programme (Beekers et al., 2017; Rijkswaterstaat, 2019). 
Furthermore, Room for the River included a so-called replacement decision, which meant that local 
and regional governments could propose alternative projects to the measures suggested by the 
national government, as long as the objectives were reached. While this option was only successfully 
used in a limited number of circumstances, the possibility of proposing an alternative was important 
to engage with local stakeholders, ensure the involvement of local governments and create a local 
support base for the projects (Andersson Elffers Felix, 2013; Bötger & Beekmans, 2017).  
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Also in interviews, the financing of Room for the River was referred to as a good example for the Delta 
Programme (Interview Bloemen, 23 February 2021; Interview de Rooij et al., 22 March 2021; Interview 
Expert EAA, 13 April 2021). Concretely, a second fund could be established in addition to the Delta 
Fund, that would explicitly aim to allow for the incorporation of objectives that are not exclusively 
related to flood safety. The standards for this second fund could then be agreed upon on the national 
level, whereas the concrete implementation would be left to the regional and local governments, 
allowing for innovation to take place (Interview Expert EAA, 13 April 2021). There may however be 
reluctance to reopen the discussion on the financial provisions of the Delta Programme, because the 
fact that these funds are guaranteed to be allocated to flood safety and not subject to annual 
budgetary negotiations is seen as one of the main advantages of the Delta Programme. The resources 
for the Delta Fund have now been allocated until 2034 (Deltaprogramma, 2020). These concerns could 
nevertheless be moderated if the discussions on the budget take place within a larger debate on spatial 
development in the Netherlands, through the discussions on a national vision. Furthermore, the 
budget of the Delta Fund is in any case already subject to discussion, as evidenced by an adjustment 
in 2020 to allow for subsidies focussed on droughts (Maas, 2020). Finally, the 2021 Delta Programme 
includes a call for an additional annual budget of 200 million euros in the period 2022-2025 and 100 
million euros afterwards to ensure the achievement of the flood safety objectives in light of climate 
change (Deltaprogramma, 2021). This means that the budget of the Delta Programme will be in any 
case subject to debate, and as such this opportunity could be used to call for a more integral financing.  
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8. Conclusion 

This thesis observes that the Netherlands is uniquely vulnerable to the impact of SLR, considering the 
share of its territory and population that are located in embanked areas. Considering this vulnerability, 
the Netherlands would arguably do well to follow-up on the advice of the IPCC and also prepare for 
more extreme scenarios of SLR. This concretely means that Dutch coastal risk management strategies 
should be adapted to the possibility of more than 1 m of SLR by 2100. This conclusion leads towards 
the two research questions addressed in this thesis: To what extent does coastal risk management in 
the Netherlands consider a range of policy options to accommodate more extreme scenarios of SLR? 
And what mechanisms explain why policy options accommodating more extreme scenarios of SLR are 
(not) being considered? Drawing on a literature review, the thesis provides an overview of the 
mechanisms that have historically strengthened and hindered the development of coastal risk 
management policy in the Netherlands. This analysis concludes that institutional factors were the main 
stumbling blocks, and that overcoming them was at the basis of various important developments, such 
as the construction of the Afsluitdijk, the start of the Delta Works and the creation of the Delta 
Programme. These institutional stumbling blocks were nevertheless only overcome by external factors, 
namely extreme weather events, which served as an external trigger boosting change. 

The thesis then continues with an overview of the current policy initiatives at the basis of Dutch coastal 
risk management, centred around the Delta Programme. It concludes that the current strategy is 
largely focused on combatting SLR until 2050. The strategy for the post-2050 period is much less clear. 
“After 2050, the flood?”, to paraphrase the expression first used by French King Louis XV. The second 
half of the century is subject to ongoing research projects, where various scenarios of SLR are studied. 
However, these discussions are limited to research projects and are largely absent from policy 
documents and the political agenda. The current strategy therefore continues on the path of human 
intervention through sand nourishment and hard infrastructure. There is furthermore limited 
attention for so-called no-regret measures. This approach lacks flexibility and a long term vision, and 
is as such not well suited to respond to more extreme scenarios of SLR. As a response to the first 
research question, it can thus be concluded that Dutch coastal risk management does not sufficiently 
take into account more extreme scenarios of SLR. 

In the sixth chapter, the thesis applies a framework based on the lock-in concept to identify the 
different mechanisms that prevent more extreme scenarios of SLR from being taken into account. 
Based on a combination of desk research and semi-structured interviews, a mix of interlinked and 
sometimes mutually reinforcing technological, behavioural and institutional lock-in mechanisms is 
identified. The Delta Works have created a technological lock-in through the construction of inflexible 
storm surge barriers and dams, also contributing to high public confidence in hard coastal defences. 
While the financing linked to the Delta Programme is well suited to implement flood safety objectives, 
its narrow focus does not allow to approach the question of long term climate adaptation as part of a 
broader policy challenge that also involves spatial development and energy needs. As such, the Delta 
Programme’s set-up does not incentivise more extreme scenarios of SLR to be taken into account. 
Additionally, it is observed that an important hindrance to the adoption of a more long term 
perspective is the involvement of a multitude of actors and different levels of government in Dutch 
coastal risk management, which are unwilling and/or unable to undertake the necessary steps to 
ensure that attention is given to long term considerations and that more extreme scenarios of SLR are 
taken into account. In order to overcome this policy lock-in, this thesis suggests that a national vision 
on spatial development and climate adaptation is developed. It is noted that the Environment and 
Planning Act that is scheduled to enter into force in 2022 does not intend to provide such a national 
vision. This policy recommendation builds on a call for the re-establishment of a national ministry on 
spatial development, which already exists in political circles.  

With this analysis, this thesis contributes to the academic literature in various ways. First, it was 
identified in the literature review that an analysis of Dutch coastal risk management from a climate 
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adaptation perspective was currently lacking. By responding to the research questions, this thesis 
addresses this research gap. Second, whereas various researchers have used this concept to study 
policy dynamics in climate mitigation, this thesis provides a methodological contribution as it offers 
conceptual insights regarding the concept of lock-in and its use in studies on climate adaptation. These 
can later be used to more clearly operationalise this concept and subsequently have more sound 
comparative studies. 

The conclusions of this analysis also further add to the academic literature in more specific ways. First, 
it confirms certain observations that have previously been made in the literature. The importance of 
extreme weather events as an external trigger that can bring about positive change was confirmed. 
Additionally, a multitude of lock-in mechanisms was identified, often interrelated and sometimes 
mutually reinforcing. This confirms findings in the literature that not one factor can be identified as 
the sole stumbling block for the adoption of climate adaptation policy. However, as regards the role of 
institutions in policy-making, this thesis comes to a different conclusion than the institutional rivalry 
that can be at the basis of a lock-in mechanism. This thesis identifies an alternative lock-in mechanism 
of responsibility avoidance that explains how the involvement of a large number of institutions can 
lead non-action. As the various institutions with relevant competences are unwilling or unable to take 
advantage of their role, no policy progress is made. Lessons from game theory and in particular the 
stag hunt dilemma prove useful in explaining the dynamics behind this responsibility avoidance 
mechanism. 

Despite these contributions to the literature, this thesis also has limitations, which can offer guidance 
for further research. Due to the use of a single case study and a qualitative research approach, there 
is limited possibility to generalise the findings. As a uniquely vulnerable country when it comes to SLR, 
the issue is relatively high on the public and political agenda in the Netherlands. As such, there should 
be less lock-in mechanisms in place in the Netherlands compared to other countries, and lock-in 
mechanisms identified in the Dutch context would a priori also be present in other countries. However, 
it is possible that other lock-in mechanisms explain (the lack of) policy progress in other countries. 
Additionally, this case study focuses on coastal risk management, but it is possible that other lock-in 
mechanisms are relevant in other policy fields, related to for example drought or heat. Further 
research on different case studies in different countries can clarify whether the lock-in mechanisms 
identified in this thesis are also relevant in other cases. They can particularly clarify whether the 
responsibility avoidance mechanism is also present in other cases.  
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Annex II: Questions for semi-structured interviews 

The following general questions were used for the semi-structured interviews conducted in Dutch in 

the framework of this thesis. The questions were developed as part of the broader research project 

Adapt Lock-in, by Open Universiteit, the University of East Anglia and the Carl von Ossietzky Universität 

Oldenburg. 

 
1. Zou u een kort overzicht kunnen geven van uw professionele achtergrond en uw huidige 

functie? Heeft uw functie een klimaatdimensie?  

  
2. In welke mate wordt klimaatadaptatie op dit moment toegepast / vindt klimaatadaptatie 

plaats ten aanzien van kustrisicomanagement? Is dit volgens u voldoende?  
 

3. Op welke manier(en) zou klimaatadaptie volgens u beter kunnen worden toegepast / 
plaatsvinden in het huidige beleid? Terugkijkend naar de afgelopen jaren (of zelfs decennia): 
Zijn er pogingen geweest in het verleden om ander(e) benaderingen/beleid te introduceren 
om klimaatadaptatie toe te passen / te laten plaatsvinden die niet gewerkt hebben?  

 
4. Op welke manier werd/wordt klimaatadaptatie beperkt door de huidige werkwijze? 

 
5. In welke mate beïnvloedde/beïnvloedt infrastructuur en technologie beleid in 

kustrisicomanagement? Hoe beïnvloedde het de ontwikkeling van beleid in de loop van de tijd 
in kustrisicomanagement? Hoe beïnvloedt het hoe klimaatadaptie in kustrisicomanagement 
wordt aangepakt op dit moment? 
 

6. In hoeverre hebben andere factoren en kwesties beïnvloed hoe klimaatadaptie werd benaderd 
/ wordt benaderd op dit moment in kustrisicomanagement?  

 
7. U heeft verschillende institutionele, organisatorische en infrastructurele factoren belicht die 

klimaatadaptatie beïnvloeden. Welke zijn volgens u het belangrijkst? 
 

8. Wat zijn de kansen en obstakels/belemmeringen voor (verdere) beleidsverandering om 
zeespiegelstijging aan te pakken in de toekomst? 

 
9. Is er nog iets dat u zou willen toevoegen of zijn er volgens u relevante punten die niet aan bod 

zijn gekomen tijdens dit interview? 




