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new projections show a sea level rise to a maximum of 2 m by 2100, provided the Paris agreement 
goal of a maximum 2°C global warming in this century is reached. As intense global warming will result 
in a temperature rise of around 4°C by 2100, the sea level will rise from 2 m to a maximum of 3 m. 
After 2100 the sea level could rise even more (Haasnoot, Kwakkel, Walker, & Ter Maat, 2012). 

All climate change scenarios are uncertain to a degree, but it is important to address them because 
there is a chance they will happen. Especially the water system in the Netherlands is highly vulnerable 
to these consequences. Certain areas flood; problems arise with the drinking water supply; droughts; 
salt water intrusion and problems with flood barriers can occur. These problems especially affect 
sensitive areas in the Netherlands (Haasnoot et al., 2018). 

Polders 

Polders are an example of sensitive areas; they are vulnerable to climate change because of the 
economic activities and functions they perform (C40 Cities, 2016). Polders are areas below sea level 
that are protected with surrounding dikes and systems to drain away the rising groundwater (Engel et 
al., 2010). If climate change effects become more extreme, polders will be more pressured as they 
face the following problems:  

- Water safety issues due to the increasing water level, which creates a higher flood risk. This 
pressures the dike system (Engel et al., 2010). 

- Salinisation as a consequence of sea level rise. Salt water pressures the freshwater aquifers 
(Zwaenepoel, Dackaert, & Gijseghem, 2016). 

- Problems with drainage capacity due to the increasing amount of water from rainfall and 
increasing groundwater levels as a consequence of sea level rise (Zwaenepoel et al., 2016). 

- Land subsidence caused by human activities such as land reclamation, extraction of 
groundwater and structural loading (Van Asselen et al., 2018). 

- The relative sea level rise pressure the polders due to land subsidence together with 
continuing sea level rise (Rovere, Stocchi, & Vacchi, 2016). 

- Droughts as a consequence of low water supply. Droughts combined with the increase in 
salinisation and land subsidence increase the pressure from saline undergrounds (Engel et al., 
2010). 

In addition to climate change uncertainties, polders and policy makers face nonenvironmental 
uncertainties like economic developments, new technologies and population growth (Haasnoot et al., 
2012). Policy and decision makers are required to deal with these future uncertainties, and they do 
not know when and how to make decisions because of the uncertainties in the scenarios. Adaptive 
planning should be used to address the uncertainties (Zandvoort, 2017). 

  

Figure 3. Possible climate change effects on polder areas (Hekman & Booister, 2021). 



 

- 5 - 
 

Dynamic Adaptive Policy Pathways 

Policy and decision makers can decide how to adapt to the problems resulting from climate change, 
which they cannot control. They need to make decisions for an uncertain future and adapt to changing 
scenarios in order to prevent locked-in decisions. A lock in decision is a moment when other decisions 
are out of reach (Palley, 2017). Climate change causes flexibility problems in planning (Haasnoot et al., 
2012). If climate change becomes worse than expected, it will become uncertain as to how long the 
current strategy can be maintained and which measures will work in the future (Haasnoot, Warren, & 
Kwakkel, 2019; Hurk et al., 2014). Tipping points need to be watched for in order to learn when certain 
actions are no longer adequate to meet future objectives. Other paths are required to reach the 
desired future. Tipping points are moments of decision-making over a time frame (Haasnoot et al., 
2012). Figure 4 presents an example of an adaptation pathway.  

 
In order to deal with uncertainties, the Dynamic Adaptive Policy Pathways (DAPP) approach is useful. 
The DAPP consist of different pathways to the future that help to deal with uncertain situations like 
climate change. The timing for taking a specific path is scenario- and time-dependent. When a certain 
time is reached, action is needed, and a pathway emerges. The DAPP approach is a set of actions over 
time that lead to different pathways (Haasnoot et al., 2012). The usefulness of the method is discussed 
in the theoretical framework (Chapter 2).  

The focus of this research is to design pathways for the future development of polders, which are 
particularly vulnerable to climate change because they are low lying, protected by dikes and other 
flood defences (Bouwer, Bubeck, & Aerts, 2010), and water needs to be pumped out on a daily basis 
(Haasnoot et al., 2019). Each polder has its own characteristics (Frölke, 2020). They have different 
undergrounds and elevations, some polders are urbanised, while others are not, and they can differ 
in their dewatering processes (Hoes & Van De Giesen, 2015; Haasnoot et al., 2018). So, different 
measures are needed for different polders (Frölke, 2020). Therefore, this research will analyse 
patterns in pathways and tipping points as applied to different polders. To accomplish this, three 
polders were selected: Kolken-Noord (Friesland), Haarlemmermeerpolder (Noord-Holland) and 
Dirkslandpolder (Zuid-Holland). These polders were selected based on differences in soil, substrate 
and water management.  

To frame this research, climate change uncertainties, spatial developments, housing constructions and 
planned energy transitions in the case areas are included. Other external effects like political changes, 
terrorist attacks and GDP will be omitted in this research. Additionally, ethical questions regarding 
costs and sensitivity of a certain pathway will not be included as, this would result in the research 
being too extensive and ineffective in representing all possible pathways (Haasnoot et al., 2012). This 

Figure 4. Adaptation pathway map 
example. The grey line is the current 
method of policy making. There are 
four options: actions A and D can 
reach the goals for the coming 100 
years. If action B is chosen, a tipping 
point will arise after the first eight 
years, and a shift is needed in order 
to achieve the targets set for the 
future (Haasnoot et al., 2012). 
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research follows the findings of Frölke (2020). Frölke stated that the DAPP approach is suitable for 
improving the adaptivity of polders. The approach helps in making decisions more strategically and 
explaining the choices made, bringing about support and understanding. However, it is not clear how 
the pathway maps of the polders look or what the differences are in pathways and tipping points over 
different case areas. It needs to be determined whether there are patterns in the pathways and tipping 
points. It will then be possible to categorise polders based on pathways and tipping points. 

1.2 PROBLEM STATEMENT 
To illustrate the main problems regarding this research, several statements were identified based on 
the problems described before: 

- Climate change will increase the pressure on the water system of the Netherlands and change 
the way policy and decision makers make decisions. 

- Different scenarios suggest changes in the climate. It is uncertain which scenario will happen 
and to which extent the climate will change. A method needs to make these uncertainties 
clear. 

- Polders are specifically vulnerable to climate change effects. Since a lot of economic activity 
and other functions are taking place in polders it is important to deal with these climate 
change effects. 

- Policy and decision makers need to find a way in order to deal with climate change events and 
prevent themselves from making lock-in decisions.  

- The DAPP approach is useful to design different pathways for the future and not to make lock-
in decisions. However, every polder has distinctive characteristics, making them all unique.  

- Is it therefore possible to develop a typology of polder areas based on their adaptation 
pathways and tipping points by using the DAPP approach? 

- Academic research suggests a lack of the known strengths and limitations of the DAPP 
approach. 

- There is a lack in the development of the DAPP on local scale and with qualitative data. The 
DAPP approach needs to be further developed in order to evaluate its usability.  

This study zooms in on three polder areas. The focus is on their pathways and tipping points to deal 
with climate change uncertainties in the future. 

1.3 RESEARCH AIM AND OBJECTIVES 
Qualitative methods are central in this study. Therefore, a document analysis, semi-structured 
interviews and focus groups are central in order to analyse polder areas based on their pathways and 
tipping points. The DAPP approach will be tested in order to see if this method is useful on local scale. 
The research problems in this context results in the following research aim; to find a typology of polder 
areas based on their different adaptation pathways and tipping points. To find an answer on the 
research aim, the following objectives are set: 

1. Defining different polder typologies, done by literature study 
2. Defining what uncertainty entails by literature study 
3. Defining types of uncertainty via literature study 
4. Defining the usefulness of the DAPP approach in relation to other approaches via literature 

study 
5. Identifying a method which can categorise polders on their characteristics via the literature 

study 
6. Identifying general future changes in polder areas via the literature study 
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7. Identifying characteristics of the case areas via document analysis and interviews 
8. Identifying visions and goals of the case areas via a document analysis and interviews 
9. Identifying possible spatial and technical measures (pathways) for the case areas via 

document analysis and interviews 
10. Identifying pathway maps and tipping points for the case areas via document analysis and 

interviews 
11. Analysing the correctness of the pathways and tipping points by the focus groups 
12. Identifying the main differences and similarities in pathways over the different case areas 

(comparative analysis) 
13. Based on the findings making concluding remarks by describing how the DAPP approach can 

be helpful in developing a typology of polder areas (concluding analysis) 

1.4 RESEARCH QUESTIONS 
Resulting from the problem statement, research aim and research objectives the following central 
research question is defined: 

How can the Dynamic Adaptive Policy Pathways approach be helpful in developing a typology of 
polder areas based on their different adaptation pathways and tipping points? 

In order to find an answer on the main question, case areas are needed. Therefore, polders with 
different characteristics were selected which are vulnerable to climate change effects. 

To give an answer on the main question, the following sub-questions are formulated: 

1. Which types of polders are present in the Netherlands? 
2. What are the uncertainties and what are solutions for this in the selected polder areas?  
3. Which technical and spatial development plans and visions are present in the polder areas? 
4. What are possible pathways and tipping points in these polders? 
5. What are the main differences and similarities between the different pathways and tipping 

points of polders selected in the case study? 

1.5 RELEVANCE 
1.5.1 Societal relevance 
Polders are vulnerable to the effects of climate change and nonenvironmental pressures (C40 Cities, 
2016). This adds to the societal relevance of this study as it is important to provide a variety of 
possibilities and scenarios to deal with future uncertainties. Therefore, a strategic approach is 
necessary to provide a relevant picture of the future. It is likely that an unexpected scenario will arise 
due to all the uncertainties. If there is no clear procedure or capacity to adapt to these scenarios, 
several issues may emerge in the future (Haasnoot et al., 2012). This study is therefore relevant for 
the planners of the polder areas selected for this study. The approach will provide insight into the 
uncertainties and possible measures that can be adopted to help prepare the area for the future. 

The DAPP approach provides directions and possible ways of responding to uncertain scenarios and 
situations. It was demonstrated by Haasnoot et al. (2012) that the approach is useful for tailoring and 
context specific situations. Therefore, this approach will be helpful in addressing the effects of climate 
change on polders, which is a real-life issue. Changes in the polder systems may be enacted by policy 
and decision makers; therefore, it is useful to provide clarity and a method for dealing with these 
issues. However, there are many stakeholders in polders whom policy and decision makers need to 
take into account. Different stakeholders have their own goals and visions of what needs to happen 
in the polders. It is challenging to address the decisions and context of every stakeholder. For one 
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stakeholder a specific outcome could be positive, while for others it could be negative (Bosomworth, 
Leith, Harwood, & Wallis, 2017). The study is relevant for the users and decision makers in the polders 
since a good overview will help in making decisions that affect the future. For example, the pathway 
maps have economic tipping points, which makes it clear why certain practical actions can create 
problems later on, such as an increase in urbanisation and economic value in an area. Different 
disciplines have different goals within the area, and it is therefore important to show via the pathway 
maps what is possible and what is not. If this research had not been done, fewer insights would exist 
into the socioeconomic and climate change impacts on polder areas and what possible measures can 
be taken to better protect the polders (Bouwer et al., 2010). In summary, practical problems in polders 
arise if no scenarios for the future have been worked out. It is essential to plan solutions for scenarios; 
otherwise, locked-in decisions can arise. 

1.5.2 Scientific relevance 
This study will use the DAPP approach, which will be tested on a small scale whereby polder areas will 
be the case studies. Haasnoot et al. (2012) suggested that the usability of the approach needs to be 
evaluated through a further application of local planning challenges. Limitations and strengths of the 
approach need to be known in order to use it more frequently (Lawrence & Haasnoot, 2017). This 
study is context specific on the small scale of polder areas and is therefore useful to the development 
of the DAPP approach. Currently, no research has been conducted regarding the utility of the DAPP 
approach in developing a typology of polder areas. By addressing this knowledge gap, this study will 
reflect on the usefulness of the DAPP approach, which has not been yet fully tested on a small scale 
(Lawrence & Haasnoot, 2017). Generally, most work on the DAPP approach has been done by 
Haasnoot et al. (2019). They tested the approach in large scale and well organised studies, for example 
the Bangladesh delta plan and the Dutch Rhine basin plan (Haasnoot et al., 2019). The current study 
was done on a local scale and is relevant in that it provides new insights into long-term planning 
practices for polders. Currently, there are many published reports that suggest general adaptation 
strategies to deal with climate change. However, these approaches do not provide insights regarding 
smaller scales (Haasnoot et al., 2018). In addition, Haasnoot et al. (2019) found that qualitative 
methods are necessary for the development of the DAPP approach. The current study used qualitative 
methods, which adds to the scientific relevance. 

1.6 READING GUIDE 
The second chapter consist of a theoretical framework built on a literature review. The theoretical 
framework consists of relevant literature that substantiates the research and reflects on the utility of 
using the DAPP approach compared to other methods, including adaptiveness. The third chapter 
explains the methodological choices made by describing the research design and the method of data 
collection and analysis. Literature review, document analysis, semi-structured interviews and focus 
groups were the methods used in this research. Chapters 4, 5 and 6 present the results of the case 
areas. Chapter 7 concludes the research, reflecting on the findings and choices made and ending with 
recommendations.  
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2. THEORETICAL FRAMEWORK 

  

(Zandvoort, 2017) 
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project. Uncertainty is something that is not always easy to control, while it does not always have 
negative impacts, it can also have positive impacts. Because thinking about uncertainties provides new 
ideas and opportunities which will not arise in a situation without uncertainty (Perminova et al., 2007). 
To give meaning and to know uncertainties is important for this research in order to identify the risks 
and possible paths to deal with uncertainties. 

2.1.3 Importance and meaning of uncertainty 
Uncertainty is becoming important in spatial planning practices, especially in situations whereby 
planners aim to achieve a long-term transformation process. However, the importance of uncertainty 
is not recognised yet. To give meaning to climate change uncertainty it is important to know which 
climate adaptation actions should be taken in which scenario, even if this is still unpredictable. 
Adaptation constructions influence the layout of the public space for decades. Therefore, there is a 
demand to understand uncertainty and to plan for the future (Zandvoort, 2017). 

To give meaning to uncertainty, the theory of Savage is used as described in Bradley and Drechsler 
(2014). According to this theory, a reduction in the uncertainty is possible depended on the treatment 
of the problem. To explain this, the example of cooking an omelette is used. Imagine having five eggs 
already broking into a bowl. By adding another egg, it is uncertain whether the egg is rotten or not. 
The moment of taking the decision of breaking the sixth egg into the bowl, a separate bowl or throwing 
it away is important. At that moment, breaking the egg has a consequence. In general, it can be said 
that the question is how probable each action is. Persons can make decisions by averaging the 
consequences of each action by the probabilities and scenarios they have. This theory relates of what 
is stated by Haasnoot et al. (2012). They stated that the biggest challenge in dealing with uncertainty 
is the future and moment of decision making. When taking a certain action, we want to keep options 
open and maximize flexibility to avoid decisions we regret. To conclude, it is better to break the sixth 
egg in a separate bowl in order to deal with uncertainty and avoid the bad decision to break the egg 
together with the other five eggs while it is rotten. This enhances flexibility to take decisions and deal 
with uncertainties overtime (Haasnoot et al., 2012). 

2.1.4 Forms of uncertainty 
Uncertainties can be divided in three different classes: ethical, option and state space uncertainty 
(Bradley & Drechsler, 2014). Ethical uncertainty arises when it is not known what kind of utilities are 
needed and which consequences this causes. When the exact consequences are not known, there is 
option uncertainty. State space uncertainty arise when it is unsure how to construct an all-inclusive 
state space. This research focuses on option uncertainty in order to make the consequences of a 
specific action clear by use of the DAPP approach. 

Zandvoort (2017) and Brugnach, Dewulf, Pahl-Wostl, and Taillieu (2008) made a division between 
different types of uncertainties. These types of uncertainties are divided to indicate the probabilities, 
likelihood and consequences of a specific event therefore they can be seen as types of option 
uncertainty. It is useful to find robust solutions that can be adapted to different scenarios and 
uncertainties (Brugnach et al., 2008). These types are presented in Table 1. The problems in the 
polders can be part of one category. Depending on the category different solutions and pathways can 
appear. 

Types of uncertainty Description 
Shallow uncertainty Specifying multiple alternatives and probabilities 
Medium uncertainty Specifying multiple alternatives which can be ranked upon perceived 

likelihood 
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Deep uncertainty Specifying multiple alternatives but without being able to rank them 
in likelihood 

Recognised uncertainty Specifying multiple alternatives while it is possible to be surprised 
Unpredictability Characteristics in a system that makes it impossible to predict 
Incomplete knowledge The moment when we do not know enough about a system to be 

managed, this is caused by incomplete information or unreliable data 
Multiple knowledge frames Situation whereby there are conflicting views about how the system 

need to be manged 
Table 1. Seven different types of uncertainty (Zandvoort, 2017). 

2.1.5 Levels of uncertainty 
Uncertainty will still remain, even if the best possible analyses were done. It is possible to see trends 
and factors that are unknown which could be known, but uncertainty will still be there (Courtney, 
Kirkland, & Viguerie, 1997). Therefore, Courtney et al. (1997), describes that uncertainty can fall in 
four different levels: A Clear-Enough Future, Alternate Futures, A Range of Futures and True 
Ambiguity.  

By a Clear Enough Future, people can develop and forecast a single future. 
However, it is still inexact because the forecast is narrowing to one single point 
of direction. The single forecast needs to be precise enough for determining the 
strategy. This level of uncertainty is mostly used when the information is known 
or possible to know the information of the future (Courtney et al., 1997). It is 
not known how climate change will project itself (Haasnoot et al., 2018). This 
makes it impossible to set a single forecast. So, this level of uncertainty does 
not fit for this research.  

In Alternate Future the future is described as several alternate outcomes or 
different scenarios. Every possible analysis can still not predict which outcome 
will occur. It will help to identify probabilities and reach specific goals, not all 
the elements will change if the outcome will be known. In this level of 
uncertainty is the future situation clear. It is hard to forecast which way will 
occur (Courtney et al., 1997). This level of uncertainty has a connection with the 
DAPP approach. Different pathways emerge overtime in order to reach the 
future goal. To reach that target, it does not matter which path will be chosen, 
because all of them will reach the final goal (Haasnoot et al., 2012).  

Level 3, A Range of Futures gives a range of possible futures. The range is 
identified by key variables. The result of this lies in the identified range. There 
are no scenarios for this range (Courtney et al., 1997). This makes this level of 
uncertainty not useful. It is unlikely to do an analysis about climate change 
without setting scenarios and to make decisions within a broad range. There is 
always a probability that a certain climate change scenario will happen 
(Haasnoot et al., 2012).  

In the last level, True Ambiguity are multiple dimensions of uncertainty in a 
situation that is difficult to predict. The potential outcomes cannot be 
identified, variables cannot define the future (Courtney et al., 1997). This level 
is very unlikely to happen. To predict climate change, there are several variables 
available in order to give a direction of what can happen in the future (IPCC, 
2014) instead of impossible to know the potential outcomes.  

Figure 5. A Clear Enough 
Future (Courtney et al., 
1997). 

Figure 6. Alternate Future 
(Courtney et al., 1997). 

Figure 7. A Range of Futures 
(Courtney et al., 1997). 

Figure 8. True Ambiguity 
(Courtney et al., 1997). 
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Beside these levels, Courtney et al. (1997) describe three ways of taking action in uncertain situations. 
Big bets, options and no regret moves. Big bets are major capital decisions that can lead to large losses 
or large payoffs. Options are to minimise the losses in the worst-case scenario and securing the big 
payoffs of the best possible scenarios. No regret moves are moves that will pay off the path chosen no 
matter what will happen. It does not matter which strategy or path will be chosen, it is always a good 
one (Courtney et al., 1997). No regret moves are the way of taking actions under uncertainty which is 
relevant for this thesis. It is known that the climate is changing; the focus is on measures that are 
beneficial and flexible at different scenarios and therefore measures that are not to be regretted 
(Haasnoot et al., 2012). Consequently, the DAPP approach is selected as a useful strategy, this 
approach is further explained in the next chapter.  

2.2  DEALING WITH UNCERTAINTIES 
Adaptivity is important for decision makers if they want to deal with uncertainty. A central factor in 
adaptiveness is flexibility, which is the ability to switch between choices. The concept of flexibility is 
related to lock-in decisions (Zandvoort, 2017). A lock-in is a moment when other decisions are out of 
reach (Palley, 2017) and therefore, there is no flexibility anymore. This chapter explains why the 
Dynamic Adaptation Policy Pathways is useful to give insight into adaptiveness in planning, 
uncertainties and scenarios. The researcher drew on conceptual insights of different distinct types to 
work with uncertainty. There are many methods available, however the methods chosen to analyse 
are the Multiple Streams Framework, the Strategy Under Uncertainty and the Dynamic Adaptation 
Policy Pathways. These methods were chosen because these can deal with complex problems, have 
compressive descriptions, are practitioner based and are scholarly embedded (Zandvoort, Vlist & 
Brink, 2018). These criteria were used because it related to the central problem in this research. The 
research problem is complex, it needs a comprehensive description in order to understand it, a 
problem need to have a scholarly substantiation in order to be useful and the method to deal with 
this problem need to be practitioner based, otherwise the plan cannot become reality. 

2.2.1 Multiple Streams Framework 
The first method to discuss is the Multiple Streams Framework from Pot (2020). This framework is 
used to recognise decision making and to describe the flow of problems, solutions, choices 
opportunities and politics. When these streams come together, decisions can be made. However, 
several moments of decision making need to take place, before taking a final decision. Decisions can 
be made when the streams meet each other, see Figure 12. The problem stream is about different 
definitions of problems; the definitions can develop itself in the process of decision-making. The 
solution stream is about solutions developed by experts which are highlighted during the process of 
making a decision. The political stream is about the ideologies of specific parties. It is unlikely that 
without political support the decisions will be made. Lastly, the choice opportunity stream is about 
moments when organisations are expected to make decisions. It is about the procedures, norms and 
rules that help to make clear who is involved, and which solutions are made. When the four streams 
come together, a decision can be made. After each decision moment, the streams flow independently 

Figure 11. No-regret moves 
(Courtney et al., 1997).

Figure 10. Options 
(Courtney et al., 1997). 

Figure 9. Big bets 
(Courtney et al., 1997).
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further, however, there will be a moment whereby the participants in the process connect the four 
streams. This will be the final decision (Pot, 2020).  

A disadvantage of this method is that it will take time before decisions will be made. Decisions now 
will not be made for the next 100 years because overtime decisions will be made when all the streams 
are together. Therefore, this method does not entail flexibility to change overtime under certain 
scenarios which is necessary for adaptiveness (Zandvoort, 2017). The moment when the streams are 
together is too late to deal with climate change. Because now action is needed to deal with climate 
change in the next 100 years or further. 

2.2.2 Strategy Under Uncertainty 
Another approach to help with making decisions and deal 
with uncertainties is developed by Courtney et al. (1997), 
see Figure 13. This method is a broader framework able to 
deal with challenging decisions and help with 
understanding uncertainty. First it should identify the 
nature of uncertainty. This phase will research what can 
happen under different types of uncertainty and different 
circumstances. Secondly, a strategic posture is important to 
see opportunities, a strategic path must be chosen here. 
Thirdly, a portfolio of actions can be built. This will show 
possible actions offered by selecting various strategies. 
Moreover, it will present no-regret moves. It will offer 
solutions that are the best to take in order to make 
decisions without lock-ins. Lastly, it is important to actively manage the strategy and monitor events 
that can trigger new adaptation (Courtney et al., 1997).  

This way of dealing with uncertainty is not useful for the development of the adaptivity of polder 
areas. This methodology is more about monitoring overtime and action will be taken when something 
happens due to the monitoring. In order to include adaptiveness, actions need to be taken before 
something happens. Additionally, the flexibility is influenced by already choosing a strategic path 
beforehand.  

2.2.3 Dynamic Adaptation Policy Pathways 
The last discussed method is the Dynamic Adaptation Policy Pathways. This approach is using pathway 
maps to make decisions overtime. This method can deal with uncertainties because it uses scenarios 
and explores under which scenario a specific measure (pathway) will fail (Buurman & Babovic, 2016). 
Pathways are transparent and flexible overtime; therefore, it can easily anticipate on changes in the 
future. Additionally, there is a good connection between the adaptiveness and tipping points. Tipping 
points are moments in time when an action is not adequate anymore because, the measure becomes 

Figure 13. Strategy Under Uncertainty according 
to Courtney et al. (1997). 

Figure 12. Multiple Stream 
Framework (Pot, 2020). 
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too expensive, impossible or unacceptable. Tipping points can make uncertainties clear and can make 
visible which measures will keep functioning under which conditions (Zandvoort et al., 2018).  

The DAPP originates from two approaches, the adaptation pathways and adaptive policymaking. 
These two approaches are developed in order to deal with uncertainties. Tipping points are central in 
adaptation pathways. The pathways have different directions to get to the desired vision or goal. The 
moment of taking a specific adaptation path and the available actions after this path are crucial for 
reaching the vision or goal (Haasnoot et al., 2012). At this moment, locked-in decisions can be made. 
The other approach: adaptive policymaking is used to make a robust plan and consists of several steps:  

1. Analyse the existing conditions of a system. 
2. In what way you want to achieve the objectives. 
3. Different types of actions can be taken. 
4. Specify the information in such a way in order to judge if the plan is meeting the conditions 

for success. 
5. Actions taken (Haasnoot et al., 2012).  

These two approaches are combined the 
Dynamic Adaptive Policy Pathways. This 
approach includes scenarios and different 
uncertainties; different measures to deal 
with vulnerabilities and opportunities; and 
a monitoring system to keep to the overall 
goal or vision. The process of the Dynamic 
Adaptive Policy Pathways is presented in 
Figure 14 (Haasnoot et al., 2012). 

This method can make decisions for the 
next 100 years and further visible. This 
approach selects different sets of actions 
by timing and brings a logical order in how 
developments take place in the future and 
will be assessed over different scenarios. Tipping points will give insight into the possibilities to adapt, 
hold or accelerate when a certain scenario or information arises (Van Der Vlist, Ligthart, & Zandvoort, 
2015). The aim of this approach is to have a variety of responses whereby timing and the order of 
responses is the objective for future change. Planners can change paths overtime, this depends on the 
scenarios and actions (Haasnoot et al., 2012). In order to use the DAPP the following steps need to be 
taken: 

- The current situation and uncertainties will set together the future objectives. Also, different 
actions to the future will be identified. 

- The next step is an important part; the sell by date of actions will be decided upon scenarios, 
it will be decided until when a certain action can work, and a transfer need to be made to 
another action. 

- The pathways will be developed, and a preferred pathway will be selected. 
- Action points and triggers will be determined. 
- Lastly an adaptive plan will be made for the area. This are the steps 1-8 of Figure 14.  
- Step 9 and 10 will not be carried out because the implementation of the pathways takes too 

much time and therefore do not fit in the scope of this research.  

Figure 14. Steps to be taken using a DAPP approach (Haasnoot et al., 
2012). 
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coherence visible for the case areas. In the next session the basic characteristics of each layer are 
described. 

Underground/ substratum layer 
In the underground layer a distinction is made between an abiotic-, biotic- and water- system. In the 
abiotic system the elevation and humidity of the area are important. Further, the soil typology, and 
water permeability of the soil are important. The biotic system is focussing on the soil life. A healthy 
soil life is important for humans and animals. Due to spatial plans the biotic system in the ground will 
change. Plants can give an indication of the streaming of water, groundwater and something about 
the nutrition in the underground. Information about the water system is mainly focussing on the 
groundwater level and flow direction of the water (Ruimte met toekomst, 2014). 

Network layer 
The network layer consists of the traffic-, green- and energy- network. The traffic network has two 
important parts: the accessibility (time versus money to get from A to B) and the environmental 
situation (air quality, noise, safety and residues). The green network is mainly focussing on improving 
the liveability while at the same time improving ecological values in combination with recreation. The 
energy network is concentrating itself on reducing the emissions on local level (Ruimte met toekomst, 
2014). 

Occupation layer 
The occupation layer consists of the human use of the underground and network layer. By planning 
for the occupation layer, the characteristics of the network- and underground-layer need to be taken 
into account. The occupation layer is making a distinction between the following types: infrastructure, 
business parks, urban, high-urban, sub-urban, residential area, greenhouse horticulture, nature, 
cultural landscape, urban green and recreational landscape. The occupation layer is having a planning 
horizon of one generation, therefore, it is changing a lot in a short time frame (Ruimte met toekomst, 
2014). However, the changes that are made, like building a new neighbourhood is meant for one 
generation, but the neighbourhood will stay there for more than one generation. This makes it 
important to take into account the uncertainties of socioeconomic developments and climate change. 
If the sea level will rise the next 100 years in such a way that the dikes are not able to hold it anymore, 
is it worthwhile to still built that neighbourhood for one generation (Deltares, 2014)? 

This theoretical concept is useful in order to analyse the polders and see their differences in 
characteristics. The layer approach provides insight into the complex landscape of a polder and the 
coherence between the layers. If specific pathways are set out in the occupation layer this will 
influence the other two layers as well. This theory will be used in order to describe the characteristics 
of the polders and to systematically collect the same data for every case study. 

Polder typologies 

A polder is an area that is separated from the hydrological regimes in order to control the water level 
in that area. Polders were originally areas with surface water or high groundwater (Hoes & Van De 
Giesen, 2015). To be more precise, polders are areas below sea level that are protected with a 
surrounding dike system and drains to drain the upcoming groundwater away (Engel et al., 2010). 
Polders can show one of the following characteristics: 

- A polder only receive water from rain, irrigation intake or seepage. 
- A polder controls the discharge via their own sluices or pumps. 
- The water levels are managed artificially, therefore the surface- and ground water are self-

sufficient and not dependent on the water level of the surrounding land (Engel et al., 2010). 
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floods (Lendering, Schweckendiek, & Kok, 2018). Moreover, when the boezem canal is full of water, 
the dikes of the boezem can break when additional water is added in the canal (Engel et al., 2010). 
Floods will occur if the maximum discharge capacity of a pump is reached and no additional water can 
be discharged. Higher amounts of river discharges will pressure the flood protection of adjacent water 
bodies (Lendering et al., 2018). Beside these problems, droughts result in increasing evaporation 
patterns. There will be longer events of no rain which affects the water availability negatively (Van 
Den Hurk et al., 2014). This will cause problems in the underground layer of the polder. Issues will 
arise for the agricultural sector, because harvests may drop. The strength of the dike system will 
decrease due to a dry underground. Moreover, there is not enough water to flush the salinized water 
away and will cause salinisation (Lendering et al., 2018).  

Seepage 

Seepage is a process whereby groundwater, which possibly can be salt groundwater, will reach the 
surface due to the upward flow of groundwater (De Louw, 2013). This problem is mainly in polders, 
especially deep-lying polders. There are three different types of seepage which can be distinguished 
based on their water and salinity influences: diffuse-, paleochannel- and boil seepage (see Figure 17) 
(De Louw, Oude Essink, & Stuyfzan, 2010).  

 
Diffuse seepage is seen in most polders. By this type of seepage is the groundwater flowing upwards 
due to soil with a low permeability. This will happen in polders with peat, loam and clay soils. The flow 
of water is relatively small, which results in a slow movement of salt water. This is the consequence of 
the origin of the flow, which is from shallower ground layers that are less saline. The average 
concentration of chloride by diffuse seepage is 100 mg/l (De Louw et al., 2010).  

Paleochannel seepage mainly occurs in areas with a high permeable soil, mostly sand. The upward 
groundwater flow, flows through the belts which are more permeable than the diffuse seepage flow 
due to the hydraulic differences. This type of flow contains more salt water due to its origin which is 
from deeper aquifers. This only happens in areas with paleochannel belts. The average concentration 
of chloride by paleochannel seepage is 600 mg/l (De Louw et al., 2010). 

Figure 17. Visualization of the 
three different types of seepage 
(De Louw et al., 2010). 
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Boil seepage will cause the cover layer of the polder to burst because it has a low permeability. The 
salt water can easily move upward which is most likely created in water bodies with a thin cover layer 
(Klijn, Baan, De Bruijn, & Kwadijk, 2007). This type of seepage is mainly present at the edge of a polder 
with steep slopes in the hydraulic head. The average concentration of chloride by boil seepage is 1,100 
mg/l (De Louw et al., 2010). 

Seepage contributes to the increase in salinisation in polders which can have a high impact on the 
polders water system (Ferguson & Gleeson, 2012). Salinisation may pressure the fresh water, which is 
needed for agricultural activities, drinking water, industries, nature areas and the urban areas. The 
declining supply of fresh water is especially causing consequences for the crop growth. The impact of 
sea level rise is one of the main causes of salt groundwaters. Areas within a 10 km range from the 
coastline and main rivers face the most problems, because of the Holocene layer, which is highly 
permeable. The expectations are that saline loads will double by 2100 as a consequence of sea level 
rise. Moreover, inland land subsidence makes this problem worse. Land subsidence and sea level rise 
combined will increase the seepage pressure on the fresh aquifers. Low-lying polders will therefore 
face more salt groundwater. This will put the drinking water industry, nature areas, agriculture, urban 
areas and water management of the polder at risks (Oude Essink, Van Baaren, & De Louw, 2010). 

Land subsidence 

Land subsidence is a process whereby the elevation of the soil is lowering. This process is schematically 
demonstrated in Figure 18. This process is mainly occurring in clay and peat soils because of the 
pressures from other soil layers due to their higher weight or structural loadings. In addition, peat soils 
are oxidating due to drainage. Oxidation is occurring when the peat is exposed to oxygen, whereby 
organic matter will break down (Erkens & Kooi, 2018). The process of subsidence is accelerated by 
human interventions; structural loadings pressures the underground layer which is forced to subside. 
Moreover, groundwater extraction will aggravate this problem (Van Asselen et al., 2018).  

There are several effects of land subsidence; it will damage buildings, infrastructure and causes CO2 

emissions. The oxidation occurring in peat soils causes CO2 emissions which contribute to global 
warming (Van Asselen et al., 2018). Moreover, due to subsidence the relative sea level will rise and 
therefore increase the flood risk in these areas. Relative sea level rise is the combination of land 
subsidence and sea level rise (Giosan, Syvitski, Constantinescu, & Day, 2014). Moreover, as Figure 18 
shows, a lower elevated area has a higher water difference with the surrounding water bodies. 
Therefore, more water will flow to the area, as a consequence the pumping stations need to pump 
the water more intensively back to the surrounding water bodies (Van Asselen et al., 2018).  

Figure 18. Land subsidence schematic representation (Van Asselen et al., 2018). 
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tipping points and pathways. These need to be identified in order to add to the development of the 
DAPP approach on a local scale using qualitative methods. 

  

Figure 20. Conceptual framework, created by the author (2021) adjusted from (Zandvoort, 2007) and (Buurman & 
Babovic, 2016). 
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3. METHODOLOGY 
  

(Zandvoort, 2017) 
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concentrated on different polders in the Netherlands. Qualitative methods are often used in these 
types of studies because a case study provides real-life detailed data (Zainal, 2007; Bryman, 2015). 
Therefore, a qualitative study was chosen for this research. The methods are further elaborated in the 
next section. 

3.3  DATA COLLECTION 
This study used qualitative methods. Four approaches were used to collect data and provide an 
answer to the main question: literature review, document analysis, semi-structured interviews and 
focus groups. 

3.3.1 Literature review 
A literature review was done to identify the main concepts in the theoretical framework. It 
summarised and evaluated existing literature. A literature review has two central elements; it 
summarises findings of previous research, and it develops conclusions regarding the completeness of 
current knowledge on a topic (Knopf, 2006). This method was therefore useful in obtaining theoretical 
substantiation for the research. It identified concepts such as uncertainties, adaptive management, 
the DAPP approach, the Dutch layer approach and polder threats. These concepts formed the basis 
for this research. The databases used were Google Scholar and the Radboud University library. 
Further, internal literature was provided by Sweco and the waterboards. Additionally, academic 
literature in the form of previous theses were used as inspiration and information as necessary. 

The literature review was useful in answering sub-question 1. It identified the polder typologies in the 
Netherlands. In order to further analyse the case areas, the polder areas were divided based on the 
typologies of Nijhuis and Pouderoijen (2009); this is explained further on in this chapter. The literature 
review also provided the basis for sub-questions 2 and 3. The document analysis and interviews 
answered these questions completely. 

Figure 21. Research design (created by the author, 2021). 
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16. Waterschap 
Hollandse Delta 

Hydrologist Microsoft 
Teams 

60 minutes 30-04-2021 

17. Staatsbosbeheer Site management 
advisor 

Telephone 40 minutes 30-04-2021 

18. LTO Regio West LTO Noord Regio 
West 

Microsoft 
Teams 

40 minutes 10-05-2021 

Table 2. Interviewee population. 

3.3.4 Focus groups 
The last method described for data collection is the focus group. Four focus groups sessions were 
carried out to further refine the pathway maps, three with respondents from the case areas and one 
with experts from Sweco. The main goal of the focus groups was to validate, test and further refine 
the pathways and tipping points that were set up during the literature review, document analysis and 
interview phases. The focus group with pathway experts from Sweco was done to obtain the necessary 
theoretical background and to make the pathway maps more realistic. The focus groups with the case 
study respondents were carried out to validate the results presented in the pathway maps and to 
further refine these maps. The focus groups were used to gain new insights and openly discuss the 
pathway maps (Breen, 2006; Van Thiel, 2014). The focus groups were composed of a homogeneous 
group of respondents, that is respondents with the same background expertise (Van Thiel, 2014). 
Therefore, actors were able to interact with each other and review how the pathways differ between 
the polder areas. The focus groups were part of the deductive phase of the research because this 
phase tested whether expectations of the designed pathway maps fit with reality. 

The structure of the focus groups proceeded as follows. First, after a brief introduction and the 
usefulness of the focus group was discussed. Second, the pathway map of the polder was explained. 
Then, every respondent had the opportunity to say something. A few questions were asked by the 
researcher in order to further refine the pathway map. After this the conclusions were repeated by 
the session leader and the respondents were thanked for their contribution. The focus group guide is 
presented in Appendix 3. 

The participants were chosen based on the interview population as presented in Table 2. The 
population from Sweco was selected from experts on the topic of adaptive pathways. To schedule the 
focus groups, emails were sent to the interviewees with an invitation, along with a description of the 
usefulness of the focus group. After this the most suitable date was chosen. Since not every 
interviewee could be present, the most suitable date was chosen so as to have enough people present 
for the focus groups, which were also carried out in Dutch. The population present during the focus 
group sessions is presented in Table 3, 4, 5 and 6. Additionally, the focus groups were used for data 
triangulation of the interviews. Therefore, these sessions helped refine the pathway maps and to 
provide an answer on sub-questions 4 and 5. 

Number Organisation Function 
1. Sweco Research intern 
2. Sweco Consultant water safety and climate adaptation 
3. Sweco  Consultant water and sustainability 

Table 3. Population of the focus group with experts from Sweco. 

Number Organisation Function 
1. Sweco Research intern 
2. Sweco Consultant water safety and climate adaptation 
3. Wetterskip Fryslân Hydrologists 
4. Wetterskip Fryslân Project planner 
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5. Wetterskip Fryslân Junior planner 
6. Province of Friesland Project leader 
7. It Fryske Gea Supervisor 

Table 4. Population of the focus group about the Kolken-Noord. 

Number Organisation Function 
1. Sweco Research intern 
2. Sweco Consultant water safety and climate adaptation 
3. Hoogheemraadschap van Rijnland Policy advisor water 
4. Hoogheemraadschap van Rijnland Landscape architect/ process leader 
5. Hoogheemraadschap van Rijnland Water system specialist 
6. Province of North-Holland Policy advisor climate adaptation 
7. Municipality of Haarlemmermeer Advisor climate adaptation 

Table 5. Population of the focus group about the Haarlemmermeerpolder. 

Number Organisation Function 
1. Sweco Research intern 
2. Sweco Consultant water safety and climate adaptation 
3. Waterschap Hollandse Delta Process engineer Goeree-Overflakkee 
4. Waterschap Hollandse Delta Water system specialist Goeree-Overflakkee 
5. Municipality of Goeree-Overflakkee Advisor sewage system and climate adaptation 

Table 6. Population of the focus group about Dirkslandpolder. 

3.4  DATA ANALYSIS 
3.4.1 Document analysis 
The document analysis provided a better view of the polders. The documents were analysed by 
scanning them and highlighting important information; then, the highlighted information was studied 
in-depth and used in the research. The documents were systematically collected and analysed in order 
to have the same analysis for every polder. Especially technical and spatial documents and visions 
were sought. To systematically analyse the data, categories were formed using the Dutch layer 
approach and general useful information. The categories were as follows: 

1. Demography, stakeholders and location of the polder 
2. History of the polder 
3. Underground layer 
4. Network layer 
5. Occupation layer 
6. Problems in the polder 
7. Visions, future expectations and plans of the polder 
8. Possible measures for the polder (for adaptive pathways and for tipping points) 

The document analysis provided a view of the case areas and a basis for the interviews. The areas 
were well known, and the interviewer was therefore able to ask in-depth questions. This method 
helped with the first design of the pathway maps. The interviews were used for conformation and 
additional information. 

3.4.2 Semi-structured interviews 
To analyse the interviews, they were recorded (which was agreed to by the interviewees), transcribed 
and coded. To increase interview reliability, transcriptions were sent to the interviewees. The 
interviews were coded using the software Atlas.ti. During the analysis, open coding, axial coding and 
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selective coding were used. These coding methods were used as a grounded theory method. 
Grounded theory is a systematic methodology used in gathering and analysing data to define theories. 
This research does not fully use the essence of grounded theory. However, the process steps are 
suitable to develop pathway maps and to add information to the document analysis of the polder 
areas. Moreover, grounded theory does not represent one strict procedure. The method is open to 
the phenomena under investigation. During the procedure, the ideas and knowledge of the researcher 
are set aside in trying to confirm the interpretation of the new dataset (Charmaz & Belgrave, 2015). 
This fits with the philosophy of positivism. This research began from an inductive approach because it 
described the problems and characteristics of the case studies. From this the pathway maps emerged. 
During the coding process, open coding was used to generate categories and detect patterns among 
the interviews, a process of generating categories and information and describing phenomena. To 
select one of these categories and compare it with others, axial coding was employed; therefore, the 
following elements were used: causal conditions, contexts, action strategies, contradictions, 
consequences and phenomena (Charmaz & Belgrave, 2015). Last, to form a narrative covering the 
main categories, selective coding was used (Creswell & Creswell, 2018). The coding process helped 
reduce the amount of data in meaningful parts of the text and was easier to manage in providing a 
useful overview of the transcripts (Attride-Stirling, 2001). 

To operationalise concepts from the theoretical framework in order to generate the interview 
questions, the concepts were made measurable, see Table 7. The variables are the characteristics of 
the concepts, the indicators are measurable in order to code the interview transcript (Creswell & 
Creswell, 2018). The variables presented in Table 7 compose the main structure of the interviews and 
served as a basis for the coding process.  

These findings together with the findings of the document analysis were used to design the pathway 
maps. The questions in the interviews were asked in such a way that concepts of the DAPP approach 
became visible during the coding process. The coding process produced an overview of measures, 
tipping points, visions, current approaches and actions that can be taken. 

Concepts Variables (property of the 
concept) 

Indicators (measurable) 

Types of option 
uncertainty 

Shallow uncertainty Availability of multiple alternatives 
and probabilities 

Medium uncertainty Availability of multiple alternatives 
which can be ranked 

Deep uncertainty Availability of multiple alternatives 
without being able to rank them 

Recognised uncertainty Multiple alternatives but still possible 
to be surprised 

Unpredictability If a specific event is not predictable 
Incomplete knowledge If there is insufficient knowledge 

about a specific event 
Multiple knowledge frames If there are contradictory views 

Adaptiveness Flexibility Level of possibilities to switch from 
strategies in the current system 

Dynamic Adaptive Policy 
Pathways  
(Alternate futures) 

Tipping points Moments of decision making over a 
time frame 

Decision points Moment of taking a decision to 
another pathway 
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Pathways Possible measures to deal with 
uncertainties under certain scenarios 

Lock-in A moment when other decisions are 
out of reach 

Vision Future plans for a polder 
Spatial planning Land-use patterns 
Current approach The current way of managing the 

polder 
No regret moves Moves taken that will pay-off the 

path no matter what will happen 
Future objectives Future goals in the development of 

the polder 
Table 7. Analysis framework created by the author (2021). 

3.4.3 Focus groups 
The focus groups were recorded (which was agreed to by the respondents), and transcriptions were 
made of the sessions. The transcriptions were coded using the software Atlas.ti and the analysis 
framework shown in Table 7. During the analysis process, important themes and feedback were 
highlighted, especially when a consensus was not reached by the participants regarding the 
development of the pathway maps. This is in line with the theory of Breen (2006), who stated that a 
focus group needs to be analysed based on important themes discussed, worthwhile quotes by 
participants and unexpected findings. The focus groups were used to further refine and test the 
pathway maps, and they were therefore part of the deductive phase of this research. This phase 
resulted in answering the last sub-question. The final pathway maps were produced, and a conclusion 
was reached. 

3.5 CASE STUDY SELECTION 
In order to select case areas several criteria were set based on the polder typologies of Nijhuis and 
Pouderoijen (2009) (see Figure 22). Figure 22 shows a division of polders based on soil, substrate and 
water management. It was expected by the researcher that differences in soil, substrate and water 
management would result in different pathways and tipping points. This information was therefore 
useful to answer the research question and made the research more reliable. Three different regions 
were chosen based on the figure. Applying these criteria in combination with explorative interviews 
with contact persons from Sweco led to the final case study selection. The contact persons provided 
sufficient information about the areas and connected the researcher to stakeholders.  

The cases selected were Kolken-Noord, Haarlemmermeerpolder and Dirkslandpolder. These are 
located in Wetterskip Fryslân, Hoogheemraadschap van Rijnland and Waterschap Hollandse Delta 
respectively. A case study is the process of investigating a phenomena in-depth in a real-life context. 
A case study is used to understand specific phenomena and therefore to understand and extend a 
theory (Yin, 2009), in this case the DAPP approach. 
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3.6  VALIDITY AND RELIABILITY 
According to Reswick (1994) the researcher should analyse whether the data answers the research 
question in order to have high research validity. Bryman (2015) distinguishes validity into internal and 
external types. Internal validity addresses how well the observed data reflects reality and the 
developed theory (Bryman, 2015). In the case of this research, data triangulation was used to ensure 
high internal validity (Carter, Bryant-Lukosius, DiCenso, Blythe, & Neville, 2019). The interview results 
were tested in the focus groups to ensure that there were no misunderstandings. The two methods 
enhanced one another and increased the validity, especially since it was found by Carter et al. (2019) 
that during interviews, participants are more inclined to share sensitive topics. During the focus 
groups, participants are able to interact, which stimulated their varying perspectives. The combination 
of the methods led to a greater validity. Further, the methods resulted in a systematic creation of the 
pathway maps since what needed to be measured was measured in the case areas. The conclusion of 
these pathway maps resulted in the answer to the main question. 

External validity refers to the way in which the research findings can be related to the social setting 
(Bryman, 2015). This research was meant to provide detailed information about the different 
pathways of the polders selected for the case study. The case study locations were quite specific, so 
the results of this research were explained in great detail. Therefore, other researchers can check 
whether the results are transferable to other studies. In presenting the findings in a wider context, 
the aim was to focus on deeper understanding rather than surface features (Lincoln & Guba, 1985). 

Sufficient validity is needed to establish good reliability. Trustworthiness is important as this is the 
sense that determines reliability and validity. If there are reliability issues, the research is irrelevant 
(Golafshani, 2003). To ensure good reliability for the process and results, the following steps were 
taken: 

- The researcher was transparent regarding the findings for Radboud University, Sweco and 
other parties. 

- The process of the research was clearly discussed throughout the thesis period with the in-
company supervisor and the Radboud University supervisor. 

Figure 22. Different polder typologies in 
the Netherlands with the selection of 
the three different polders. In the 
North: Kolken-Noord. In the middle: 
Haarlemmermeerpolder. In the South: 
Dirkslandpolder (Nijhuis & Pouderoijen, 
2009). 
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- Personal feelings and advantages regarding the results were avoided as much as possible 
during the whole process. 

- All processes were recorded: list of interviewees, transcripts and focus group notes. These are 
accessible to other researchers. 

- Data triangulation was used to improve the reliability of the research and give more coherence 
to the results (Golafshani, 2003).  

The following chapters (4, 5 and 6) describe the case study areas that resulted from this research. The 
results were collected via the methods described in this chapter. The chapters have the same outline. 
They first present a general introduction followed by the history of the polders. In paragraphs three, 
four and five, the Dutch layer approach is used to describe the current characteristics of the polders. 
Paragraph six discusses the current problems in the areas. Paragraph seven provides insight into the 
visions of the areas, their expectations and future plans. Then, possible future measures are presented 
in paragraph eight. The chapters close off with the pathway maps. 
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4. KOLKEN-NOORD 
  

(Oxipang, 2017) 
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4.4 NETWORK LAYER 
There are several small roads in the area, one main road the N361. Other than this, no important 
traffic or energy networks are located in the area. The water system of the Dongeradeel is 
independent of the Friese boezem and discharges via the pumping station Dongerdielen on the 
Lauwersmeer (Kuijper et al., 2010). The most important watercourse in Kolken-Noord is the Moersloot 
which moves the water south to the pumping station De Kolk (48m³/min). De Kolk discharges into the 
Zuider Ee, and the water moves to the pumping station at Dongeradeel, which then discharges the 
water into the Lauwersmeer (912m³/min). The water system is shown in Figure 27 (Tauw, 2017; 
Kuijper et al., 2010). If necessary, freshwater can be pumped from the Lauwersmeer to the Zuider Ee 
[12]. The surface waters in the area are described as brackish (Kuijper et al., 2010). 

4.5 OCCUPATION LAYER 
The area is not useful for agriculture because of its wet and salty conditions. Due to this, there is a low 
drainage level (the difference between ground level and surface water levels. In Dutch: drooglegging) 
and dewatering. The occupation layer consists out of grassland that supports cattle (Suilen & De Lange, 
2020), especially young cattle [14]. Grassland can deal with wetter and saltier conditions [13, 14]. In 
the area surrounding Kolken-Noord, the drainage level is higher, and more agriculture is found there 
(Phernambucq & Kruitwagen, 2016; Kuijper et al., 2010).  

The Kolken-Noord serves year-round as a habitat for birds. Geese winter in the polder, and during the 
summer the area is useful for breeding. Additionally, the shores are nutrient-rich due to the various 
vegetation types (Phernambucq & Kruitwagen, 2016). 

4.6 PROBLEMS AND UNCERTAINTIES IN THE KOLKEN-NOORD 
The previous sections described the current characteristics of the polder. This section provides insight 
into its current and future problems based on the document analysis and interviews. Possible future 
problems come with uncertainty since it is difficult to predict what will actually happen (Pahl-Wostl, 
2007). Therefore, the main type of option uncertainty is described for each problem. The types of 
option uncertainty were discussed in the theoretical framework. 

  

Figure 27. The water system of Dongeradeel, within the circle the area of Kolken-Noord (Kuijper et al., 2010). 
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Floods 

Extreme rainfall has occurred more frequently over the past years. The water surplus can be dealt 
with because the polder is close to the Lauwersmeer, however, problems can arise during extremely 
wet conditions [11, 13, 14]. Discharging the water will become more difficult in the future because of 
sea level rise (Kuijper et al., 2010; Phernambucq & Kruitwagen, 2016). As a consequence of land 
subsidence, the grassland will flood more frequently [14]. Land subsidence leads to storage loss in 
surface and groundwater and to dewatering loss as the groundwater levels will move closer to ground 
level (Phernambucq & Van Tuinen, 2019). 

Currently, the area has a water storage shortage of 400,000 m³ (Tauw, 2017). The small drainage level 
has led to less storage in the area because extreme water level fluctuations are not possible [14]. If 
the land susbsides and the water level remains the same, the storage capacity will decrease which can 
cause floods during periods of intensive rainfall. There is suggested to lower the water level with 10 
cm, this will result in more water storage and a decrease in the chance of floods (Wetterskip Fryslân, 
2012). However, lowering the water level to maintain the same amount of storage capacity is not 
worthwhile because more salt seepage causes further problems [5, 11, 14]. A hydraulic head higher 
than the groundwater level caused salt seepage, as shown in Figure 29 on the left side. On the right 
side of Figure 29 is shown the situation after subsidence. The ground level subsides together with the 
groundwater level due to the declining dewatering system. The hydraulic head decreases, and as a 
consequence the seepage under the ditch decreases, and the seepage under land increases (Kuijper 
et al., 2010; Phernambucq & Kruitwagen, 2016; Wetterskip Fryslân, 2012).  

Floods in the area is a form of medium uncertainty. It is known that floods will occur more frequently 
because of the storage loss as a consequence of land subsidence. However, it is not known what the 
rainfall patterns will look like and how extreme they will become. If they do not become worse, there 
will be fewer problems with storage capacity. So, there is a known pattern, but there is also 
uncertainty.  

Droughts and salinisation 

Currently, during the summer there is not enough water available in the area [11, 13]. In the nearby 
future, the amount of precipitation will decrease by 13%, and evaporation will increase by 11%; this 
will result in more salt seepage (Wetterskip Fryslân, 2012). A small rainwater lens is present in the 
Kolken-Noord because of the precipitation surplus during winter. However, climate change scenarios 
cause problems; longer periods of drought will result in water shortages and increasing salinisation. 
Moreover, intensive rainfall cannot infiltrate in the underground because of the parched ground 
(Phernambucq & Kruitwagen, 2016; Kuijper et al., 2010). Therefore, the rainwater lens will decline by 

Figure 29. Current situation on the left and the situation after land subsidence on the right (Kuijper et al., 2010). 
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Consequently, they could be surprised in the future, which is a form of recognised uncertainty. They 
know there are multiple alternatives, but they have contradictory views because they do not want to 
change the land-use functions to deal with salinisation.  

Chloride mg/l Description Usage of the water 
0-300 Fresh Useful for sprinkling of agriculture crops. 
300-600 Somewhat 

brackish 
Useful for sprinkling and all agricultural crops except peas and 
beans in dry summers. Also, except sensitive crops like lettuce, 
beans, pickles and strawberries. 

600-900 Light 
brackish 

Useful for sprinkling of less sensitive crops like potatoes and 
onions. Also, cauliflower and celeriac. 

900-1,200 Moderate 
brackish 

Useful for a less amount of crops like grain, beets, spinach, 
sprouts, savoy, chicory, kale and radish. 

1,200-2,000 Brackish Not useful for sprinkling of agricultural crops. But still useful for 
infiltration and watering of livestock. 

2,000-5,000 Very brackish Not useful for sprinkling of crops and doubtful for watering of 
livestock.  

> 5,000 Salt Not useful for any kind of agriculture.  
Table 8. Description of the usefulness of chloride concentration in water (Wetterskip Fryslân, 2014). 

4.7 VISION 
This section gives an overview of how different institutions and interviewees think the area will look 
in the future. Moreover, it provides an overview of specific demands for the future as a consequence 
of new spatial developments and transitions. The visions important to this research come from the 
waterboard, province, municipality and farmers since they hold the most important stakes in the area. 
An overall vision is described at the end of the section. 

Wetterskip Fryslân 

The main goal of Wetterskip is to manage the water and keep the dikes strong. They address water 
quality and adapt the water system based on the land-use, which is mainly agricultural [11]. In the 
future it is expected that natural circumstances will become more important for agriculture. The 

Figure 31. Possible problems for the Kolken-Noord (FBWK, 2020). 
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mainland is characterised by broad landscapes that protect the land against the sea instead of narrow 
dunes and dikes. Marshes will arise and salt crops will become the standard because of the growing 
brackish areas between the dikes (WUR, 2019). A large portion of CO2 emissions in Friesland are 
caused by peat oxidation. Choosing for specific land-use functions can make it possible to store CO2. 
Therefore, Wetterskip aims to develop a water system whereby peat oxidation, salinisation and 
drought will be prevented. The CO2 emissions should be minimal as a consequence of land subsidence 
(Provinciale Staten van Fryslân, 2020). 

Province of Friesland 

Friesland is aiming for a 49% CO2 reduction by 2030 (compared to 1990), and the province plans to be 
fossil-fuel free and climate robust by 2050. They want to focus on nature-inclusive agriculture, energy-
neutral building and searching for suitable areas for sustainable energy [5, 11]. In order to do this, 
they set two main goals: acceptation and adaptation. These two methods are depicted in Figure 32, 
both on large and small scales. The upper images represent adaptation and the lower images 
acceptation. Acceptation is needed because society will face more climate change effects. It is 
therefore possible to compensate instead of adapt. Adaptation is needed to deal with the 
consequences of climate change. The effects of climate change need to be manageable (Provinciale 
Staten van Fryslân, 2020; FBWK, 2020). Based on the water maintenance principle, the province aims 
to keep and store the water first and then discharge it in order to keep the water for dry periods. In 
addition to these measures, the province plans to have 1,500 hectares extra space for water storage 
by 2035. Moreover, the province wants to be less dependent on the IJsselmeer because the lake has 
had problems with salinisation and water supply during dry summers. Additionally, they want to use 
the natural circumstances more frequently. Water needs to have more space and be stored more 
frequently (Provinciale Staten van Fryslân, 2020). Besides this, not really big changes of houses or 
energy transitions will take place in the area. The goal is to keep the countryside intact because it is 
part of the Frisian culture [5].  

Figure 32. Four different scenarios that show possible futures of Friesland agriculture (Omgevingslab Fryslân, 
2020). 
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stop because there is not enough water buffer capacity; the cattle then will need to be placed in 
cowsheds more frequently. It is possible to permanently provide water and food to cattle in cowsheds. 
This option will be available for a longer term [14].  

Additionally, the lowest part of the Kolken-Noord can be used for water storage. Because this area is 
at a low elevation, the water can be used during drier periods [5, 11, 13, 14]. There are many geese in 
the area, and therefore water storage can be combined with nature. With a combination of extensive 
agriculture and nature, it is possible to set the water level higher, which results in more pressure 
against salinisation [13].  

There are several measures available to deal with salinisation, including anti-salinisation drainage, 
water level increase and vertical drainage at the dike of the Waddenzee. However, the Kolken-Noord 
is an area where these measures are not effective or useful because the surrounding surface waters 
are also brackish (Boukes, De Haan, & Medenblik, 2020). An option is to create salt crops or salt 
tolerant crops in the area [5]. Salt crops are crops like samphire. Salt tolerant crops can be potatoes 
that can tolerate a higher chloride concentration. However, these types of crops are less profitable 
[13]. Additionally, the soil is not actually suitable for this, a large transformation of the area is needed 
then [Focus group Kolken-Noord, 3]. 

The last option is acceptation. It will be difficult for agriculture to adapt to the changing climate 
circumstances [11, 13]. In the long-term, another function is much more realistic [11, 12]. The Kolken-
Noord can be useful as part of the bigger system. It can be used as water storage, resulting in less 
water being needed in other areas (Phernambucq & Kruitwagen, 2016). A combination of water 
storage, nature and recreation is possible here as this is an area where the problems are difficult to 
solve [5, 13, 14]. 

4.9 DEVELOPMENT OF THE PATHWAYS AND TIPPING POINTS 
This section explains the development of the pathway map, and it describes the preferred pathways 
depending on the climate change scenarios.  

The main type of uncertainty found in this case study is medium uncertainty. This means that for the 
Kolken-Noord, the main climate change threats are known, and it is quite clear what kinds of problems 
will arise in the future. However, the main problem is that there are multiple knowledge frames, and 
the farmers in the area do not want to adapt. Based on these uncertainties the pathway map in Figure 
34 was designed. Adaptation pathways are useful for providing insight into uncertainties in an area 
(Haasnoot et al., 2012). This pathway map specifically focuses on medium uncertainty because the 
main problem and threats are known. 

Choices for the pathway map were made based on three points: 1) The climate change scenarios as 
described in the introduction formed the basis for the tipping points together with what is found 
during the document analysis. 2) The visions for the polder and planned developments were used; 
specifically the planned tourism developments at the Zuider Ee and the vision to minimise the CO2 
emissions caused by peat extraction. This is important because there is a small peat layer in the 
underground. Furthermore, seeing the Kolken-Noord as part of the system rather than an individual 
entity, can ensure that the choices made in the Kolken-Noord will lead to a climate robust and 
sufficient water storage in the Dongeradeel area. 3) The interviewees input during the interviews was 
used. Moreover, the pathway map was discussed during a focus group with experts from Sweco and 
in another focus group with interviewees from the Kolken-Noord. 
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Figure 35. Pathway map for Kolken-Noord with climate change scenarios. 
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5. HAARLEMMERMEERPOLDER 
  

(Baart, n.d.) 
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5.3 UNDERGROUND LAYER 
The ground level of the polder varies between -3 m 
NAP and -5.5 m NAP. The underground layer of the 
polder consists of sandy clay and clay, these layers 
are the upper layer [1] (Figure 37). Underneath the 
upper layer there is a sandy layer with water. In the 
Hoofddorp area, the first soil layer consists of sand. 
This is caused by the former influence of the sea. The 
seepage in the Hoofddorp area is higher compared 
to the other parts of the polder. The first layer has 
less resistance here (Biesma et al., 2010).  

Salt groundwater is present in most part of the 
polder due to the former influence of the sea. This 
salt water is moving upwards which is called 
autonomous salinisation. Therefore, more problems 
will arise in the area [4, 6]. In the deep underground, 
the salt concentration is already high. In the west 
side of the polder is the seepage water fresh, 
because of a freshwater bubble in the dunes (Biesma 
et al., 2010).  

Seepage in the area differs between places. In areas 
with a high difference between deep groundwater 
and the water level together with less resistance of 
the soil layer the seepage is high. These conditions are especially in the northwest side of Hoofddorp 
(Figure 38) (Biesma et al., 2010).  

  

Figure 38. Seepage map of 
the Haarlemmermeerpolder 
(Biesma et al., 2010). 

Figure 37. Soil map  of the 
Haarlemmermeerpolder 
(Biesma et al., 2010). 
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during the summer high amounts of fresh water will be let in and during the winters the water needs 
to be quickly discharged to the sea (Van Paridon x De Groot, 2012). 

5.5 OCCUPATION LAYER 
The polder has a diversity in land-use. 
The polder is mainly used for agriculture 
(47%), the whole water system is 
developed for this [2]. The water system 
is not self-sufficient, it is dependent on 
the boezem system to control its water 
system (Biesma et al., 2010). The main 
agricultural crops are onions, potatoes 
and wheat [4]. Houses, companies and 
Schiphol are 26% of the surface and 
grassland 22%. The land-use is divided as 
follows: 7,900 ha arable land, 6,700 ha 
built-up areas, 2,700 ha grassland, 400 
ha surface water, 300 ha wildlife and 300 
ha horticulture. Because of the different 
functions, the area has a high economic 
value (Hoes & Van De Giesen, 2015; Biesma et al., 2010). 

5.6 PROBLEMS AND UNCERTAINTIES IN THE HAARLEMMERMEERPOLDER 
The previous sections described the current characteristics of the polder. This section provides insight 
into its current and future problems based on the document analysis and interviews. Possible future 
problems come with uncertainty since it is difficult to predict what will actually happen (Pahl-Wostl, 
2007). Therefore, the main type of option uncertainty is described for each problem. The types of 
option uncertainty were discussed in the theoretical framework. 

Droughts and salinisation 

Currently, the main threat to the area is the drought 
and not enough water to flush the water system [15]. 
During dry periods, water is originated from the 
Hollandse IJssel, this water is used to flush the polder 
system (Biesma et al., 2010). If the river discharge 
from the Rhine is less, the Hollandse IJssel does not 
have enough water and problems will arise. Salt 
water is able to come to the inlet in Gouda which can 
cause problems for the flushing of the system [3, 4]. 
Additionally, there is not enough capacity to store 
the water for a longer time to deal with dry periods. 
it is possible to implement delayed disposal and to infiltrate the water locally, however the clay layer 
will cause problems in this process because the water will not easily infiltrate in the clay. Therefore, it 
will become a problem to deal with dry periods [1].  

The demand for water will almost double by the worst-case climate scenario. The salt seepage will 
continue to increase with 25% in the coming 50 years and will keep increasing even further (Van 
Paridon x De Groot, 2012; Wijnakker & Plambeck, 2021). Figure 42 presents the chloride 

Figure 41. Occupation layer of the Haarlemmermeerpolder (Hoes & 
Van De Giesen, 2015). 

Figure 42. Expected chloride concentration around 2100 
(Van Paridon x De Groot, 2012). 
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Figure 47. Overview of the effects of climate change on the short- and 
long-term for the Haarlemmermeerpolder (Wijnakker & Plambeck, 
2021). 

  

Figure 48. Problems of a city with a clay underground. Clay is 
the main soil typology of the Haarlemmermeerpolder 
(Wijnakker & Plambeck, 2021). 
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5.7 VISIONS 
This section gives an overview of how different institutions and interviewees think the area will look 
in the future. Moreover, it provides an overview of specific demands for the future as a consequence 
of new spatial developments and transitions. The visions important to this research come from the 
waterboard, province, municipality and farmers since they hold the most important stakes in the area. 
An overall vision is described at the end of the section. 

Hoogheemraadschap van Rijnland 

The main objective for Hoogheemraadschap van Rijnland is to have a minimum amount of water level 
separations over the whole polder. Additionally, their main goal is to facilitate the water demand 
depending on the land-use. The coming years it will be possible to facilitate the current land-use. 
However, the coming decades the water system will be pressured due to climate change (Wijnakker 
& Plambeck, 2021). Nonetheless, it is difficult to know to which extent the climate will change [3, 6]. 
So, in the future there is a need for a robust water system (Van Paridon x De Groot, 2012). Therefore, 
the waterboard developed a vision for the future with the following goals: 

- The water system does not have any shortages or floods. Water storage is possible in a large 
area in order to deal with shortages and floods. 

- The water system is able to deal with extreme climate scenarios and is less dependent on the 
water of the Hollandse IJssel. 

- The system has a good ecological quality and good developed flora and fauna. 
- A robust water level maintenance is less vulnerable and easier to operate. It uses less energy 

and is not vulnerable if a pumping station has a temporarily failure. 
- New spatial developments need to take into account the mild climate scenario of the KNMI 

(Biesma et al., 2010; Gemeente Haarlemmermeer, 2012). 

A change in land-use is needed, because if the Hollandse IJssel will become salt, problems will arise 
for the agricultural sector. If the climate change will become stronger, salt water problems will arise. 
How long it is possible to continue with the current land-use function all depends on the speed and 
impact of the changing climate [3, 4, 15]. However, it is expected in all the different scenarios that the 
water system will be leading and that the land-use needs to adapt to the water system, some areas 
will transform themselves depending on what is possible with the water system.  

Province of North-Holland and municipality Haarlemmermeer 

It is expected the Haarlemmermeerpolder will transform itself from an agriculture polder to a city 
polder whereby a large part is an urban area surrounded by green and agricultural areas. The last 
decennia the area developed itself with big residential areas, business parks, an airport, nature areas 
and horticulture. The water system did not change on the new functions, it still has the agricultural 
functioning. However, new functions and climate change demands another water system (Wijnakker 
& Plambeck, 2021). The consequences of climate change will decide if the current land-use functions 
can still be used in the future, or if the functions need to transform (Provincie Noord-Holland, 2020). 

Agriculture can be replaced by horticulture, business parks, housing construction, parks and solar 
fields. The plans for 2030 are develop 10,000 new energy neural houses in the 
Haarlemmermeerpolder, especially in Hoofddorp and Nieuwe-Vennep [2, 3, 15]. Moreover, a metro 
line connection is planned between Amsterdam and Hoofddorp, this will increase the tourism in the 
area [2, 10]. Additionally, a storage of 2 million m³ for seasonal water, 1 million m³ for peak water and 
900 hectares of green and recreation are planned. On the south of Badhoevendorp the plan is to 
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5.9 DEVELOPMENT OF THE PATHWAYS AND TIPPING POINTS 
This section explains the development of the pathway map, and it describes the preferred pathways 
depending on the climate change scenarios.  

The main types of uncertainty found in this case study are medium uncertainty and multiple 
knowledge frames. This means that the main problems that can arise in the area are known however, 
there are contradictory views about this. Some stakeholders see the problem while others do not or 
do not want to see it. Based on these uncertainties the pathway map in Figure 54 was designed. 
Adaptation pathways are useful for providing insight into uncertainties in an area (Haasnoot et al., 
2012). This pathway map specifically focuses on medium uncertainty because the main problems are 
known while there is still an uncertainty in how far the climate change causes more problems. 

Choices in the pathway map were made based on three points: 1) The climate change scenarios as 
described in the introduction formed the basis for the tipping points together with what is found 
during the document analysis. 2) The visions for the polder and planned developments were used; for 
example more urban area is planned and Schiphol will grow, this results in less room for water, 
therefore, at a certain moment, a tipping point will arise that causes floods because of more frequent 
rainfall in the urbanised area. 3) The interviewees input during the interviews was used. Moreover, 
the pathway map was discussed during a focus group with experts from Sweco and in another focus 
group with interviewees from the Haarlemmermeerpolder. 

  

Figure 52. Possible measures in 
the Haarlemmermeerpolder 
(Wijnakker & Plambeck, 2021). 
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Figure 55. Pathway map for the Haarlemmermeerpolder with climate change scenarios. 
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6. POLDER OF DIRKSLAND 
 

  

(Broekhoven, 2020) 



 

- 65 - 
 

6.1 INTRODUCTION 
Dirkslandpolder is located in the province of South-Holland on the island of Goeree-Overflakke. 
Dirkslandpolder is divided in six drainage areas and has a surface of 2,460 hectares (Bongers & Thissen, 
2005). An advantage is the location of the island of Goeree-Overflakkee, because it is closely located 
to the Haringvliet and therefore enough fresh water is available in the area [7, 8]. 

 

Figure 57. Water situation in the Smits drainage area. 22E,  22F and 22A are 
part of the Dirkslandpolder (Bongers & Thissen, 2005). 

Figure 56. Dirkslandpolder, located in the south of the province of South-
Holland on the island of Goeree Overflakkee (Google Maps, adjusted by 
author, 2021). 
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Waterboard Hollandse Delta is in charge of water-related tasks, the municipality of Goeree-
Overflakkee takes care of the town Dirksland, located in the area and the responsibilities concerning 
the land-use and spatial planning belongs to the province of South-Holland. Moreover, 
Staatsbosbeheer maintains a small creek in the area, called the Breede Gooi. The LTO Noord Regio 
West represents the interests of the farmers in the area.   

The next section will begin with a history of the polder. Furthermore, the main characteristics of how 
the polder currently looks like is described, based on the Dutch layer approach from Hagens (2006). 
From paragraph six and onwards, the problems, visions and possible measures for these problems are 
presented. The chapter ends with the pathway maps.  

6.2 HISTORY 
The island of Goeree-Overflakkee is created around the third century AD. The first inhabitants mainly 
lived from agriculture and cattle. Due to the Romans, parts of the area were reclaimed and used for 
agriculture. Over the years, the influence of the sea became important and dominated the landscape. 
The inhabitants decided to move away because of several floods. During all these floods, the peat area 
was covered with a layer of sand and clay. This caused the formation of the area. The land became 
fertile due to the sand and clay and was therefore attractive to settle. Around the year 1000, farmers 
settled themselves on the island in order to use the area for agriculture. To protect the fertile soil 
against salt water intrusion, dikes were built, and higher grounds were poldered. The dike ring of the 
polders on the island keeps the fertile soil dry but decreased the room for the sea. Due to damming 
the area changed to a tidal creek. This is currently visible in the landscape of the island of Goeree-
Overflakkee. An example for this is Dirkslandpolder. In the fifteenth century the area was reclaimed 
and is thereby the oldest poldered area on the island [7]. Due to the poldering and the opwassen and 
aanwassen (opwassen are poldered areas in the past. Aanwassen are the polders existing of silted 
land to opwassen polders) the villages are further away from the open waters and silted up slowly. 
Therefore, in the sixteenth century canals were ditched in order to connect villages with the 
Haringvliet. The canal to Dirksland became the longest canal with a length of around 5 km. During the 
Watersnoodramp in 1953 almost the whole island flooded, only Dirkslandpolder and some dune areas 
did not flood. After these problems the delta program started in order to protect the coastline. The 
closing of the Haringvliet in 1971 was an important stimulus for the agriculture on the island. More 
freshwater became available from the Haringvliet which made the area less dependent on rainfall [7, 
8]. Currently, the salinisation in the area was kept low because the system is frequently flushed with 
fresh water (Langendijk, Der Nederlanden, & De Vlieger, 2019). 

6.3 UNDERGROUND LAYER 
The underground of the polder is formed by the influence of the sea. Some polders are the so called 
opwassen polders. Other polders are called the aanwassen polders. The east side of the 
Dirkslandpolder is an aanwas and mainly consists of young sea clay. The other parts of the area consist 
of light sandy clay and heavy sandy clay, see Figure 58 [7]. Therefore, the influence of the sea is visible. 
This is also visible because the underground is very saline. The ground level varies between -0.75 m 
NAP and 1.50 m NAP as can be seen in Figure 59 (Bongers & Thissen, 2005). The south of the polder is 
a salty area. Salt seepage is forming one of the main problems here. There is only a very small 
freshwater layer present in the underground [18]. 
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6.4 NETWORK LAYER 
The most important water network 
in the area is pumping station 
Smits. Smits discharges the water 
on the Zuiderdiepboezem. This can 
be used as a water inlet as well 
(Bongers & Thissen, 2005). The 
Zuiderdiepboezem is used for 
water storage and is brackish 
during winter times due to salt 
seepage and less flushing of the 
system. Most of the water will 
enter the island of Goeree-
Overflakkee via the Haringvliet, 
also some water of the Volkerak-
Zoommeer enters the area. The 
Haringvlietdam protects the area 
around the Haringvliet from floods. Currently, the dam has small inlets in order to maintain the 
brackish flora and fauna in the Haringvliet, this is called the Kierbesluit. A problem is that the salt water 
will enter the Haringvliet and pressure the water inlets of the island. The Inlaat van Pallandt is the 
main inlet for Dirkslandpolder, this inlet will not be useful anymore at times of a too high chloride 

Figure 59. Ground 
level in relation to 
NAP in meters 
(Bongers & 
Thissen, 2005). 

Figure 58. The underground layer of Dirksland. Light green 
= light sandy clay. Dark green = heavy sandy clay (Bongers 
& Thissen, 2005). 

Figure 60. Water inlets and pumping stations of the island of Goeree-
Overflakkee. In the circle is drainage area Smits located (Hydrologic, 2020). 





 

- 69 - 
 

and to have enough water storage capacity during winter times. Therefore, it is difficult for species 
and nature to survive because of the changes from fresh to salt during the year (Langendijk et al., 
2019).  

In the east side of the polder, the village Dirksland and a small nature area are located. Important 
cultural windmills are located on the west side of Dirksland. These windmills have a high cultural value. 
Therefore, not much changes can be made regarding the water level. Lowering the water level can 
cause damage to the area because of possible salt seepage (Bongers & Thissen, 2005). 

Moreover, a nature area called the Breede Gooi, is located in the polder. This area is hydraulically 
isolated and is now in maintenance by Staatsbosbeheer. The area consists of a creek together with 
some grassland and a small forest. The area has a dynamic water level maintenance, this means as 
less water as possible will enter the area and the level is fluctuating with natural circumstances. If the 
water level will decrease drastically, it is decided by Staatsbosbeheer to let water in. By reaching the 
maximum water level, the water will automatically discharge over the weir. There is a minimum water 
level of -1.25 m NAP and a maximum water level of -1.00 m NAP (Bongers & Thissen, 2005). 

 Figure 62. Land-use in drainage area Smits (Bongers & Thissen, 2005). 
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Figure 63. Land-use functions in Dirkslandpolder (Bongers & Thissen, 2005). 
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Floods 

An increase in intensive rainfall patterns is visible. Therefore, the municipality is preparing for more 
intensive rainfall [7, 8]. Currently, the roads do not face problems, however the expectations are that 
vital infrastructure can have problems in the future. The amount of extreme precipitation will increase 
with probably 45% in 2085. By an unchanged situation at Goeree-Overflakkee floods will occur. 
Specifically for the south of Dirkslandpolder this can cause problems, heavy precipitation can lead to 
floods on the agricultural land (Gemeente Goeree-Overflakkee, 2018). This is a form of deep 
uncertainty, since multiple alternatives are possible and these cannot be ranked, it is clear that the 
frequency of intensive rainfall will increase, however, it is not clear if this rainfall will happen in the 
area and how intensive it will be.   

6.7 VISIONS 
This section gives an overview of how different institutions and interviewees think the area will look 
in the future. Moreover, it provides an overview of specific demands for the future as a consequence 
of new spatial developments and transitions. The visions important to this research come from the 
waterboard, province, municipality and farmers since they hold the most important stakes in the area. 
An overall vision is described at the end of the section. 

Waterboard Hollandse-Delta 

The waterboard has the goal to reach biological healthy water. In order to improve the water quality 
in the area the summer and winter levels need to disappear, and one water level needs to be realized 
in order to improve the ecological quality [17]. The water buffer capacity of the area can be increased 
if the water depth will become deeper, this also has a positive effect on the water quality (Bongers & 
Thissen, 2005). Creeks can become important for the island in the future. Creeks are essential in the 
water storage, water maintenance in the area and it adds value for recreation in the area (Langendijk 
et al., 2019).  

Province of South-Holland 

The province of South-Holland stated that locations where the current land-use is no longer 
maintainable due to the water management need to be searched for other options. Additionally, the 
province wants to have a climate proof water system by 2050 (Provincie Zuid-Holland, 2020). 
Therefore, adaptation and mitigation is needed. Furthermore, in the polder of Dirksland no high urban 
developments are expected (Hydrologic, 2020).  

Municipality of Goeree-Overflakkee 

Goeree-Overflakkee has good quality farmland. The island developed itself as an agricultural island 
whereby traditional forms of agriculture are used [18]. The expectations are that the island will 
become a high-tech agriculture island (Gemeente Goeree-Overflakkee, 2020). Therefore, the demand 
for fresh water will increase by farmers (Hydrologic, 2020). Also, much more pressure will lie on the 
system as a consequence of salinisation, floods, more warmer periods and more droughts. This 
pressures the water quality [9, 16, 17]. However, climate change also shows possibilities in areas. It 
shows possibilities to research new forms of salt crops and probably more harvests can be done during 
the summer (Gemeente Goeree-Overflakkee, 2018). If the climate change problems will become 
worse, it will be possible to change land-use on some places. The land-use can change to more brackish 
nature, tourism and a combination with extensive agriculture [7, 17, 18]. 

  


































































