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Abstract
The climate is changing and since the Netherlands is a vulnerable country for these changes, action
must be taken. However, the question is when and which actions the Netherlands need to take to
protect itself against the climate change effects. Polder areas are particularly vulnerable to the effects
because they are low in elevation and have high economic value. Climate scenarios suggest a changing
climate with different extremes. These scenarios have some range of uncertainty, does the world get
1,5°C or 5°C of temperature rise? We know it will rise, but we do not know how fast and to which
degree. To make decisions overtime under uncertain situations, the Dynamic Adaptive Policy
Pathways (DAPP) is a useful approach. The DAPP approach consist of pathways to the future which
help to deal with uncertainties within the different scenarios. The objective of this research is to design
pathways for the future development of polders and to see if there is a typology of polder areas based
on the different pathways and tipping points. To research this, three case areas were chosen: KolkenNoord, Haarlemmermeerpolder and Dirkslandpolder. The pathway maps of the three polders need to
provide an answer on the following research question: 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? The different polders in this sense are useful because they
have different characteristics. Additionally, the DAPP approach need to be improved on local scale
and analyse if it is possible to make pathway maps by use of qualitative methods.
Pathway maps of the case areas were made by determining the possible effects of climate change,
carrying out a document analysis, semi-structured interviews and following the DAPP procedure.
These maps were evaluated and refined during focus group sessions with the stakeholders and Sweco.
The pathway maps have provided insight in how to deal with climate change effects and how to deal
with uncertain situations in real time. The three pathway maps differ in pathways and tipping points.
This qualitative study has shown that it is possible to develop typologies of polder areas, because of
the different characteristics, different pathways and tipping points arose. Additionally, the same soil
typology; clay, resulted in patterns and therefore an indication in the development of a typology.
The conclusion can be different if more case studies were selected. This research showed that it is
possible to develop pathway maps by use of qualitative data. However, by systematically collecting
the data via interviews the pathway maps are context dependent. For example, the waterboard told
me the limits of the water system had already been reached or would do soon, but LTO told me that
the status quo could continue for at least another 50 years. Adding quantitative data could help reduce
this limitation. The pathway maps would probably look different then. Therefore, it is recommended
to add quantitative data in order to know when tipping points will arise. It is then possible to know
when to switch paths if a certain indicator has reached the tipping point (e.g. chloride concentrations
reached 1,000 mg/l).
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INTRODUCTION
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(Zandvoort, 2017)

1.1 BACKGROUND AND FOCUS OF THE RESEARCH
History of the creation of the Netherlands
The Dutch are famous for their water management due to the history of the country. From the twelfth
century onwards, the Dutch responded to various floods by creating dike rings, polders and
waterboards. Waterboards are regional water authorities who have the profession, knowledge,
responsibility and control of the water systems in a specific geographic area (Wiering, 2019). 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). The creation of all this did not come without any
drawbacks. The most problematic flood in the history of the Dutch happened in 1953 (the
Watersnoodramp). A significant storm surge peak corresponding with a springtide, resulted in 150
dike breaches and a disastrous flooding in the southwestern delta. The government responded in the
form of a Delta Committee that developed the delta plan in 1960 (Engel et al., 2010). This flood formed
the country as it is now together with their current flood protection and policies. Almost 19,000 km
of water defences were built (Unie van Waterschappen, 2020). However, despite the enormous
amount of sea defences, the Netherlands is still a vulnerable country (Wiering, 2019). The country is
low in elevation, highly urbanised and densely populated. The important economic drivers are located
in the most flood sensitive areas (Hoogwaterbescherming, 2016). With the increasing pressure of
climate change and increasing pressures like economic and population growth. The Dutch have an
enormous challenge to ‘keep their feet’s dry’. The Dutch flood risk management is an established core
task of the government at national and subnational level. However, the risk to be managed are
constantly evolving due to the increasing pressure by climate change and socioeconomic
development. This places stress on the collective system (Wiering, 2019).
Climate change and its scenarios
Climate change will increase the pressure on the Netherlands. The current world is changing by its
increasing temperatures, faster sea level rise, changes in rainfall patterns and the frequency of dry
periods (Van Den Hurk et al., 2014). To explain the climate change effects for this research, the
KNMI’14 scenarios are used and substantiated by the findings of the Intergovernmental Panel on
Climate Change (IPCC) presented in their report Assessment Report (AR5) (Van Den Hurk et al., 2014;
IPCC, 2014).
The KNMI made a division in climate change scenarios by
mild and warm. All the scenarios predict a rise, but the mild
scenario has fewer changing conditions then the warm
scenario, see Figure 1. The temperature differences
between the different winters will increase due to warmer
temperatures, therefore the amount of ice days will
decrease. The temperature differences in the summer will
also increase as a consequence of warmer temperatures.
Furthermore, the precipitation patterns will become more
extreme. During the winters more precipitation will fall, so
there is more water in a shorter period, while in the
summer there is a precipitation shortage and longer dry
periods without rain. This process in the summer is the Figure 1. Different climate change scenarios.
consequence of the increase in water evaporation in the air G=mild and W=warm (Haasnoot et al., 2018).
due to global warming. So, the precipitation patterns will decrease, but the amount of precipitation in
a short period will increase. Moreover, there is a shift occurring in atmospheric circulation patterns.
-2-

This is mainly the consequence of the wind system. This have an impact on the water conditions on a
regional scale and results in higher water levels around the coastline. A change in the wind system will
lead to more extreme precipitation and evaporation patterns in the Netherlands. The evaporation
patterns will increase as a consequence of higher temperatures. More evaporation cause more
frequent dry periods which lead to a decrease in groundwater level. A decrease in fresh groundwater
level is also pressured by the sea level rise. Sea level rise pressure the freshwater aquifers with their
saline water. Salinisation causes problems for the fresh water supply in an area. According to different
scenarios the sea level will continue to rise. Sea level rise combined with land subsidence will magnify
this problem (Van Den Hurk et al., 2014). The increasing temperatures leads to an increase in the
melting of ice caps which leads to further sea level rise. Moreover, the pumping of groundwater,
damming rivers and other human activities lead to heightened flood sensitivity at the local level due
to land subsidence (Frederikse, Jevrejeva, Riva, & Dangendorf, 2018). Since most of the people are
living in areas that are prone to sea level rise and the other effects of climate change, the attention to
it is shifting more (Hoogwaterbescherming, 2016). Therefore, it is especially important to prepare for
this scenario in the future.
To explain the sea level rise and related
uncertainties, the Delta scenarios and the RCP 8,5
accelerated will be used. The Delta scenarios are
based on the KNMI’14 scenarios. Many factors
need to be included in calculating the sea level
rise. Factors like expansion of the water, mass loss
of ice sheets and melting of glaciers. Furthermore,
the self-gravity effect is included. This effect is the
changing gravitational field whereby the melt
water of the ice sheets is not evenly distributed
among the oceans. Effects like land subsidence
were not included here. According to the Delta
scenario, the sea level will rise with 1 m by 2100
Figure 2. The expected sea level rise. The likely range
since 1995 (Van Den Hurk et al., 2014). This is in from the IPCC 2014 is combined with the scenarios the
line with the AR5 report with the RCP 8,5 scenario accelerated sea level rise of Le Bars et al. (2017) (Van
of the IPCC (IPCC, 2014). However, there has been Den Hurk & Geertsema, 2020).
discussions about the value of this scenario. It is stated that fundamental mechanisms are left out and
therefore the sea level rise is underestimated (DeConto & Pollard, 2016; Haasnoot et al., 2018). These
fundamental mechanisms are physical processes, more precisely, hydrofracturing and marine ice
sheet instability (DeConto & Pollard, 2016). Hydrofracturing is the process whereby the heavier water
compared to ice, forces the ice to break and therefore separate. The problem is that ice sheets will
contain liquid water what forces them to break (Noor, 2020). Marine ice sheet instability is the
problem whereby the ice sheets below sea level will destabilise and will increase the contact they have
with the sea water (Thomas & Bentley, 1978). If these mechanisms are included in the calculation of
the IPCC (2014) AR5, the predictions are that the sea level can rise between 2 and 3 meters at 2100,
see Figure 2 the light yellow line (Le Bars, Drijfhout, & De Vries, 2017). The IPCC will give new insights
on this in the Sixth Assessment Report that will be expected to be published in 2022. Most likely the
KNMI will take over these scenarios as they did with the AR5. In advance on this, the KNMI wanted to
project the sea level rise on these mechanisms and uncertainties for 2100 (Haasnoot et al., 2018).
These scenarios go in hand with some uncertainty. Uncertainty is the lack of knowledge about the
outcomes of a specific event (Perminova, Gustafsson, & Wikström, 2007). The uncertainty margin will
increase after 2050. In Figure 2 the uncertainty is the light-coloured area around the dotted line. The
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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).
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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.

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).

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
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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 lockin 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.
2.
3.
4.

Defining different polder typologies, done by literature study
Defining what uncertainty entails by literature study
Defining types of uncertainty via literature study
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.
2.
3.
4.
5.

Which types of polders are present in the Netherlands?
What are the uncertainties and what are solutions for this in the selected polder areas?
Which technical and spatial development plans and visions are present in the polder areas?
What are possible pathways and tipping points in these polders?
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
-7-

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
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(Zandvoort, 2017)

The theoretical framework provides a literature review discussing relevant concepts concerning
uncertainties, adaptiveness, the DAPP approach, polder typologies and future changes in polders. The
central theory in this thesis; the Dynamic Adaptive Policy Pathways approach is also explained here.
Further, the theories and concepts discussed are summarised in the conceptual model which is the
main guideline for this thesis.

2.1 UNCERTAINTIES AND ITS PRINCIPLES
2.1.1 Challenges
There are challenges in the form of water management structures which are coming to their end-oflifetime as a result of their technical lifespan and changing demands due to climate change. These
challenges pressure the long-term decisions that are on the agenda of public institutions. For policy
and decision makers is this pressure increased by uncertainties of what the future will bring (Pot,
2020). Uncertainties can arise because of user demands, economic developments, population growth,
new technical solutions and climate change (Haasnoot et al., 2012; Pot, 2020). Especially climate
change has uncertainties for long-term mitigation and adaptation. Should decision makers plan to
adapt to a temperature increase of 1.5°C or 5°C? Decision makers know climate scenarios, but they
do not know which scenario will happen in the future (Reeder & Ranger, 2011). A shift is occurring in
the consequences of climate change (IPCC, 2014), this is demonstrated in the two climate change
scenarios in the introduction chapter. This bring uncertainties, because we do not know which
scenario will happen. In addition, these self-created scenarios have uncertainties as well, since the
predictions are constructed by mankind and they may hold ambiguity as a consequence of the limits
on the working of the human brain (Ringland, 1998). Nonetheless, keeping these limits in mind, there
are still approaches that can help with giving insight into the uncertainties and provide a direction to
deal with these.

2.1.2 What is uncertainty?
It is difficult to define uncertainty. To start with giving a definition, Walker et al. (2003), define
uncertainty as “any deviation from the unachievable ideal of completely deterministic knowledge of
the relevant system” (p. 5). This is in line with what Walker, Lempert and Kwakkel (2013), stated in
their paper. Uncertainties are moments we know nothing about, and we know even less about the
possible outcomes. Bloom (2014) describe uncertainty more in relation to this research by including
long-term planning problems. He describes uncertainty as the inability of people to forecast the
likelihood of a specific event happening in the future. More precisely, uncertainty is the condition
whereby analysts do not know about: (1) the interactions of several factors in a project, (2) the
probability of different scenarios, the (3) value of the alternative outcomes (Walker et al., 2013) and
(4) what will happen in the future (Zandvoort, 2017). In general, it can be concluded that uncertainty
is the limited knowledge humans have about the future, the past or current events (Walker et al.,
2013).
Walker et al. (2013) formalized the relationship of uncertainty towards a specific event. They defined
the concept of entropy, which is the average information associated with a random outcome. “Entropy
describe how much information there is in an event and relate this to the degree of uncertainty about
a given event having some probability distribution” (p. 1). The focus of this thesis is on the uncertainty
in polders, therefore we can confine that the concept of entropy is useful to know how much
information is available of that specific polder, if there is less, the uncertainty is high, if there is much
information, the uncertainty is lower.
A distinction can be made between risk and uncertainty (Walker et al., 2013). Uncertainty and risk can
be seen as cause and consequence. If there is a high uncertainty, there is probably more risk in the
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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
Shallow uncertainty
Medium uncertainty

Description
Specifying multiple alternatives and probabilities
Specifying multiple alternatives which can be ranked upon perceived
likelihood
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Deep uncertainty
Recognised uncertainty
Unpredictability
Incomplete knowledge
Multiple knowledge frames

Specifying multiple alternatives but without being able to rank them
in likelihood
Specifying multiple alternatives while it is possible to be surprised
Characteristics in a system that makes it impossible to predict
The moment when we do not know enough about a system to be
managed, this is caused by incomplete information or unreliable data
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 Figure 5. A Clear Enough
Future (Courtney et al.,
not fit for this research.
1997).
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 Figure 6. Alternate Future
future goal. To reach that target, it does not matter which path will be chosen, (Courtney et al., 1997).
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 Figure 7. A Range of Futures
(Courtney et al., 1997).
(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,
Figure 8. True Ambiguity
2014) instead of impossible to know the potential outcomes.
(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.

Figure 9. Big bets
(Courtney et al., 1997).

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

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

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
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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.

Figure 12. Multiple Stream
Framework (Pot, 2020).

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 Figure 13. Strategy Under Uncertainty according
solutions that are the best to take in order to make to Courtney et al. (1997).
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
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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.
2.
3.
4.

Analyse the existing conditions of a system.
In what way you want to achieve the objectives.
Different types of actions can be taken.
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 Figure 14. Steps to be taken using a DAPP approach (Haasnoot et al.,
developments take place in the future and 2012).
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.
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The DAPP approach can be compared to the uncertainty levels of Courtney et al. (1997). Whereby the
DAPP approach is part of Alternate Futures, because there are several alternative ways towards the
end objective. However, an analysis can still not predict which path will be chosen. In this level of
uncertainty are the ways towards future situation clear. While it is hard to forecast which way will
occur (Courtney et al., 1997). Further, the DAPP approach focusses on no-regret decisions, in order to
keep options open and maximise flexibility to avoid regret decisions (Haasnoot et al., 2012). This is inline with no-regret moves; one of the three ways of taking actions to deal with uncertainties from
Courtney et al. (1997). This makes the DAPP useful to deal with uncertainties of the future, flexibility
is enhanced and able to handle tipping points, because tipping points have the possibility to make
uncertainties clearer. These points give a reference to when a certain action should be taken and
therefore deals with the uncertainty of when to take action. Moreover, the DAPP approach fit with
the theory of Zandvoort (2017) about adaptiveness. Flexibility is enhanced because this method makes
it possible to switch between choices.
Compared to the Multiple Streams Framework, this method can make switches overtime and decisions
for the long-term. By using the Multiple Streams Framework, decisions cannot be made for the longerterm. Also compared to the Strategy Under Uncertainty is the DAPP more promising because, this
already suggests what will happen in the future. Overtime monitoring will be used, and if there is a
tipping point, it is relatively easy to shift to another option. In the Strategy Under Uncertainty it is not
possible to switch options overtime. The DAPP approach has a wide array of aspects and measures
which enhance decision-making for uncertain projects in the future. This method will be used to
analyse the polders and to make adaptive pathways.

2.3 THE DUTCH LAYER APPROACH AND POLDER TYPOLOGIES
Dutch layer approach
As mentioned, the central aim of this research is to find
a typology of polder areas based on their different
pathways and tipping points. In order to show if the
DAPP approach is helpful in developing a typology of
polder areas, it is interesting to select polders with
different characteristics, this is further explained in
section ‘3.5: Case study selection’. In order to describe
the characteristics of polder areas in more detail, the
Dutch layer approach from Hagens (2006) is used, see
Figure 15. This approach is useful to make distinctions
between different areas and to see the relation
between different layers. It will be useful in analysing
the polders to see differences in characteristics. This
approach makes a division of three different layers:
substratum-, network- and occupation layer. The
transformation process of the layers is ordered from Figure 15. Dutch layer approach (Hagens, 2006).
slow to fast. The substratum layer is the slowest transformer. The dynamics of the substratum layer
are between 100-500 years, for the network layer 50-100 years and the occupation layer 25-50 year
(Van Schaick & Klaasen, 2011).
This approach is useful to give insight in complex landscapes. The coherence between the layers is
important, because the substratum layer can set conditions for the network layer which again can set
conditions for the occupation layer (Hagens, 2006). Therefore, this approach is useful to make this
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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 selfsufficient and not dependent on the water level of the surrounding land (Engel et al., 2010).
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It is useful to divide polders by different typologies in order to know what their different ways of
dewatering are. This division is made by Engel et al. (2010). There are river polders, outer polders,
inner polders and summer polders. River polders are discharging water into rivers. Outer polders have
own dikes and are located outside the primary flood defence system. These types of polders discharge
directly into open water or to an embanked polder. Inner polders are the opposite of the outer polders
and are located within the primary flood defences. These polders also discharge directly into the open
water or embanked polders. Summer polders are usually only dry during the summer. They are located
outside the primary defences. During the winters they are mostly flooded if there are high water
discharges. The polders that are discharging water into open water bodies can also discharge their
water into a belt canal system. This system will further discharge the water to other waterbodies which
are above the polder level (Engel et al., 2010).
Besides dividing the polder based on their location, they can also be divided upon their origin. Polders
can be reclaimed or formed by endikement. Reclaimed polders are made by draining of a lake or sea
belt canal. Endikement is done by embanking land that is located outside the dikes (Engel et al., 2010).
The division of polders according to the theory of Engel et al. (2010), is useful in order to make a
distinction between the polders and to analyse how the polders are dewatering. Moreover, the theory
of Hagens (2006) is an additional method to give meaning to different layers in a polder. Both
approaches are useful to make a division and to see different characteristics between the polders.

2.4 FUTURE CHANGES IN THE POLDER SYSTEM
This section of the theoretical
framework is about the future
changes in the Dutch polder
system. However, since each
polder is unique, the impacts of
climate change may vary over the
different polders. In the case study
chapters: 4, 5 and 6, are specific
future issues per polder identified.
The most important change
humans cannot influence is
climate change. This is a long-term
global process which can have a Figure 16. Visualization of a polder. Brown arrows represent land
huge impact on the system subsidence. Red arrows represents the water flows (Frölke, 2020).
(Haasnoot et al., 2018). Figure 16 represents a visualisation of a polder system. As demonstrated in
the figure, polders have the following natural phenomena: precipitation, evaporation, seepage and
land subsidence. According to the KNMI’14 WH and RCP 8,5 scenario, it is expected that these
phenomena will become more extreme, as a consequence of climate change (Van Den Hurk, et al.,
2014; IPCC, 2014).
Precipitation and evaporation
Precipitation and evaporation patterns fluctuate largely in polders (Vermaat & Hellmann, 2010).
Especially over the last few decades there was a high intensity of extreme rainfall patterns and
extreme dry periods with a lot of evaporation. Due to the expected global climate change,
temperatures will fluctuate more intensively. The precipitation and evaporation patterns will indeed
change extremely (Van Den Hurk et al., 2014). These changes in patterns may come with various issues
in polders. In the winter season a surplus of water is expected which can lead to water nuisance and
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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).

Figure 17. Visualization of the
three different types of seepage
(De Louw et al., 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).
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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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Sea level rise
As a consequence of increasing global
temperatures, land ice will melt, and the sea
level will rise. Moreover, the anthropogenic
loading will increase due to human influences in
the inland water reservoirs which will also let the
sea level rise (Frederikse et al., 2018).
Most aquifers in the Netherlands are connected
with the sea. Especially in the zone of 10–15 km
from the coastline (Haasnoot et al., 2018). If the
sea level rises, the groundwater level will rise as
well. This will pressure the freshwater aquifers.
This type of pressure is called the hydraulic head.
Hydraulic head can be explained as the height
that water will reach if a tube is placed in the
aquifer and bring it in contact with the
atmosphere. An increasing sea level will cause
extra pressure on the aquifers which results in
increasing salinisation pressures. This brings the
(Oude Essink et al., 2010).

Figure 19. Schematic representation of the relative sea level
rise in the Netherlands during the past 1000 years (Oude
Essink et al., 2010).

water quality and quantity at risk in polder areas

Moreover, the sea is connected to surface waters and rivers. The water level of these waterbodies will
rise as well. This will have effects on polder areas, because the dike system will become more
vulnerable if the water level will rise. Higher water limits the amount of water that can be discharged
from the polders. When certain maximums are reached in the boezem canal or the system where the
polder is discharging, the pumping stations need to stop pumping the water outside the polder. This
situation will increase the pressure in polders because the water is accumulating in the polder which
can cause water nuisance (Olsthoorn, Van Der Werff, Bouwer, & Huitema, 2008).

2.5 CONCEPTUAL FRAMEWORK
The conceptual framework of this thesis is presented in Figure 20. The conceptual framework
represents a combination of the literature review and the actions that were executed during this
research; it provides a summary of the first two chapters of this thesis and is relied on during the
whole process.
Climate change is the main driver of this research, and it results in many uncertainties, leading to
adaptivity being an appropriate approach. Adaptiveness incorporates flexibility and decision-making
over time, so adaptive planning is useful (Zandvoort, 2017). Flexibility focuses on the ability to switch
between future choices. Option uncertainty is the case here because the exact consequences of
climate change are not known (Bradley & Drechsler, 2014). Considering alternate futures helps in
combining the concepts of option uncertainty and flexibility by analysing which outcomes can occur
and setting out specific paths to reach the general goal, deal with uncertainty and make plans for the
long term (Courtney et al., 1997). There are several paths towards the future; these need to be
designed in such a way that no decisions are made that will be later regretted. Therefore, DAPP is
useful compared to several other methods. The steps ‘framing and analysing’, ‘design’, and ‘selection
of preferred pathways’ need to be carried out to design the pathway maps of the polder areas
(Buurman & Babovic, 2016). This leads to a development of typologies of polder areas based on their
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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).

- 22 -

3.

METHODOLOGY
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(Zandvoort, 2017)

This chapter explains the methodology behind the research; it elaborates on the philosophy and type
of research as well as the data collection and analysing methods.

3.1 RESEARCH PHILOSOPHY
Before identifying a specific research design, it is important to know the position of the author in the
research paradigm. According to Guba and Lincoln (1994) a research paradigm is a set of principles
based on ontological, epistemological and methodological assumptions. According to Schwandt
(2001) it can be defined that beliefs and values in a discipline guide how problems in a world will be
solved. Therefore, it is necessary to know the research paradigm in order to know from what
perspective the research problems will be approached. Four paradigms can be described based on the
work of Guba and Lincoln (1994): positivism, post-positivism, critical theory and constructivism1. The
philosophy supporting this research is based on the positivism paradigm because the research works
according to a set of laws and mechanisms towards a robust future. These laws and mechanisms can
be changed over time, resulting in pathways and tipping points. Therefore, one truth can be found
and to find it, the laws and mechanisms can be changed. Regarding the ontology of positivism, the
researcher perceives that there is one reality that works according to various laws and mechanisms.
Therefore, the research aimed to find the truth. There is only one truth, a future truth shaped by laws
and mechanisms. By the epistemology the investigator and the investigated object need to be
independent from each other. The findings should not be influenced by the investigator. This was
accomplished in this study through systematic collection of the data. During the interviews all personal
feelings and opinions were set aside. All steps have been described as clearly as possible to ensure the
findings are reproduceable by independent researchers. Further, the methodology has been clearly
described so as to overcome cofounding conditions and avoid outcomes being influenced (Van Thiel,
2014; Guba & Lincoln, 1994).

3.2 RESEARCH DESIGN
A research design is the overall strategy taken to combine different concepts of the study in a logical
order (Van Thiel, 2014). It ensures that an answer to the research problem can be found (De Vaus,
2001). As described in this study’s introduction, the research aim was to find a typology of polder areas
based on their different adaptation pathways and tipping points. Based on the aim, problem and
questions, this research was both inductive and deductive because in the first part of the research
three pathway maps were developed (research questions 1-4) while in the second part the findings
were tested in focus groups (research questions 4&5). In the induction phase observations were made,
and the problem was described in order to determine its characteristics. The deduction phase
focussed on explaining the research problem and testing whether the expectations met reality (Van
Thiel, 2014).
There are five different types of research strategies according to Bryman (2015): case-study design,
cross-sectoral design, experimental design, longitudinal design and comparative design. Case-study
design was chosen for this study. There are several advantages of a case study; for example, the data
is not only used to explore, but also to explain the complexities of real-life situations, and there are
variations in approaches which result in different ways of data analysis (Zainal, 2007). Zainal also
describes the disadvantages of a case-study design: it is not exact enough; the studies are mostly too
long and difficult; and documentation is difficult. However, even after considering these
disadvantages, it was determined that a case study was the best strategy. Considering the objective
of this study, a case study seemed to be the strategy most likely to succeed because the research

1

A detailed description of the paradigms can be found in Guba & Lincoln (1994).
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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.

Figure 21. Research design (created by the author, 2021).

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.
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3.3.2 Document analysis
Document analysis involved the analysis of spatial and environmental visions and the current
technical- and spatial plans in the case areas. This analysis provided insight into the current situation
and problems of the polders. The documents were selected based on the strategy used by Haasnoot
et al. (2012) for their pathway map. Haasnoot et al. examined the water system, its functioning and,
the problems and opportunities it presents. Therefore, documents were selected relating to the
functioning of the polders and their water systems whereby vulnerabilities and problems became
clear. The documents were obtained during explorative conversations with members of the
waterboards. Each of the three waterboards provided the same documents: a risk dialogue, stress
test, water vision and water area plans, water level decisions and climate adaptation documents.
These provided information on the areas including elevation, water level, and methods for dewatering
the polders and other important networks (underground and network layers).
To get insight into the current land-use (occupation layer) and visions of the polders. Spatial plans and
maps were used which are the most useful as described by Hagens (2006). Therefore, ‘De Nieuwe
Kaart van Nederland’, the ‘Nationale Omgevingsvisie 2020’ (PBL), the National Strategy on Spatial
Planning, the provincial ‘omgevingsvisie’, ‘the WUR nature based future for 2120’ and the
Environment (Government of the Netherlands) visions were used. These documents provided insights
into current land-use, future plans, opportunities and visions.
This method was useful in providing an informational basis for the case studies, including current
polder management systems as well as spatial plans and visions. This method combined with the
interviews provided answers for sub-questions 2 and 3.

3.3.3 Semi-structured interviews
Eighteen interviews were conducted with relevant stakeholders in the case study areas, see Table 2.
These focused mainly on elaborating the findings of the document analysis. Interviewees were
selected based on their professions and tasks within their organisations. Two types of respondents
were distinguished: technical experts (e.g. hydrologists) and people with knowledge about land-use
and spatial planning (e.g. spatial planners and architects). Experts on the technical systems were
selected to learn which possibilities the systems held to deal with climate change effects. Planners
provided information regarding what spatial plans and visions were present in the areas.
Van Thiel (2014) made a distinction between two types of interviews relevant to case studies: open
and semi-structured. Open-interviews focus on the initial question with which the researcher begins
the interview. The subject is briefly discussed, mainly seeking the interviewee’s opinion or experience
regarding the topic. Semi-structured interviews are used when a certain set of guidelines regarding
the researcher’s desires are discussed (Van Thiel, 2014). The current research used semi-structured
interviews because they include flexibility and direction in asking questions. This allowed for more
questions that arose during the interviews to be asked (Baarda, et al., 2013; Van Thiel, 2014). It was
important to provide direction in the interviews and to have flexibility in order to ask deep questions
and obtain clear answers and further information. Therefore, an open-interview did not fit with this
study. The interviews were part of the inductive phase of the research; the questions in the interview
guide were formulated based on the research problems and questions. Therefore, the variables in the
research questions functioned as sensitising concepts, that guided the researcher in the formulation
of the interview questions (Van Thiel, 2014). Clear answers on the interview questions were necessary
as the answers were used in developing pathways and tipping points for the polders. Focus groups
were later used to further refine the pathway maps. The interviews helped to answer sub-questions
2, 3 and 4 and provided information in addition to the literature review and document analysis.
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Before the semi-structured interviews, explorative interviews were conducted with waterboard
members from Wetterskip Fryslân, Waterschap Hollandse Delta and Hoogheemraadschap van
Rijnland. These are contact persons of Sweco. The waterboards were interested in this research and
they provided the data for the document analysis and connected the researcher to several
interviewees.
Potential interviewees were sent emails with invitations to be interviewed, a description of the
person’s usefulness to the study and a brief description of the interview itself. By a response an
interview appointment was made. The interviews were performed in Dutch because it is the mother
tongue of all the interviewees; therefore, they were able to better express themselves in that
language. The interview guides can be found in Appendices 1 and 2.
Interview
1.
2.
3.
4.
5.
6.
7.

Organisation
Municipality of
Haarlemmermeer
LTO Noord Regio
West
Hoogheemraadschap
van Rijnland
Hoogheemraadschap
van Rijnland
Province of Friesland

Function
Advisor climate
adaptation
LTO Noord Regio
West
Landscape architect/
process leader
Policy advisor water

Hoogheemraadschap
van Rijnland
Waterschap
Hollandse Delta

Water system
specialist
Process engineer &
Water system
specialist of GoereeOverflakkee
Policy advisor
sewage system and
climate adaptation
Hydrologist

Project leader

8.

Municipality of
Goeree-Overflakkee

9.
10.

Waterschap
Hollandse Delta
Rijkswaterstaat

11.

Wetterskip Fryslân

Advisor network
development and
vision &
Rijkswaterstaat
trainee climate
adaptation
Junior planner

12.

It Fryske Gea

Supervisor

13.

LTO Noord Regio
Noord Noardeast
Fryslân
Wetterskip Fryslân

LTO Noord Regio
Noord Noardeast
Fryslân
Hydrologist

Province of NorthHolland

Policy advisor
climate adaptation

14.
15.

Location
Microsoft
Teams
Microsoft
Teams
Microsoft
Teams
Microsoft
Teams
Microsoft
Teams
Microsoft
Teams
Microsoft
Teams

Duration
60 minutes

Date
12-04-2021

60 minutes

12-04-2021

60 minutes

12-04-2021

60 minutes

13-04-2021

50 minutes

14-04-2021

40 minutes

14-04-2021

70 minutes

14-04-2021

Microsoft
Teams

60 minutes

16-04-2021

Microsoft
Teams
Microsoft
Teams

60 minutes

19-04-2021

60 minutes

19-04-2021

Microsoft
Teams
Microsoft
Teams
Microsoft
Teams

60 minutes

20-04-2021

60 minutes

20-04-2021

60 minutes

20-04-2021

Microsoft
Teams
Microsoft
Teams

90 minutes

21-04-2021

60 minutes

26-04-2021
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16.
17.

Waterschap
Hollandse Delta
Staatsbosbeheer

18.

LTO Regio West

Hydrologist
Site management
advisor
LTO Noord Regio
West

Microsoft
Teams
Telephone

60 minutes

30-04-2021

40 minutes

30-04-2021

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
1.
2.
3.

Organisation
Sweco
Sweco
Sweco

Function
Research intern
Consultant water safety and climate adaptation
Consultant water and sustainability

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

Number
1.
2.
3.
4.

Organisation
Sweco
Sweco
Wetterskip Fryslân
Wetterskip Fryslân

Function
Research intern
Consultant water safety and climate adaptation
Hydrologists
Project planner
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5.
6.
7.

Wetterskip Fryslân
Province of Friesland
It Fryske Gea

Junior planner
Project leader
Supervisor

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

Number
1.
2.
3.
4.
5.
6.
7.

Organisation
Sweco
Sweco
Hoogheemraadschap van Rijnland
Hoogheemraadschap van Rijnland
Hoogheemraadschap van Rijnland
Province of North-Holland
Municipality of Haarlemmermeer

Function
Research intern
Consultant water safety and climate adaptation
Policy advisor water
Landscape architect/ process leader
Water system specialist
Policy advisor climate adaptation
Advisor climate adaptation

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

Number
1.
2.
3.
4.
5.

Organisation
Sweco
Sweco
Waterschap Hollandse Delta
Waterschap Hollandse Delta
Municipality of Goeree-Overflakkee

Function
Research intern
Consultant water safety and climate adaptation
Process engineer Goeree-Overflakkee
Water system specialist 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.
2.
3.
4.
5.
6.
7.
8.

Demography, stakeholders and location of the polder
History of the polder
Underground layer
Network layer
Occupation layer
Problems in the polder
Visions, future expectations and plans of the polder
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
Types of option
uncertainty

Variables (property of the
concept)
Shallow uncertainty
Medium uncertainty
Deep uncertainty
Recognised uncertainty
Unpredictability
Incomplete knowledge

Adaptiveness
Dynamic Adaptive Policy
Pathways
(Alternate futures)

Multiple knowledge frames
Flexibility
Tipping points
Decision points

Indicators (measurable)
Availability of multiple alternatives
and probabilities
Availability of multiple alternatives
which can be ranked
Availability of multiple alternatives
without being able to rank them
Multiple alternatives but still possible
to be surprised
If a specific event is not predictable
If there is insufficient knowledge
about a specific event
If there are contradictory views
Level of possibilities to switch from
strategies in the current system
Moments of decision making over a
time frame
Moment of taking a decision to
another pathway
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Pathways
Lock-in
Vision
Spatial planning
Current approach
No regret moves
Future objectives

Possible measures to deal with
uncertainties under certain scenarios
A moment when other decisions are
out of reach
Future plans for a polder
Land-use patterns
The current way of managing the
polder
Moves taken that will pay-off the
path no matter what will happen
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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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).

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 incompany supervisor and the Radboud University supervisor.
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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
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(Oxipang, 2017)

4.1 INTRODUCTION
The Kolken-Noord is a polder located in the northeast of the province of Friesland on the west side of
the Lauwersmeer between Anjum and Morra. This is an under-pumping area within the polder of
Dongeradeel and has a surface of 640 hectares (Tauw, 2017).

Figure 23. The Kolken-Noord. Located in the northeast of the
province of Friesland (Google Maps, adjusted by author, 2021).

Wetterskip Fryslân is in charge of water-related tasks, the municipality of Noardeast Fryslân takes care
of the town Anjum located in the area and the responsibilities concerning the land-use and spatial
planning belongs to the province of Friesland. Moreover, the nature organisation It Fryske Gea has a
stake in the area, and the LTO Noord Regio Noord represents the interest of the farmers, who have a
large stake, since most of the area is farmland.
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.

4.2 HISTORY
During the glaciation time (250.000–130.000 years ago) the province of Friesland was covered with
ice; clay loam and sand were deposed. During the Holocene (8000 years BC) temperatures started to
rise, and the ice disappeared, while clay remained. The first residents settled around 3000 BC. In the
Roman times most people lived on terps (De Vries, n.d.). During the Middle Ages, around 1200, dikes
were built around Dongeradeel, which curtailed the infiltration of sea water (Kuijper, Delsman, Dahm,
& Tollenaar, 2010; Tauw, 2017). This resulted in more safety during storm surges however, there was
still pressure from the inland waters. Dongeradeel needed to discharge its surplus of water via the
Dokkumer Ee and the Zuider Ee. The sluice Ezumazijl discharged water during low tide. When this was
not possible, the water was stored in the surrounding area. During the nineteenth century the polder
van Oost- en Westdongeradeel emerged (Suilen & De Lange, 2020). In 1949 farmers were granted
land consolidation in the Kolken with the main goals of better allotment and water management. The
area has mainly been used as farmland, which still is the case (De Vries, n.d.). De Nederlandse Aardolie
Maatschappij (NAM) has extracted gas from around Anjum since 1987, resulting in the land subsiding.
The expectations are that the land will subside by 16–20 cm by 2050. As of 2013 land subsidence was
already 11 cm (Suilen & De Lange, 2020).
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4.3 UNDERGROUND LAYER
The ground level in the polder varies by +0.50 m NAP in the east side of Anjum and -1.30 m NAP around
the Moersloot. In the northwest of Anjum the ground level is around -0.50 m NAP, see figure 24. An
interviewee stated, “It looks like a kind of bathtub compared with the surrounding area” [14]. The
drainage area is divided into six smaller areas. The water level varies in the summer from -1.30 m and
-1.40 m NAP in the east and north, -1.65 m NAP in the centre and -1.80 m NAP in the south. The
pumping station is located in the south. The winter water level is 20 cm lower than in the summer
(Tauw, 2017).
The underground layer consists mostly of 5 cm of clay and peat, see Figure 25. This layer show
resistance against groundwater flow because clay has a low permeability (Phernambucq &
Kruitwagen, 2016; Suilen & De Lange, 2020). Due to the former influence of the sea, the area is
relatively saline, as shown in Figure 26 (Wetterskip Fryslân, 2012). Salinisation occurs as a
consequence of the saline underground [11, 14]. Additionally, the area is at a low elevation which
leads to salt water bodies in the area (Kuijper et al., 2010; Phernambucq & Kruitwagen, 2016).

Figure 24. Elevation in the Kolken-Noord (Tauw, 2017).

Figure 25. Soil map of the Kolken-Noord (Phernambucq &
Kruitwagen, 2016).

Figure 26. Chloride concentration in
the first layer (Kuijper et al., 2010).
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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).

Figure 27. The water system of Dongeradeel, within the circle the area of Kolken-Noord (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.
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Land subsidence
Since 1997 the area of Dongeradeel has been subject to gas extraction, which combined with climate
change leads to land subsidence (Tauw, 2017; Phernambucq & Kruitwagen, 2016). Some parts of the
polder have peat sub-surfaces [14]. If peat subsides oxygen can possibly reach the peat, resulting in
the area subsiding even more. Additionally, CO2 is released into the atmosphere (Phernambucq &
Kruitwagen, 2016; Kuijper et al., 2010). To compensate for land subsidence as a consequence of gas
extraction, an agreement has been made between the gas exploitation company (NAM), the
waterboard and the province. NAM will compensate for the damage caused by gas extraction
(Phernambucq & Kruitwagen, 2016).
Land subsidence is not itself the problem, but it will lead to an increase in salinisation; “this is the main
problem” [13]. The expectations are that the land will subside 20 cm by 2050 (Kuijper et al., 2010).
Salinisation is a consequence of an increase in salt seepage, which is enhanced by land subsidence.
Depending on the climate change scenario, chloride concentration will increase 38% by 2050 (worstcase). An interviewee stated his concern, “We seriously need to look at what will happen in the future,
the problems could become worse. I am pretty sure that if the prognosed subsidence becomes the
truth and the sea level continues to rise, huge problems will arise” [11].
Due to land subsidence the average lowest- (GLG) and highest groundwater levels (GHG) will come
closer to ground level. The drainage level decrease will result in less space for water and more chance
of flooding, and this will increase due to sea level rise. It is not possible to lower the water level,
because if this is done, the salt seepage can pressure more because the water level is lower [5, 11].
Therefore, the area would not be able to fulfil its function as well (Kuijper et al., 2010).
This is a form of medium uncertainty, confirmed when an interviewee stated, “There are not many
uncertainties in this area, only how extreme the effects of climate change will be. However, we
prepare ourselves for the middle scenario. We know for sure that the soil will further subside, and the
salinisation will become worse” [14].

Figure 28. Agriculture in 2050 with a prognosis for land subsidence in combination with the climate warm
scenario. In de Kolken-Noord it is shown that most of the surface is declining regarding the target realisation and
therefore is no longer sufficient for grassland (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.

Figure 29. Current situation on the left and the situation after land subsidence on the right (Kuijper et al., 2010).

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
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0.5m–2m by 2100. Due to the increasing salinisation, cattle cannot drink from the open waters [12].
The area consists mainly of grass, which is better able to deal with salt water and needs less fresh
water from the rainwater lens compared to other crop types (Wetterskip Fryslân, 2012).
The effects of drought bring about deep uncertainties. The rainwater lens will decline by 0.5m–2m
which is still a broad range; it presents what the drought might do in the future. There are multiple
alternatives, and it is difficult to rank them. It is very uncertain what exactly will happen.
Flushing the water system will become a serious problem in the future. If the land subsides and the
salt seepage continues to rise, water shortages will result. Interviewees stated that currently the limits
of flushing the systems are reached, “we cannot go further” [5, 11, 12, 13, 14]. Until 2050, the
salinisation will increase in the area due to salt in the groundwater in the deeper aquafers (Wetterskip
Fryslân, 2012). Because of the salinisation the water is not useful for agriculture or cattle. During
winters this problem does not arise because of the rainwater lens, which pushes the salt seepage
sidewards in ditches. In the spring the groundwater level decreases due to drainage and evaporation.
As a result, the freshwater layer declines, and the salt water pressure increases, see Figure 30 (Kuijper
et al., 2010).

Figure 30. The dynamic between the rainwater lens and the surrounding salt area. On the left is the winter situation, and on
the right is the summer situation (Kuijper et al., 2010).

In 2006 research was conducted on the groundwater chloride content in the ditches and agricultural
parcels in the Kolken-Noord. The chloride concentration increased drastically by depth. At a depth of
3 m, the concentration was already 6,000 mg/l. At around 80 cm there was a concentration of 800
mg/l. There was no freshwater for the deep-lying agriculture parcels in the area. The surface waters
are mostly brackish, and there is hardly a freshwater lens present; therefore, only grassland is suitable
in the area (Kuijper et al., 2010). However, if the salt seepage increases, grass growth will face
problems [13, 14].
The waterways in the Kolken-Noord discharge into the Zuider Ee, which finally discharges into the
Lauwersmeer (Kuijper et al., 2010). If this boezem will becomes saline in the future, more problems
could arise. The cattle can drink from the dobbe (created pools for cattle’s drinking water) instead of
the ditches; however, if the dobbe and ditches also become saline, adaptation is needed [12, 13]. An
overview of the usefulness of water with chloride concentration is presented in Table 8. Interviewees
stated, “If there is no fresh water, then agriculture is the end of the story” [14] and, “However, farmers
do not see this problem yet” [5]. This is a form of multiple knowledge frames. It is known that there
are many problems regarding the uncertainty of salinisation, but it is certain that it will become worse.
Therefore, measures need to be taken. However, farmers do not want to see the problem yet.
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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
0-300
300-600

600-900
900-1,200
1,200-2,000
2,000-5,000
> 5,000

Description
Fresh
Somewhat
brackish

Usage of the water
Useful for sprinkling of agriculture crops.
Useful for sprinkling and all agricultural crops except peas and
beans in dry summers. Also, except sensitive crops like lettuce,
beans, pickles and strawberries.
Light
Useful for sprinkling of less sensitive crops like potatoes and
brackish
onions. Also, cauliflower and celeriac.
Moderate
Useful for a less amount of crops like grain, beets, spinach,
brackish
sprouts, savoy, chicory, kale and radish.
Brackish
Not useful for sprinkling of agricultural crops. But still useful for
infiltration and watering of livestock.
Very brackish Not useful for sprinkling of crops and doubtful for watering of
livestock.
Salt
Not useful for any kind of agriculture.

Table 8. Description of the usefulness of chloride concentration in water (Wetterskip Fryslân, 2014).

Figure 31. Possible problems for the Kolken-Noord (FBWK, 2020).

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
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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, energyneutral 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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Municipality of Noardeast Fryslân
The municipality Noardeast Fryslân aims to make the Zuider Ee attractive and accessible for small
motorboats combined with nature (Wetterskip Fryslân, 2012; Phernambucq & Kruitwagen, 2016). It
is expected that tourism will play an important role in space demands in the area, increasing its value
and economy (Omgevingslab Fryslân, 2020).
Agricultural sector
The agricultural sector does not want to change the current function, even with increasing salinisation
pressure (Phernambucq & Kruitwagen, 2016). An interviewee stated that Wetterskip already has
problems with flushing the system, “Probably problems will arise within three-to-four years if there is
not enough water anymore. Further, if I need to be realistic, agriculture will become a big problem in
the future for the Kolken-Noord, I think around 2100, around 80–90% of the area will be nature
combined with tourism. This is realistic because it is closely located to the Lauwersmeer” [13].
Overall vision
Currently, there are many problems involved in maintaining the agriculture function. So, the question
arises of whether it is worthwhile to put energy into this. As the Kolken-Noord is part of the whole
system of Dongeradeel, it can be used as a water storage area combined with extensive agriculture,
nature and tourism. If this is done, pressure on the rest of the system will be lessened [14].
Wetterskip takes care of the water system and demands on land-use and they say that they are at
their limit regarding flushing the system. The province aims to reduce CO2 emissions and become
climate robust. Using the area for water storage will contribute to CO2 reduction because the peat will
stop subsiding, making the area more climate robust. This idea can be combined with making the
Zuider Ee attractive for tourism, which is the vision of the municipality. This results in their overall
vision: “Seeing the Kolken-Noord as part of the Dongeradeel system in order to contribute to tourism
development and the climate robustness of Dongeradeel”.

4.8 MEASURES
Based on the visions and problems in the area, several measures found during the document analysis
and interviews were used to deal with these problems. These measures are described in this section.
In order to maintain the current approach, the civil structures need to be adjusted every 10–15 years
[12, 14]. It is possible to increase the capacity of the pumping station De Kolk by 30%. However, the
whole water system needs to be changed in order to increase the capacity of one pumping station.
So, this is not a realistic option (Kuijper et al., 2010). Further, 11 hectares of extra water storage can
be created if the water level is increased by 0.5 m in the area of Dongeradeel. This is only useful for
peak water levels and cannot be used for storage; therefore, it is expected that this effect is marginal
(Kuijper et al., 2010).
If the land subsides in the Kolken-Noord lower the water levels can be done to maintain the same
storage capacity. However, salinisation can cause problems due to lower water levels, which lead to
increased salt seepage. Therefore, this measure is only used to buy time and to consider other
solutions (Phernambucq & Kruitwagen, 2016).
Another measure to ensure that water is available for cattle is to create drinking water dobbe, making
it possible to continue for a few more years. Drinking water dobbe are drinking and washing places
for livestock [12]. These can be combined with extensive livestock farming, the area can be used as
water storage or other possibilities if needed [13, 14]. However, extensive farming will at a some time
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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 KolkenNoord 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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Focus groups
During the focus group session with experts from Sweco it became clear that the first design of the
pathway map was at some points not logical. For example, creating a water buffer is not directly
possible in the area; therefore, a grey line was added to the map. The most important change was the
addition of the economic tipping point. Keeping in mind the vision and the planned developments,
this was a logical step to improve the map. The stakeholders of the Kolken-Noord stated during the
focus group that the pathway map was realistic, and they expected the outcome. A respondent stated,
“The area is already really salt, low elevated and we already thought about solutions of making it a
water storage combined with nature as the only last possible option. I really think if I can substantiate
the arguments to the province, I guess they will agree with making nature of the area” [Focus group
Kolken-Noord, 6]. Moreover, it was pointed out that salt crops are not a logical choice here because
of the soil: if salt crops were to be implemented, it would be difficult to switch land-use, making it a
locked-in decision [Focus group Kolken-Noord, 3]. There were many options mentioned for changing
from salt crops to others. In general, according to the respondents, the pathway map is clear and
realistic. This session resulted in the final pathway map shown in Figure 34.
Explanation pathway map
An explanation is needed to understand the pathway map. On the left side are the measures
(pathways) found. These are possible measures that can be taken in the area. They work until a certain
condition appears (changing condition). These conditions are the tipping points found below on the
changing-conditions-axes. In Figure 33, the legend describes the kinds of tipping point. The text box
explains why certain tipping points arise. This is based on the interviews, document analysis and focus
groups. Pathways are displayed in light grey when actions do not substitute for each other and it will
take some time to implement a certain measure (e.g. it is not directly possible to make the polder a
nature area; this will take time.).

Figure 33. Tipping points explanation (left) and pathway map legend (right) of the Kolken-Noord.
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Figure 34. Pathway map for Kolken-Noord.

Explanation of the preferred pathway map
Figure 35 displays the preferred pathways in dotted lines. A step in the DAPP approach is to select
preferred pathways. These preferred pathways depend on the climate change scenarios. The red line
represents the warm scenario and the green line the mild scenario (for an explanation of the climate
change scenarios, see Section 1.1). In the warmer scenario the climate changes more rapidly.
Therefore, earlier steps need to be taken to make the area climate proof. Figure 35 shows that these
are more drastic changes because measures that allow the area to function with its current level of
land-use are no longer possible; only land-use change is possible. In the mild scenario it is possible to
select measures that will ensure that the current land-use keeps functioning, for example ‘lowering
the water level’. However, the scenario also ends up with a land-use change.
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Figure 35. Pathway map for Kolken-Noord with climate change scenarios.
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5.

HAARLEMMERMEERPOLDER
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(Baart, n.d.)

5.1 INTRODUCTION
The Haarlemmermeerpolder is a deeply reclaimed land area located to the southwest of Amsterdam
in the province of North-Holland. The polder has a surface of 18,300 hectares (Biesma, Van Toorn, &
Kwadijk, 2010).

Figure 36. The Haarlemmermeerpolder, located in the south of the province
of North-Holland (Google Maps, adjusted by author, 2021).

Hoogheemraadschap van Rijnland is in charge of water-related tasks, the municipality of
Haarlemmermeer takes care of the urban area in the polder and the responsibilities concerning the
land-use and spatial planning belongs to the province of North-Holland. The LTO Noord Regio West
represents the agricultural sector, who have a large stake, since most of the area is farmland.
Moreover, an important stakeholder is Schiphol Airport who sets restrictions on the land-use because
of the possible problems with airplane noise and high-rise buildings.
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.

5.2 HISTORY
Around 7000 – 8000 years ago, there were no dunes and the area was below sea level. Overtime dunes
were created, and a freshwater layer arose. In the fifteenth century, this resulted in the
Haarlemmermeer. After years, the lake became a threat to Amsterdam and Leiden because it was
growing. This motivated King Willem I to start reclaiming the lake in 1837. The lake was surrounded
by a complete dike ring of 59.5 km. Thereafter, the lake was reclaimed by use of three steam pumping
stations and became fully depleted by 1852. This resulted in the Haarlemmermeerpolder whereby the
freshwater layer became useful for agriculture (Biesma et al., 2010). However, below this freshwater
layer, a saline underground is present because of the former influence of the sea [4].
A large part of the polder was created as a polder framework with straight line structures. To have
enough room for agriculture the polder system had an effective and efficient water system. However,
in 1979 the water system was changed from a polder drainage to an area drainage (vakbemaling) (Van
Paridon x De Groot, 2012).
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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).

Figure 37. Soil map of the
Haarlemmermeerpolder
(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).
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5.4 NETWORK LAYER

Figure 39. Overview of the networks
in the Haarlemmermeerpolder
(Biesma et al., 2010).

As demonstrated in Figure 39, there are four main
roads of Rijkswaterstaat located in the area: A44, A4,
A5 and A9. Furthermore, the airport of Schiphol is an
important network (Biesma et al., 2010). Schiphol’s
goal is to transfer 60 million passengers per year, by
2040 (Ministry of the Interior and Kingdom Relations,
2019).
The water system of the polder consists of small and
shallow ditches (Biesma et al., 2010). Furthermore, the
polder has two small lakes; the Bosplas and the
Toolenburg, these two lakes originated after sand
extraction in the area (Biesma et al., 2010). Until 1979
there was a polder drainage for the whole polder. This
was mainly used for agriculture. Currently, the division Figure 40. Water level departments of the
is made between smaller water level departments. Haarlemmermeerpolder (Biesma et al., 2010).
Therefore, the area is drained via an area drainage (vakbemaling), see Figure 40. This in order to better
maintain the water levels, on different ground levels (Van Paridon x De Groot, 2012; Biesma et al.,
2010). The Ringdijk is an important barrier for flood protection of the polder. The Ringdijk currently
meets the highest protection norms, the dike may flood once every thousand years (Biesma et al.,
2010).
Nowadays the water in the polder is discharged by use of four pumping stations: Lijnden (1,275
m³/min), Willem I (600 m³/min), Bolstra (100 m³/min) and Leeghwater (590 m³/min). Pumping station
Lijnden is most often used. Bolstra is used to keep Schiphol dry. Leeghwater and Willem I are only
used during wet periods (Hoes & Van De Giesen, 2015). Water will enter the polder via pumping
station Leeghwater in the south. Discharging of the water is mainly done in the north at pumping
station Lijnden. The water is discharged to the Amsterdam Rijnkanaal and then pumped to the
Noordzeekanaal [3]. The current water system of the polder is known as a flushing system whereby
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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 Figure 41. Occupation layer of the Haarlemmermeerpolder (Hoes &
Van De Giesen, 2015).
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 Figure 42. Expected chloride concentration around 2100
the water for a longer time to deal with dry periods. (Van Paridon x De Groot, 2012).
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
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concentrations around the year 2100.
The red dot is increasing over the area,
as a consequence more salt water
problems could arise (Biesma et al.,
2010). Figure 43 shows the chloride
concentration at Gouda. Water of less
good quality is available as a
consequence of an increase in
chloride. In the future, there will be
longer periods without the availability
of fresh water while the demand for it
Figure 43. Expected chloride concentration at the inlet point at Gouda in
increases (Van Paridon x De Groot, 2050 compared to the measured concentrations in 2003 (Van Paridon x De
2012). There will come a time where it Groot, 2012).
is not possible
anymore to
flush the
Haarlemmermeerpolder. Therefore, salinisation needs
to be accepted on the long-term (Biesma et al., 2010).
Farmers need to become aware of the possible
shortages in the future [4]. However, they still want to
continue farming and do not see the necessity to adapt
on the short-term [2]. While an interviewee stated, “It
can be concluded, are we on the right place with this
kind of crops and land-use function?” [6].
This is a form of deep uncertainty, there are multiple
alternatives, but it is difficult to rank these alternatives.
It is known the drought and salinisation will cause
problems in the area, but it is not known how Figure 44. Relation between chloride concentration and
frequently this will happen. Therefore, deep possibilities in land-use (Van Paridon x De Groot, 2012).
uncertainties arise because there are multiple alternatives which is difficult to rank. Besides this,
farmers do not want to see the problems and therefore multiple knowledge frames arise.

Figure 45. Position of the Haarlemmermeerpolder (Van Paridon x De Groot, 2012).

Floods
Currently in the polder are problems with intensive rainfall. The urban areas in the polder are not able
to handle heavy rain showers [1]. The agricultural areas have problems if the water cannot be pumped
away which cause damage to crops [2, 6, 10]. Hoofddorp has many problems due to a former sand
channel. The sand layer causes high seepage which lead to groundwater floods (Van Paridon x De
Groot, 2012). The expectations are that the amount of floods as a consequence of rainfall and
increasing seepage pressure will increase.
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This problem is a medium uncertainty for the Haarlemmermeerpolder. There are different alternatives
possible which can be ranked based on the likelihood that they will occur. It is known which functions
have problems in the polder.
Sea level rise
In the future, sea level rise will influence the polder during low river discharges. The boezem water of
the polder can get a higher salt concentration because the water inlet will become more saline.
Therefore, the boezem water is less suitable to flush the polder (Biesma et al., 2010). Already by 40
cm of sea level rise the problem will worsen (Wijnakker & Plambeck, 2021). There will come a moment
of less supply than demand in fresh water [1, 3].
The effects of water safety will be marginal for the polder, even if the sea level rises with 1.5 m. The
Ringdijk has high safety norms [3, 6, 10]. If the Ringdijk collapse, on some places will be 20–30 cm
underwater [15]. This will not form a huge problem but can have consequences if vital infrastructure
is located here [3, 6]. Currently the question is, to what point does the risk outweigh the benefit of
the economic value arises (Wijnakker & Plambeck, 2021; Biesma et al., 2010)?
This is a form of recognised uncertainty. It is known the sea level will rise according to all climate
change scenarios. It is also known what problems this will cause. Therefore, there are multiple
alternatives possible and it is possible to prepare for this. However, there is always the uncertainty of
how fast the sea level will rise and until which point.
Area drainage
The area drainage caused a fragmentation of the water system, this made the system more complex
and less resilient. During intensive rainfall, problems to discharge the water arise. This increases the
chance on floods. Additionally, water plants and animals cannot spread themselves in the system due
to the separate water level departments (Van Paridon x De Groot, 2012; Biesma et al., 2010). At some
places, there is a bad balance between the sand layer and the first layer. This causes the risks of the
first layer to break which causes seepage problems as described in the theoretical framework. This
risk will increase if water canals are widened or deepened (Biesma et al., 2010). In order to make the
area more robust again, the waterboard wants to implement one water level in the whole polder.
However, the farmers do not want this because they are used to the fragmentation and it is not easy
for them to change to another water system [2]. This type of
uncertainty is an example of multiple knowledge frames.
There are contradictory views in order to solve this problem.
Bursting
The underground of the Haarlemmermeerpolder holds a high
risk of bursting [2, 3], see Figure 46. The combination of high
seepage and a low resistance of the first layer could result in
bursting of this layer, this is mainly on the locations where
waterways are dug. The consequence is that salt water can
easily reach the ditches. Due to the low resistance of the first
sandy layer, there are limited possibilities to create water
storage areas. The first layer can burst, and salt water can
enter the stored freshwater (Van Paridon x De Groot, 2012).
This is a known problem and is therefore medium uncertainty. Figure 46. Sensitivity for bursting of the
underground. Red = very sensitive. Blue = less
sensitive (Provincie Noord-Holland, 2020).
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Figure 48. Problems of a city with a clay underground. Clay is
the main soil typology of the Haarlemmermeerpolder
(Wijnakker & Plambeck, 2021).

Figure 47. Overview of the effects of climate change on the short- and
long-term for 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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realize 700 hectares of industrial area and nature. In the south of Rijsenhout the plan is to build 220
hectares of horticulture. Additionally, there are plans for data centres in the area with for over 10,000
m². Park21 will be created between Hoofddorp and Nieuwe-Vennep. This is a park of 1,000 hectares
with room for sports, recreation, green and a water buffer [2]. Moreover, Schiphol wants to extent
to transfer more than 60 million passengers per year by 2040 (Ministry of the Interior and Kingdom
Relations, 2019). These developments are demonstrated in Figure 49 and 50.

Figure 49. Planned developments
for the Haarlemmermeerpolder
2010-2030 (Biesma et al., 2010).

Agricultural sector
Different developments are planned and therefore the polder is developing itself to a city polder.
Moreover, climate change will cause problems for the agricultural sector [2, 4]. However, most
farmers do not want to change from function here and do not see the problem yet. An interviewee
stated, “The climate change problems in the future will become worse. Problems like autonomous
salinisation, less water availability and salt water at the water inlet of the polder, farmers really need
to think about other options” [2]. Because of these problems it is expected that most of the agriculture
will disappear within 30–40 years [3, 15]. However, agriculture will still remain in the area since this is
the only possible land-use around Schiphol because of restrictions from Schiphol (Biesma et al., 2010).
Overall vision
The polder is transforming itself to a city polder. The new demands and planned developments will
make the polder an urban area with place for recreation and tourism. The main goal is to create a
water robust system that can deal with the expected climate change scenarios. This system depends
on the land-use function of a polder. For example, an increase in salinisation will become a bigger
problem for agriculture then for houses. This resulted in the overall vision: “To a water robust system
fitting the transition of the polder”.
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Figure 50. The planned developments in the Haarlemmermeerpolder. Purple = are planned business parks. Blue =
office locations. Blue industrial sign = an energy project in realisation phase. In this case 380kV high voltage cable.
Red = housing plans. Dark red are definitive plans and light red are potential locations (www.nieuwekaartvannl.nl).

5.8 MEASURES
Based on the visions and problems in the area, several measures found during the document analysis
and interviews were used to deal with these problems. These measures are described in this section.
A measure which is most often mentioned to improve the water maintenance is the ‘flexible water
level’ (duurzaam droogmakerijsysteem). This system is a flexible water level over the whole polder
whereby the drainage areas will be combined so there is less fragmentation in the polder. The water
level may decline during dry periods and increase during wet periods (Biesma et al., 2010). During wet
periods the water can easily be replaced from one side of the polder to the other side of the polder
[6]. This way, the polder is more resistant against peak showers. The goal is to have higher water levels
which will lower the brackish seepage [3]. However, salt seepage is still present also as a consequence
of autonomous salinisation [2, 3]. Moreover, by using this system, the storage capacity of the area will
increase (Biesma et al., 2010; Van Paridon x De Groot, 2012). An interviewee stated, “We need to
switch to this system, because the current system is no longer adequate” [2, 4]. A schematic example
is given in Figure 51.
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Figure 51. Cross-section of the ‘flexible water level’. The water level can vary depending on the circumstances
(Biesma et al., 2010).

Besides this, if the polder still wants to continue with the current approach. Extra water can be used
from neighbouring waterboards. Schieland & Krimpenerwaard can provide extra water, and
waterboard the Stichtse Rijnlanden can let permanently water in the system of Rijnland when the
salinisation will become worse in Gouda (> 250 mg/cl/l) [3].
Another option is to increase the storage capacity in urban and rural areas. Currently by intensive
rainfall the boezem becomes full of water. In order to increase the peak storage capacity the polder
boezem can be connected to the lower located areas, these areas can be used in order to store the
peak showers (Van Paridon x De Groot, 2012). Moreover, farmers can catch water during periods of
heavy rainfall [1, 2, 3, 4, 15]. Extra storage in the urban area is possible in order to handle heavy
showers [1, 3]. Also, an increase in the surface waters of the Haarlemmermeerpolder is possible [3].
The storage capacity can also be increased by developing nature friendly shores. However, due to
bursting risks of the underground, the possibilities to create more storage areas is limited (Van Paridon
x De Groot, 2012).
The agriculture needs to adapt to the changing climate circumstances and urbanisation of the polder.
An example is precision farming; for example, drones can be used by precision farming in order to give
more efficiently water to the crops. Precision farming will safe until 30% of water (Van Spengen, 2020).
Another option is to switch to salt crops (Van Paridon x De Groot, 2012; Biesma et al., 2010). An
interviewee stated, “It will simply become too dry or too wet, some crops will not survive, switching
to salt crops is an option” [2].
There are many options in order to build climate robust buildings and movable buildings. Climate
robust buildings are buildings able to handle the effects of climate change. These buildings can
withstand intensive rainfall, drought, heat, wind and the buildings can buffer water [3, 6]. Movable
buildings are buildings which can easily be moved to another area. This is necessary if the climate
change problems will become worse and living below sea level will become a huge threat [1, 15]. At
the same time, it is useful to take care of important infrastructure. Heightening vital infrastructure will
ensure it is robust against floods [3, 6, 10].
On the longer-term the economic value in the Haarlemmermeerpolder will increase as a consequence
of the urbanisation. Therefore, the dike norms need to be adjusted in order to take care of the
economic value in the polder [4, 6]. Besides this, it is realistic to change the function of agriculture
because of the many developments in the polder. It is possible to change the area to a nature area or
to contribute to the reach the energy transition goals [2, 3, 15].
If the above measures are not adequate anymore, interviewees stated, “On the very long-term, I think
solutions need to be found at the coastline of the Netherlands” [15], “Or we need to think about other
solutions, like leaving polder and building in east-Netherlands” [1].
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Figure 52. Possible measures in
the Haarlemmermeerpolder
(Wijnakker & Plambeck, 2021).

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.
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Focus groups
The focus group session with experts from Sweco made clear that not the right description was chosen
for some measures. Additionally, the experts stated that it is a very difficult area to make a pathway
map for, because there are many developments that need to be taken into account. Therefore, the
economic tipping point was added to the pathway map. This tipping point gave insight into the
possible economic developments in the area. Furthermore, additional decision points were added
because there were too few decision moments to switch from paths. In the session with stakeholders
from the Haarlemmermeerpolder, the stakeholders expressed critique on the explanation around the
consequences of salinisation. According to them, the sea level rise does not influence the salinisation,
because salinisation as a consequence of sea level rise is a really slow process in the underground and
does not have much influence in this polder. The autonomous salinisation is the main saline problem
in the area. Moreover, they also stated to improve the description of the measures. Furthermore, it
became clear that some measures could be taken simultaneously. However, this was not visible in the
pathway map and therefore more vertical lines were added. Adjusting dike norms should be done
earlier because of the increase in economic value in the area. Also, a change was made in ‘climate
adaptive building’ because they are currently building climate robust and therefore the measures
needed to start earlier. In general, the respondents were enthusiastic and gave compliments for giving
insight in such a complex polder. This session resulted in the final pathway map shown in Figure 54.
Explanation pathway map
This pathway map was designed in the same way as the Kolken-Noord. In order to read the pathway
map, the same explanation is applicable here (see Section 4.9). Figure 53 presents the tipping points
explanation and the pathay map legend of the Haarlemmermeerpolder.

Figure 53. Tipping points explanation (left) and the pathway map legend (right) of the Haarlemmermeerpolder.
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Figure 54. Pathway map for the Haarlemmermeerpolder.

Explanation of the preferred pathway map
Figure 55 displays the preferred pathways in dotted lines. A step in the DAPP approach is to select
preferred pathways. These preferred pathways depend on the climate change scenarios. The red line
represents the warm climate change scenario and the green line the mild scenario. In the warmer
scenario the climate changes more rapidly. Therefore, earlier steps need to be taken to make the area
climate proof and liveable. Figure 55 shows that early changes are made in the warm scenario to
‘agriculture change function’ or measures like ‘movable buildings’, ‘adjusting dike norms’ and political
sensitive measures like ‘solution at the coastline’. In the mild scenario it is possible to select measures
that will ensure that the current land-use keeps functioning, for example ‘flexible water level’. This
measure is only possible in the mild scenario. However, the scenario also ends up with a land-use
change or with the same measures of the warm scenario.
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Figure 55. Pathway map for the Haarlemmermeerpolder with climate change scenarios.
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6.

POLDER OF DIRKSLAND
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(Broekhoven, 2020)

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 56. Dirkslandpolder, located in the south of the province of SouthHolland on the island of Goeree Overflakkee (Google Maps, adjusted by
author, 2021).

Figure 57. Water situation in the Smits drainage area. 22E, 22F and 22A are
part of the Dirkslandpolder (Bongers & Thissen, 2005).
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Waterboard Hollandse Delta is in charge of water-related tasks, the municipality of GoereeOverflakkee 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 GoereeOverflakkee. 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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Figure 58. The underground layer of Dirksland. Light green
= light sandy clay. Dark green = heavy sandy clay (Bongers
& Thissen, 2005).

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

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 GoereeOverflakkee via the Haringvliet,
also some water of the VolkerakZoommeer enters the area. The Figure 60. Water inlets and pumping stations of the island of GoereeOverflakkee. In the circle is drainage area Smits located (Hydrologic, 2020).
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
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concentration (Hydrologic, 2020). However, it is discussed that the salt water may not go further than
the line Middelharnis – Spui. If salt water passes the line, the Haringvliet will be closed directly.
Therefore, the freshwater inlet is not pressured directly [9, 16, 18]. The Inlaat van Pallandt is the main
freshwater route. This route is letting fresh water in and steers the water to other parts of the island
(Hydrologic, 2020). The water system of the island of Goeree-Overflakkee is demonstrated in Figure
60 and the water system of the polder in Figure 61.

Figure 61. Water system of the Dirkslandpolder (wshd maps arcgis, 2021).

6.5 OCCUPATION LAYER
The main function is agriculture (see Figure 62), with cultivations like sprouts, tulip bulbs, potatoes,
onions, wheat and corn [18]. Besides this, the land-use is divided in urban area, grassland, horticulture,
orchards, nature and recreation [7, 8]. Grassland can be found in the northeast side. Nature in the
east side and around Melissant and Dirksland. The other land-use functions are spread across the
polder. The nature area Breede Gooi is a creek of 11 hectares which is a brackish and isolated area
maintained by Staatsbosbeheer and has a protected status of Natuurmomumenten. In addition, there
are small urban settlements (Bongers & Thissen, 2005).
Agriculture is very important on the island; it has a very high productivity per hectare. The creeks are
thereby very important since they transport the water. The waterboard takes care of the flush system
in order to keep the salt concentration low. However, a disadvantage is the ecological value for the
island. In the current situation the ditches have a high water level in the summer and a low water level
in the winter with a brackish character. This is done to have enough fresh water during summer times
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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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6.6 PROBLEMS AND UNCERTAINTIES IN THE POLDER OF DIRKSLAND
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.
Salinisation
The polder has many problems with salt
seepage. An increase in sea level causes
more seepage pressure and problems at the
Haringvliet which pressures the freshwater
inlet for the polder and the whole island [8,
9]. Currently, there is the salt line
Middelharnis – Spui. Salt water may not
come further then this line, if this happen the
Haringvliet sluice will directly be closed.
However, it is possible to get backward
salinisation via Bernisse [7, 8, 9, 16, 18].
The chloride concentration in the polder is
already high as can be seen in Figure 64. This
because of the salt clay in the underground.
The south of the polder is the saltiest part.
Salt seepage is the main problem here. By
lowering the water level, the seepage
intensity will increase and therefore also the Figure 64. Chloride concentration on Goeree-Overflakkee
chloride concentration. The water of this (Gemeente Goeree-Overflakkee, 2018).
area will be discharged in the north and therefore needs to pass through the whole polder which has
an effect on the water quality of other parts (Bongers & Thissen, 2005). The expectations are that the
chloride concentration will increase in the future as a consequence that a large part of the polder is
not useful for agriculture anymore [7, 17, 18]. In most places the chloride concentration is already
higher than 8,000 mg/l. The MTR-norm (maximum permissible risk) of chloride has a maximum of 200
mg/l and for surface waters for agriculture the maximum is 600 mg/l. Higher concentrations could
cause damage to crops (Bongers & Thissen, 2005).
In the winter, the water levels are 25–30 cm lower than in the summer. Low water levels are needed
otherwise the agricultural lands cannot be entered with heavy machinery. Moreover, the rainfall
during winters needs space to flush away. During the summer, the water levels need to be higher for
sprinkling the crops and flushing the salt water away in ditches. The low water levels during the winter
times result in a higher chloride concentration. During the months May until August the
concentrations are lower, because the waterboard is flushing the system. However, the chloride
concentrations are still high, the concentrations vary between 200 until 1,500 mg/l. Because of the
chloride fluctuations and the summer and winter level, the ecological quality in the area is bad.
Moreover, the amount of botulism and blue algae is increasing over the last recent years (Bongers &
Thissen, 2005; Hydrologic, 2020).
A possible scenario is to close the Haringvliet if salt water intrusion is continuing to rise as a
consequence of the rising sea level and less river discharges [16]. These are huge social problems,
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therefore an interviewee stated, “Salinisation probably needs to be accepted on the long-term” [8].
The amount of water on the island will not form a problem however, the water quality is a problem
[7, 9, 17].
The increasing salinisation in the area is a recognised uncertainty. An interviewee stated, “A trend is
visible in the climate change effects; therefore, we know what to do, however, we can still be
surprised” [9]. Therefore, this uncertainty is recognised, however it does not know what exactly will
happen, there are many alternatives.
Droughts and heat
The amount of heat nights will increase from several nights to 7-14 nights a year. Moreover, more
evaporation occurs as a consequence of warmer and drier periods [7, 8]. However, this does not cause
big problems, as long as the Haringvliet is of good quality, the water system on the island and therefore
at Dirkslandpolder will work [7]. Nonetheless, during extreme dry periods, flushing enough water of
good quality becomes a problem [7, 9, 17]. Harvests can fail because of the droughts and the
increasing pressure of the saline underground during summer times. Moreover, the water system is
pressured by the increasing water demand. Especially, in the polder of Dirksland the amount of salt
seepage is increasing, this combined with dry periods increases the demand for water. The demand
of water will increase as presented in Figure 65 (Hydrologic, 2020).

Figure 65. Water
demand for the island
of Goeree-Overflakkee
(Hydrologic, 2020).

It is sure that the climate will change. Currently, the expectations are a 2°C of temperature rise.
However, if this will become more extreme and serious problems will arise if the 5°C will be reached.
It will become warmer and drier during summer times [8, 16, 18]. It is possible to adapt the system in
such a way that it is possible to continue with the current approach. However, it is also possible to
accept and adapt to the natural circumstances. More acceptation and adaptation to the natural
circumstances instead of fighting against it will reduce the vulnerability of the system (Gemeente
Goeree-Overflakkee, 2020).
Therefore, a recognised uncertainty is present here, it is known that more droughts will arise however,
it is not known when the droughts will become more of a problem. Besides this, an interviewee stated,
“I do not see the problems yet, therefore, for me it is not relevant to change from function” [18]. This
shows that there are multiple knowledge frames present on this problem. Contradictory views about
if they need to accept the droughts and change from crops or if nothing needs to be done.
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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].
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Agricultural sector
The agricultural sector fears of changing its function [7, 18]. An interviewee stated, “Definitely some
crops will not be used anymore in the future, simply because the soil is not good enough anymore”
[18]. Around 2030 the agricultural sector will develop itself in two ways; some farmers choose for
scaling up, while others choose to broaden the agriculture (LTO Noord afdeling Goeree-Overflakkee,
2016). Scaling-up means that larger companies will buy the small ones. By broadening the agriculture,
ideas can arise to have nature conversation, in a combination with tourism and the selling of local
products [7]. Additionally, the agriculture will innovate by becoming more sustainable and by using
new techniques like drones which improves the efficiency. The agriculture sector developed an
agenda with several points to improve the sector. These points are: the digital infrastructure to use
GPS, the physical infrastructure to improve roads for transport, ensuring enough freshwater in the
Haringvliet, maintaining the water management and maintaining the soil quality. However, in the
future problems could arise around the availability of fresh water [7, 18].
Overall vision
The vision is to make the area climate proof combined with high quality farming and to improve the
water quality. However, if at a certain time the costs of farming will be too high compared to the
benefits, the farmers can think about other functions (LTO Noord afdeling Goeree-Overflakkee, 2016;
Provincie Zuid-Holland, 2020). Especially for the polder of Dirksland there are many problems. An
interviewee stated, “If we continue in the current way, I guess we will have so much problems within
five years in the Dirkslandpolder that we need to take drastic measures” [18]. This is also claimed by
the agricultural sector that stated two ways of development: either scaling-up or choosing for other
functions. Moreover, it is expected that the demand for water will increase. This resulted in the overall
vision: “Improving the water quality of the area, deal with the increasing water demand and become
climate robust by 2050”.

6.8 MEASURES
Based on the visions and problems in the area, several measures found during the document analysis
and interviews were used to deal with these problems. These measures are described in this section.
In the future climate change scenarios, the sea level will rise and therefore the salinisation will
probably increase on the Haringvliet [7]. If this happens, fresh water needs to be collected at another
point. It is possible to replace the inlet upstream [8]. Moreover, it is possible to widen the waterways
in order to store more water there. However, a disadvantage is that the discharge of water will
increase, this results in a faster erosion of the shores, which can cause a decline in the amount of
agricultural land. Another problem is that agricultural land needs to be used to widen the system.
Farmers do not want to give parts of their agricultural land away [7].
Another option is to implement a water level controlled drainage per agricultural parcel [7, 8, 9, 18].
This system will manipulate the groundwater level. The system pumps water under the parcel creating
a freshwater bubble [9, 18]. However, an important condition of this system is that the fresh water
supply needs to be of good quality. This means for the Dirkslandpolder that the fresh water needs to
come from somewhere else, because of the saline underground [7, 9, 18].
Another measure is drip irrigation. Drip irrigation will save water and can give water to the crops more
efficiently. During normal sprinkling around 30–40% of the water evaporates. This water will now be
saved for other areas. This is a way to deal with the increasing water demand in the future [7, 8].
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Currently, the best solution to deal with intensive rainfall is to flush the water to rural areas. However,
these are not always able to store the amount of water and therefore problems will arise. In order to
solve these floods water storage areas are needed during periods of heavy rainfall. These water
storage areas are also useful during dry periods to have water available [7, 8, 9, 18]. The rainfall surplus
during winter times can be stored and the water can be used during warm periods without rain [7].
Moreover, there are also possibilities to move together with the changing natural circumstances. An
option is to change the land-use function [16, 17]. For example, extensive farming is possible with a
combination of nature area, water buffer, recreation and tourism [7, 8, 9, 16]. Additionally, other types
of agriculture are possible, like other cultivation types, for example salt crops [7].
Specifically, at Dirkslandpolder it is possible to sacrifice the south of the polder. This because the south
is low in elevation and therefore, vulnerable for floods and salinisation. It is possible to create a storage
area and solve the problem by disconnecting this area [16]. By doing this, more water is available for
other parts in the system [7, 18].
Another last solution has drastic consequences and can only be taken if there is not enough river
discharge. This measure is the closing of the Haringvliet. This will happen if the salt water will move
further then the line Middelharnis – Spui. The Haringvliet will only be closed if there are drastic
consequences because the polder and the whole island are very dependent on the water supply of
the Haringvliet [7, 8, 16, 18].

6.9 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 recognised uncertainty and deep uncertainty.
This means that for the Dirkslandpolder, the main climate change threats are known. Nonetheless, it
is still possible to be surprised by a specific climate change effect that was not predicted and where
was not prepared on. Moreover, there are multiple alternatives available, these are known, but it is
difficult to rank them in probability of occurring. Based on these uncertainties the pathway map in
Figure 67 was designed. Adaptation pathways are useful for providing insight into uncertainties in an
area (Haasnoot et al., 2012). This pathway map specifically focuses on recognised and deep
uncertainties because the problems are known, but it is possible to be surprised and therefore the
pathway map gives insight in this.
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, it is stated that the island of Goeree-Overflakkee will become a high-tech agricultural area.
However, this is not easy to reach, as stated by the province of South-Holland, possible weak areas
need to switch in order to reach other targets like tourism development, climate robustness, energy
transition and to maintain the water availability for the intensive agricultural areas. Dirkslandpolder is
a weak spot on the island, especially because of its salinisation threats. Only closing the Haringvliet
provides perspective on the long-term. 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 Dirkslandpolder.

- 75 -

Focus groups
The focus group session with Sweco did not result in many changes of the pathway map. Because the
map was clear and made sense. The session with stakeholders from Dirkslandpolder resulted in an
adaptation of the description of the tipping points about intensive rainfall. An amount of rainfall in
millimetres was given however this was not right and did not fit for the pathway map because the
map is mainly focussing on the rural area instead of the urban area because there is only a small town
located in the area. It was confirmed that closing the Haringvliet will solve the main problems for the
area, however, it is not certain how much the autonomous salinisation will increase in the future. This
can cause more problems. However, if the Haringvliet will not be closed, this roadmap will provide
future perspectives, as a response, an interviewee stated, “We seriously need to make a cost benefit
analysis about some vulnerable areas if it is worthwhile to go on with the current approach” [Focus
group Dirkslandpolder, 7]. Further, the respondents confirmed that the pathway map is complete.
This resulted in the final map shown in Figure 67.
Explanation pathway map
This pathway map is designed in the same way as the one of Kolken-Noord. In order to read the
pathway map, the same explanation is applicable here (see Section 4.9). Figure 66 presents the tipping
points explanation and the pathay map legend of Dirkslandpolder.

Figure 66. Tipping points explanation (left) and pathway map legend (right) of Dirkslandpolder.
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Figure 67. Pathway map for Dirkslandpolder.

Explanation of the preferred pathway map
Figure 68 displays the preferred pathways in dotted lines. A step in the DAPP approach is to select
preferred pathways. These preferred pathways depend on the climate change scenarios. The red line
represents the warm change scenario and the green line the mild scenario. In the warmer scenario
the climate changes more rapidly. Therefore, earlier steps need to be taken to make the area climate
proof. Figure 68 shows that these mild scenario results in measures to keep the current land-use of
the area for a longer period. Measures like ‘water level controlled drainage’ are always worthwhile to
implement because they have a depreciation period of 10–15 years [Focus group Dirksland, 7]. The
warmer scenario displays that earlier steps need to be taken in order to make the area climate proof.
This are drastic measures like, ‘closing the Haringvliet’.
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Figure 68. Pathway map for Dirkslandpolder with climate change scenarios.
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7.

CONCLUSION, DISCUSSION AND
RECOMMENDATIONS
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(Zandvoort, 2017)

7.1 CONCLUSION
This chapter presents a conclusion of the research and answers the research questions.
This study provided insight into the characteristics, problems, uncertainties, visions and possible
measures used in different polder areas. It provided information in the form of pathway maps with
pathways and tipping points in order to deal with climate change uncertainties that might occur in the
future. By using the Dynamic Adaptation Policy Pathways (DAPP) approach, this research both
contributed to the development of this method and provided insights into possible actions that can
be taken to address different climate change effects in the case-study areas. The main goal of this
thesis was to discover whether the DAPP approach is helpful in developing a typology of polder areas
based on their different pathways and tipping points. The study identified different pathways and
tipping points in the polders. The results of this research needed to answer the main research
question: 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? To
provide an answer, the sub-research questions were first answered; this led to the systematic design
of the pathway maps and therefore to the answer to the main question, which is given at the end of
the conclusion chapter.
The literature shows that there are different polder typologies in the Netherlands. The most important
typologies are river polders, outer polders, inner polders and summer polders. These typologies
provide insight into the dewatering function. Further, the related studies demonstrate significant
differences in characteristics between the polders and concluded that it is difficult to categorise
polders into typologies based on their characteristics. Every polder has distinctive characteristics and
water systems, making them all unique.
The literature provided insight into the concept of uncertainty. No single definition is provided, but
the importance of understanding the uncertainties is emphasised. There are many uncertainties in the
polder areas that decision makers face today; the main uncertainty in the researched polder areas is
climate change. The effects of climate change have led to problems in all the case-study areas; it is
uncertain what will happen in the future. It is expected that certain effects of climate change will
increase; however, it is uncertain to what degree. One way to provide insight into measures that can
be taken during uncertain situations is through the DAPP approach. In the theoretical framework three
different methodologies were compared to make decisions during uncertain situations. The DAPP is
the most promising method because it provides insight into what can happen in the future and what
decisions can be taken over time. When this is clear, monitoring can be used to ensure that actions
are taken at particular tipping points. This makes the DAPP approach a useful method for dealing with
uncertain situations.
Below the main characteristics and types of option uncertainty in each polder are described; this is
based on the theory described in subsection 2.1.4 and table 1. There are different measures for the
uncertainties; these are presented in the pathway maps of the case studies.
Kolken-Noord
The main type of uncertainty in Kolken-Noord is medium uncertainty. The main climate change
uncertainties are known, and it is clear what kinds of problems will arise in the future. The main
uncertainty in this area is land subsidence, which leads to water storage loss, thus increasing the effect
of flooding in the area. Drought also represents an uncertainty. It is not clear to what degree the
rainfall patterns and water availability will change. Less available fresh water leads to more problems
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with salinisation, especially because the area already has high salt concentrations. This also increases
the uncertainty of the climate change impacts.
Haarlemmermeerpolder
The main types of uncertainty here are medium uncertainty and multiple knowledge frames. The
climate change effects for this area are known, and it is clear which problems will arise in the future.
An important uncertainty in this area regards economic development. The polder can develop in
several ways, for example the number of houses could increase in the area. Schiphol will probably
grow, and therefore urbanisation will increase, and the room for agriculture will decrease. There are
many factors that influence the development and uncertainties in the polder. Autonomous salinisation
also causes problems, and this will worsen if agriculture remains in the area. The problems will lessen
if urbanisation increases because urban areas have fewer issues with salinisation. However, an
increase in urbanisation would lead to more problems during intensive rainfall. It is certain that the
complexity and uncertainties in the polder will increase.
Dirkslandpolder
The main types of uncertainty for this case study are recognised uncertainty and deep uncertainty.
The climate change effects are known but it is still possible to be surprised. It is difficult to specify and
rank the alternatives. The main problem here is also autonomous salinisation. It is difficult to stop this
process because the salt is already in the underground. There are many alternative scenarios that
could play out. The main problems will arise if the Haringvliet becomes saline. The area is dependent
on freshwater from the Haringvliet, so if it were to be permanently closed off from the sea, the main
problems would be solved. However, salinisation in the underground still could lead to problems that
could become worse in the future. It is not known what exactly salinisation will do, so uncertainty in
the area is increased.
Differences and similarities in pathways and tipping points
It can be stated that the polders differ in their pathways and tipping points. The main differences in
pathways can be found in the number of pathways (measures) available. The Haarlemmermeerpolder
has many more pathways than the Kolken-Noord and Dirkslandpolder. Additionally, differences are
found in the scales of the measures. The Haarlemmermeerpolder has measures that are on a higher
scale (e.g. solution at the coastline) compared to the measures of other case areas (e.g. sacrifice a part
of the polder). Moreover, also differences were found in the pathways itself; for example, the
Haarlemmermeerpolder had pathways like ‘flexible water level’, the Kolken-Noord ‘giving water and
food to cattle in cowshed permanently’ and Dirkslandpolder ‘water level controlled drainage’. This
stated that there are differences in pathways over the case areas. Besides the differences in pathways,
differences in tipping points were found; there are context specific tipping points present, for example
land subsidence in the Kolken-Noord, while the other polders do not have this tipping point.
Moreover, there is a difference in meaning of the tipping points, an economic tipping point is present
in the Haarlemmermeerpolder because of the increase in urban area and Schiphol, while the economic
tipping point at the Kolken-Noord is about an increase in tourism in the area. Therefore, the economic
tipping point can have different meanings depending on the case area. This is also confirmed by the
drought tipping points at the Haarlemmermeerpolder which is caused when the chloride
concentrations are above 250 mg/l, while in the Kolken-Noord this becomes a problem at higher
concentrations. This is the result of the characteristics and land-use in the polders.
Having said this, there are also some similarities found in pathways and tipping points. The pathways
for the long-term are almost the same for all the polder areas. In all polders the last possible option is
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to change functions when problems such as drought, sea level rise or flooding will become excessive.
Additionally, all the polders have salt-related problems; therefore, the pathway ‘salt crops’ is present
in all cases. This is the consequence of the underground. In the case areas, a sea clay underground is
the consequence of autonomous salinisation, which is also an important similarity over the cases. This
problem will increase when there is not enough fresh water available during dry periods as the system
will not be able to flush enough freshwater through the polder system. Also for the tipping points
were similarities found. This are the climate change tipping points since polders are specifically
vulnerable to climate change effects as discussed in the introduction chapter.
To summarise, differences were found in the scale of pathways, the amount of pathways and context
specific pathways. Also differences were found in the tipping points, since most tipping points are
context dependent or have a different meaning. Furthermore, similarities were found in pathways,
especially the pathways for the long-term and ‘salt crops’. While also some similarities were found in
tipping points, because most tipping points were based on climate change effects.
Main research question: 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?
The results and answers to the sub-questions have led to the development of the pathway maps and
therefore to a final answer to the main research question. The literature study, document analysis,
semi-structured interviews and focus groups led to the creation of the final pathway maps. For this
research three polders were selected with different characteristics. In the research is found that these
polders do have different pathways and tipping points indeed. This is an indication that it is possible
to develop a typology of polder areas.
The Haarlemmermeerpolder, is a highly urbanised polder with a lot of economic activity. In this polder
more pathways are found which are also on a higher scale compared to the other polders. Also the
economic tipping point is important for the Haarlemmermeerpolder because of the increase in urban
area and the growth of Schiphol.
The Kolken-Noord is mainly used for agriculture with livestock farming, since the area has already
many salinisation problems is this the best land-use. Therefore, pathways are found regarding the
continuation with livestock farming in the area. Additionally, the Kolken-Noord has a land subsidence
tipping point which is not present in other polders. Land subsidence is the consequence of former gas
extraction in the area.
Dirkslandpolder is an agricultural polder with different types of crops. In Dirkslandpolder are other
types of pathways present since the area is very dependent on the freshwater of the Haringvliet.
Therefore, pathways regarding efficient water use are found in this polder.
Having said this, also some interesting similarities are found, namely that all the polders have climate
change tipping points. Moreover, all the cases face problems with autonomous salinisation and
therefore have the pathway ‘salt crops’ in their pathway maps. Furthermore, it is found that all the
polders have as last possible measure to ‘change function in the area’. This can be explained by the
characteristics of the underground, all the polders have a salty clay underground. Additionally, an
important similarity is that Kolken-Noord and Dirkslandpolder have overlap in characteristics, namely;
their urbanisation rate is low and their land-use is agriculture, while the land-use can be distinguished
in livestock farming and crop farming. The low urbanisation rate makes it possible to sacrifice a part
of the polder, therefore the pathway ‘sacrifice a part of the polder’ is present in both cases. While
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there are further many differences between the two polders in characteristics (e.g. dewatering,
elevation, water networks, exact division of occupation layer).
The polders of this research have mainly different characteristics and therefore different pathways
and tipping points. These results are a first indication that the development of a typology of polders
is possible. Developing a typology is confirmed by the similarities found between the Kolken-Noord,
Haarlemmermeerpolder and Dirkslandpolder. The same underground lead to overlap in some
pathways. Additionally, the Kolken-Noord and Dirkslandpolder have low urbanisation rate which
resulted in the pathway ‘sacrifice a part of the polder’. This is also an indication that the development
of a typology is possible.
This research shows, if two polders have the same soil typology and land-use which is specified in, for
example, 40% the same agriculture type, 50% urban area and 10% nature, a typology can be made.
Polders can be classified to their general type, which is here, the soil and land-use. Therefore, it can
be stated that polders with the same land-use and soil typology can be distinguished as a typology
because overlap in pathways will emerge. It is also certain that climate change tipping points will arise
since every polder faces climate change issues.
Polders cannot be categorised as a typology based on what was discussed in the theoretical
framework and the answer on sub-question 1 (Which types of polders are present in the
Netherlands?). These typologies are based on the location and dewatering function of the polder. The
typology developed in this research will be a new typology that is based on the soil and land-use of
the polder. Polders that can be distinguished are peat polders, clay polders and sand polders and
depending on their land-use a typology in pathways and tipping points will arise.
A typology does not mean that pathways and tipping points are exactly the same. Due to specificities
of each and every polder area, the pathways and tipping points will always be different in the end.
Still, the similarities between polders sharing basic characteristics, such as the underground and landuse are big enough to develop a typology.
Having said all this, the final answer on the main research question is as follows, the DAPP approach
is helpful in developing a typology of polder areas based on their pathways and tipping points. The
DAPP approach has shown that by selecting three different polders, three different pathway maps
emerged. Using the Dutch layer approach it became known that the three polders have the same
underground and the Kolken-Noord and Dirkslandpolder have both a low urbanisation rate with
agriculture as land-use.
This research has shown that the DAPP approach is helpful in developing a typology based on the
following results:
-

Many differences in characteristics of the polders and therefore in pathways and tipping
points.
The same underground and land-use resulted in patterns and therefore typologies.

The DAPP approach created the pathway maps with the tipping points and pathways which made it
therefore helpful in developing a typology of polder areas. These results are based on three cases only.
Other case studies are needed to further develop and test further and more typologies.
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7.2 DISCUSSION
In this section, the results, methodology and theory are discussed. Further, the limitations of the
research are presented.

7.2.1 Results reflection
This subsection discusses whether the results met the expectations of the researcher, whether they
led to new insights and which questions remain unanswered.
The results of the research met the expectations of the researcher. The researcher expected that it is
possible to produce a typology of polder areas based on tipping points and pathways. This is the case
here. If polders with more common characteristics were selected, the same tipping points and
pathways would have been present.
The polder areas were chosen based on criteria as described in the methodology chapter. However,
during the research it became clear that all the polders have a salty clay underground. The same
underground may have led to the conclusion that there were patterns visible in the pathway maps.
The answer to the main question may have been different if the polders had different undergrounds.
Therefore, by looking back, far more different case areas needed to be selected or areas with a lot of
similarities in order to give a clearer answer on the main question. Nonetheless, this research showed
that the same underground strengthened the answer; that it is possible to develop a polder typology
and therefore it has helped in the results of this thesis.
The interviews and focus groups showed that uncertainty is a difficult concept. During the
conversations with the stakeholders, it became clear that most of them did not know how to deal with
uncertainty. The pathway maps gave the stakeholders a better overview, and during the focus group
sessions it became clearer which options were available in the areas and whether it would be useful
to choose a particular option.

7.2.2 Methodology reflection
This subsection reflects on the methodology. The shortcomings of the methods and the problems the
researcher faced during data collection are discussed.
The choice was made to use semi-structured interviews and focus groups to test the results and come
to correct interpretations of the interviews. Carrying out a qualitative analysis was the most promising
methodology, especially since Haasnoot et al. (2012) suggested furthering the development of the
DAPP approach by using qualitative data. Large scale surveys could have led to answers that were too
broad, and they might not have reached people with the required knowledge. The interviews
presented the opportunity to ask in-depth questions of experts and to test and enlarge the
information found during the document analysis.
The interviews were carried out via Microsoft Teams, with one interview done by telephone. Whereby
during one interview the internet connection was unstable, requiring continual reconnections. This
could have influenced the outcome of the interview. Nevertheless, under the current COVID-19
circumstances it was not possible to carry out the interviews in another way. Actually, carrying out
online interviews provided the advantage of time saving as more interviews could be done each day.
Additionally, the researcher had learned from earlier studies that respondents are more inclined to
do an interview online than at their organization, probably because it costs them less time and effort.
The focus groups were also done via Microsoft Teams. These sessions resulted in the finalisation of
the pathway maps. Except for the fact that nonverbal communication was difficult to analyse, carrying
out the focus groups online provided a substantial advantage because on the recording everyone is
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clearly visible, and no special rooms were needed to film everyone. Further, when online it is not
possible for two people to talk at the same time or have mini-conversations (between two people) in
the group. When one person spoke, the whole group needed to listen, which made it easier to obtain
and analyse the essential data without disruption.
The pathway maps were systematically developed based on the results of the methods, but they were
difficult to design without the interpretation of the researcher. Some pathways and tipping points
were not logical. However, interpretation by the researcher was avoided as much as possible. The
focus group with Sweco was useful in that it resulted in the pathway maps becoming more logical.

7.2.3 Theoretical reflection
The purpose of the theoretical reflection is to demonstrate how the results are connected to the
theoretical framework of the research.
In this research it was necessary to explain the concept of uncertainty and what types of uncertainties
exist. Adaptation pathways are useful to deal with uncertainty; however, if the type of uncertainty is
known, more concrete actions can be taken. Dealing with uncertainty provides insight into possible
actions even when an event is unpredictable. Adaptiveness is a way to deal with uncertainty, and
therefore the DAPP approach arises as an option.
The DAPP approach of Haasnoot et al. (2012) is the main theory of this research. The authors
suggested using qualitative data to develop pathways. This contributed to the further development of
the DAPP approach in this study. Additionally, it must be investigated whether the method is useful
at the local level. Normally, the approach is used for large scale projects. During the research it was
demonstrated that the DAPP approach can be used on a local scale. However, when using it on a local
scale, the surrounding system must always be taken into account. For example, for the
Haarlemmermeerpolder the discharge of the Rhine is important, while the Rhine is not part of the
Haarlemmermeerpolder itself but is part of the surrounding system. Another point is that if the
Maeslantkering will becomes a sluice, most of the fresh water problems in the west Netherlands will
be solved, while this is also not part of the polder system itself but is part of the surrounding system.
Therefore, it is difficult to determine whether the approach is useful on a local polder scale because
the surrounding system of a polder always needs to be taken into account.
The last theoretical reflection on the DAPP approach is that qualitative data is helpful in developing
the pathway maps. Deep insight arose in the interviews as to what is possible. However, quantitative
data is missing to make the pathway maps measurable. During all the focus group sessions it was
mentioned that there is no quantitative data present on when certain actions need to be taken. For
example, it is not clear at which amount of chloride concentration actions should be taken. Therefore,
this research lacks the necessary quantitative data. However, carrying out the DAPP approach using
the help of qualitative data created a lot of clarity in pathways and tipping points visible in a short time
frame. In some situations the qualitative step would be sufficient enough to show if measures are
realistic or not.
The Dutch layer approach is useful to systematically collect data for different case areas. This approach
proved to be useful in analysing the different characteristics of the polder areas. Therefore, it can be
concluded that the Dutch layer approach is a useful method to systematically collect data.
The combined theories led to the conceptual framework, which was adjusted by the author. The
conceptual model assumed that climate change would lead to uncertainty, therefore requiring
adaptivity. The DAPP approach makes no-regret moves visible. In this research, the factors of DAPP
were analysed, and a preferred pathway was chosen. Climate change formed the main uncertainty for
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the polder areas. Therefore, adaptivity is needed in order to deal with future problems. The DAPP is a
useful approach to dealing with uncertainties. The conceptual framework can be used as a suitable
structure for developing adaptation pathways.

7.2.4 Implications
This subsection discusses the consequences of the research as well as the generalisability of the
results. Also discussed is what will happen in the future if the current situation does not change.
The findings are important for practice and for theory as explained in the previous sections. If this
research had not been done, it would not be known whether it is possible to develop a typology of
polder areas. Neither would it have been known whether the DAPP approach functions when using
qualitative data. Therefore, this research contributed to the further development of the DAPP theory.
Additionally, this study provided insight into the problems of the different polder areas. Discussion
was initiated during the focus groups regarding what the stakeholders should do in their areas. If this
research had not been done, the problems would have been revealed later or maybe never.
A consequence of this research is that insight is provided into the practical problems of the case study
areas. Additionally, insight was provided into the theoretical development of the DAPP approach. This
research provided insight into which measures are possible in the areas, and it provided useful
information that allowed the waterboards to use the pathway maps during discussions about the area.
During the focus group sessions, the stakeholders responded positively; however, they were surprised
that specific actions were not worthwhile to implement because of the lifespan. Therefore, this
research contributed to the development of robust future climate for the polder areas. If the current
situation does not change, as shown in most pathway maps, problems will arise even in the shortterm, like 10–15 years. This study provided insight into this situation and developed actions the
stakeholders in the polder areas can take.
The results of this research are generalisable. This research has shown that it is possible to develop a
typology of polder areas. If the same research was done with other polder areas with the same division
in characteristics, the results and the answer to the research question would be the same. The
methodology of this research is also generalisable and useful for developing pathways for other polder
areas. Furthermore, this research has shown that qualitative methods are useful to develop pathway
maps.

7.2.5 Limitations
During the research, several limitations became apparent as a consequence of some inabilities. These
limitations are explained in this subsection.
During this research, three case studies were researched. To increase the reliability of the results,
more case studies could have been included. Nonetheless, within the time frame, there were no
limitations for the case studies themselves. In each case study area, interviews were carried out until
saturation occurred in the amount of information needed to develop the pathways. Moreover, if the
case studies were selected with more common characteristics instead of three different case studies.
It would have underlined the outcome of the research even more. The areas selected in this study
possess different characteristics as a first step to proof it is possible to develop a typology of polder
areas. Further research is needed to make this more concrete.
The context dependency of the interviewees was another limitation. A waterboard member said that
the limit of the water system is a few years, while a LTO said that it is possible to continue the current
way for at least 50 years. Every organisation gave measures which were favourable for them. The
research was carried out in a positivism way because the researcher worked with factual information
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regarding the polder system and its limitations. However, in some cases there was not enough
information from the document analysis. The researcher then depended on estimates from the
interviewees; therefore, the results were sometimes not precise but within certain bandwidths.
Therefore, the pathway maps were not as precise as wished. Specifically, the focus group session with
experts from Sweco played an important role in making the pathway maps more precise and realistic.
Also, one expert from Sweco was present during the other focus groups sessions to explain the
critique. The researcher remained independent and systematically collected the data. However, some
results are not as precise as wished, this is the consequence of designing the pathway maps using
qualitative data.
Another limitation stated by the researcher is that innovative thinking by the humans is not included
in the approach. In the future humans might think differently. A great deal of energy has been put into
trying to solve the problem of water shortages and floods. But it is not known how humans will think
in the future. It is possible that people will accept dry periods or times when rain only is for a few
hours on the streets. As it is not known how people will think in the future, the question arises as to
whether the theory is useful. Neither is it known what kinds of technologies humans will develop in
the future; perhaps a solution will be found to deal with salinisation of the underground, therefore
solving most problems in the polders.
If the same research were to be carried out for other polder areas, these limitations could be taken
into account. Quantitative data could be added to make the tipping points measurable, resulting in a
broader and more in-depth study. It is always recommended to carry out a focus group with pathway
experts. During this study they provided correct critiques, demonstrating the importance of doing a
focus group with experts.

7.3 RECOMMENDATIONS
The research was carried out in name of Radboud University and Sweco. The case studies were
selected with help from the waterboards. The following recommendations are made for these three
organisations.
Recommendations for the academic field for further research include conducting this research again
with different polder areas with the same characteristics (e.g. soil typology, 60% agriculture, 30%
urban area and 10% nature area). If this results in the same pathways and tipping points it will add to
the validity of both studies that it is possible to develop a typology of polder areas. This will indeed
add to the development of the DAPP approach and new insights into this theory. Furthermore, it is
recommended to use the Dutch layer approach in case study areas to provide an overview of the
characteristics in the areas and to systematically collect data.
Recommendations for Sweco include using the DAPP approach on a larger scale as it is useful to
provide insight into uncertainties in specific areas. It is possible to use DAPP on a local scale; however,
the local scale always connects to the larger scale in which it abides. Therefore, a clear scope for the
development of the pathway map needs to be set, and possible influences from the larger scale need
to be taken into account. Additionally, to make the pathway map complete and to provide more
insight into the area, quantitative data can be added to determine when certain actions need to be
taken. This makes the pathway map more reliable and realistic.
For the waterboards a broad recommendation is provided based on the pathway maps and
uncertainties. This research showed that it is important to consider uncertainties and possible options.
It is valuable to add flexibility into planning, and this approach shows the most promise. This study
showed why some measures are simply not worthwhile. The questions arises as to whether it is
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worthwhile to implement measures to gain water supply that will cost 15 million euros, when it is
already known that the measures will only work for 10–20 years due to increasing climate change
effects. In that case, it is better to take other measures. By taking into account the uncertainties and
their relevance to planning, this approach can help in carrying out cost-effective and adequate
interventions that are not always straightforward. This approach will make it easier to plan for the
future under uncertain situations.
For both organisations it would be useful to add quantitative data to the tipping points. This will make
it clear what specific actions need to be taken under certain circumstances. For example, if it is known
at which chloride concentrations specific actions need to be taken, the roads towards other pathways
will become clear. Additionally, some actions are time dependent, and therefore time in years could
be added to the pathway map. This can be done based on different climate change scenarios. It would
then be possible to make two pathway maps for one case with two different scenarios, the warm and
mild scenarios. Moreover, it is important to understand the responsibilities of the stakeholders
involved with each measure and what the connection is between the stakeholders when certain
actions need to be taken.
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APPENDIX 1: INTERVIEW GUIDE
EXPERTS
Tijd en datum
Geïnterviewde
Locatie
Interviewer
Looptijd
Hoofdvraag

Microsoft Teams
Koen de Weert
+/- 60min
Welke systemen binnen de polder kan men beïnvloeden en aanpassen om
door te gaan op de huidige manier. Hoe houdbaar is de beheerstrategie
onder het mild en warm scenario?

Algemene introductie

Doel van het interview

Wat kan de respondent verwachten

Ik ben Koen de Weert en ben aan het afstuderen voor de
master Spatial Planning met de specialisatie Cities, Water
and Climate Change. Hiervoor schrijf ik een scriptie bij
Sweco. Mijn onderzoek gaat over de impact van
klimaatverandering op polders. Dit kan grote gevolgen
hebben, denk hierbij aan verzilting door opkomend kwel,
het niet kunnen bemalen van een polder omdat de
boezems vol zijn gelopen of hierdoor wateroverlast
veroorzaakt. Dit kan gepaard gaan met andere klimaat
problemen wat de problematiek verergerd.
Mijn doel van het onderzoek is om inzichtelijk te maken hoe
men kan inspelen op de verwachte klimaatscenario’s en op
mogelijke toekomstige ontwikkelingen.
Om inzichtelijk te maken hoe men kan inspelen op deze
scenario’s is mijn onderzoek onderverdeeld in twee delen.
Namelijk het (technischere) deel aan welke knoppen men
kan draaien binnen het systeem om de polder te laten
functioneren zoals het nu doet. En het deel hoe men
landgebruik kan aanpassen met het oog op toekomstige
klimaatontwikkelingen.
In dit interview behandel ik de technischere kant. Om dit
duidelijk te krijgen is dit interview voor mij van belang. Dit
interview dient als een onderbouwing en uitbreiding op de
documenten studie die ik hiervoor gedaan heb over de
polder. Het doel van dit interview is uiteindelijk om
inzichtelijk te krijgen welke paden bewandeld kunnen
worden naar de toekomst voor deze polder. Deze paden
geven inzicht in wat er kan gebeuren in de toekomst en hoe
men hierop kan reageren.
U kunt een set met vragen verwachten die gaan over het
huidige (technische) systeem binnen de polder. Vervolgens
zal ik ingaan op toekomstige vragen over de polder,
wanneer verwacht men mogelijke knelpunten in de polder
en kan men niet meer aan de knoppen draaien binnen het
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Wat verwacht ik van de respondent

Wat gebeurt er met de data

Opname

Ruimte voor vragen
Einde introductie

systeem? Dit is de kern van mijn onderzoek. Vervolgens zal
ik het interview afronden met wat afsluitende vragen.
Ik verwacht dat u de vragen naar waarheid beantwoord. Als
u niet op vragen wilt ingaan heb ik liever dat u dat zegt i.p.v.
dat u verkeerde informatie verschaft.
De data van het interview zal expliciet gebruikt worden
voor deze opdracht, de data zal nergens worden
gepubliceerd. Ook gebruik ik geen namen. Als ik een quote
in mijn onderzoek gebruik zal ik bijvoorbeeld verwijzen op
de volgende manier: respondent 1.
Bent u akkoord dat ik het interview opneem. Dit is erg
waardevol voor mijn thesis. Ik kan dan een transcript
maken en het interview later gemakkelijker analyseren. Het
transcript wordt niet gepubliceerd en is wederom
vertrouwelijk.
Heeft u verder nog vragen?
Het interview kan beginnen

Start interview
Start opname
Algemeen
Voor een duidelijk beeld van de geïnterviewde behandel ik eerst de volgende vragen:
-

Wat is uw dagelijks werk?
Welke taak/verantwoordelijkheid heeft u rondom polder x?

Types of uncertainties
1. Bent u bekend met de onzekerheden die klimaatverandering met zich mee brengt?
a. Met welke soorten klimaateffecten houdt u in uw dagelijks werk rekening en op
welke manier?
Categories of uncertainties
2. Bent u bewust van de mogelijke effecten van klimaatverandering in de toekomst voor het
gebied waarin u werkt? (Bijv. zeespiegelstijging KNMI WH 1m; RCP 8,5 versneld 3m in 2100)
3. Hoe houden jullie rekening met klimaatverandering in de technische systemen van de
polders? Hoe wordt daar mee omgegaan?
Adaptiveness
4. Welke (technische) systemen binnen de polder kan men veranderen om te kunnen blijven
functioneren, aan welke knoppen kan men draaien?
5. Volgens [documenten analyse visies] krijgt de polder veel te maken met [probleem] kunt u
hiervoor beschrijven hoe men dit kan oplossen?
a. Hoe lang kan deze oplossing werken?
b. Zijn er ook nog andere oplossingen voor het korte- en/of lange termijn?
6. Hoe denkt u dat polder x eruit zal zien in de toekomst (2100+) met het oog op
klimaatverandering?
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a. Welke klimaat problemen verwacht u in de polder? [precipitation] [evaporation]
[diffuse seepage] [paleochannel seepage] [boil seepage] [land subsidence] [sea level
rise]
b. In hoeverre verwacht u hierdoor veranderingen in het systeem van de polder?
Dynamic Adaptive Policy Pathways
7. Wat zijn mogelijke ontwikkelingen binnen uw vakgebied die gedaan kunnen worden om mee
te bewegen met de klimaatverandering? [vision]
a. Welke ontwikkelingen zijn er op dit moment gaande binnen uw taken in polder x?
8. Als men op de huidige manier doorgaat met het beheer van polder x, wat zijn dan potentiële
bedreigingen in de toekomst voor het landgebruik/ voor de werkzaamheden die u/uw
doelgroep uitvoert? [current approach]
a. Kunt u een jaartal verbinden tot wanneer het huidige beleid werkt?
9. Wat kan een trigger moment zijn waarop de huidige manier van het technisch systeem in de
polder niet meer werkt en moet er actie ondernomen worden? [tipping points] [future
objectives]
a. Bij welke waardes verwacht u dat in het systeem?
10. Welke maatregelen kunnen binnen uw discipline genomen worden om te reageren op de
effecten van klimaatverandering voor polder x? [pathways]
11. Hoe lang duurt het ongeveer om deze maatregelen te implementeren? [implementation
time] [deze vraag drie keer uitvoeren indien drie maatregelen gegeven worden]
12. Zit er een houdbaarheid aan de maatregelen, zo ja, wanneer werkt deze maatregel niet
meer? [tipping point maatregel] [no-regret moves] [deze vraag drie keer uitvoeren indien
drie maatregelen gegeven worden]
13. Hebben deze maatregelen een cascade effect op andere onderdelen binnen de polder?
a. Positieve effecten;
b. Negatieve effecten.
Afsluitende vragen
14. Heeft u interesse in een focus groep als ik alle knelpunten, maatregelen en toekomstige
visies inzichtelijk heb?
15. Heeft u nog iets toe te voegen/ gedachtes die nuttig kunnen zijn voor mijn onderzoek?
16. Heeft u nog aanvullende informatie rondom de polder en mijn onderzoek dat nuttig kan
zijn?
17. Heeft u nog vragen n.a.v. dit interview?
Stop opname
-

Zijn er voor mij verbeterpunten n.a.v. dit interview?
Weet u misschien andere collega’s die nuttig zijn voor het afnemen van een interview?
Indien ik nog vragen heb, mag ik dan contact met u opnemen?

Einde interview
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APPENDIX 2: INTERVIEW GUIDE
LAND-USE AND VISION
Interview guide land-use and visions
Tijd en datum
Geïnterviewde
Locatie
Interviewer
Looptijd
Hoofdvraag

Microsoft Teams
Koen de Weert
+/- 60min
Wat is de huidige manier van landgebruik, welke planologische opgaves en
visies liggen er voor de toekomst in de polder en hoe houdt men hierbij
rekening met het mild en warm scenario?

Algemene introductie

Doel van het interview

Wat kan de respondent verwachten

Ik ben Koen de Weert en ben aan het afstuderen voor de
master Spatial Planning met de specialisatie Cities, Water
and Climate Change. Hiervoor schrijf ik een scriptie bij
Sweco. Mijn onderzoek gaat over de impact van
klimaatverandering op polders. Dit kan grote gevolgen
hebben, denk hierbij aan verzilting door opkomend kwel,
het niet kunnen bemalen van een polder omdat de
boezems vol zijn gelopen en hierdoor wateroverlast
veroorzaakt. Dit kan gepaard gaan met andere klimaat
problemen wat de problematiek verergerd.
Mijn doel van het onderzoek is om inzichtelijk te maken hoe
men kan inspelen op de verwachte klimaatscenario’s en op
mogelijke toekomstige ontwikkelingen.
Om inzichtelijk te maken hoe men kan inspelen op deze
scenario’s is mijn onderzoek onderverdeeld in twee delen.
Namelijk het (technischere) deel aan welke knoppen men
kan draaien binnen het systeem om de polder te laten
functioneren zoals het nu doet. En het deel hoe men
landgebruik kan aanpassen met het oog op toekomstige
klimaatontwikkelingen.
In dit interview behandel ik het landgebruik gedeelte. Om
dit duidelijk te krijgen is dit interview voor mij van belang.
Dit interview dient als een onderbouwing en uitbreiding op
de documenten studie die ik hiervoor gedaan heb over de
polder. Het doel van dit interview is uiteindelijk om
inzichtelijk te krijgen welke paden bewandeld kunnen
worden naar de toekomst voor deze polder. Deze paden
geven inzicht in wat er kan gebeuren in de toekomst en hoe
men hierop kan reageren.
U kunt een set met vragen verwachten over het
toekomstbeeld van polder x. Ik zal hierbij ingaan wat het
landgebruik en visies voor het gebied zijn binnen uw
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Wat verwacht ik van de respondent

Wat gebeurt er met de data

Opname

Ruimte voor vragen
Einde introductie

discipline. Vervolgens zal ik ingaan op toekomstige vragen
over deze polder, wat wilt men doen met de ruimtelijke
ordening en hoe kijkt men naar het aanpassen van
landgebruik? Dit is de kern van mijn onderzoek. Vervolgens
zal ik het interview afsluiten.
Ik verwacht dat u de vragen naar waarheid beantwoord. Als
u niet op vragen wilt ingaan heb ik liever dat u dat zegt i.p.v.
dat u verkeerde informatie verschaft.
De data van het interview zal expliciet gebruikt worden
voor deze opdracht, de data zal nergens worden
gepubliceerd. Ook gebruik ik geen namen. Als ik een quote
in mijn onderzoek gebruik zal ik bijvoorbeeld verwijzen op
de volgende manier: respondent 1.
Bent u akkoord dat ik het interview opneem. Dit is erg
waardevol voor mijn thesis. Ik kan dan een transcript
maken en het interview later gemakkelijker analyseren. Het
transcript wordt niet gepubliceerd en is wederom
vertrouwelijk.
Heeft u verder nog vragen?
Het interview kan beginnen

Start interview
Start opname
Algemeen
Voor een duidelijk beeld van de geïnterviewde behandel ik eerst de volgende vragen:
-

Wat is uw dagelijks werk?
Welke taak/verantwoordelijkheid heeft u rondom polder x?

Types of uncertainties
1. Bent u bekend met de onzekerheden die klimaatverandering met zich mee brengt?
a. Met welke soorten klimaateffecten houdt u in uw dagelijks werk rekening en op
welke manier?
Categories of uncertainties
2. Bent u bewust van de mogelijke effecten van klimaatverandering in de toekomst voor het
gebied waarin u werkt? (Bijv. Zeespiegelstijging KNMI WH 1m; RCP 8,5 versneld 3m in 2100)
3. Hoe houden jullie rekening met klimaatverandering in jullie planning opgaves en
landgebruik? Hoe wordt daar mee omgegaan en over nagedacht?
Adaptiveness
4. Wat zijn de huidige ruimtelijke plannen, visies en beheerstrategieën binnen uw vakgebied
voor polder x?
5. Hoe denkt u dat polder x eruit zal zien in de toekomst (2100+) met het oog op
klimaatverandering?
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a. Welke klimaat problemen verwacht u in de polder? [precipitation] [evaporation]
[diffuse seepage] [paleochannel seepage] [boil seepage] [land subsidence] [sea level
rise]
Dynamic Adaptive Policy Pathways
6. Welke ruimtelijke ontwikkelingsvraagstukken verwacht u in de polder? Denk hierbij aan
energietransitie/ groen/landbouw? [vision] [spatial planning]
7. Wat kan men mogelijk veranderen in het land gebruik of beheerstrategieën om met de
effecten van klimaatverandering om te gaan? [future objectives] [spatial planning]
a. Welke ontwikkelingen zijn er op dit moment gaande binnen uw taken in polder x?
8. Als men op de huidige manier doorgaat met het beheer van polder x, wat zijn dan potentiële
bedreigingen in de toekomst voor het landgebruik/ voor de werkzaamheden die u/uw
doelgroep uitvoert? [current approach]
a. Kunt u een jaartal verbinden tot wanneer het huidige beleid werkt?
9. Wat kan een trigger moment zijn waarop de huidige manier van landgebruik en ruimtelijke
ordening niet meer werkt en moet er actie ondernomen worden? [tipping points]
10. Welke maatregelen kunnen binnen uw discipline genomen worden om te reageren op de
effecten van klimaatverandering voor polder x? [pathways]
11. Hoe lang duurt het ongeveer om deze maatregelen te implementeren? [implementation
time] [deze vraag drie keer uitvoeren indien drie maatregelen gegeven worden]
12. Zit er een houdbaarheid aan de maatregelen, zo ja, wanneer werkt deze maatregel niet
meer? [tipping point maatregel] [no-regret moves] [deze vraag drie keer uitvoeren indien
drie maatregelen gegeven worden]
13. Hebben deze maatregelen een cascade effect op andere onderdelen binnen de polder?
a. Positieve effecten;
b. Negatieve effecten.
Afsluitende vragen
14. Heeft u interesse in een focus groep als ik alle knelpunten, maatregelen en toekomstige
visies inzichtelijk heb?
15. Heeft u nog iets toe te voegen/ gedachtes die nuttig kunnen zijn voor mijn onderzoek?
16. Heeft u nog aanvullende informatie rondom de polder en mijn onderzoek dat nuttig kan
zijn?
17. Heeft u nog vragen n.a.v. dit interview?
Stop opname
-

Zijn er voor mij verbeterpunten n.a.v. dit interview?
Weet u misschien andere collega’s die nuttig zijn voor het afnemen van een interview?
Indien ik nog vragen heb, mag ik dan contact met u opnemen?

Einde interview
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APPENDIX 3: FOCUS GROUP GUIDE
Focus group guide
Tijd en datum
Focus groep
respondenten
Locatie
Sessieleider
Looptijd
Hoofdvraag

Microsoft Teams
Koen de Weert
+/- 90min
Op basis van de interviews is het volgende toekomstbeeld geschetst voor
de polder. Klopt dit toekomt beeld met in de gedachten de
klimaatscenario’s voor de toekomst? Hoe zou ik het verder kunnen
aanpassen?

Algemene introductie en wat de
respondenten kunnen verwachten
(15min)

Doel van de focus group (1min)

Wat verwacht ik van de respondent
(1min)

Wat gebeurt er met de data (1min)

Opname (1min)

Ruimte voor vragen (1min)
Einde introductie

Respondenten bedanken voor hun tijd (5min)
Voorstelronde onder de respondenten (13min)
Agenda (2min):
- Onderzoek uitleggen
- Pathway map uitleggen
- Individueel opschrijven wat jullie er van vinden
- Per persoon vragen en mening over pathwaymap
en toekomstbeeld
- Discussie opgang krijgen tussen respondenten door
mijn gestelde vragen
- Afsluiting en bedank voor bijdrage
Het doel van deze focus groep is om de pathways aan te
scherpen en te zorgen dat het klopt met de interpretatie
van de respondenten tijdens de interviews. Het dient als
een check en geeft het onderzoek daardoor data
traingulation. Dit zorgt voor een goede validiteit van het
onderzoek. Een combinatie van methodes zorgt namelijk
voor een betere validiteit.
Ik verwacht dat de vragen eerlijk beantwoord worden en
dat er met openheid over onderwerpen gepraat wordt. Dit
helpt mij met het verder ontwikkelen van de pathways en
het schrijven van het resultaten hoofdstuk.
De data van het focus groep zal expliciet gebruikt worden
voor deze opdracht, de data zal nergens worden
gepubliceerd. Ook gebruik ik geen namen. Als ik een quote
in mijn onderzoek gebruik zal ik bijvoorbeeld verwijzen op
de volgende manier: respondent 1.
Zijn jullie akkoord dat ik de focus groep opneem. Dit is erg
waardevol voor mijn thesis. Ik kan dan een transcript
maken en het later makkelijker analyseren. Het transcript
wordt niet gepubliceerd en is wederom vertrouwelijk.
Zijn er nog vragen?
Dan kan nu de focus groep beginnen.
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Totaal: +/- 20 min

Start focus groep
Start opname
Introductie en context (10 min)
PowerPoint presentatie

Gedachtes respondenten (+/- 20 min)
Iedere respondenten ligt mening over pathways en toekomstbeeld toe

Start discussie (+/- 30 min)
-

Herkennen jullie je in deze maatregelen, knikpunten en de volgorde van de maatregelen?
Waar ontstaat spanning tussen verschillende belangen en maatregelen?
Stel de klimaatverandering wordt erger, wat veranderd er dan aan het maatregelen pakket?
Past deze pathway map binnen het gebied?
Zie ik dingen over het hoofd? Is de pathwaymap compleet?
Hoe lang is maatregel x houdbaar?
Wat betekend het als dit gebeurd?

Reflectie focus groep (+/- 5 min)
Nogmaals dank aan de respondenten.
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