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PREFACE

This thesis is the final step of the master landscape architecture at
Wageningen University. It forms a final synopsis of combining research
and design. For nine months, it has captivated my full attention and
enlarged my fascination for dikes. For me as landscape designer, I think
that landscape designers are of importance to intervene in societal issues
that have impact on our physical surroundings. The huge challenge
of reinforcing 1100 kilometers of dikes to protect our country from
climate change, will affect our highly esteemed dike landscape. Dike
innovations are necessary. Innovative dike designs should be studied
on effectiveness in the technical sense and on impact on the landscape
in a spatial sense. In my opinion a landscape designer has the ability
to do both. With this thesis, I hope to contribute to our challenge with
a systematic approach on dike innovations. Moreover, I hope that the
design principles of using foreland in dike innovation are helpful.
However, the completion of this thesis would not have been possible
without the support and guidance of the following people. Foremost, I
would like to thank my supervisor Michaël van Buuren, for his, stimulating
comments, the interesting conversations we had regarding river dikes,
the field visit during which we crisscrossed the Dutch river landscape
and in general the time that was set aside for my thesis. It encouraged
me to bring this thesis to a higher level. Secondly, I would like to thank
all experts I interviewed for sharing their knowledge as contribution to
my research project.
Furthermore, I would like to thank my friends and family for giving me
the right distraction and stimulation when I needed it. A special word of
thanks goes out to my parents, sister, and boyfriend for their patience
and ongoing interest in my thesis. I thank them for listening and for
evaluating my ideas, findings, texts, and images.
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ABSTRACT

Due to climate change, global change and new standards for flood risk
management numerous river dikes need reinforcement. Since 2017
foreland is requisite in dike reinforcement design. Using foreland in
reinforcement is an innovative solution. The safety effect of forelands
can avoid expensive and complex reinforcements. Foreland signifies,
the land between the primary dike and the river. This thesis focuses on
the highly appreciated upstream central Dutch river-dike landscape.
These dikes were reinforced repeatedly; many adjustments were made
from a technical perspective only. These adjustments impacted the
landscape negatively.
In most studies foreland is addressed from a technical perspective.
Research on implementation in the landscape is limited. Therefore, using
foreland needs an integral approach. This study aims to conduct design
principles focusing on implementation of foreland that contribute to
three aspects of the Dutch river landscape:
• The dike reinforcement
• Development of the Dutch river landscape values
• Offer possibility for new land use or upgrade existing land use
This research was done in three phases; the exploratory phase, the
developing phase and the testing phase. The first phase consisted
of a literature study, semi-structured interviews and a field study. The
obtained body of knowledge resulted in four implementation strategies
and three technical principles. In the second phase twelve design
principles were developed based on the four strategies and three
technical principles, using designing and abstraction methods. The final
phase evaluated the effectiveness of the design principles, by testing
them in a real-life situation.
The results are twelve design principles. These guide on how foreland
could contribute to the dike, offer possibilities for new land use and
it leaves more flexibility on the dike design itself; this may contribute
to the Dutch river-dike landscape values. Therewithal, the systematic
approach in this thesis shows how research on the combination of both,
technical dike innovation and impact on landscape could be done.
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INTRODUCTION
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1.1

This chapter starts with an introduction explaining the scope of this thesis
and the specific topic. Followed by a description of the problem statement and the knowledge gap. It will end with an elaboration of the objective of this thesis with the corresponding research questions and finally
the relevance of the expected results.

INTRODUCING TOPIC

Relying on dikes
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Climate change has a great impact on the
functioning of landscapes all over the world.
Floods will occur more frequently and will become
more damaging as a consequence of climate
change (Vuik et al., 2018). A major aspect in
preventing damage is safeguarding the protection
of important inhabited or industrial areas against
flooding. Landscapes must be adjusted to reduce
or better, avoid flooding. Especially deltas are
vulnerable. The Netherlands, a delta that has relied
on embankments for centuries, must intervene. For

instance, by developing new constructions and
maintain embankments to reduce flood risk. More
space is necessary to create a less vulnerable and
a more resilient climate proof landscape.
Since the middle ages, the Netherlands has relied
on dikes to create suitable land for habitation
and agriculture. The inundated plains have been
consolidated using 1000 kilometres of dikes which
created the typical Dutch landscape as we see
today (Lenders et al., 1999). Besides the important
safety function of the dikes they also gave the
Netherlands the opportunity to use the land. Dikes

Fig. 1.1

Fig. 1.2

characteristics old dike

spatial changes after dike reinforcement

related measures are originating. According to
recent research robust dike designs with more
functions then just flood defence could be more
efficient. They are more valuable to its surrounding
landscape and often have a long-term focus. It is
expected that the Netherlands will have to protect
itself from flooding for more than a lifetime, from
sea level rise, soil subsidence and extreme river
discharge and weather conditions. (Loon-Steensma
and Vellinga 2014).

Foreland as direction toward the
solution
Fig. 1.3

thesis study area

are interwoven in the Dutch landscape and therefore
highly valued (LOLA, 2014). After the disastrous
flood in the province Zeeland and Zuid-Holland
in 1953, many dikes were reinforced. Something
tremendous as that should never happen again.
Besides the dams of the Delta Works also river
dikes needed reinforcement. Even the upstream
part of the rivers, although its higher elevation, were
vulnerable for river flooding (Wesselink et al., 2007).
This thesis focusses on the upstream part of the
central Dutch river landscape (fig. 1.3). The disaster
of 1953, caused for a systematic large scale dike
reinforcement programme developed in 1957. ‘A
one size fits all design’, based on newly introduced
legal standards at which only water safety was taken
into consideration. These new standards resulted
in neglection of important cultural historic and
landscape elements that are associated with dikes.
Negative responses lead to cancellation of the
program (Lenders et al., 1999). The dike was purely
assessed from a technical perspective, resulting for
specific dike characteristics to fade away (Feddes
and Halenbeek 1988). Figure 1.1 and 1.2 display,
that for instance, the dike became wider, elements
were replaced further from the dike and incidental
changes on the outer side of the dike due to
existing buildings on the inner side. Resulting in a
dike that becomes only a technical object in the
landscape (Feddes and Halenbeek 1988).

Demand for innovation

From January first 2017, again new standards for
flood risk management have been implemented in
the Netherlands. This new standardization is based
on more protection for the parts where the chance
of victims, economic and important infrastructural
damage is high. Due to the new standards, many
dikes need to be reinforced in the coming decades
(HWBP 2016). Responsibility for these dike
reinforcement lies with the local water authorities
(Loon-Steensma and Vellinga 2014).
Due to lack of space, higher economic values,
more people at risk and the effects of climate
change in the Netherlands, innovative water

					

‘Building with Nature’ is a philosophy in which
natural systems are used for the benefit of the
environment and society. This concept is applicable
to dike reinforcement and is seen, as one of
the emerging innovations on water safety. One
example of an innovative dike design practising the
concept of ‘Building with Nature’ is using foreland
that contributes to dike reinforcement (de Vries et
al,. 2013). Characteristics of natural foreland is often
described as a shallow zone or beach with a gradual
slope often covered by natural vegetation (Penning
et al., 2015). However, foreland in the Dutch river
landscape can have many shapes and forms. In
engineering terms the meaning of foreland is the
land between the toe of the dike and water that
is outside of the dike (Roode et al., 2018). It must
be clarified in the introduction of this thesis that,
floodplain and foreland in the Netherlands are
defined similar. Both refer to the land between the
primary dike and the river (Lola 2014; Roode et al.,
2018). In this thesis, the term foreland is applied
when, the land between the dike and the river have
the potential, or contribute to the water safety
function of the dike. The term floodplain is applied
when describing the landscapes characteristics
without referring to the water safety aspect of it.
By improving foreland, the stability of the dike
is increased and the seepage length extended,
thus preventing undermining the dike by piping.
By implementing vegetation as reeds, shrubs or
trees the waves can be reduced to a minimum
(Deltares 2012; de Vries et al., 2013). Using foreland
can avoid dike reinforcement of heightening and
widening the dike (de Vries et al., 2013; Wiersema
et al., 2016). Often reinforcement of the inner side
of the dike can lead to complex situations with dike
residents. In the worst-case scenario, residents must
give up their property (Wiersema et al., 2016). By
reinforcing the foreland of the dike these complex
situations can be prevented (de Vries et al., 2013;
Wiersema et al., 2016). Further advantages of using
foreland in dike reinforcement are the possibilities
it offers for new land use or upgrading existing
land use elements. However, foreland also brings
a certain complexity. Improving forelands may
negatively influence the discharge capacity of the
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rivers; elevation or vegetation may lead to a higher
flow resistance. Furthermore, often when dike
reinforcement is impossible on the inner side of the
dike, and solutions on the outer side of the dikes
are legally excluded to preserve the discharge
capacity, constructions within the dike are used.
These constructions are costly and difficult to
adjust (ENW 2016). Moreover since 2017, foreland
must be incorporated when reinforcing river dikes
(Roode et al., 2018). However little knowledge is
available on calculating the exact effect of foreland
in the dike reinforcement. Experts must be assigned
to calculate the effect of foreland (Roode et al.,

2018). Resulting in uncertainty on the reliability of
foreland which is unwelcome in dike design. Since
most research on contributing foreland was executed
along lakes and the coast, technical guidelines in
practice are lacking for the Dutch river landscape.
Hence, several studies have concluded that
contributing foreland in dike reinforcement is a
sustainable, cost effective and more flexible solution
that can last for decades (de Vries et al., 2013; Penning
et al., 2015).

1.2 PROBLEM STATEMENT AND KNOWLEDGE GAP
Problem statement

The one size fits all design after the disaster of 1953
have led to more safety, but losses from a landscape
perspective. Due to water-technical standards
specific characteristics of the dike-landscape are
fading out. This leads to disorientation in the
landscape and a decrease of landscape values
(Feddes and Halenbeek 1988). Due to climate
change, global change and new standards for flood
risk management many dikes need reinforcement.
Local water authorities are responsible for dike
reinforcement. Their task is to make sure the dike
is strengthened in a way that safety standards are
reached. The characteristics of the landsape is
merely a minor point of attention (Loon-Steensma
and Vellinga 2014).
Forelands are a relatively new topic in the realm of
water safety. The technical aspect of using foreland
measures for dike reinforcement is sufficiently
addressed. The focus of contributing foreland lies
mostly on lake dikes and coast defences and not on
the river dikes. However, since 2017 foreland must
be included in designing the dike reinforcement
(Roode et al., 2018).
The impact of using foreland in the Dutch river
landscape is almost completely ignored (LoonSteensma and Vellinga 2014). A landscape that
is highly appreciated (Tieskens et al., 2018)
and that has a history of adjustments that have
impacted the landscape negatively (Feddes and
Halenbeek 1988). Moreover, space is needed
when implementing contributing foreland, which
is questionable in a landscape were space is
limited but very important. There are conflicting
interests between on the one hand maintaining the
discharge capacity and on the other hand
reinforcing the dike. Furthermore, technical
research on foreland is far ahead on research
on how to implement it in the appreciated river
landscape, meaning that the technical aspects of
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foreland are currently more dominant. To avoid a
repetition of the past, contributing foreland needs
an integral approach. In which forelands will be
addressed in a multi-functional way: water safety
and development of the Dutch river landscape.

Knowledge gap

Using foreland for flood defence is a regular
practice along the coast. Examples are wide
beaches and dunes. However, using foreland in the
river landscape is still a rare option. It is important
to address the spatial impact of foreland in rivers
(Penning et al., 2015). A landscape that is highly
appreciated (Tieskens et al., 2018) but where
space is often limited Wiersema et al., 2016).
How foreland should be designed technically
to contribute to dike reinforcement has been
studied particularly. However, water authorities
will in most cases analyse what is present in the
landscape and adjust the dike design according
to this data. Research must be conducted on
how foreland can be adjusted in order to avoid
difficult dike reinforcement or dike constructions.
Nonetheless, it should not become one size fits
all design. Research must be performed on how

Fig. 1.4

visual representation knowledge gap

to implement it, in a way, that (local) landscape
characteristics and values are incorporated. A
systematic approach is needed that elaborates on
the different possibilities how dike foreland can be
implemented, contributing to both, the dike and
the Dutch river landscape (fig. 1.4).

1.3 RESEARCH OBJECTIVE AND QUESTIONS
Research objective

The objective of this thesis is to develop
design principles on the implementation of
foreland that contribute to three different
aspects of the Dutch river landscape
• The dike reinforcement
• Development of the Dutch river landscape
values
• Offer possibility for new land use or
upgrade existing land use
The design principles are based on the
conducted research from the first part of this
thesis. Therefore, to reach the main objective,
two intermediate goals are essential. Firstly,
the research on the Dutch river landscape lead
to four possible strategies for dike design.
These strategies focus on the way dikes and
dike reinforcement may affect landscape
characteristics. Secondly, research on the
technical characteristics of foreland lead to
technical principles. These technical principles
focus on the technical aspect of foreland. The
design principles that are developed in this
thesis, are a combination of spatial strategies
and the technical principles. Moreover, other
potential functions are studied that can be
combined with design principles. Resulting
in design principles that address all three
(technical, Dutch river values and land use
opportunities) aspects. Moreover, they are
based on academic knowledge and offer
interchangeable knowledge between research
and practice (Prominski 2017).
The research objective leads to the following
research, design and sub research questions:

Research question

Can dike reinforcement be stimulated by
foreland and offer opportunities for functions
and develop the qualities of the Dutch river
landscape?

Design question

Can foreland be designed in a way that it
contributes to the dike reinforcement, offers
new possibilities for land use and be of
positive influence to the development of the
Dutch river landscape?

					

Sub research questions
•

What are the most crucial (abiotic, biotic
and anthropogenic) processes and
characteristics that define the Dutch
river-dike landscape and what role has
foreland in this landscape?

•

To what extend is the ‘Building with
Nature’ concept applicable for dike
reinforcement projects in the Dutch river
landscape?

•

What are the functions and technical
characteristics of foreland in dike
reinforcement based on the building
with nature concept and where can
they be implemented in the Dutch river
landscape?

•

What potential opportunities, such as land
use or landscape values, can foreland offer to
the Dutch river landscape?

Relevance

By developing safe multifunctional landscapes
using existing ecosystems of certain areas,
delta’s, coasts, rivers and lakes can become
saver. This is useful since delta’s over the world
are facing similar problems due to climate
change. Therefore, this research could be
interesting for many places over the world (de
Vries et al., 2013).
Furthermore, making the Netherlands climate
adaptive is the biggest challenge that we
are facing today (Roggema 2009). To avoid a
repetition of the general systematic approach
in which landscape values of the Dutch river
landscape are neglected, research on the
spatial aspect of innovative dike designs is
a contribution for the science realm and the
professional realm. The design principles
developed in this thesis form a bridge between
the scientific knowledge to the practical
implementation of contributing foreland.
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METHODOLOGY

02
2.1

This chapter describes the methodology that was applied, to conduct the
answers on the research questions. It starts with the general methodological structure of this thesis. Followed with a description of the methods
and techniques that were used for each phase.

OVERALL METHODOLOGICAL STRUCTURE

This thesis was divided into three phases. The
exploratory phase, the developing phase and
the testing phase. The first phase was research
for design and the second and third phase were
research through design. Research for design
means that the conducted research forms the
backing of the design choices (Lenzholzer et al.,
2017). In the second and third phase designing
was used as a method (Lenzholzer et al., 2017). This
means for this thesis that designing was used as
method to develop design principles supported
by the knowledge that was generated at phase
one. These design principles were tested by
implementing them in a real-life situation in the
final phase, using again the method designing.
The final phase was executed to evaluate the
effectiveness of the design principles.
The main objective of this thesis was to develop
design principles. Design principles form guidance
for designers in their search for suiting solutions
for their specific location whit its specific design
question. Meaning that design principles were
based on knowledge that was framed and
categorized.
Design principles are not completely common or
specific they form directions for designers, who
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can in their turn elaborate the principles to a
specific location. Giving direction to designers and
accelerate the design process but, maintains space
for the designers’ creativity in order to make it sitespecific (Prominski 2017). In the following sections
the methods are described that were necessary to
reach the objective of this thesis.

Fig. 2.1

flowchart research structure and process
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2.2 PHASE I EXPLORING
Answering srq. 1,2 and 3

In the first phase, a body of knowledge was obtained
that was needed to develop the design principles.
Using different methods, knowledge was gathered
on three aspects, firstly the applicability of Building
with Nature in the Dutch river landscape. Secondly,
the characteristics of the Dutch river landscape, and
lastly the technical characteristics of contributing
foreland. The following methods were used:
a.
Literature study: a literature study was
performed to gain knowledge on the technical
aspects of using foreland and on the development
of the Dutch river landscape. For gathering
information on Foreland both scientific literature
and grey literature were used. Since the topic is
recently a hot item in news articles. Information
on the development of the Dutch river landscape
books and articles were assessed. Researching the
history, the development and the consequences
for the Dutch river landscape.
Results: Insight in the technical aspects concerning
Building with Nature, contributing foreland and
the development of the Dutch river landscape.
b.
In-depth
semi-structured
interviews:
interviews were held with experts on ‘Building with
Nature’ and foreland. Interviews helped to obtain
in-depth information on these phenomenons.

Fig. 2.2
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scheme explaining process design principles

Results: An overview of technical principles that are
important for developing foreland that contribute
to dike reinforcement. Moreover, the applicability
of the concept of ‘Building with Nature’ in the
Dutch river landscape was assessed.
c.
Field study: a field study was performed
to make an inventory on the current Dutch
river landscape and the role foreland has in this
landscape.
Results: Pictures and notes that were translated
into a typology on the functional role or land-use
types of foreland in the Dutch river landscape.
The results of the exploratory phase were:
1. Four strategies, generated from the research
on the characteristics of the Dutch river
landscape. These four strategies form the
directions on which the design principles were
based.
2. The technical design principles, were
developed, based on the literature study and
interviews.

2.3 PHASE II DEVELOPING
Answering srq. 4 and design question

In the second phase the design principles were
developed using three case studies. For selecting
the case studies the following criteria were of
importance:
•

The dike had to be part of the upstream central
Dutch river landscape.
• There had to be an actual dike reinforcement
assignment that was in a further stage. Meaning
that knowledge was available on the specific
assignment by both the technical design team
and a landscape architecture firm.
To generate design principals the following
methods were used:
a.
Literature study: was conducted using grey
literature both the technical report developed by
the waterboard and the report made by landscape
architecture firms about the characteristics of the
dike and its surroundings.
Results: An overview on the technical assignment
and the spatial quality of the area on both, the
regional scale and the specific site.
b.
Site analysis (field observations and
mapping strategies): an analysis was developed on
the landscape characteristics (landscape layer and
occupation layer) of the dike course. Moreover,
with sections the characteristics on a smaller scale
were analysed and presented.
Results: maps and sections that explain the
main characteristics of the dike (occupation and
landscape layer) and its surroundings.
c.
Designing 1 (sketching and visualizing):
to develop design principles the case studies
were simplified. The three case studies were
divided into the three main processes that result
in dike failure; piping, stability and wave reduction.
Meaning that different technical principles had
to be implemented per case study. All technical
principles were elaborated in “example designs”,
in which the four strategies resulting from the
exploring phase were used to address all possible
options. This process is clarified in figure 2.2.
During the site analysis sections were developed
showing the characteristics of the dike and its
surrounding. To develop the design principles one
of these sections was chosen. A picture was taken
of the specific site. Using the techniques sketching
and visualizing, four strategies were implemented
in the landscape.
Results: 12 small designs of the applied four

					

strategies in each of the three case studies were
developed. Aiming to find a solution for the
selected failing mechanism and other assignments
for the area, for instance recreational routes or
nature development.
d.
Designing 2 (abstracting and evaluating):
The 12 small designs were concrete and had to be
abstracted. A process that aimed to define what
design principles were suitable to obtain successful
foreland that contributes to both, the dike and the
Dutch river landscape.
Results: 12 Design principles derived from the
combination of the strategies that were generated
after the research on the Dutch river landscape and
the technical principles.
Due to time limitation of this thesis only two
cases were selected: Grebbedijk at Wageningen
and Waaldijk at Vuren. However, all three failing
mechanisms were addressed. For the Grebbedijk
failing mechanism piping was addressed and for
Waaldijk failing mechanism stability and wave
reduction were addressed. Meaning that for the
case study Vuren two mechanisms were studied.
Hence, different sections were selected for each of
the failing mechanism.
The result of phase II were twelve design principles.
These principles had to be evaluated on their
technical significance. Therefore, design principles
must be discussed with people who are involved in
the technical aspect of dike design. A presentation
was given to the technical design team of the
Grebbedijk showing and explaining the design
principles.
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2.4 PHASE III TESTING
Answering srq. 4 and design question

The design principles that were conducted in
phase II are tested in phase III. In the case studies
that were used to develop the design principles
the situations were simplified. Therefore, in phase
III a new case was selected to test the principles by
implementing them in the complexity of an actual
landscape. The selected case (Megen-Demen) is
part of the project ‘meandering Maas’. A project
with the objective to reinforce the dike and to
give the Meuse more space. When implementing
foreland in the Dutch river landscape it must
be compensated to avoid obstruction on the
discharge capacity of the river. Therefore, this case
was suitable for implementing foreland.
To test the design principles the following methods
were used.
a.
Literature study: this was conducted using
grey literature both technical reports developed
by the waterboard and reports made by landscape
architecture firms about the spatial quality of the
area.
Results: An overview on the development of the
dike landscape. Plus, more insight on the technical
assignment and other assignments as for instance,
nature development. Moreover, an overview was
conducted on the characteristics of the area on
both the regional scale, course of the dike and the
dike sections.
b.
Site analysis (field observations and
mapping strategies): this was made to develop a
thorough analysis on the different landscape layers.
On a regional scale, the scale of the course of the
dike and on the scale of the section of the dike.
Results: maps and sections to understand the
abiotic, biotic and anthropogenic processes that
have formed this landscape as it is today.
c.
Designing (sketching): testing the design
principles was done by implementing the different
strategies with its belonging principles. Meaning
that different options were sketched to reach the
final solution.
Results: three different design options addressing
the different strategies and its belonging design
principles.
d.
Evaluating: The best solution was selected
by referring to the knowledge that was gathered in
part a and b of this phase and the knowledge that
was gathered during phase one and two of this
thesis. Important is to note that a design process
is always iterative when needed steps back can be
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taken using feedback loops (Etteger 2017).
Results: one design, that is the most suitable
solution that meets both the standards of the
‘Meandering Maas’ and the standards that were
gathered during this thesis.
Resulting in a final design testing the design
principles. The design was elaborated with maps,
sections and visuals to present the implemented
foreland from different perspectives. The design
was one final test for the design principles in a reallife situation. When necessary the design principles
were adjusted one more time. The final result of
the third phase is a set of design principles on the
implementation of contributing foreland in the
Dutch river landscape. These principles contribute
to both, the dike and the development of the
Dutch river landscape.

Relation between research and design

A complex research and design question was
addressed in this thesis. Therefore, the thesis was
in need of an academic framework. To elaborate
on the relation between research and design
and to explain the design process the ‘proposed
design scheme’ was used by Etteger (2017).
The theoretical framework was applied in both
the research and the design. The framework
formed the ‘glasses’ through which the analysis
was approached. According to Etteger (2017) the
analysis can be divided in three parts: an analysis
of the assignment, an analysis of the site and how
it is used by people and a landscape analysis of the
specific site. Every case study from this thesis has
an analysis on the specific assignment concerning
the water safety and the landscape, moreover an
analysis was made of the social economic systems
and natural systems and finally the characteristics
of the site were addressed. This analysis is guided
by the theoretical framework. Meaning addressing
the relevant natural and social economic systems
according to the concept ‘Building with Nature’
and addressing the ‘genius loci’ of a location which
are of importance in ‘Critical Regionalism’. The
next chapter will further elaborate on the theories
that form the glasses through which this thesis is
approached.

THEORETICAL FRAMEWORK
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3.1

This chapter starts with an elaborated description on the two theories
that formed the theoretical framework of this thesis. Followed by a description how they relate to one another. This chapter will end with ancritical elaboration of the applicability of the Building with Nature concept in
the Dutch river landscape.

CRITICAL REGIONALISM

‘Critical regionalism’ is a counter-reaction on the
globalist modernism. The concept emerged in
the ‘80s, founded by Tzonis and Lefaivre (1981),
and Frampton (1983). Their aim was to criticize the
universal style that many refer to as a result from
the modernist design tradition. They argue that a
new design must reflect on the culture of a region
(Frampton 2002), or to be more specific Tzonis
and Lefaivre (1981) “…the ecological, social and
intellectual singularity and diversity of regions.”
They were critical on the process of globalization
Frampton states (1983): “the phenomenon of
universalization, while being an advancement of
mankind, at the same time constitutes a sort of
subtle destruction, not only of traditional cultures,
which might not be an irreparable wrong, but also
of what I shall call for the time being the creative
nucleus of great cultures, that nucleus on the basis
of which we interpret life, what I shall call in advance
the ethical and mythical nucleus of mankind”.
Critical regionalism descended from regionalism.
Regionalism is a concept in which the focal point
lies on safeguarding the local cultural aspect of, for
example, architecture in a certain region. Hence, it
is not only location specific, for it can also be part

					

of for instance a religion. Regionalism has a double
meaning that one is more positive than the other.
The positive aspect of regionalism is that it is often
associated with larger movements of reformation
or liberation. However, the negative aspect is that
it has been associated with repression and fascism
as well (Frampton 1983; Agarez, R., 2013).

Dealing with globalization

Current society leaves us no choice but to
encounter the transition of globalization. When a
society adopts scientific and technical novelties it is
required to let go of original elements of a certain
culture. Frampton states that there is no such thing
as preserving the authentic culture and absorbing
novelties of modern civilization. Critical regionalism
is a progressive approach which focuses on the
interaction and the development of both: world
culture and universal civilization (Frampton 1983.
Critical regionalism is an intellectual architectural
theory that focusses on the modernist and post
modernist’s shortcomings regarding the lack of
identity and the neglection of context (Agarez 2013).
One example that Frampton (1983) mentioned is
the applied air-conditioner everywhere regardless
the local climate conditions. Meaning that specific
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conditions, for example seasonal variations
of a place are neglected. Universal technique
dominates, buildings can be built similarly around
the world since indoor climate can be regulated
with a remote-control.

Critical regionalism and landscape
architecture

Critical regionalism is a concept which originated
in the field of architectural theory. In more recent
literature of Frampton (2002) and Tzonis and
Lefaivre (2003), the importance of landscape is
repeatedly addressed (Bowring and Swaffield
2004). Landscape architecture is, compared to
architecture, more depended on the context of the
specific site.
The increase of innovation and information
technology has had a dramatic influence on our
surroundings. The identity of our surroundings has
merged into similar appearances all over the world.
Uniform ‘successful’ styles are applied in different
regions and even countries, despite the cultural
differences. We can look at certain retail chains as
for example, Starbucks, McDonalds and Burger
King, that turn up in almost every city all over the
world. Resulting in shopping streets of larger cities
that become similar to each other. Resentment to
the negative side of globalization is increasing.
More recognition arises on the importance of the
local character and heritage of a place. Interest
rises on experiencing the authentic qualities of
a community, place etc. This attitude towards
globalization forms an interesting challenge for
landscape architects (Bowring and Swaffield 2004).

Critical regionalism and design

The concept of critical regionalism stresses
that besides the explicit relations (for instance,
ecological and social) in a landscape, a designer
should also determine the implicit relations (for
instance, local stories) of a landscape (Tzonis and
Lefaivre 1981; Bowring and Swaffield 2004). In other
words, a designer should understand the ‘genius
loci’ of a location, meaning understanding the
essence of a location of what makes the location
unique (Thwaites 2001). Places are threatened
to lose identity if the genius loci of a place is
not respected. Elements in the landscape often
relate back to different times. These elements
should be respected to maintain the landscape’s
identity including both physical and intangible
elements (Brinkhuijsen 2008). In this thesis, the
term personalized is used repeatedly. Personalize
means in this thesis that, design interventions
should be tailored to the characteristics, processes,
and structures of the area in question. With the
intention to preserve landscape identity.
To understand a certain location, it must be
addressed from different scales. The difficulty here
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is that these scales demand different elements.
One can imagine that on a regional scale the
reinforcement of the dike is most important. This
can be in contrast with the interests of the residents
who live in houses on the dike. Their interest lies in
preserving their houses, property and view on the
surroundings. This is in a practical and conceptual
way hard to reconcile. Which often leads to a
duality between the different ‘scales’ and their
interest. I have interpreted critical regionalism in
a way that knowing ‘genius loci’ is of tremendous
importance when designing new elements for a
certain location. Therefore, technical preconditions
for reinforcing a dike must be personalized to its
surroundings. To study this in-depth, three scale
levels will be researched in this thesis, described
below:
Regional:
•
Characteristics of the region
•
An orientation of the regional spatial 		
structures
Course of the dike:
•
Patterns of land use along the dike
•
Spatial patterns of land use along the dike
•
The transition of the land protected and 		
not protected by dikes.
Section of the dike:
•
Section of the dike
•
Elements along the dike
In these three levels, it is important to look at
different landscape values, for instance, land use,
nature and cultural history (Lenders 1999).

Conclusion

To conclude it is important to point out that ‘critical
regionalism’ approaches both the positive and
negative sides of globalization. Designers should
be inspired by new global concepts but when
applying them to a certain place, it is important
to personalize it to the specific elements and
the surroundings of the site (Frampton 2002). To
summarize the main idea of critical regionalism
and why it is interesting for this thesis I would like
to quote Lefaivre & Tzonis, 2003, p.20: “The task
of critical regionalism is to rethink architecture
through the concept of region. What we call the
critical regionalist approach to design and the
architecture of identity, recognizes the value of the
singular, circumscribes projects within the physical
social, and cultural constraints of the particular,
aiming at sustaining diversity while benefiting from
universality.

3.2 BUILDING WITH NATURE
Defining Building with Nature

The overarching concept, of which Building with
Nature is based on, is ecological engineering.
Ecological engineering has a longer history than
one would expect. It was founded approximately
30 years ago but it received a lot more attention
the past 10 years by both the scientific and the
professional realm (Mitsch 2012). Ecological
engineering emerged from the concepts of selfdesign and ecological system approach with a
main objective in solving environmental problems.
There are two goals of ecological engineering
described by Mitsch and Jørgensen (1989, 2003,
2004) and Mitsch (1993, 1996), firstly the restoration
of ecosystems that have been extensively disrupted
by human activities. Secondly, the development
of new sustainable ecosystems that are for both
human and nature valuable (Mitsch 2012). However,
in 1969 McHarg published a book called ‘Design
with Nature’. In this book, he stressed that a
design should be led by nature in order to become
sustainable. He encouraged designers to analyze
the natural systems (soil, climate, hydrology etc.)
of an area. A design process should be integrated
in natural systems. Landscape architecture and
spatial planning realms were inspired by McHargs
ecological inclusive designs already in the early
seventies (Yang & Li, 2016). Where and by whom
the nature-inclusive approaches exactly emerged
seems to be debatable. But knowledge on natural
systems increased and therefore it was more and
more incorporated in new developments.
For this thesis it is especially important to make a
further study of the ‘Building with Nature’ concept,
applied in the domain of water safety. BwN is
a nature-inclusive approach applied especially
known for applications in water safety (van den
Hoek et al., 2012). BwN is studied in a national
research program of the Netherlands. BwN
stands for the use of natural materials and natural
dynamics to develop sustainable and effective
flood management projects (van den Hoek et
al., 2012). BwN is different from other integrated
approached because nature is combined with
engineering solutions (de Vriend et al., 2014). De
Vriend (personal communication, December 12th,
2018) explains that the definition is purposely
kept indistinct. The ‘with’ part is essential, the
engineering solution must be accomplished by
using nature. It is an exchange between human

					

and nature. Nature does something for society and
in exchange society gives something back.
BwN is a concept in which the forces of nature
(wind, water current, waves, and vegetation)
are being stimulated to develop new designs
(hydrologic engineering). It is of importance that
these new constructions are useful in more ways
than only water safety. They offer opportunities
for nature, recreation, and other social-economic
functions and ambitions. This approach implies a
different way of thinking and is therefore in line with
the search for new innovative solutions with new
qualities (Salet 2014; de Vriend et al, 2014; Wiersema
et al., 2016). The engineering object is not the
single goal when designing with the concept BwN.
Important is that one should start with analyzing
systems, the dynamics, functions, services and the
interest of stakeholders (societal system) (de Vriend
et al, 2014). Adjustments in the natural system are
made by humans but the development of the
engineering object is maintained by the natural
system in a self-regulation way (Salet, 2014). This
means that the time frame is often longer since
it depends on natural components that develop
over time. Furthermore, the interaction between
the different involved disciplines is crucial. BwN
based projects are dependent on the cooperation
between experts from different disciplines and
stakeholders (de Vriend et al, 2014).

Form of application

This thesis elaborates on the use of contributing
foreland in the Dutch river landscape. Foreland
can be an example of building with nature. A
soft solution is used to improve a technical dike.
Natural systems must be studied to make sure that
the foreshore is self-regulating and responds to the
dynamic aspects of the landscape. There are three
types of BwN solutions that can be applied when
reinforcing an embankment. Which one to apply
where depends on the context of the location (de
Vriend et al, 2014).
• Flat slopes: these solutions are completely
sediment based. There are two types, firstly
a large volume of sediment often the size of
several kilometers and with a low biomass
(often to be found along the coast). Or
secondly a smaller volume of sediment with a
high amount of biomass with the size of around
100 meters (often to be found along the rivers
and lakes).
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•

Moderate slopes: this type of solution often
requires a combination of a hard solution with
a sediment foreland. Mostly referred to as a
hybrid solution. The among other things wave
reducing effect of foreland makes it possible
to make the hard structure (the dike) lower and
softer. The foreland can be stabilized using
vegetation.
• Steep slopes: extend the hard engineering
object with ecological edges. That has a
positive impulse on the ecological value of the
flood defense.
This thesis will research moderate slopes that
contribute to the dike strength or reduce pressure

against the dike.

Conclusion

To conclude BwN can be interpreted as a more
sophisticated form of engineering. Instead of
fighting nature, it works together with nature.
Moreover, it stresses that in order to apply BwN
the natural systems have to be researched, since
the natural dynamics have to be understood
thoroughly in order to be able to work with it.

3.3 THEORIES COMBINED
The theories are in a way intertwined: BwN is a
concept that pleads for a more sophisticated form
of technique working with the existing systems of
an area. Critical regionalism describes that one
can apply (innovative) universal techniques but
personalize them to the context of an area. With
the innovative concept BwN you simply cannot
evade the existing systems of an area. Using the
forces of nature from a specific area, meets both
the basic philosophies from critical regionalism
and building with nature.
In an interview in the NRC, Adriaan Geuze (2018)
describes the relation of the Netherlands with
its landscape as followed: land subsidence and
sea level rise came across each other. The river
landscape would flood several times a year. But
techniques improved, with dikes, sluices, and mills.
The war against water was considered normal.
The Dutch became obsessed with adjusting the
landscape to secure themselves. We have come to
regard the landscape as an object, as something
we can exploit without being part of it ourselves
(Beintema 2018).
In this interview Geuze describes how technique
has been predominant in the Dutch fight
against water. This does have some fluctuations.
Hydrological engineering in the Netherlands is
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only recently changing. Preserving flood safety
in the Netherlands is no longer only dominated
by hydraulic engineers. Cooperation with other
disciplines is of importance to develop adequate
solutions (de Vriend 2014). This changing view
towards hydrological engineering did not happen
overnight. Many fluctuations in the history of Dutch
dike policy has led to this change. In the early days,
people were dependent on nature however culture,
technique, and economics evolved resulting in
developed system against nature (Beintema 2018).
In the last decades, there has been a varying degree
of use of, more or less integrated methods. The
graph (fig. 3.1) shows these fluctuations, the Y-axis
shows the degree of integral or sectoral methods.
These policies stressed that dike reinforcement
needed a certain carefulness concerning the
river landscape. More focus on the identity of the
dike and its surrounding landscape, an integral
approach (van de Ven et al., 1997; Wesselink et
al., 2007). Recently Dutch dike policy has made a
relapse to more sectoral approach. A new policy is
developed for flood defense projects called ‘sober
and efficient’ (Dutch: ‘sober en doelmatig’). Sober
means that only the costs for the reinforcement of
the primary embankment are being subsidized.
Efficient means that the option is chosen that is
most sustainable and lowest in cost. Resulting in
a more sectoral approach with dike reinforcement

Fig. 3.1

graph with on the Y-axis the integral - sectoral approach and sea level rise and on X-axis policy adjustments from 1950 onwards

as the focal point (van Reijn 2016). In chapter 4 of
this thesis I will elaborate more on the history of the
Dutch dike landscape.

(fig. 3.2). The following aspects will be studied:

Conclusion

•

To conclude, despite the more sophisticated form
of BwN based techniques, contributing foreland
will have an impact on the landscape. This is where
this thesis intervenes. It forms a bridge between
the engineering object and the development of
the Dutch river landscape. To reinsure that the
characteristics that are of significance for the Dutch
river landscape are preserved or further developed

Fig. 3.2

•

•
•

Crucial biotic, abiotic and anthropogenic
processes
Characteristics that define the Dutch river
landscape
The role of forelands in the Dutch river
landscape
Technical characteristics of forelands that
contribute to the dike
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3.4

APPLICABILITY OF BUILDING WITH NATURE

Introduction

The Netherlands has made adjustments to
the landscape to develop a highly productive
landscape. A major part of these adjustments
is the flood defence system of the Netherlands
consisting of dikes and dams, also referred to as
‘hard’ engineering objects. A new concept known
as ‘soft flood risk management’, has recently gained
more attention. This includes, planning restrictions,
evacuation plans and Building with Nature.
Due to the Dutch history of using ‘hard’ engineering,
the Netherlands is now facing a ‘technological
lock-in’, also referred to as ‘path-dependency’ (van
Buuren et al, 2016). This is a process described by
Wesselink (2015) as: “past choices made to protect
the land lead to a vicious cycle of investment in
ever more advanced technology in order to keep
the water out”. This chapter elaborates on the
applicability of BwN based projects in the Dutch
river landscape.

Building with nature in the Dutch
river landscape

‘Building with Nature’ is seen as soft engineering,
although opinions differ on this aspect. Projects
based on the concept ‘Building with Nature’
have been implemented in the coastal zone of
the Netherlands (Wesselink 2015). The research
program simply focussed on the coast and lakes
of the Netherlands. This resulted in research and
pilots with lakes and the coast as focal point.
The fact that the Dutch river landscape is merely
neglected in BwN related research and pilots does
not mean that it is not possible. The floodplains
of the Netherlands are spacious enough to be of
value for BwN based projects. Nowadays, however,
it comes down to the fact that safety comes first
and that ‘hard’ engineering objects claim the
available land. BwN or any other ‘soft’ solution
come unfortunately, on the second place (de Vriend
personal communication, December 12th, 2018).
Furthermore, considering that the Netherlands
is currently in a ‘technical lock-in’, there is not
much space to experiment and implement ‘soft’
solutions. The land is enclosed by dikes, which is
seen as hard engineering, causing boundaries in
more ways than just for water. Many proposals are
made for ‘Building with Nature’ type of solutions
to improve the water safety. Hence, these solutions
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often only form a certain soft edge to an already
existing ‘hard’ engineering construction (Wesselink
2015).

Transition is visible

For decades, policy on flood management has had
a modernist approach. Flood safety needs to be in
control and preventing is better than responding
afterwards. Which means nature should be
controlled to avoid disasters. Modernity and the
need of being in control of nature is often in line
with new hard technologies and top-down policy
(Wesselink 2015).
However, van Buuren et al., (2016) state that
despite the technological lock-in, there are signs
of a gently changing approach towards the flood
defence system of the Netherlands. The limitations
of the traditional approach are becoming more
noticeable. Moreover, external aspects like climate
change, resulting in sea level rise, and higher
river discharges rise on the political agenda. The
internal and external pressure created opportunity
for change, however it did not ‘shock’ the system
to the extent of a regime shift (van Buuren et al.,
2016).

The next step?

In order to move further, a different mind-set
is needed to encourage new innovative soft
solutions instead of using the ‘proven- technology’
technique that we have used for ages. The next
step would be similar to the successful room for
the river projects, explains de Vriend (personal
communication, December 12th, 2018). They
had a double objective within their programme;
water safety and spatial quality. Today the dike
reinforcement and room for the river programmes
are seen by many, as two different mind-sets that
differ from each other. Recently the focus has
shifted back towards the strength of the dike. The
Room for the River programme is ‘done’ and from
now on money is invested in dike reinforcement.
On the short term, dike reinforcement is cheaper,
however for the long term the two options should
be addressed integrally. (de Vriend, personal
communication, December 12th 2018). Soft
solutions are merely initiated on smaller scale
(Wesselink et al. 2015; van Buuren et al. 2016).
Land-use planning, for instance, is often the

responsibility of local authorities that have more
interests than just flood safety. This results in only
small-scale soft solutions that have only little impact,
since problems like flooding need large-scale
developments (Wesselink 2015). Society clings to
the tested strategies and dominant insights and is
hesitant towards new innovations (van Buuren et al.
2016). Recently, a motion is adopted by the house
of representatives on the lessons that were learnt
of the programme ’Room die the River’. With its
double objectives, the question is to implement
this strategy in HWBP as well. These are the first
steps toward the implementation of ‘soft’ solutions
(de Vriend, personal communication, December
12th 2018).

Knowledge on for instance soil mechanics of dikes
is still barely small. It appeared that for centuries
focus lied on the dike height. Recently it became
known that dike strength is of equal importance.
This ‘proven technology’ of dikes is not as solid as
it might seem. The ‘proven technology’ of dikes is
one of the biggest obstacles BwN is facing and the
main reason why not more BwN based projects are
implemented”. This aspect demands a new point
of view from stakeholders and policy developers.
They will have to incorporate unpredictable
dynamics instead of reducing uncertainty. Policy
developers must be capable to recognize and
handle the increased uncertainty (van den Hoek et
al., 2012).

How to change paths

How to manage uncertainty of BwN based
designs is addressed by several scholars. They all
point out the importance of communication and
information sharing between the different actors.
The understanding of the uncertainty of different
disciplines is more important than trying to control
the unpredictable systems by gathering all the data
followed by top-down management. This because
uncertainty can be caused by different aspects that
are part of several knowledge frames. In BwN based
projects, the early involvement of stakeholders is
crucial for it to become successful. For instance, to
raise awareness and acceptance since the approach
is completely different from command-and-control
flood management (van den Hoek et al., 2012).
De Vriend (personal communication, December
12th 2018) is critical on the current way of dealing
with uncertainty. The only aspect that is addressed
is the discharge at Lobith, but this is not as black
and white as it might seem. These calculations also
have their uncertainties. The best way to handle
uncertainty is to learn how to deal with uncertainty.

Besides the path dependency of policies and
institutions there is also a dependency in the
technical choices that are made. The Dutch
technical lock-in related to dikes is an example.
New policy must aim for guarded change in order to
take certain pathways that are of interest to societal
improvement. Nevertheless, the existing policies
obstruct a transition toward resilient flood risk
governance (van Buuren et al. 2016). The complex
aspect of path-dependency is the difficultness
to leave the path. Especially for the Netherlands
which is densely populated and located in a
vulnerable delta. Costs to change paths could be
too high to be a realistic option. Today dikes are
entwined with our landscape and the costs that are
made cannot be reversed, taking a different path
seems to be impossible (van Buuren et al. 2016).
Reinforcing the dikes will be much cheaper than
alternative solutions. In the past decades, even
more advanced techniques were used to further
develop our flood defence system. These evolving
systems reduce the space for ‘soft’ solutions.
However, awareness is rising under policy makers
and politicians. Unfortunately the dike standards
remain the same. Mainly caused by the fact that
flood risk management is still lead by the national
programme HWBP. This programme only invests
in projects that ensure dike reinforcement. This
funding system is safeguarded for the next 15
years, which makes it difficult for new initiatives
to do anything additional (van Buuren et al. 2016;
Wesselink et al. 2015).

Uncertainty

A challenging aspect of BwN based solutions is
the level of uncertainty of the engineering object.
The design is dependent on ecology and natural
dynamics, elements that are uncontrollable (van
den Hoek et al., 2012). Using nature in engineering
brings a factor of uncertainty. De Vriend (personal
communication, December 12th 2018) stated that
“Dikes are not as safe as we all want to believe.

					

Conclusion

To conclude, the question if BwN is applicable in
the Dutch river landscape is difficult to answer.
It depends on how you define BwN, as was
explained before the definition is quite unspecific.
It is difficult to judge when something is BwN
based engineering or not. Moreover, before being
able to implement BwN solution on a large scale a
change in mind-set is needed. According to several
scholars it can be applicable, but we are stuck into
our standard use of dikes. Innovation takes time,
however there are signs of a changing approach,
due to among other things the pressure of climate
change. Slowly but certainly, politics have become
more aware of the need for innovation in our ageold approach towards dikes. Moreover research
has to be performed on the implementation of
new innovation in appreciated landscape like the
Dutch river landscape.
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CHARACTERISTICS OF THE
DUTCH RIVER LANDSCAPE

04
4.1

The Fourth chapter starts with a more general description of the study
area. Followed by a description of the history of the study area. Then it
continues with the current usage of the landscape and the consequences
earlier dike reinforcements had on the landscape. The final section of this
chapter explains the four dike strategies that were developed.

UPSTREAM CENTRAL DUTCH RIVER LANDSCAPE

The Netherlands forms the delta of three rivers:
Rhine, Meuse and Schelde. Wright (1977) describes a
delta as: “coastal accumulations, both subaqueous
and subaerial, of river-derived sediments adjacent
to, or in close proximity to, the source stream,
including the deposits that have been secondarily
molded by various marine agents, such as waves,
currents, or tides.”. The fertility and the historical
strategic trade points of deltas made it to highly
populated areas today.
The Dutch river area can be divided into four areas
(fig. 4.1):
• The Upstream river area: the more upstream
river arms of the Rhine and the Meuse
• The Downstream river area: The downstream
river arms of the Rhine and the Meuse until
the Haringvlietdam, de Volkerakdam, de
Maeslantkering en de Hartelkering.
• The IJssel delta: from the downstream part of
the IJssel until Keteldiep
• The Vecht delta: in the north east of the
Netherlands debouching into the Zwarte
Water and Zwarte Meer.
The river arms of the Rhine and Meuse are part of
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the central Dutch river area. This thesis focusses
on the upstream part of the central Dutch river
landscape. There are several physical differences
between the downstream and upstream part
(fig. 4.2). The higher grounds alongside the river
upstream are more widespread, and often more
densely occupied with villages, houses orchards
etc. Also foreland is upstream of the river more
widespread (HNS 2016).
It can be concluded that in general the dikes of
the downstream part of the central Dutch river
landscape are much closer to the river. Which
results in a different experience of both parts.
The upstream part of the central river area was
selected considering two aspects:
1. Forelands are larger and appear more
frequently and offer therefore more
opportunities.
2. A wider range for applying the study results,
since this type of area covers the majority of
the Dutch river landscape.

Fig. 4.1

Dutch river landscape divided in four areas

Fig. 4.2

difference between upstream and downstream central river landscape
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4.2

HISTORY OF THE UPSTREAM CENTRAL DUTCH RIVER LANDSCAPE

1000-1300

Fig. 4.3

origional dike system

Fig. 4.4

development origional dike system

Fig. 4.5

dike replacement around erosion pool

1300
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matter. This additional complexity in the water
system was the reason for water authorities to
emerge. Waterboards are responsible for water
management regulation (de Koning & van Hemmen
2009).

1000

The first small settlements arose on the natural
higher grounds, formed by the river (LOLA 2014).
Two types of villages emerged, circular and linear
villages alongside the river. The lower parts where
used as meadows for the stock to graze on during
the drier summers. Agricultural fields were made
perpendicular on the river on the transition from
higher to the lower grounds (de Koning & van
Hemmen 2009). Approximately since the 10th
century the first dikes were build (LOLA 2014). The
dike system developed in the western part of the
central river area of the Netherlands. This resulted
in a water level increase in the more upstream part.
Therefore, villages more upstream had no choice,
than to follow their example (de Koning & van
Hemmen 2009).
The first dikes were implemented based on a
different system, they were placed perpendicular
and further upstream of the river (Dutch: ‘zijdewinde
dijken’). The dikes steered the water around the
settlements in the direction of the lower grounds
(fig. 4.3). This phenomenon continued and dikes
were placed around the settlements, resulting in
little ‘islands’ (fig. 4.4). Eventually the dikes were
extended further into the hinterland, to be able to
use parts of the lower land for agriculture. Today,
these small dikes are still visible in the landscape in
the act of polders.
This dike system extended along the rivers,
with narrower riverbeds as result. In the early
days, floodwater spread over the natural levees,
due to the implementation of dikes water was
concentrated in a smaller and narrower area, with
consequently higher water levels, resulting in more
disastrous floodings (LOLA 2014). Dikes had to be
reinforced repeatedly. Rivers could not spread their
sediment over a larger area but only within the river
bed. Resulting for rivers to rise above the ground
level. Leading to more frequent and more extreme
floodings. Deep erosion pools (Dutch:‘wiel’)
appeared in the landscape as the remains of
floodings, dikes were redirected around the pools.
Resulting in the winding dike trajectory as we still
see today (fig. 4.5).
In 1300, the dike system described above was
closed. Settlements and villages had to work
together to close all remaining ‘holes’ in between
the dikes and natural higher grounds. This resulted
in the regional dikes as we know them today (de
Koning & van Hemmen 2009). The dike system
transitioned from a local matter into regional

1300

1300-1850

The Sint Elisabeth flood of 1421 had a major
impact on the discharge system of the Dutch river
landscape. The flood had the following impacts:
• Discharge of the Waal increased
• Discharges of IJssel and Neder-Rijn decreased
This affected the trading possibilities for the Hanze
cities north of the Waal. At a certain point the
water level was extremely low at some places in
the Nederrijn, instead of boats people would ride
with horse and carriage through the river. This was
a dangerous situation, since the rivers lost their
defence function. As a solution, a channel was
excavated between the Waal and the Nederrijn,

1850

Fig. 4.6

location Pannerdens kanaal

Fig. 4.7

enclosed dike system of the central Dutch river landscape

Fig. 4.8

development Dutch techniques in land reclamation

					

although first they were not directly connected to
the rivers. It was a precaution defence construction,
when enemies would get closer they could break
the dams and rivers would flow full again. This
was not the only reason to disconnect the new
channel, cities along the Waal were opposed to
the construction of the channel since they would
lose trading opportunities to the cities north of
the Waal.However, after six years the Pannerdens
Kanaal was opened and the distribution of the
water was restored (Burgers 2014) (fig. 4.6). Dividing
the water discharge of the river Rhine as followed:
6/9 for the Waal, 2/9 for the Rhine and 1/9 for the
IJssel (LOLA 2014). In the year 1672 the Netherlands
was threatened by France, England and Germany.
For this reason the ‘oud Hollandse water line’
was developed. A defence mechanism system
build west of Utrecht. A system made of existing
and newly build dikes, forts and fortified cities,
to prevent the enemy from entering important
areas. These areas in-between the dikes could be
inundated to stop the enemy from infiltrating (de
Koning and van Hemmen 2009).
Since approximately 1300, the river Rhine was
enclosed by dikes (fig. 4.7), meaning that the river
did not spread its sediment over a large area but
only within the riverbed. Sandbars, islands and
gullies came into existence, which were fatal for
a smooth water discharge of the river (de Koning
and van Hemmen 2009). Against all knowledge,
residents saw opportunity for production and a
new process of land reclamation started. Groynes
(little dams) were built so clay sediment would
drop behind it. Even sandy islands in the river were
used for willow wood production. Small dikes close
along the river were formed, called ‘summerdikes’.
Farmers seized these opportunities and settled on
man-made higher grounds along the summerdikes
and made the land suitable for dairy farming. The
fertile, clay deposits were popular with farmers, in a
time were fertilizer was yet to be undiscovered. (de
Koning and van Hemmen 2009).
In the meantime, population increased and more
agricultural land was needed to keep up with the
needs of people. The ‘zijdewinde’ dikes were
extended into the lower grounds back in the
hinterland. Channels had to be excavated to drain
the land properly. To make the land suitable ditches
were made. This caused for subsequent oxidation
and soil compaction which led to a decrease
of the landscape level. This process continued
till drainage by gravity had become impossible
(Ritzema and Loon-Steensma 2018). Dikes had to
be build and heightend when needed. Somewhere
in the sixteenth century new ways to drain the land
had to be developed. Windmills were introduced
and they successfully pumped out the water,
further subsidence of the land was unavoidable
(fig. 4.8) (Wesselink et al., 2007; Ritzema and LoonSteensma 2018).
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Fig. 4.9

normalization process of the rivers

Fig. 4.10

location of the three new river arms

Fig. 4.11

example of the amount of brick stone factories 1850 near Wageningen

1950

Because of the ice dams, there have been many
floods in the 19th century. Ice would get stuck in
sharp bends of the river or where the water level
was lowest. Ice layers folded and dams were formed
that sometimes towered a few meters above the
dike. The solution was found in lowering the dike
at strategic places. Guided by dikes (leidijken)
excess water was transported towards the natural
uninhabited lower grounds in the hinterland.
Furthermore, transversal dikes were made between
the winter dikes to divide the land into different
compartments. When floods occurred only parts of
the polder flooded (LOLA 2014).
Between 1850 and 1900 riverbeds were adjusted
over its full length to become more suitable for
more water discharge (fig. 4.9). A certain width
was determined which extended more towards
the debouchment of the river. For example, the
river Waal at Pannerden had to be 360 metres
and more downstream it had to be 600 metres.
Within this riverbed islands had to be sanded
away, the complete riverbed had to be free from
any obstacles. In 1875, the river had to become
suitable for modern shipping which led to groynes
in the river to deepen the fairway. This stage in
the history of the Dutch river landscape is called
normalization of the rivers (van de Ven et al.,
1997) (fig. 4.8). Besides the normalization of the
rivers also three new river channels were made:
De Nieuwe Merwede, de Bergse Maas and de
Nieuwe Waterweg (fig. 4.10). The first two had
only one function to improve the water discharge
towards the sea, the third has as main function to
ensure the access of seagoing ships, but also had a
favourable effect on the discharge of water from the
river Lek towards the sea (van de Ven et al., 1997).
Furthermore, dikes were improved by heightening
and widening them. Dikes that directly touch the
river water were strengthened by using basalt
stones on the outer slope. The river improvements
had a positive effect on the international trading
ability, which was beneficial for cities along the
rivers (LOLA 2014).
When wooden buildings turned out to be too
vulnerable for fires the Netherlands switched to
brick houses. Plentiful clay was available along
the rivers. This resulted in the famous Dutch brick
architecture as we know today. Population growth
during the industrial revolution lead to an increase
in demand for bricks. Between 1850 and 1880 the
amount of brick factories almost doubled (fig. 4.11).
However, after world war two mechanization lead
to decrease in factories. From almost 900 factories
at its peak to 52 factories in 1995. Despite the little
remaining factories the production endured the
same due to automation (Burgers 2014).

1850

1850-1950

1950

1950-Present

Until 1975, 70 kilometers of dikes were reinforced
according to the norms developed after the
disaster in 1953. In 1956, it was decided to reinforce
the river dikes meeting these new standards. This
new dike reinforcement programme focussed on
the river Rhine. Of the 650 meters of dike along
the river Rhine 550 had to be reinforced. The
standard for the river dikes was calculated much
higher than needed, a ‘one size fits all’ design.
The dike reinforcement was the responsibility of
water authorities. They designed, and controlled
the implementation. Due to the new wide ‘heavy’
profile of the dike, important elements in the Dutch

Fig. 4.12

approaching the dike using three scales: regional, dike course, dike section

present

river landscape got lost. In 1977, a commission
called ‘Rivierdijken’ (river dikes) also referred
to as commission ‘Becht’ was assigned. They
stressed that dike reinforcements needed a certain
carefulness concerning the river landscape. They
developed the term ‘sophisticated design’ (Dutch:
uitgekiend ontwerpen) (van de Ven et al., 1997).
After the disaster in 1953, plans were made to
close off the connection with the open waters
of the province of Zeeland with the North Sea.
Many dams were made and dikes reinforced.
Except for the Oosterschelde, which would have
been an ecological disaster disconnecting it from
the sea. They designed a new kind of dam an
‘open dam’. During normal conditions the dam
would be open so the tide still influences the
inland waters, but during storms the dam can be
closed. Oosterschelde dam is a game changer for
the hydrological engineers in the Netherlands.
An ecological objective was included in a water
safety strategy. Since this milestone ecologists
worked their way into decision making on flood
management topics. Followed by ‘plan Ooievaar’
that changed the flood protection approach even
more. A vision focussed on the original floodplain
habitat redevelopment by using the land for
grazing and excavating clay for bricks. The process
and the end goal of the design has a double
objective, it improves the ecological value and

					

offers more space for the river.
Despite implemented projects as for instance ‘Plan
Ooievaar’, the engineering paradigm was still
dominant. Many dike reinforcement plans were
postponed or stopped. The ‘Delta werken’ were at
that time, the priority for the government and there
was no money left for the river dikes. (Wesselink et
al., 2007). Discussion between nature organizations
and waterboards became more intense and
resentment from dike residents increased, they
were scared for repetitions of the past. In 1992, a
new commission was assigned called commission
‘Boertien’. They advised a higher flooding chance,
meaning a new chance of one flood in 1250 years
(1:1250). This higher chance meant lowering the
dike standards, which results in lower and narrower
dikes. Moreover, the commission advised to
carefully design the dikes, focusing on landscape,
nature, and cultural heritage values (“LNC” values)
of the area. Despite the new guidelines on how
to design dikes, no money was invested in dike
reinforcements in the Dutch river landscape. The
urge for flood safety was big due to the disaster
in 1953 but the focus lied on threat from the
sea and not on river flooding (van de Ven et al.,
1997). However, both commission ‘Becht’ and
‘Boertien’ focused on the identity of the dike and
its surrounding landscape, an integral approach.
The near floodings of 1993 and 1995 uncovered the
threat of flooding along the rivers. The government
recognized the urge to reinforce the river dikes.
Up to 147 kilometres of dike had to be reinforced,
since the task was urgent many processes were
accelerated. But to avoid a repetition of a
systematic approach, water authorities had to
present their plans. Furthermore, water authorities
and nature organisations were willing to work
together (van de Ven et al., 1997). Yet a new vision
developed on the Dutch river landscape. Instead
of reinforcing the dike, integral projects along the
rivers where developed with enlarging the river bed
as one of the main objectives. The national policy
launched in 2000, is called ‘Room for the River’.
This program focuses at ‘giving back room for the
river’ by relocating dikes, digging out parts of the
river forelands and other measures that enlarge the
discharge capacity. Dike reinforcement should only
be applied when opportunities for these new types
of measures would be impossible. (Wesselink et al.,
2007; van Buuren et al., 2016).
Careful and locally specific dike design is something
that has played a role in our history for decades.
However, recently the HWBP (The HWBP is an
alliance of all water authorities and Rijkswaterstaat)
developed a new policy for flood defense projects
called ‘sober and efficient’ (Dutch: ‘sober en
doelmatig’). Sober means that only the costs for
the reinforcement of the primary embankment are
being subsidized. Efficient means that the option
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is chosen that is most sustainable and lowest in
cost. Resulting in a sectoral approach with dike
reinforcement as the focal point (van Reijn 2016).
After describing the Dutch history of water
management it can be conluded that the

4.3

LAND USE OF THE CENTRAL UPSTREAM DUTCH
RIVER LANDSCAPE

This section describes the current land use and
characteristics of the Dutch river landscape. The
information was gathered from the field study
and literature study. It can be stated that many
historical phenomenons are still visible in the
current river landscape. Moreover, it elaborates on
the extent, of which river dikes are intertwined with
its surrounding landscape.

is protected, but ambitions lie on high-dynamic
nature since this is, for instance, easier to combine
with water level reduction (kennisnetwerk OBN
2019). Moreover, when transforming floodplains
into high-dynamic nature farmers are resituated
in the hinterland. Consequently, this leads to
degradation of nature values in the hinterland.

Geomorphology

The soil of the river landscape has always been
fertile, resulting in different types of farming (van
Loon-Steensma 2011):
• Further back in the hinterland are the natural
lower grounds, here dairy farming is dominant.
• The hinterland just behind de dike is used with
more intensive crops as orchards, vegetables
and tree nurseries. (fig. 4.17).
• The dike itself mostly used for grazing or
haymaking in some cases the inner side of the
dike is used for fruit cultivation, although with
many restrictions to avoid erosion.
• The ‘summer’ dikes were even made to make
the floodplains more suitable for dairy farming
and in some cases agriculture (fig. 4.13).

Rivers used to be highly dynamic. Rivers influenced
the terrain formation and material deposition
in large parts of the Netherlands. However,
consequently adjustments and optimization
of the river landscape limited most natural
dynamics (Burgers 2014). Many of these age-old
geomorphological structures can be described
as “fossil” since these natural dynamics no longer
occur.

Landscape :

The Dutch river landscape is a result of human
interaction with the river for many ages. Dikes form
typical elements in the landscape. Some areas
within the Dutch river were designated as National
Landscape, because of the unique combination of
nature, culture and history. The designation means
that the focus lies on preservation or development
of interesting river landscape specific elements
(van Loon-Steensma 2011).

Nature

The dikes with the floodplains and the rivers
function as ecological corridors. Many areas
are part of the ecological main structure of the
Netherlands. Some of which are of importance on a
European scale (Natura 2000), here certain habitats
must be preserved by law (van Loon-Steensma
2011). Currently, the focus lies on the development
of high-dynamic nature (fig. 4.14). However, there
is potential for low-dynamic nature. Currently lowdynamic nature is mostly present in the hinterland
and in gullies that are generally not connected to
the river. Tension rises, when low-dynamic nature

30

Netherlands has the tendency to respond on
disasters afterwards. (Ritzema and Loon-Steensma
2018). Politicians respond on the populations
call for protection instead of developing a wellthought through strategies (Wesselink 2015).

Agriculture

Living and Working

Today houses and farms are seen alongside, on
or sometimes even on the outer side of the dike
(fig. 4.15). The architecture used to be in tune with
its surrounding, for instance, the living room was
found on the second floor. Even the materials
were adjusted to the probability of flooding,
using only concrete and brick instead of timber
materials. When the dike system further emerged
and the water level seem to be under control
cities expanded to the lower areas as well. The
dikes were trustworthy and urbanisation was not
influenced by its location (van Toorn 2011).
Difficulties arise with houses that are to close
to the dike or interwoven with the dike when
reinforcement is needed. In many cases, the dike
is (partly) build around houses and farmsteads,
closing them in with clay or concrete constructions.
(van Loon-Steensma 2011).

Infrastructure

Most of the dikes share their flood defence
function with infrastructure. Mostly local roads and
occasionally driveways to residential buildings,
companies or factories. Ever since continuous dikes
were developed, these have been high and safe
locations that were suitable for roads compared to
the surrounding wet areas. In the floodplains only
local roads are present.
Rivers are still one of the main transport
infrastructure of the Netherlands. Traditionally the
rivers were important possibilities for international
trading. During the middle ages, international
trading connections within North-European Hanze
cities where made thanks to the rivers. Today this is
still noticeable due to the historic warehouses and
merchant houses along the dikes (Burgers 2014).

intensive cooperation from different worlds.
However, the Belvedere policy was developed and
gives direction with its main message ‘preservation
through development’(RCE 2013).

recreation

The dikes with its historical characteristic dike
buildings, the floodplains and the river form an
important recreational area. Along the dikes
many recreational facilities are present, parkings,
viewpoints, art subjects, picnic areas, cycle and
walking paths. Moreover, the beaches alongside
the river quickly turn into recreational spots (van
Loon-Steensma 2011).

Cultural history

As was described in the first part of this chapter the
dike system and its surrounding landscape have
a rich history that is still visible in the landscape.
Cultural history can be classified into four categories
(van Loon-Steensma 2011):
• Geological structures
• Archaeological traces
• Historical geographical structures
• Historical architectural elements (fig. 4.16)
Dealing with cultural-historical value demands

Fig. 4.15

living on the outer side of the dike

Fig. 4.13

agriculture in the floodplains

Fig. 4.16

cultural history old brick stone factory

Fig. 4.14

new nature development

Fig. 4.17

traditional orchard in the hinterland
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4.4 CONSEQUENCES OF FORMER DIKE REINFORCEMENTS

Fig. 4.18

consequences of situating new dikes on the dike course scale

Rivers used to be highly dynamic. Subsequent
adjustments and optimization of the river landscape
have caused a limitation for natural dynamics.
Leading to the Dutch river landscape as we know it
today. All different land use possibilities described
in chapter 4.3 contribute to the spatial quality of
the Dutch river landscape. Spatial quality is a term
which is often used in the Dutch policies. However,
it can mean different things. Often the following
terms are used (Janssen-Jansen et al., 2009; van
Loon-Steensma 2011):
• Usage quality: a safe landscape that can be
used for different functions without obstructing
each other and even better improve each
other.
• Experience quality: the readability of the
landscape identity is high, the area is diverse
with spatial variation, visible cultural history
and beauty.
• Future quality: the area should be suitable
for new developments as well, new usage
forms or new economic or cultural meanings.
Sustainability,
biodiversity,
robustness,
flexibility are import elements of a high future
quality.
Spatial quality is in this case part of three elements
that complement each other. All elements contain
the relation between space as a system and
how people use this. Spatial quality is a concept

32

that defines the relation between space and
human users. This relation is defined by different
processes, physical use, the experienced use and
the future interest (Janssen-Jansen et al., 2009).
But spatial quality remains a vague concept. Many
of these above-mentioned terms are subjective
and depend on personal values or judgements
attributed to specific landscape elements. (van
Loon-Steensma 2011). Within dike design it is
difficult to value the reinforcement possibilities.
There is not one truth for designing the “perfect”
dike. However, requirements and strategies must
be developed on how to apply new technologies in
dike reinforcement (Smidt et al., 1994). Commision
‘Boertien’ argued that more attention had to be
given to the so-called LNC values. Nonetheless,
attaching value to certain aspects of a landscape is
a complex task. Valuation does not escape a final
step of subjective choice (TAW 1994).
Thus, former dike reinforcement programmes
have had their consequences for the landscape.
In the following section the consequences on the
scale of the dike course and the scale of the dike
section are discussed. Figure 4.18 presents the
consequences of situating new dikes closer to the
river.
1. A new dike is situated closer to the river.
2. The old dike is preserved and still present in

Fig. 4.19

3.
4.
5.

consequences of dike reinforcement section scale

the landscape.
The old floodplain is no longer a floodplain but
has become the hinterland of the new dike.
The new floodplain is much smaller than the
previous floodplain.
Water-bound Industry often settles in the new
floodplains.

Ironically, new dikes that are situated closer to the
river were implemented with as main argument
to preserve LNC values of old dikes. In a research
by Lenders et al., (1999) the LNC values of postBoertien dike reinforcement are assessed. Eight
preformed dike reinforcement projects were
selected, three of them scored low on LNC values.
These three post-Boertien reinforcement projects
were, newly build dikes closer to the river.
Figure 4.19 shows the consequences dike
reinforcement can have on the dike section.
1. Compensation within the floodplains, old
summer dikes are removed or new bypasses
are implemented that change the identity of
a floodplain.
2. The slopes are made more gradual, instead of
1:2 the slopes can be 1:3 to 1:5. Therefore the
dike often becomes often tens of meters wider.
3. The cover layer is strengthened by using hard
materials as for instance, basalt, asphalt or

					

4.
5.
6.

7.
8.
9.

concrete.
The dike itself is heightened often with
decimetres.
The top of the dike is widened from 3-4 metres
to 5-7 metres wide.
Maintenance of the dike slopes and berms
is done by the water board in systematic
monotonous way. A maintenance path is
added to be more efficient.
Curves and meanders in the dike are removed
and the dike is made as straight as possible.
Large verges are added with a slope 1:20 with
an additional seepage ditch
Houses are replaced on an approved distance
of the dike (Smidt et al., 1994).

The previously described consequences of dike
reinforcement after 1953, on a scale of the dike
course and dike section, have influenced our
landscape as followed (Smidt et al., 1994):

Indistinct meaning

Water authorities want to clear the dike from
objects as for instance, houses, gardens and
trees, to optimize the dike and the maintenance
of the dike. This leads to ‘isolating’ the dike
from its surrounding landscape. The dike used
to be interwoven with its surrounding landscape,
due to its immemorial existence. However, after
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reinforcement objects are placed at a certain
distance of the dike. The dike is shaped to be
optimal functional for maintenance, traffic and the
water safety assignment. The dike is incidental
broadened which decreases the readability of the
landscape (fig. 4.19).

Impoverishment of the visual richness

Reinforcing the dike often means a small portion
of heightening the dike but mostly broadening the
dike with a more gradual slope. This results in an
amorphous dike. The dike has only space for one
function water safety, private land-use is excluded.
Due to the monotonous maintenance and the
same materiel the dike becomes more and more
only a technical object in the landscape.

Fragmentation in the length profile

It can be concluded that there are three aspects of
major importance in dike reinforcement:
• The connectedness with the surrounding
visually and functional,
• The shape of the dike
• The continuity of the dike.
However, previous explained aspects that have
gone wrong after dike reinforcement do form
the basis of today’s dike reinforcements. How to
respond to these aspects, for current or future
projects is described in the following chapter. Since
we cannot go back to the dike landscape before
the systematic dike reinforcement programme,
strategies must be developed how to reinforce
the dikes in a more sophisticated way. Or how
Frampton (2002) stated, be inspired by new global
concepts but ‘personalize’ it to the identity of the
area.

the technical preconditions seem to stand firm,
however due to incidental changes hydrological
or caused by elements along the dike, there are
a lot of varieties in dike sections. Moreover, there
are lots of varieties of locally adjusting the road
or dike section for traffic and recreation. This has
a negative impact on the continuity of the dikes.
Original relations belonging to a certain landscape
are interrupted on a more local scale, which has
impact on a regional scale as well.

Fig. 4.19
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example of dike replacing leaving an independent dike profile, an amorphous dike and it has a negative impact on the continuity of the dike

4.5

STRATEGIES TO DEVELOP DUTCH RIVER DIKE
LANDSCAPE

Dikes and its surrounding landscapes may be
related in different ways, depending on their
historical, technical or functional characteristics.
Sometimes dikes stand out as separate landscape
elements. In other cases they are completely
integrated. As a result from my (field study and
literature) research, four design strategies can be
found, addressing the relation between landscape
and dikes. These strategies may be connected to
four different “styles” from landscape architectural
and garden design practice. This connection is
helpful to further elaborate on the strategies. The
different styles provide a repertoire of elements
and design choices that can be applied in the dike
landscape. They can be categorized within the four
different strategies to be applied designing dike
reinforcement. In this section the four strategies
and the styles by which they are influenced are
further elaborated.

comparison between the dike landscape and
the English landscape style. They state that the
often winding-course of the dike, have the same
spatial effects aimed at in English landscape parks.
Repeatedly along the dike boscages are placed
in a way that the course of the dike is not visible,
which leads to the effect of ‘intricacy’. Characteristic
for the English Garden style are designs in which
elements of the surrounding landscape and the
designed park are smoothly intertwined (Backer
and Blok 1998). This is strengthened by the fact
that there are no fences applied in the landscape,
these are replaced by ha-ha’s. Important is the
diversified walk, through open spaces, enclosed
spaces, with vistas towards churches, villages or the
main house. The vistas are guided by tree clumps
in the landscape. The lines in the landscape are
natural and curling.

Fig. 4.20

Fig. 4.21

dike strategy diverse

Diverse dike

This strategy assumes that a dike strongly responds
to the diversity of its direct surroundings. The dike
therefore becomes a diversified walk. From the dike
guided vistas are made towards elements in the
surrounding landscape. The transition from dike
to the surrounding landscape is smoothly, fences
are only applied in minimum matter. Foreland is a
transition area from the dike to the floodplain and
river. It responds to and improves current or new
landscape elements. When possible more walking
opportunities are developed on the foreland (fig.
4.20).
Feddes and Halenbeek (1988) already made the

					

dike strategy continuous

Continuous dike

This strategy considers that the dike has become,
due to former dike reinforcements, a technical
element in the landscape. In this strategy, the dike
as a water defence structure must stand out. The
entire dike course has the same function and will,
therefore, have one corresponding shape. The
total water-retaining dike with the accompanying
foreland is distinctive in the landscape. The dike
is shaped straightforward without any ‘useless’
additions. There is a clear relation between the
dike and the river (fig. 4.21).
This strategy has many similarities with the
modernism style. In this (landscape) architectural
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style, form emerges from function. In modernism,
the function is analysed and new construction
techniques are applied. Simple shapes and colours
are important ingredients. Modernism strives for
purity of the shape and content, searching for a
new aesthetics (Backer and Blok 1998).

human capacity (Baridon 1998). This line of thought
has a clear resemblance to dikes. Dikes are manmade elements in the landscape, build to tame
nature.

Fig. 4.22

Fig. 4.23

dike strategy autonomous

Autonomous dike

The autonomous dike is spacious and symmetrical.
Moving along the dike, you are hovering over the
landscape. The dike is an artificial addition to its
surrounding landscape. There is a hierarchy with
the dike as the main axis in the landscape. The dike
is clearly visible from the hinterland as well. Guided
vistas are made towards old dike elements and
ensembles, that symbolizes the history of the dike.
Foreland will, in this dike landscape, be secondary
to the dike. The dike is the main element, therefore
a separation is visible between the dike, its
forelands and hinterlands (fig. 4.22).
This strategy relates to the baroque garden
architecture style that emerged in the 17th century.
The main element was the central axis which
formed the basis for symmetrical garden style. This
axis focused on the main building or the oftenpresent water element in the garden. There is a
clear hierarchy, the main axis is the most important
and everything else connects to this axis. The
gardens were spacious, geometrical and stretched
out into the surrounding landscape. The main axis
was extended into the landscape by vista lanes. In
the garden itself many statues were placed that
referred to the Greek methodology and often
symbolized the lives of the garden owners (Backer
and Blok 1998). Nature was in the baroque style,
subordinate to geometry in order to demonstrate
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dike strategy concealed

Concealed dike

In the concealed dike strategy, the dike is
interwoven with the landscape. Present land-use
is not interrupted by the dike but continues over
the dike. The dike is hardly visible in the landscape.
Important for the design is the connection between
the hinterland and foreland. This should be visually
or physically improved. In this strategy the dike
is no barrier. Foreland in this strategy smoothly
transitions into the dike (4.23).
This strategy can be associated with the ecological
movement. During the second half of the 20th
century the landscape changed rapidly. Population
increased and therefore cities needed to expand
at the expense of the landscape. Resulting, in a
fragmented landscape (Ahern 1995). People were
critical on the fact that nature had become too far
away and they stated that, lost nature had to be
compensated (Backer and Blok 1998). A dialogue
between ecologists and landscape planners
originated. Concepts emerged that focused on
the spatial connectivity to counteract landscape
degradation and fragmentation (Ahern 1995). In
this movements, structures are designed instead
of specific shapes and forms. These structures
have no hierarchy, and are more naturally present
in the landscape (Backer and Blok 1998).
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REINFORCING THE DIKE
USING FORELAND

05
5.1

This chapter starts with a description of the Dutch approach towards dike
reinforcement. Followed by a section that further defines foreland and a
section that elaborates on the technical characteristics and the effect of
foreland. Followed by a more critical section that describes the landscape
complexity of foreland.

DUTCH APPROACH IN DIKE REINFORCEMENT

The Netherlands has 95 dike rings, areas surrounded
by dikes that protect the land from flooding caused
by the sea or rivers. The bigger dike rings are
located in the lower parts of the Netherlands (LoonSteensma 2011). Since january 2017 new standards
were introduced. These new standards are based
on a “risk approach”. In which risk is defined as
the combination of the occurence of floods ánd its
economic and societal effects (risk = occurrence).
For every dike ring area, a safety norm must be
based on the risk, the size and the economic and
societal importance of the area. Digital models are
made to test how flooding would appear and how
damages are caused (HWBP 2019).
The expected extreme discharge of the Rhine and
the Meuse have been adjusted after 1993 and 1995
when both rivers almost flooded. The expected
maximum discharge of the Rhine is 16.000 m3/s
and the expected maximum discharge of the
Meuse is 3.800 m3/s (van Loon-Steensma 2011).
However, these numbers remain uncertain. It is
expected that due to climate change the number
for future discharge of the Rhine will increase from
16 000 m3 s1 to 18 000 m3 s1 (Ritzema & van LoonSteensma 2017). Important to mention, is that these
discharges also depend on the developments in
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Germany. If Germany will take measures against
flooding more water may reach the Netherlands
(van Loon-Steensma 2011). The new safety
standards for the Netherlands demands to offer
for everyone in the Netherlands a safety level of
1/100.000 per year must be maintained. Meaning
that the chance to perish in the event of a flood for
each person must be below 0.001% (RWS 2017).
Moreover extra safety must be given to certain
locations when:
• There is chance on a large group of victims.
• There is chance on a large economical damage.
• There is a certain infrastructural element in
flood prone areas that is of national importance
(RWS 2017).
The Netherlands has developed norms for safety
levels. These norms differ per area depending
on the ability to predict flooding and number of
damaging effect the flooding will have. Flooding
occurrence is easier to predict more upstream of
the rivers, meaning that people and livestock can
be evacuated. The more salter the water gets the
higher the safety norm, the risk increases due the
effect of storm surges. Moreover, this part of the
country is more densely populated (Ritzema & van
Loon-Steensma 2017). Dikes are tested every six

Fig. 5.1

water management requirements for river dikes

years whether they still meet the safety norms (van
Loon-Steensma 2011).

River Dike design

The new norm system do have corresponding
“examination and design rules”; first versions have
appeared, however, these are not yet complete.
By implementing them in practice it must become
clear if adjustments are needed (Deltares 2017).
Seeing that the new rules are unfinished, the
following listed aspects that need to be considered
in dike design are based on the old standards (van
Loon-Steensma 2011):
• The expected increase in river discharge and
sea level rise due to climate change. The
standard norm that is used is the middlescenario. When the design is not expandable
the extreme scenario for climate change is
used.
• The dike is designed using the standards of
extreme discharge of the river plus an extra
0.3 metre. This extra is meant to make the
dike strong enough for possible higher water
discharge in the rivers and due to the expected
soil decline the 0.30 metre forms a buffer.
• In principal, a design must be expandable
considering the difficult predictable effects
of climate change and possible development
of new norms or new innovations. Only on a

					

few exceptions a design does not have to be
expandable, for instance when the design
would be disproportionate expensive.
Figure 5.1 shows an image of the general aspects
that are of importance for a river dike.
To calculate the reliability of the dike two aspects
are analyzed. The strength of the dike and the
pressure against the dike. Pressure against the
dike means the water pressure, wave pressure and
the current (by groundwaterflow) under or through
the dike. Furthermore, the dike can also experience
pressure by traffic on the dike, collisions with ships
or earthquakes. As a consequence of these types
of pressure, tensions and degradation may occur,
resulting in increase of the vulnerability of the
dike. It is difficult to calculate the exact pressure,
since it is mostly depended on natural processes.
Moreover, there is little knowledge available on
the roughness of the bottom of the river and the
relation between wind speed and the exact height
of the waves. Therefore, predictions are always
referring to chances and are based on averages
that can happen every 100 years (ENW 2016).
The strength of the dike means the ability of the
dike to resist the pressure against the dike. The
exact strength of the dike is not known in practice.
To describe the uncertainty of the strength of
the dike chances can be applied to the different
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ways of strength. The strength of a dike is defined
by different calculation models. These models
calculate a simplified version of the dike. Which
model is used depends on the specific dike
situation but also the phase of the design process.
In the beginning models are used to sketch an
overall view, further in the process more refined
models are used (ENW 2016).
The origin of dike failure is hard to trace back to
dike strength or pressure against the dike. Both
influence each other which eventually leads to dike
failure (ENW 2016).

Failing mechanisms

A dike can fail in different ways. These are called
failing mechanisms. In practice, different failing
mechanism influence each other. This makes
calculations on strength of the dike and load
against the dike more complex since these
influences must be considered. In figure 5.2 the
different failing mechanisms are described.

Piping: Seepage flows are also present under

or through the dike. When these flows take away
grains, sand holes are made and the stability
of the dike decreases (ENW 2016; Roode et al.,
2018).

Micro instability: The protecting stone or

grass covering of the dike is damaged due to
water pressure, animal or human activity. Seepage
damages the dike from inside out (ENW 2016;
Roode et al., 2018).

Macro instability outer slope: The soil
underneath the dike at the outer side of the dike,
is not solid enough which causes for parts of the
dike to slide away (Roode et al., 2018). Often caused by high water pressure which also increases
the water pressure in the ground (ENW 2016).
Macro instability inner slope: The soil
underneath the dike at the inner side of the dike,
is not solid enough which causes for parts of the
dike to slide away (Roode et al., 2018). Often
caused by quick decrease of the water level in the
river after high water (ENW 2016).
Covering erosion outer and inner
side: Due to waves and current in the river

covering of the dike often rocks or grass can get
damaged. A dike that lacks covering is more
vulnerable to erosion which further damages the
dike (Roode et al., 2018; ENW 2016).

Water overflow: Due high water, sometimes
combined with waves, the dike flows over. The
dikefailure can appear caused by erosion (ENW
2016; Roode et al., 2018).

Fig. 5.2
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schematic representation of the different failing mechanisms

Another complex aspect of the different failing
mechanism along a dike course is the fact that these
dikes are long and they meet different conditions.
Meaning that different dike compartments can fail
in different ways. This is termed the length-effect.
The whole dike course is as vulnerable as the most
vulnerable dike compartment. Length-effect is
mostly an issue with the more geotechnical failing
mechanisms like stability and piping. Since for
these failing mechanisms the conditions of the
soil are of importance. Failing mechanisms as for
instance water overflow is caused by high water
in the river meaning that the whole dike route is
experiencing the same pressure (ENW 2016).
Currently it lacks the possibility to calculate and
combine the uncertainty of all failing mechanisms
into one flood probability (ENW 2016). Therefore,
they separate the different failing mechanisms and
calculate the flood probability per fail mechanism.
When the norm of one dike course is 1/3.000
every fail mechanism should be as safe as 1/3000
(den Hengst & Roode personal communication
November 14th 2018).

Over-dimensioned dikes

Recently research is performed on overdimensioned dikes. They have a long-life span and
offer more opportunities for multi-functional landuse. Adding functions to the dike is easier when the
dike is larger with a more gradual slope or terraces
(van Loon-Steensma & Vellinga 2014). Additionally,
Silva & van Velzen (2008) state that a large part of
the dikes in the Dutch river landscape should be
widened using support berms. This means that the
dikes become wider and occupies more space in
the landscape. A traditional dike reinforcement,
which often means a more gradual slope, already
adds 180-250 ha to the dike footprint. When all
dikes would get a support berm of approximately
15 metres wide the footprint will increase with
another 2100 ha. For certain failing mechanisms
an even larger berm is needed, the numbers of
hectares can add up to approximately 3000ha
along 1400 kilometres of dike (Klijn & Bos, 2010).
Over-dimensioned dikes are comparable to using
foreland in dike reinforcement. Both use a wider
dike profile then is required according to traditional
dike techniques. In the following sub chapter the
definition of foreland is further elaborated.
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5.2 DEFINING FORELAND

Fig. 5.3

section of a Dutch river with associated concepts

Since the first of January in 2017 the water law
demands explicitly that flood defence managers
include the effect of forelands when rating dikes.
The safety effect of forelands can avoid or postpone
expensive and complex dike reinforcements
(Roode et al., 2018).
Before going into depth about foreland it should
be clarified that my approach towards foreland is
different from dike reinforcement practice. In this
practice, only existing forelands are taken into
consideration. Height, width and soil composition
are analysed, when these aspects may influence
the need and character of reinforcement measures.
Dike design adjusts to this data.
However, there are in the Dutch river landscape
hardly any examples of adapted foreland to
reinforce the dike. In this thesis, I explore the
options of measures in or on the river forelands,
following an integral approach. Doing so, the
strength of dikes may be improved, water pressure
reduced and multiple use will be enhanced.

Definition of foreland

There are two types of foreland:
• Hard foreland, harbours or neighbourhoods,
houses and buildings that are built on human
made higher grounds between the dike and
the river.
• Soft foreland, agriculture, recreational or nature
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land use. Due to sedimentation, the level of
foreland is often higher than the hinterland
(Roode et al., 2018).
In this thesis they are both analysed however the
the design principles will focus on soft foreland.
Figure 5.3 shows a section of a common Dutch
river with accompanying concepts. Foreland is
directly subjected to the natural dynamics of
the river. Therefore land use opportunities are
depended on the height of the foreland or the
presence of a summer dike. In many cases the
different landscape forming (natural and human)
processes have led to a contrast between the
hinterland and the foreland. Often landscape
patterns on the foreland are oriented parallel to
the dike and landscape patterns in the hinterland
are perpendicular oriented to the dike. This is
even more visible in the west of the Netherlands.
Former factories, defence elements, old river arms,
show the historical background of the river with its
foreland (Feddes and Halenbeek 1988).
Contributing foreland also causes a certain
complexity. this is described more in detail in
paragraph 5.5.

TECHNICAL PRINCIPLES OF EFFECTIVE CONTRIBUTING
FORELAND

5.3

Fig. 5.4

technical principles foreland aiming to reduce pipig problems

The fail mechanisms of dikes to which foreland can
be effective can be categorized into three groups;
piping, stability and water overflow. Foreland must
be adjusted in a certain way to be effective for the
dike. There are no rules of thumb for forelands. The
exact dimensions are dependent on the location of
the dike. Foreland can have effect on the following
failing mechanism: piping, wave overtopping (wave
overflow, erosion of the inner and outer slope), and
stability (micro stability, macro stability inner slope
and outer slope).

must be made of non-permeable soil and about
one meter thick. When the clay layer is bigger than
1,5 metres piping is almost impossible. Especially
when the dike is narrow a clay foreland can be of
major importance (den Hengst & Roode personal
communication November 14th 2018) (fig. 5.4).

Piping

When applying a foreland with a poorly permeable
soil, the seepage length is extended, the entry
point of seepage can be moved to a larger distance
from the dike and it will lower the phreatic line in
the dike. The strength of the dike increases, which
lowers the chance on failing mechanism piping
(Roode et al., 2018).

Principles

The berm should be perpendicular to the dike
and as wide as possible. The width depends on
the location and the soil type of the dike and its
surroundings. The longer the foreland, the more
effective. The height of the foreland is, when it
comes to piping, less of importance. The foreland
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Fig. 5.5

technical principles foreland aiming to improve stability

Stability

Foreland has the most effect on macro stability
inner and outer side. When the foreland in front
of the dike consists of a poorly permeable soil the
grain tension in the dike increases and the phreatic
line is lowered. This makes the dike stronger which
decreases the chance on instability inner and
outer side. Moreover, the foreland forms a support
berm which prevents the dike from sliding away at
the outer side of the dike. In general, the dike is
strengthened with a foreland. When the foreland
is high enough water in extreme situations will not
even reach the dike, which has a positive effect on
the stability (Roode et al., 2018).

Principles

When improving the stability of the dike the
foreland should be high and long (fig. 5.5). The
exact measurements are location dependent.
However, the higher and longer the foreland the
more effect it has on the stability. There is an extra
blockade between the dike and the water. When
part of the dike fails, the foreland can still cope
with the water (den Hengst & Roode personal
communication November 14th 2018).
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Fig. 5.6

technical principles foreland aiming to reduce waves

Wave overtopping/water overflow

Where the wind has a lot of influence on a long
stretch of water, waves will arise of about 0.5 to 1
meter height. When the foreland is heightened
or a gradual slope is made in front of the dike,
the waves will break before they reach the dike.
When the waves break in shallow water the dike is
protected from outer and inner slope from erosion.
Also, other elements on the foreland can be useful
to break the waves. For instance, vegetation and
buildings (Roode et al., 2018).

the discharge capacity of the river (de Vries and
Dekker 2009) (fig. 5.6).
Important to note is that foreland and the dike
should be approached integral and not separately,
both affect each other.

Principles

Vegetated foreland is significantly more effective
in reducing waves compared to foreland without
vegetation. Most waves are reduced in the first
ten meters of the vegetated foreland. The exact
number of reduction is dependent on the location,
the type of vegetation and the density. When using
a 100 meter fully grown willow production forrest
the wave reduction can be between 75-93%. It is
of importance to include a maintenance strategy
in the development of the design to make sure
the vegetation is ready to reduce the waves in
every situation. When implementing a vegetated
foreland some aspects need to be considered.
The vegetation must be able to handle inundation
and to grow on clay soil. The forest should be
placed close to the dike to avoid obstruction for
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5.4 CURRENT CHARACTERISTICS OF FORELAND
To be able to study opportunities for further
development a typology of characteristics and
current use of floodplains was made. This chapter
presents the typology, and the main positive or
negative effects for possible contributing foreland.

The different land use possibilities are visualized in
their most common appearances. The description
elaborates on the different land use possibilities
and gives examples, how these existing situations
influence the dike positively or negatively.

Nature high-dynamic

Nature low-dynamic

Fig. 5.7

Fig. 5.8

foreland typology high-dynamic nature

Many floodplains are currently highly valued nature
conservation areas. They often function as corridors
for certain species to migrate in the further
fragmented landscape (Schindler et al., 2014).
The natural value of floodplains has an important
role in the nature network of the Netherlands
(Buijs 2009). Since floodplains are outside of the
protection of dikes they are influenced by natural
processes which is ecological more interesting
(Schindler et al., 2014). On the other hand, when a
nature area is declared Natura 2000, changes can
only be made under very exceptional situations.
Changing forelands with a Nature 2000 status
for dike reinforcement is strictly regulated and
consequently very difficult.

+ Trees and other vegetation have a positive

effect on the attenuation of waves and decreases
the chance on erosion of the outer slope.
- To develop valuable nature elevation
differences are desirable that are influenced
by natural nature, elevation differences (highs
and lows) that accommodate natural dynamics
are necessary. Forelands that contribute to dike
reinforcement must be relatively high and stable.
Consequently, combining ecological development
and meeting dike standards may become difficult.
(van Loon-Steensma and Kok 2016).
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foreland typology low-dynamic nature

Due to frequent flooding in floodplains nature
development is a logical land-use choice for
floodplains instead of agriculture. Low-dynamic
nature includes the conservation of isolated
aquatic habitats (that are partially influenced by
flooding). Low-dynamic nature functions among
other things as spawning grounds for different
organisms. Low-dynamic nature is more rare in the
Dutch river landscape compared to high-dynamic
nature (Arts et al., 2016).

+ Often occuring rougher vegetation of low-

dynamic nature can have a positive effect on
wave reduction. However, for maintenance
reasons, water authorities profit from intensively
maintained foreland (den Hengst & Roode
personal communication November 14th 2018).
Ecologically, this is less interesting due to a lower
biodiversity.
- Low-dynamic nature can be ecological
valuable. Habitats often must be preserved.
Consequently, combining ecological
development and meeting dike standards may
become difficult. (van Loon-Steensma and Kok
2016).

Extensive farming

Intensive farming

Fig. 5.9

Fig. 5.10

foreland typology extensive farming

When floodplains are more wet and the summer
dikes are removed, agriculture becomes more
difficult. In this case, floodplains may offer
opportunities for, extensive agriculture for both
food production and maintenance of the area
(Silva et al., 2004).

+ Extensive farming as use of the foreland leaves
more opportunities to shape foreland.
- The removal of summer dikes means that the
foreland is more under influence of the natural
dynamics of the river. Consequently, the foreland
is therefore more vulnerable and more difficult to
include in the dike reinforcement (Roode et al.,
2018).

					

foreland typology intensive farming

Most floodplains in agricultural use are pastures
or hayfields. As a result from flooding, the soil is
often too wet for other types of agriculture. Ditches
to drainage the land are implemented to make
the land more suiteable. The low summer dikes
separate the main river gully from the floodplain.
Which provides a more ideal situation for intensive
agriculture for most of the year (Buijs 2002). These
floodplains are often higher and micro elavation
has been removed for productivity.

+ The empty agricultural fields positively influence
the discharge capacity of the river. When foreland
is used for agriculture in the form of crops the
foreland is often heightened to avoid flooding
(Roode et al., 2018).
- Due to ditches and to a less extend, grazing
livestock the poorly permeable top layer can be
damaged. Which will increase piping problems
(Roode et al., 2018).
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Recreation

Material extraction

Fig. 5.11

Fig. 5.12

foreland typology recreation

In many cases floodplains do have an important
recreational function. Mostly this contains nature
recreation but also water sports. Here the tension is
not particular between water safety and recreation
but more on nature and recreation. Restrictions
are made and in some cases recreation is even
forbidden (Roode et al., 2018).

+ Recreation can be used to join opportunities to

develop a wider support concerning the financial
aspect of the reinforcement and the awareness on
climate change and its consequences (van LoonSteensma 2011).
- The more intensive use of the dike is not without
any consequences for the dike. Extra attention
must be given to the covering of the dike (van
Loon-Steensma 2011).
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foreland typology material extraction

Along rivers, in the existing floodplains, materials
as for instance clay, sand and gravel are extracted.
The permeable soil often has to be cut through to
reach the suitable material.

+ The extraction of material can be combined

with making the contributing foreland or to compensate for foreland.
- The excavation of the non-permeable soil close
to the dike has a negative effect on the failing
mechanism piping and stability.

Cultural history

Living and industry

Fig. 5.13

Fig. 5.14

foreland typology cultural history

The Dutch river dike landscape interweaves with
the history of the landscape. This means that many
elements along the dike and and in the floodplain,
originating from different time-frames, which are of
importance for the cultural heritage of the place
(LOLA 2014).

+ Elements in the landscape as for instance an

old stone factory are already placed on higher
grounds and the raised foreland contributes to
the protection of the dike.
- Important cultural heritage elements on
the foreland can obstruct implementation of a
well-working foreland. Extending or heightening
of foreland may have a negative influence on the
cultural-historical elements.

					

foreland typology living and working

Especially in the western part of the Dutch
river area, floodplains are built-up areas with
important urban and industrial functions. Here the
floodplains generally are man-made, high parts,
that flood occasionally. Both, residents and flood
defence managers, want to preserve the artifical
higher grounds. However, it is not owned by water
authorities, tension arises when residents have a
different view on maintenance of their property. On
the other hand, residents benefit from avoidance
of dike reinforcement, and are willing to cooperate
with water authorities to it in the right condition
(Roode et al., 2018).
+ Buildings on forelands, especially when they
are placed in a row parallel to the dike connected
to each other have a wave reducing effect.
Furthermore, the houses or industry buildings are
often build on higher grounds, maintained by the
residents and companies out of self-interest. This
has a positive effect on the stability and reduces
erosion of the outer slope of the dike.
- The land belongs to private individuals who
can make changes to their property. Another
problem is that industry attracts a lot of ships.
Deepened river fairways within rivers and waves
caused by ships can lead to a decay of the river
banks.
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Visions on riverbed and foreland
development

Considering, that floodplains are outside of the
protection of dikes they are extremely vulnerable
to climate change. Due to increasing human land
use pressure and the many regulations concerning
floodplains, future development has become a
complex task. One must aim for a holistic approach
with multifunctional practices at strategic locations
in the landscape (Schindler et al., 2014). However, it
is important to note that finding balance between
flood protection, spatial developments and
social acceptance will always be difficult. Besides
combining with the often-present functions for
instance, infrastructure, ecology and shipping
makes it even more complex (Ritzema and LoonSteensma 2018).
Research has been performed on the value of
floodplains in the river landscape. Spaciousness,
presence of flora and fauna, and the dynamic
characteristics, representing the constantly
changing water levels, are highly appreciated
aspects of floodplains. Research by Buijs (2009)
proved that visitors appreciate floodplains for
different reasons. Both the “wild nature” and the
“well-kept cultural landscapes” are appreciated.
The following sections describe these two
divergent opinions.

‘New Nature’ vision

Currently in the riverbed, morphodynamic
processes are severely limited compared to natural
rivers. Processes that influence the floodplains,
are formation of sandy levees along the river,
sludge deposition and the gradual filling of lower
areas and old river gullies (Kater et al., 2012).
These dynamic processes are nowadays almost
completely fixated, caused by diking, building
weirs and groynes and other river restrain works to
stimulate agriculture and/or shipping. Moreover,
by the implementation of summerdikes, forelands
were even further fixated (Everts et al., 2013).
Clay along the dike was used to repair dikes, leaving
artificial lower areas alongside the dikes, that were
later overgrown with swamp or willow vegetation.
Also industry discovered the potential of clay from
the rivers to develop bricks. Factories settled in
the floodplains and the clay layer was excavated.
Furthermore, after world war two sand and gravel
was gathered from the floodplains, leaving deep
lakes. Synchronal, the normalization process
started, to optimize both shipping possibilities
and water discharge. Moreover, a large part of
the topography of the floodplains was levelled,
to optimize farming conditions, due to land
consolidation processes in the Netherlands. This
resulted in ecological less interesting landscape.
Floodplains often lack gradual transitions, for
instance woodlands in current floodplains have
hard edges, which is ecological less interesting
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(Everts et al., 2013).
However, a new movement started with the
development of large scale ‘new nature’ areas.
This vision, developed by landscape architects
and ecologists, focusses on the development of
the original major processes that occur in natural
floodplains. They plea for grazing the new nature
areas by “wild animals” (or more natural cattle),
stimulate erosion and sedimentation, more natural
inundation regimes, et cetera. Excavating clay,
sand or gravel may be used to pay for the nature
development (van de Ven et al.,1997). The process
and the end goal of the design has a double
objective: it improves the ecological value and
offers more space for the river. This type of thinking
became an inspiration for the national program
Room for the River and many forelands have been
transformed into ‘new nature’ (Wesselink et al.,
2007).

Cultural landscape vision

The cultural landscape tells very different stories
from different periods in the occupation history,
such as (Renes 2003):
• Dikes, old river arms, ‘wielen’ (deep erosion
pools), seepage dikes, sluices, dike buildings,
tell the story of the Dutch struggle against
water.
• Farms, meadows, pollard willow trees, tell the
story of agricultural land-use of the area
• Brick factories, with the excavated areas
around, roads, mooring places and workers’
houses tell the story of the old brick stone
industry.
Large scale ‘new nature’ development was for
many an euphoric innovation (Wesselink et al.,
2007). However, many feared the loss of the
cultural historical characteristics of the Dutch river
landscape. Firstly, cultural landscape elements
were neglected and got lost in ‘new nature’.
Secondly, farmland was exchanged for nature,
and were replaced on the other side of the
dike. Farmers took the opportunity to intensify
their land which resulted in a landscape without
hedges, trees or other interesting features.
Thirdly, ‘new nature’ often cooperates with large
excavation companies who earn money by selling
the materials. This means that on a large scale the
historical topography is excavated (Renes 2003).
It can be concluded that foreland, rivers, the dike,
and the hinterland are used by many different
actors with different interests. Renes (2003) states
that in the development of floodplains there are
two main directions; the development of ‘new
nature’ or preservation of the cultural landscape.
When intervening in the Dutch river landscape,
one must carefully analyse the present structures.

5.5 THE COMPLEXITY OF FORELAND
Policy and forelands

There are three difficult aspects when the solution
for the dike reinforcement is found in adjusting or
integrating foreland.
The first issue is the (strict) national policy
concerning the development of the riverbed.
Here, Rijkswaterstaat is responsible for issuing
permits based on the national Water Law. The
main objective of Rijkswaterstaat is to maintain
good conditions for shipping and the discharge of
water, ice and sediment (source: National Waterlaw
- Waterwet). One of the focal points of the policy
on the river landscape lies on water level reduction.
When reinforcing the dike by using forelands space
of the river winter bed is needed. Therefore, the
water storage capacity of the river decreases.
Regulation today is that when using space of the
winterbed it must be compensated somewhere
else along the river. Under no circumstances may
an intervention in the river area result in water level
rise.
Rijkswaterstaat (2018) has two types of approaches
along the river:
• ‘Yes, if’ (ja, mits): initiatives are possible, if it
is executed within the framework of the area.
A limited number of land uses and functions
may get a permit to develop, e.g. nature
development or specific waterborne industrial
activities. It must be proven that these activities
will not lead to loss of room for the river.
Compensation may be necessary.
• ‘No, unless (nee, tenzij): The activity is not
allowed, unless it may be proven that great
public interest is involved. In that case (over)
compensation of losses of room for the river is
demanded.
Secondly, the former mentioned strict policy leads
in many occasions to constructive solutions when
reinforcing a dike. From historic times, dikes and
their direct surroundings are the most important
and the most intensively occupied parts of river
landscapes. Roads, towns, villages and other buildup areas are located on or close by the dikes. As
a consequence, in many cases, little space is left
in the hinterland for dike reinforcement. Resulting
in little possibility for water authorities to seek the
solution for the dike in the hinterland. Moreover,
implementing foreland is almost entirely ruled
out due to the legislation of Rijkswaterstaat. In
these cases, using heavy constructions in the dike
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is the last, but costly, option. These constructive
solutions are expensive, approximately 30 million
euros per kilometre and often affect the continuity
of the dike profile (Klijn and Bos 2010). Moreover,
with constructive solutions a lower lifespan is
demanded since they are more difficult to adjust or
to replace. Reinforcement solutions in ground or
covering are easy to adjust and demand a life span
of 50 years, with constructive a life span of 100
and 200 years is demanded (ENW 2016). With the
uncertain exact consequences of climate change,
one can imagine that adjustable solutions are
preferred (HWBP 2019). The national programme
HWBP has reserved only approximately 7 million
euros per kilometre (HWBP 2019). Moreover, due
to budget cuts the HWBP has changed its policy
into ‘sober and efficient’. Meaning that only the
aspects of reinforcing the dike are financed. When
a certain area along the river is in development,
the possibility arises to include dike reinforcement.
However, when the dike is not officially rejected,
HWBP will not finance the project (den Hengst &
Roode personal communication November 14th
2018). However, the other way around, when there
is a possibility for combining the dike reinforcement
assignment with aspects that can be of societal
value it will be stimulated by the HWBP (HWBP
2019).
Thirdly, the confrontation with interests of third
parties. Foreland is often in use and owned
by nature organizations, natura 2000, industry,
residents, farmers etc. This makes it often difficult
to intervene. Especially when the area is an officialy
protected nature reserve. The reinforced foreland
will have impact on the habitats of the existing
nature area. The restrictions to these areas allow
only limited change. Furthermore, forelands are
often not owned by the waterboard. They will have
to extend their property and make the foreland part
of the dike. This is often complex due ownership
and to the multiple functions that are present
on the foreland (den Hengst & Roode personal
communication November 14th 2018).
To conquer the complexity of foreland an integral
approach is demanded. All involved actors must
be involved to develop this integral approach.
Measures must be tailored to the needs of the
actors. This also requires a flexible approach to
restrictive requirements of all parties (Roode et al.,
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2018).

Uncertainty

Since forelands are a relatively new subject for the
dike engineers, it is difficult to calculate the precise
effects of forelands. The calculations manuals are
obsolete are still merely directed at conventional
dikes only. Foreland is in these manuals neglected.
The dike manager must assign experts to make
calculation manuals for this specific part of the
dike (Roode et al., 2018). Furthermore, there is
insufficient knowledge of possible ways on how to
design effective foreland. Below the uncertainties
on foreland designs are listed:
• The effects of waterlevels that exceed the
height of the forelands. The phreatic line will
rise which has negative consequences for the
dike. This factor is to this day not possible for
manuals to calculate (Klijn & Bos 2010).
• There are no clear frameworks for properly
assessing a combination of, for example, a
sandy foreland in front of a dike. This may, e.g.,
result in uncertainty on the amount of sand
that is needed on the foreland to protect the
dike.(Klijn & Bos 2010).
• A foreland can be combined with other
functions as for instance nature and recreation.
It gives space to natural developments and
can become more meaningful to a larger
public. However, the foreland is more exposed
to the natural dynamics of the river. These
dynamics can lead to more insecurities, which
leads to more change on failing and higher
maintenance costs (van Loon-Steensma and
Kok 2016).
• Forelands are often in development. Caused
by natural circumstances (high water, low water,
or soil subsidence) or by human activities
(demolition of buildings, excavation, new
build up areas etc.) (Roode et al., 2018). These
developments may have positive or negative
effects. For instance, excavation by human
activities in foreland can lead to new entry
points for seepage flows with piping problems
as result. Prolonged high water, rising above
the foreland level, may lead to an increased
phreatic line which decreases its stability.
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DEVELOPING DESIGN
PRINCIPLES

06
6.1

This chapter starts with describing the criteria that were of importance to
select the case studies. Followed by a description of the case studies and
the developed design principles. The final section presents an overview
on all design principles with an evaluation.

CRITERIA CASE STUDIES

To develop design principles, three case studies
were conducted. Using case studies in research
makes the research more relevant for practice,
policy and scientific realms. In this research, a
multiple case study is used to make an elaborate
comparison (Swaffield 2017). Three criteria were of
importance while choosing the case studies:
1. The location had to be in the upstream part of
the central Dutch river landscape since this is
the study area of this thesis.
2. The dikes must have a topical dike
reinforcement assignment.
3. The failing mechanisms piping, stability or wave
reduction should be prominent described in
the technical report.
For each of the case studies, one of the failing
mechanisms was selected and addressed.
Addressing only one of the occurring failing
mechanisms is a simplified version of the reallife situation. Hence, it made the process more
manageable and specific design principles were
developed for piping, stability and wave reduction.
Due to limited time only two cases were selected.
The Grebbedijk at Wageningen and the Waaldijk
at Vuren. For the Grebbedijk the failing mechanism
piping was addressed. For the Grebbedijk failing
mechanism piping was addressed. For the Waaldijk
failing mechanisms stability and wave reduction
were addressed.
					

The cases needed to be compared in a systematic
way to develop design principles. For each of
the cases an analysis was made of the area. The
regional scale is described in text. The analysis
on the course of the dike is presented with maps
explaining important elements concerning the
landscape and occupation layer. The characteristics
of the course of the dike are presented in a map
with additional sections. The technical assignment
and possible societal opportunities that can be
included are described in text. With additional
an image of the selected dike subject and the
corresponding technical assignment.
All four strategies derived in chapter 4 were
applied on one selected characteristic section. The
strategies were implemented in a real-life situation
using a picture of the location. The strategies were
applied based on the technical assignment, the
characteristics of the dike and the location specific
objectives that can be linked to the reinforcement.
By doing this a real-life concrete small design is
made of the strategies. Abstraction is needed to
develop more general applicable design principles.
The main objective is to develop an ordered set of
design principles that show all the possibilities to
fit an ambition (Prominski 2017), in this case, using
foreland to reinforce the dike.

developing design principles 			
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6.2 CASE 1 GREBBEDIJK
The Grebbedijk lies in a unique part of the
Netherlands. Moraines formed during ice ages
left a varying landscape. The rivers dropped their
sandy sediment alongside the rivers leaving natural
levees. Heavy clay sediment was dropped further
in the hinterland. Resulting in a varying landscape

that has for Dutch standards, tremendous
topography. The dike forms a connection between
the two moraines, and a separation between the
floodplain and the hinterland (Flux 2019). The
Grebbedijk is for Dutch standards a short dike of
5.4 kilometres, protecting a large area. Therefore,
the dike received the stamp of high priority by the
HWBP (LievenseCSO 2018).
After a flooding in 1855 the Grebbedijk was
adjusted which has resulted in the course of the
dike as we know it today (Massop and Knol 2005).
Around the same time, brick factories settled
in the floodplains. Later nature development
became of more importance and gullies and lakes

Legend

nature part of natura 2000
natura 2000 to be
natural higher grounds

Fig. 6.1

analysis map landscape layer Grebbedijk

Legend
cultural historical buildings
industry
buildings alongside the dike
buildings on the outer side of the dike
regional road parallel on the dike
recreational route

Fig. 6.2

analysis map occupation layer Grebbedijk

were excacated to create the ecological valuable
landscape that it is today (fig. 6.1) (Flux 2019).
The dike with its floodplains is mainly used for
recreation. It is subjected to several biking and
walking routes. The foreland of the selected part
is designated Natura 2000. However, it has more
similarities with extensive agriculture (fig. 6.1
natura 2000 to be). It is an empty field maintained
by sheep. Closer to the river it is more nature like.
Furthermore, many sports societies are using the
water areas for sailing, rowing and canoeing (fig.
6.2) (Flux 2019).
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* In appendix A.1 an analysis map of the regional scale is added

Characteristics

On a larger scale the variety of landscape types are
interesting. Resulting in a unique landscape that is
valuable for nature and recreation. The available
infrastructure in the surrounding landscape of the
dike offers opportunities to create an almost carfree situation for the dike (Flux 2019).
Figure 6.3 shows the characteristics of the dike. The
dike stands out in the landscape. The landscape
varies from both more open and more enclosed
areas. There are vistas towards the hinterland and
the two moraines. There is only one clear view
towards the river. The dike itself has steep slopes,
is grass covered and the inner side of the dike is at

Legend
agriculture
nature
nature to be
vistas
cultural historical buildings
old brick stone factories

Fig. 6.3

main characteristics Grebbedijk

section AA’

section DD’ (selected section)

section BB’

section EE’

section CC’
Fig. 6.4
sections main characteristics

all times visible.

Assignment

As was mentioned before, the Grebbedijk is of
major importance. Dike breach will have major
impact on a large part of the province of Utrecht
(Klip-Martin et al., 2017). Piping is one of the main
issues for the dike due to the varying layers in the
subsoil differing form clay to sand. The sandy layers
lead to seepage flows under the dike, which makes
the dike vulnerable. The Grebbedijk is divided in
eight compartments, every compartment needs
probably similar technical measures (fig. 6.5).
Figure 6.6 shows that for the selected section

Fig. 6.5

Different compartment of the dike, 5 concerns selected section

					

49.2 meter foreland is needed. Foreland solutions
are discussed in the review on water safety, by
water authorities. They are looking for innovative
solutions that will extend the seepage length.
(LievenseCSO 2018).
Besides the water safety assignment, more goals
were set up by the involved parties:
• Nature development in the floodplains under
policy of Natura 2000 and NURG
• Expanding and improving the recreational
network
• Improving the spatial quality of the area
• Improving the readability of the landscape by
giving attention to the cultural history (KlipMartin et al., 2017)

Fig. 6.6

dp 23-27 is the selected dike section 49,2 meters is needed

developing design principles 			
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Fig. 6.6

continuous dike applied strategy ocussing on piping

Fig. 6.7

continuous dike applied strategy focussing on piping

Fig. 6.8

autonomous dike applied strategy focussing on piping

Fig. 6.9

concealed dike applied strategy focussing on piping

* In appendix A.2  the process of developing the design principles is presented with Grebbedijk as example

Fig. 6.10

Fig. 6.11

Fig. 6.12

diverse dike design principle to solve piping problems

continuous dike design principle to solve piping problems

autonomous dike design principle to solve piping problems

According to the diverse strategy, the dike should respond to its direct surroundings. Foreland is a transition
and highlights important aspects. In the small design
(fig. 6.6) the foreland responds to the nature and recreational function of the floodplain. From the analysis, it
became clear that there is the objective to improve nature and recreation. Hence, foreland can also negatively
influence existing relations of the dike and the foreland.
In the abstraction process, the different ways foreland
can respond to its surrounding were considered. With
the design principles of figure 6.10 as result. The foreland can have different shapes, depending on the existing land-use in the area or the technical assignment.
The examples show the different shapes and land use
elements:
•
A high and straight foreland can be interesting for
recreation.
•
With micro differences in elevation, ecological value
can increase.
•
Underground, to preserve special cultural historical
elements.
The continuous dike focusses on the main function of the
dike; water safety. The shape emerges from this function. In the small design (fig. 6.7) the foreland is designed
straightforward with different land use than its surroundings. To make the dike stand out more. In this case nature in the floodplain and recreation on the foreland, to
meet the objectives of this area. The abstraction process
elaborated on the land use opportunities of the higher
foreland. It could be useful for (fig. 6.11):
•
Extensive agriculture, it would be too small for intensive agriculture.
•
Low-dynamic nature, due to its higher elevation
hardly affected by nature dynamics.
•
Recreation, it offers the opportunity to experience the river landscape from a different perspective
then the dike.
The autonomous dike strategy stresses that the dike
should be the main element, there is a clear hierarchy.
Figure 6.8 visualizes how the foreland and the berm on
the inner side of the dike are designed the same way.
Resulting in a symmetrical dike. Land use continues until the tipping point between dike and foreland on both
sides. The abstraction process transformed this small design quite literally (fig. 6.12). The dike with foreland and
hinterland should be designed symmetrical to make the
dike stand out more. When a higher dike is necessary,
steeper slopes should be used. To increase the effect of
the dike as main element, to which the foreland is subordinate.
According to the concealed dike strategy, the dike is no
barrier and lines of the hinterland and foreland continue
over the dike. Hinterland, dike and forelands constitute
a fluent entity, without sharp contrasts in between. The
small design of figure 6.9 visualizes how existing land use
is improved with a foreland using a more gradual slope.
The abstraction process focused on the connection between hinterland and foreland (fig. 6.13). The example
shows nature on both sides. The non-permeable soil of
the foreland is, in this case, underground with on top of
it the original soil. The existing nature will remain the
same.

Fig. 6.13

concealed dike design principle to solve piping problems

					

developing

In all four designs (fig. 6.6-6.9) a bypass is implemented
to compensate for the foreland, with low-dynamic nature
as main function.
design principles 		
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6.3 CASE 2/3 WAALDIJK
VUREN

Analysis

The landscape around the Waaldijk at Vuren can
be described as a typical Dutch river landscape
belonging to the upstream part of the central
Dutch river landscape. The higher sandy levees
were formed along the river, heavy clay sediment

was dropped in the hinterland Compact villages
have established on the natural higher grounds
along the dike (Waterschap Rivierenland 2016).
The foreland near Vuren is relatively small. Open
vistas on the river landscape appear since the dike
lie closer to the river (HNS 2015).
The dike itself is an interesting recreational route,
however, the accessibility of the floodplains and
recreational facilities are lacking. A large area
of the floodplains is part of the national nature
network (NNN). There is a road connection
between the villages parallel to the dike. Meaning
that the traffic on the dike is mostly destination
traffic or recreational traffic.Tension rises when

Legend

nature
nature part of natura 2000
nature to be
natural higher grounds
sluice for near floodings
area that will inundate

Fig. 6.14

analysis map landscape layer Waaldijk Vuren

Legend
cultural historical buildings
industry
buildings alongside the dike
buildings on the outer side of the dike
regional road parallel on the dike
recreational route

Fig. 6.15

analysis map occupation layer Waaldijk Vuren

recreational traffic parks on top of the dike. The
dike is historically interesting, which is visible in the
landscape (fig. 6.14 and 6.15) (HNS 2015).

Characteristics

The long history of the dike is reflected in its course,
constitution and types of use. For instance, the
several erosion pools (‘wielen’) along the inner side
of the dike. Because of the many replacements, the
dike has a winding course with interesting sharp
turns. Furthermore, the dike and the river are part
of the “Nieuwe Hollandse Waterlinie”(water based
defence system ) (LOLA 2014), resulting in many
forts and old cities with fortification. Vistas are
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* In appendix A.1 an analysis map of the regional scale is added

preserved that used to function as open fields to
spot and shoot the enemy. These defense elements
along the dike attract many tourists (HNS 2015).
There are three spillways on the dike, they were
used to transfer the high water in the hinterland
into the river. They are visible in the landscape
because the road on top of the dike is made with
bricks. Bricks are easy to remove and replace when
the spillways had to be used (HNS 2015). The dike
is for the most part distinctive in the landscape and
forms a border between the cultivated landscape
and the more natural river landscape. In industrial
areas the dike is hardly visible (fig. 6.16).
The dike itself has been reinforced for the last

Legend

nature
nature to be
vistas
cultural historical buildings
old brick stone factories
special place on or alongside the dike

Fig. 6.16

main characteristics Grebbedijk

section AA’

section DD’ (selected section wave reduction)

section BB’

section EE’

section CC’
Fig. 6.17 sections main characteristics

section FF’ (selected section stability)

time in 1995, influenced by the advice of the
Boertien-commission. This commission advised to
incorporate “LNC”values of dikes. As a result of
this advise, new dikes, with a steep (1: 2.5) top and
a ( 1:4 base) were designed. (fig. 6.17 BB’,CC’ and
DD’)(Waterschap Rivierenland 2016).

The total length of the dike is 23 kilometers, 14.2
kilometers must be reinforced. However, if the time
frame is extended to 2075, 90% of the dike would
be rejected. The dike should be reinforced for
piping, stability and wave overflow. For this case
study, I will only focus on stability and wave overflow
shown in figure 6.19. The section of stability (EE’)
lies at point 390 of the dike. The section of wave
reduction (DD’) lies at point 370 of the dike. For

stability berms are discussed as a solution mostly
on the inner side. For wave reduction foreland
solutions are discussed in the review on water
safety. They refer to it as moderate slopes in
front of the dike and roughening the slope using
vegetation (Waterschap Rivierenland 2016).
Besides the watersafety other assignments must
be fulfilled:
• Areas that are not yet nature, have the potential
to become nature. To develop connection to
the otherwise more fragmented nature.
• The floodplains are poorly accessible for
people, there is a demand for walking routes
in the area.
• During busy days, normal and recreational
traffic are in each other’s way. Solutions have to
be found to solve these problems (HNS 2015).

Fig. 6.18

Fig. 6.19

Assignment

selected part of the entire dike that needs reinforcement

					

Dike with technical assignment
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Fig. 6.20

diverse dike applied strategy focussing on stability

Fig. 6.21

continuous dike applied strategy focussing on stability

Fig. 6.22

autonomous dike applied strategy focussing on stability

Fig. 6.23

concealed dike applied strategy focussing on stability

INDENTED

Fig. 6.24

Fig. 6.25

Fig. 6.26

Fig. 6.27

diverse dike design principle to solve stability problems

continuous dike design principle to solve stability problems

autonomous dike design principle to solve stability problems

concealed dike design principle to solve stability problems

					

According to the diverse strategy, the dike should respond to its direct surroundings. Foreland is a transition and highlights certain aspects. The special spillway
concrete elements of the dike, are emphasized with this
indented shaped foreland and a recreational route for
pedestrians. Also to meet the recreational objecitve
of this area (fig. 6.20). Landscape elements should be
leading in this strategy, sometimes foreland can negatively influence existing relations of the dike and its surroundings. In the abstraction process, the different ways
foreland can respond to its surroundings was considered. With the design principles of figure 6.24 as result.
The foreland can have different shapes, depending on
the existing land use in the area or the technical assignment. The examples show different land use elements:
•
A high foreland can be interesting for recreation.
•
With micro differences in elevation, ecological value can increase.
•
A indented shape may emphasize special places alongside the river.
The continuous dike strategy focusses on the main function of the dike; water safety. The shape should emerge from this function. In the small design of figure 6.21
foreland is designed straightforward and has one clear
function; extensive agriculture. The dike together with
its foreland stand out in the landscape. The abstraction
process elaborated on the land use opportunities of the
higher foreland. It could be useful for (fig. 6.25):
•
Extensive agriculture, it would be too small for intensive agriculture.
•
Low-dynamic nature, due to its higher elevation it is
hardly affected by nature dynamics.
•
Recreation, it offers the opportunity to experience
the river landscape from a different perspective
than on top of a dike.
According to the autonomous dike strategy the dike
must be the main element in the landscape. The dike
section must be symmetrical. Figure 6.22 visualizes how
the foreland is relatively (compared to the continuous
dike 6.21) short and high. Hence, the foreland is kept
below the concrete spillway element, since they belong
to the dike, which is the most important element in the
landscape. A walking path was added to meet the recreational objective of this area. The abstraction process
elaborated on the symmetrical dike design and the distinctiveness of the dike. In the design principle (fig. 6.26),
the berms on the inner and outer side of the dike are
designed the same way. Resulting in a symmetrical dike.
When a higher dike is necessary, steeper slopes should
be used. To increase the effect of dike as main element,
to which foreland is subordinate.
For the concealed strategy, the dike does not form a
barrier. Hinterland, dike and forelands constitute a fluent
entity, without sharp contrasts in between. Currently along this section of the Waaldijk extensive agriculture (in
this case grazing sheeps) is present in the hinterland.
The small design (fig. 6.23) shows that with using foreland it is now applicable on both sides. Moreover, instead of sharp edges (fig. 20-21) a more gradual slope is
used for the concealed dike. The foreland is kept below
the concrete spillway elements, however, it is a gradual
transition and not clearly visible. The abstraction process focused on the lines that are in this principle not
interrupted by the dike (fig. 6. 27).
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Fig. 6.28

diverse dike applied strategy focussing on wave reduction

Fig. 6.29

continuous dike applied strategy focussing on wave reduction

Fig. 6.30

autonomous dike applied strategy focussing on wave reduction

Fig. 6.31

concealed dike applied strategy focussing on wave reduction

Fig. 6.32

Fig. 6.33

Fig. 6.34

Fig. 6.35

The diverse strategy stresses that the dike should respond to its direct surroundings. Foreland is a transition
and highlights certain aspects. From the dike guided
vistas should be made towards elements in the surrounding landscape. In the small design, foreland is extended towards the river. The trees are placed strategically, they are both wave reducing and emphasize vistas
in the landscape. The foreland has a low-dynamic nature
function combined with recreational paths, to meet the
nature and recreation objective of this area (fig. 6.28).
In the abstraction process, the elements of the small
design are translated into general applicable principles
(fig. 6.32). The tree clumps are more detached and will,
therefore, grow wider and stand out more. In addition
to trees, however less effective, rough surfaces are also
wave reducing. When needed open spaces can be created along the dike where vistas are important. Trees
closer to the river are most effective in wave reduction.
Trees closer to the dike can be arranged more niceley.

diverse dike design principle to reduce waves

The continuous dike strategy focusses on the main function of the dike; water safety. The shape should emerge
from this function. This strategy describes that the dike
must have a clear relation with the river. In the design of
figure 6.29 the foreland is extended towards the river.
The trees are placed in a grid to be more effective. The
trees must be lower than the dike, to preserve sight over
the trees towards the river. In the abstraction process,
the elements of the small design are translated into general applicable principles (fig. 6.33). The trees must be
placed in a grid perpendicular to the dominant southwester wind direction, to reduce waves most effectively.
Moreover, a grid of trees is easier to maintain. Two types
of trees are selected and placed alternately to avoid diseases.

continuous dike design principle to reduce waves

autonomous dike design principle to reduce waves

concealed dike design principle to reduce waves

					

The autonomous dike strategy stresses that the dike
should be the main element, there is a clear hierarchy. In
the design foreland is extend towards the river. The trees
are placed in a line along the dike and certain sightlines, moreover this are different type of trees. This results
in a dike and sightlines that stand out more (fig. 6.30).
The abstraction process focused on developing general
applicable principles and how the dike can become the
most important element in the landscape. To make the
dike stand out more, trees are placed on a certain distance of the dike, therefore the dike preserves its ‘own’
space. Other principles are taken quite literarily of the
small design. Meaning that the line of trees along the
sightlines and dike are a different species of trees (fig.
3.4).
According to the concealed dike strategy, the dike does
not form a barrier. Hinterland, dike and forelands constitute a fluent entity, without sharp contrasts in between.
In the small design land use continues over the dike. The
slopes are on both sides made more gradually to improve the existing nature. At the hinterland, this will consist
of low-dynamic nature, the foreland is more exposed to
natural dynamics and therefore it will be more dynamical
nature. In addition to trees, rough surfaces, however less
effective, are also wave reducing. Therefore, in this case
open more rough spaces are made, to develop a more
varying landscape. In the abstraction process, more general applicable principles were developed. Lines must
continue from the hinterland to the foreland. The dike
does not form a barrier anymore.

developing design principles
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6.4 EVALUATION DESIGN PRINCIPLES
S TR ATE GIE S
DI VERSE

•

CONTINU O U S

•

AUTONOMOUS

•

C ONCE ALED

•

•

•

•

•

Fig. 6.36

P IP ING
Dike responds
to surroundings
Foreland
highlights
elements

Form emerges
from function
Dike with
foreland stand
out

Dike is symmetrical
Hierarchy, dike
is the main
element

Dike forms no
barrier
Lines continue
over the dike

collection table of all design principles

Evaluation

The table above (fig. 6.36) shows all design
principles that were developed in this thesis. There
are twelve in total, for each of the four strategies
and the three main failing mechanisms. By
collecting the principles on one page they can be
evaluated more easily and important aspects can
be pointed out.
It becomes clear that the diverse, autonomous and
continuous dike strategies lead to similar solutions
for failing mechanisms piping and stability. For
stability more height is required and for piping
more length is required. However, it is interesting
to note, that with applying one of the principles
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* In appendix B the presentation for the session with experts is presented

both failing mechanism can be solved.
Furthermore, the design principles that were
developed to reduce waves certainly look different.
Trees were applied because they are, according to
researchers, most effective. However, vegetation
roughness will also be effective. The spatial
effect of the four design principles concerning
wave reduction depends on the implemented
vegetation.
To test the reliability of the design principles,
feedback was requested of technical experts. A
presentation was given explaining the systematic
approach, the four strategies, the technical
principles and the design principles. The technical

S TABILITY

WAV E REDUC T ION

experts were the technical design team of the
Grebbedijk. Consisting of six people all involved in
the technical design of the Grebbedijk. The group
responded positively on the design principles
from this thesis. The systematic approach and the
technical principles received positive feedback.
Although, to a certain extent the strategies with
the corresponding design principles were taken
too literally. For instance, questions were asked
on how to implement for instance the continuous
dike design principles in a dike landscape that has
often, numerous incidental changes. Interestingly,
it was noted that by being consistent in the shape

					

of the dike, it results in fewer dike compartments.
All compartments must be calculated separately.
Thus, by being consistent fewer calculation models
are needed. Being consistent can be an interesting
topic for designers to meet technical dike experts.
Which can result in a more progressive cooperation.
However, when presenting for the experts, the
testing phase was not yet complete. After the
presentation, it became clear that the testing
phase should function as both testing the design
principles and give examples on how to personalize
the principles to the landscape identity or ‘Genius
Loci’ of a place.
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TESTING DESIGN
PRINCIPLES

07
7.1
Regional

This chapter starts with an elaborated analysis of the case study area on
the three scales; regional, course of the dike, and the dike section. Followed by the masterplan which is explained in text, sections and visuals.

ANALYSIS MEANDERING MEUSE

The selected case study is part of the ‘meandering
Meuse’, more specific the area between
Ravenstein and Lith. The Meuse is dominantly
fed by rain, which causes extremely fluctuating
water levels. The fluctuation of water levels differs
per season and per year. Winding dikes, small
dike villages and fortified towns on the natural
higher grounds characterize the area. The fortified
towns are part of the oldest defense lines of the
Netherlands. Furthermore, the area is known for
the normalization in 1926 performed by engineer
Lely. Currently the method he applied here is still
called the Lely-profile. Developed to improve
the rivers capacity to handle larger discharges.
The river was shortened and widened to process
more water in the same time (Strootman 2018).
Between Grave and Den Bosch the river used to
be 56.5 kilometers, today it is 37.4 kilometers. The
familiar large meanders were dammed off, some of
them remained as u-shaped lakes in the landscape
and some were refilled with sand that came from
excavating the new river. In addition, the river was
trimmed. Due to all these man-made changes
the natural river dynamic has disappeared largely
(Infram et al., 2016).
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Since the middle ages, water was led to the
hinterland when the Meuse threatened to flood.
This phenomenon was called the Beerse Meuse.
Downstream of Cuijk the excessive water would
flow behind Grave, Ravenstein, Megen and Lith
towards the polders of Den Bosch. Dikes were
made perpendicular to the river to protect residents
from water. The influence of the Beerse Meuse is
still visible in the landscape, for instance, the river
basin had to be kept free from any obstruction.
This led to an empty landscape with occasionally
a farm on artificial slightly higher grounds. The
fact that this area always has been in the shadow
of urbanization and infrastructure ensures an open
area with an agricultural character (fig. 7.1) (infram
et al., 2016).

Assignment :

The dike between Ravenstein and Lith does not
meet the most recent (2017) safety norms. The dike
protects approximately 270.000 people against
flooding. The dike is long and crosses several water
boards, municipalities and organizations that own
parts of for example the floodplains, in total ten
parties are involved (Weimer and Talens 2018).
The combination of more room for the river,

NIJMEGEN

Fig. 7.1

DEN BOSCH

meandering meuse regional scale, yellow lines show the study area of the project Meandering Meuse, hatched area is study area of this thesis

strengthening the dikes and landscape-oriented
interventions were studied. Results showed that
this combination contributes to water safety and
to the ambitions that were proposed by several
stakeholders (Weimer and Talens 2018). Ambitions
that were formulated resulted in three main
objectives: Strengthening the dikes, more room
for the river and landscape oriented interventions.
Also, sub-ambitions were developed: preserving
and developing nature, improving spatial quality,
improving recreational structure, stimulating
entrepreneurship and improving living conditions
(Infram et al., 2016). Moreover, it has potential
to become a landscape park for the larger
surrounding cities as for instance, Nijmegen, Oss
and Den Bosch (Strootman 2018).
For this thesis, the area between Megen and
Demen is selected as case study to test the design
principles. This part of the dike course is diverse in
both the dike sections and the dimension of the
foreland. Intervention in the foreland will therefore
have a different influence on the landscape and
possible land use opportunities.

Cultural history

The main elements that remained and are visible
in the current landscape are presented in figure
7.2. The normalization of the Meuse left an impact
on the water system and an enormous impact
on the landscape. On both sides of the river a
lowered zone was excavated, to evenly increase
the discharge capacity of the river. These lower
zones were 25 meters on both sides or when space
was limited on one side, a zone of 50 meters was
developed at the other side. Moreover, poplar
trees were planted along the river every 110
meters as final piece of the canalization. They were
originally planted as a boundary of the navigation
channel; today the trees serve no purpose (Infram
et al., 2016). But, the series of poplar trees is
the longest green structure of Europe (Bouman
personal communication February 13th 2019). The
series of trees contribute to the singularity of the

					

area. The complete zone with the excavated sides,
the Lely-profile with the poplar trees is seen as
engineering art (Bouman personal communication
February 13th 2019). The normalization had even
more consequences for the landscape. Due to the
large-scale excavation works in the landscape, a lot
of soil was released. This soil had to be dissolved in
the landscape. Erosion pools and other remains of
the historic Dutch river landscape were filled with
soil and dikes were widened to almost 100 meters.
This is visible west of Megen.
Figure 7.2 shows the old meander east of Megen.
This meander was silted up in a natural way, long
before the normalization started. For ages the old
province border remained on the location of the
old meander, the land in-between was Gelderland.
After the normalization the border was abolished.
The normalization also had consequences for
Megen; the ferry house was suddenly located
on the other side of the river (Bouman personal
communication February 13th 2019). Moreover,
Megen used to be a fortified town with walls and
surrounded on three sides by water. After the
normalization, the Meuse only flowed by the north
side of the town.
The dike villages Dieden and Demen and the
fortified town of Megen form special locations
alongside the dike. The villages and towns are
located on the natural higher grounds. The
combination of the dikes houses, with the line of
trees, the yard planting and orchards characterize
this area. In contrast with the empty lower grounds
in the hinterland that used to be dominated by the
Beerse Meuse. They are relatively empty since it
was not allowed to obstruct the discharge capacity,
untill 1942. This contrast between the open lower
grounds and enclosed higher grounds contribute
to the readability of the landscape (Infram et al.,
2016).
The villages have maintained their connection
with the river. The former dike reinforcement of
the 60/70 was executed in an interesting manner,
which contributes to the current characteristics of
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lower grounds
transition grounds
higher grounds
old city centre
old meander
dike trees
Lely zone
churches
special elements
old province boarder

Fig. 7.2

analysis map of the cultural history

the dike. Where there are houses along the dike,
it was reinforced on the outer side of the dike with
a higher narrow piece of dike ‘glued’ to the outer
side of the existing dike (Dutch: tuimelkade). This
solution has two positive aspects:
• The houses along the dike preserved their
natural situation and relation with the dike.
• Existing trees on the dike were preserved and
new trees were planted (Bouman 2019 personal
communication February 13th 2019).
The trees give the dike its uniqueness. From under
the shelter of the trees there is a view over the
river. A negative aspect of this solution is that many
houses lost their view on the river (Infram 2016).
All villages have churches along the dike. The
towers of the churches arise above the trees and
form landmarks in the landscape, that may evoke
important vistas. These churches are both on
the Brabant side and the Gelderland side. An
interesting connection point could be the brick
walls that are currently present in Megen, Dieden
and Demen (fig. 7.11). The wall emphasizes the
‘village’ character and could be interesting in using
for dike reinforcement (Infram et al., 2016).
The parcel structure in the floodplain used to be
indicated with typical Meuse hedges, some of the
hedges are still visible in the landscape. The hedges
are mostly made of hawthorn and fenced the
parcels from unwanted animals. People are used

to cultural open landscape, with hedges instead
of woodlands (Bouman personal communication
February 13th 2019). The vistas at the hinterland
are more narrow and shorter due to the enclosed,
build up areas on higher grounds. The vistas
towards the river are more wide and open (see
figure 7.3). The river itself is quite hidden. Due to
flooding and sedimentation between the dikes the
level of the foreland has increased making the river
hardly visible (Weimer and Talens 2018).

Water safety assignment

Dike failure between Ravenstein and Lith would
lead to flooding of a large area around Oss and
Den Bosch, leaving many victims and economical
damage. Climate change means for the Meuse
higher peak discharges and more often and longer
droughts (Weimer and Talens 2018).
The dike between Megen and Demen has
interesting elements on the inner side of the dike,
especially at the villages. The inner slope was
never adjusted leaving original relations between
the dike and the villages. Solutions can be found
on the outer side of the dike; however, it must be
compensated to maintain the discharge capacity
of the river. This is a critical aspect in this project,
strengthening the dike and water level reduction
of the river is both desired. The objective is 20
centimeters’ water level reduction. This goal can
narrow vista
open vista
dike trees
churches
special high elements

Fig. 7.3
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analysis map showing the vistas and sightlines

does not meet the
norm
probably meets the
norm
most likely meets the
norm
meets the norm

Fig. 7.4

analysis map technical assignment

be achieved by: excavating the old meanders,
excavating the summer bed or excavating the
winter bed. The interventions closest to the river will
reduce the water level by centimeters. Excavating
the old meanders will reduce the water level with
millimeters. Figure 7.5 shows the occurrence of
flooding, or in other words it shows the topography
of the area. There are three striking aspects visible
on the map (Weimer and Talens 2018):
• The Lely-profile is still low. Moreover, the Lelyprofile must be maintained intensively since no
vegetation is allowed. The areas are imposed
by RWS and cannot be deviated from these
rules.
• The foreland closer to the dike is relatively
high, and to some extend there are higher
‘islands’ visible.
• The old meanders are clearly visible in the
landscape.
The dike itself needs to be heightened and
strengthened. On average the dike needs to be
heightened with 50 centimeters. The height of the
dike must be at +11.00 meters NAP, it depends
on the current height of the dike how much
heightening is needed. Due to the threat of failing
mechanisms piping and stability, widening the dike
is needed (Infram et al., 2016).
Piping is a large problem, at some areas the
length of the berms must be 70 m. Lastly, at some

parts stability is a problem. Solutions are found in
making the slope less steep or develop a berm that
is between 4-10 meters wide (Bouman personal
communication February 13th 2019). In general,
an extensive dike reinforcement is needed which
demands for innovative solutions to avoid negative
impact on the landscape. Figure 7.4 shows what
failing mechanism has a negative impact on which
part of the dike. Moreover, the trees on top of the
dike makes the dike more vulnerable. When trees
fall down it will damage the dike. However, the trees
contribute to the character of the dike, innovative
solutions must be found in order to preserve the
trees (Bouman personal communication February
13th 2019).
There is an opportunity to tackle the water safety
challenge in a climate-robust and landscape
oriented manner. Applying a combination of dike
reinforcement and river widening measures acts
as a catalyst for water safety and quality. There is
support for a combination of river widening and
dike reinforcement, because it gives the entire area
a quality boost and fewer major interventions on
the dikes (less height and less space) are socially
and spatially more acceptable. This means that an
optimum balance must be found between dike
improvements and more room for the river (Infram
et al., 2016).

2 days per year
once every 2 year
once every 5 year
once every 10 year
once every 100 year

Fig. 7.5

analysis map showing the frequency of flooding
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low-dynamic swamp
hygh-dynamic swamp
agricultural land
wet forest

Fig. 7.6

analysis map showing the current nature areas

Recreation and nature

Nature is one of the main objectives for the
Meandering Meuse, to connect the missing links
of the Nature Network Brabant (NNB). Currently,
there are ecological valuable low-dynamic nature
sites in the area, mostly the wet areas. The dry areas,
on the other hand, are far less ecological valuable
(fig. 7.6). The nature values consist of, among other
things, a foraging area for migratory birds, river
swamp vegetation and river forest vegetation.
Beaver fortresses and special amphibians also
find a place in this landscape. Places where river
seepage comes up lead to specific conditions with
associated valuable flora and fauna (low-dynamic
nature) (Infram et al., 2016). Water level reduction
and nature development seem easy to combine,
however it is more complex than one would expect.
There is a difference between connecting the
meander directly or indirectly to the river (Bouman
personal communication February 13th 2019).
Connecting the meander directly, nature will be high
dynamic, which is also more interesting for water
related recreation. Moreover, when deepening the
riverbed, it will not flood as frequently as before.
This dynamic is needed to develop ecological
valuable nature. Meanders that are not connected
will have limited effect on the water level reduction
(Bouman personal communication February 13th
2019). To develop well-functioning ecological
valuable floodplains the development of low-

dynamic nature is of importance. Low-dynamic
nature function as, among other things, spawning
grounds for different organisms. This type of nature
is rare in the Dutch river landscape and therefore
important to develop (Arts et al., 2016). Nature is
the main objective and will be developed. Farmers
are replaced to the hinterland. But farmers can
have a role in the maintenance of the area with
haymaking or cows and sheep that maintain the
nature areas.
There are many small-scale recreational facilities
in the area, such as campsites, a small recreational
marina and bed and breakfasts (fig. 7.7). In
addition, there are a number of larger attractions:
the Gouden Ham with intensive water recreation
and the gardens of Appeltern. Along the dike there
are separate cycle and walking paths and there
are several walking paths along the old meander
(Infram et al., 2016).
Reintroducing the meanders will strengthen
the identity of the landscape, combined with
‘new nature’ the area can become recreationally
interesting. The old villages along the meandering
dike have potential to form entrances towards the
area. Part of the identity of Megen, Dieden and
Demen are the numerous brick walls. In a limited
number of situations, for instance only along the
centres of the villages, a construction of retaining
walls can be considered. It could become a
“balcony on the river landscape” (Infram 2016).
recreational area
cycling path
walking path
ferry
recreational marina

Fig. 7.7
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analysis map showing the recreational structure

section AA’

section DD’

section BB’

section EE’

section CC’

section FF’

The sections of figure 7.8 represent the main
characteristics of the dike. The most striking part
of this dike course are the trees on top of the
dike. They are highly appreciated, from under the
trees people can enjoy the Dutch river landscape
(section AA’). The trees are most continuous along
the villages. With the old churches alongside the
dike special locations appear (fig. 7.10). Moreover,
section AA’ and BB’ show how the inner slope
is still steep and that the houses and churches
alongside the dike have remained their original
relation with the dike. However, it also makes the
dike less continuous as the difference between
section BB’ and CC’ shows. In section CC’ the dike

changes into in a more indigested dike, the slopes
are less steep and the top of the dike is wider. The
dike stretches along the old meander, therefore
it loses its connection with the present river. The
dike is surrounded by nature however the Meuse
is not visible anymore. Even the large poplar trees
are difficult to distinguish due to other lanes of
trees that are present in the floodplain. The dike
continuous towards Megen and from Megen the
river is visible again. Megen is recognizable as an
old dike village shown in section EE and figure
7.11. However, when the dike course follows the
old dike and new dike are separated. The dike was
replaced leaving an indistinct area between the old
and new dike.

Fig. 7.8

sections of the main characteristics of the area

Characteristics

Fig. 7.9

church Dieden alongside the dike

Fig. 7.10

church Dieden alongside the dike

					

Fig. 7.11

church Dieden alongside the dike
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Fig. 7.12
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masterplan 1 to 5000

Dike with foreland and walking path on foreland. Flower dike
vegetation on foreland and dike.
Foreland with wave reducing hedges walking path in-between
hedges. Flower dike vegetation on foreland.
‘Island’ former Gelderland with flora rich vegetation, hedges
placed on former parcel boundaries and old roads with trees.
Dike park at Megen with potential housing locations. Besides
it forms an entrence to the foreland and floodplains.
Divers dike with foreland become recreational locations, an
entrance to the floodplain combined with extensive farming
and the Entrences to the area.
Large poplar trees are preserved, combined with a new walking
path along the whole river.
Humid grassland that is more intensely grazed in order to keep
the vegetation low. Maintenance of the discharge capacity.
Wet grassland with paths that are sometimes not accessible,
when the water level is to high.
Swamp of high-dynamic nature with paths that are only
accessible in the dryer seasons.
Swamp of low-dynamic nature that is not accessible for people.
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7.2 DESIGN 1:5000 ELABORATION
Dike strategy

In the masterplan, (fig. 7.12) two strategies
were applied; diverse dike at the villages and
continuous dike in-between the villages (fig. 7.13).
The diverse strategy for the dike and its foreland
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Fig. 7.13

Dike strategies continuous and diverse are applied

Fig. 7.14

structure remaining floodplain

Fig. 7.15

connection dike with hinterland

will lead to more distinctive places at the villages.
By making the villages more distinctive, they will
attract people. From the villages, several paths are
made that lead towards the lower floodplains. The
villages have therefore become entrance points.

*In appendix C.1 the design process of the dike strategy for the section between Megen en Dieden is presented

Brick walls mark and accentuate the differences
in elevation on the new forelands. These brick
elements express that the foreland is part of the
village. Moreover, hedges were placed, they are
oriented in a way that vistas towards the villages
on the other side of the river are highlighted. For
the continuous dike, the shape depends on the
function. The section of the dike between the
villages is designed simple and straightforward.
A contrast arises between the simple sections of
the continuous dike and the marked section of the
diverse dike. Doing so, the villages stand out more.
Foreland along the whole dike course has a double
function of recreation and extensive agriculture.
Sheep graze and maintain the foreland. Fencing
will be kept at a minimum especially around the
villages. The brick walls serve as ha-ha elements
in the landscape to preserve peoples’ open vistas
towards the water, and to keep the sheep in. Figure
7.16 is a visualization of the new situation for village
Dieden with the applied diverse dike strategy.
Figure 7.24 presents the continuous dike between
the villages.
The main objective of the implemented foreland is
contributing to the dike reinforcement. Along the
villages, foreland extends further towards the river.
Besides, emphasizing the villages, this was done
for two more reasons concerning water safety:
• Little space is available on the inner side of the
dike due to houses. Besides, the dike is always
reinforced on the outer side of the dike, hence
the historic relation between the dike and the
houses is still existing
• The dike is vulnerable for piping (especially at
Demen). Height is less important for piping,
which is why a layer non-permeable soil
extends on a lower level toward the river.
Between Dieden en Megen the foreland differs
in shape. This part of the dike is vulnerable for
stability issues and at some parts waves. Extending
the higher part of the foreland till 50 meters
long reduces the vulnerability for stability issues.
Moreover, water will remain at a safe distance
from the dike. The phreatic line is extended which
improves the grain tension within the dike and
therefore the stability. Where the dike makes a
turn, and is oriented on southwestern wind the
form of the foreland changes once more. It is
extended with an extra 100 meters and hedges are
added. The hedges are placed perpendicular to
the southwestern wind direction and serves a wind
blocking function. Water will not often reach a level
that waves will have a threatening influence on the
dike. Figure 7.5 presented that, only once every
100 years the whole floodplain floods. However,
the exact consequences of climate change are
difficult to predict, therefore precautious measures

					

are not unnecessary.
The yellow lines on figure 7.13 indicate lines in
the landscape that continue further along the
Meuse. The line alongside the river represents the
preserved poplar trees that are part of the Lelyprofile. They belong to the identity of the river. A
continuous walking path extends along the whole
river. The inner side of the dike and the top of the
dike are continuous lines along the Meuse and
traceable in the landscape.

Remaining floodplain

The remaining parts of the floodplain are used to
compensate for the losses of discharge capacity
caused by te new forelands. The most effective
compensation is within the Lely-profile, the
hatched area alongside the river in figure 7.14.
This will be excavated with approximately one
meter. Moreover, the Lely-profile is grazed more
intensively year-round to avoid excessive growth of
vegetation. The new gullies close to the river also
serve the purpose to lower the water level of the
river during high water. The gullies lie closer to the
river and will, therefore, be more effective than the
reintroduced meander. The meander is designed:
• To improve nature quality of both low and high
dynamic nature.
• To reintroduce the relation of the dike with
water
• To restore the relation of Megen with the river
to surround it with water again.
The land use of the remaining foreland is partly
high-dynamic nature and partly low-dynamic
nature. To develop a diverse ecological landscape.
High-dynamic nature is recreationally more
accessible, low-dynamic is more isolated. To
preserve nature values zones should be developed
(Arts et al., 2016). Naturally, recreation is steered
in the design, by developing more paths in the
high-dynamic nature part and less paths in the
low-dynamic nature part. Both are maintained by
grazing animals. Attention is given to develop more
interesting dry nature areas by adding hedges
and leaving existing lines of trees. The preserved
‘island’ within the reintroduced meander shows the
history of the landscape. Furthermore, the island
functions as higher ground for the animals to flee
to, during high tide.

Connection with hinterland

Besides the dike and its foreland, attention was
given to the connection of the hinterland with the
dike (fig. 7.15). Roads connecting the dike and
the villages are planted up till the top of the dike.
Plantings at other roads stop at the dike-toe. At
the continuous dike, the turns from the dike to the
hinterland are reduced to a minimum. The yards
connecting to the continuous dike are emphasized
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with trees in the same direction as the parcel
structure, in a way that the houses preserve their
view on the dike and the hinterland.

Sections

dike slope along the entire course of the dike.
When implementing foreland, the dike is enforced
on the outer side of the dike. By this trees on top of
the dike can be preserved. The sections are shortly
described in the underlines.

The sections on page 77 and 78 show the dike with
its foreland. Sections were made of locations where
the dike with its belonging foreland changes. The
red dotted line in the sections presents the contour
of the old dike. All sections present how the dike
slopes can be made steeper using foreland. This
contributes to a more distinctive dike and a similar

Fig. 7.16
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visual 2 (location in fig. 7.17)  Dieden with higher foreland maintained by sheep, recreational opportunities and high-dynamic nature in the back ground

Fig. 7.17

locations sections

improves stability

Fig. 7.18

Section AA’ dike at Megen; hinterland is lowered to the same height as the foreland resulting in a more distinctive dike

6.2m

5m

6m

12.5m
improves stability

Fig. 7.19
less visible

+ piping

7.5m

10m

25m

8.5m

+ piping

Section BB’ the dike is heightened with steeper slopes and therefore more distinctive, made possible by the foreland. Moreover, the retaining wall makes the road

7.5m

6m

5m

6m

52m
improves stability

1.5m

11m

+ piping

Fig. 7.20 Section CC’ the dike is heightened with steeper slopes and therefore more distinctive, made possible by the foreland which is long and clearly visible, the steep edge
may become ecological interesting.
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BUILDING WITH NATURE
7.5m

6m

5m

6m

52m
improves stability

100m

1.5m
+ piping

improves piping

+ wave reduction

Fig. 7.21 Section DD’ the dike is heightened with steeper slopes and therefore more distinctive, made possible by the foreland which extends even further in the direction of
the river.. The hedges area placed perpendicular to the wind direction, they serve a double objective of wave reduction and adding ecological value to the foreland.

8m

4m

5m

2m 2m

6m

32m
improves stability

50m

+ piping

13.5m

improves piping

Fig. 7.22 Section EE’ villages alongside the dike are emphasized in using brick stone in the edges of the foreland. The brikstone walls also serve as a ha-ha elements, in order to
keep the grazing animals out. The dike is emphasized more by making the slopes steeper and the dike more narrow, by removing the parking places on top of the dike.

9m

8m

5m

25m

6m

improves stability

1.5m

23m

3m

15m

+ piping

Fig. 7.23 Section FF’ the dike is emphasized more by making the slopes steeper made possible by implementing the foreland. The poplar trees along the river are preserved
and a cycling/walking path is developed alongside the trees.

9m

5.4m

5m

2m

6m

25m
improves stability

+ piping

1.5m
improves piping

Fig. 7.24 Section GG’ villages alongside the dike are emphasized using brick walls in the edges of the foreland. Elements as for instance churches alongside the dike serve as
entrance points. The dike is emphasized more, by making the slopes steeper. With replacing the parking places the dike could become more narrow.
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*In appendix C.2 the design process of the dike section with trees between for Dieden en Demen is presented

7.3 EVALUATING DESIGN
Two strategies were applied in this design; the
‘diverse dike’ and the ‘continuous dike’ with the
corresponding design principles. The diverse
dike was implemented alongside the villages to
accentuate these special locations. For the villages
the focus lied on vistas, for instance, on Batenburg.
The vistas were emphasized using hedges. The
foreland changes in shape and material. This
contributes to the diversified walk of the dike. For
the continuous dike strategy, the shape depends
on the function. For instance, where the dike
makes a turn and is oriented on southwestern wind
the form of the foreland changes. The foreland
has, besides its main function of water safety, two
other possibilities for land use: recreation (cycling,
walking paths, and new entrances) and extensive
agriculture (maintained by sheep). There is a new
cycling gravel path on the far edge of the foreland.
The material changes into bricks when the diverse
dike strategy is applied.
Fig. 7.24

On page 80 the used principles are shown.
The design principle to reduce waves figure 7.27
is a clear example of how the principles should be
adjusted to its context. The materialization of the
principle(s) may change in relation to changes in
the context. The Meuse is known for its hawthorn
hedges to fence the parcels from unwanted
animals. With the invention of barbed wire, the
hedges became needless. When using the hedges
to reduce waves, they serve a new function in the
landscape. Furthermore, the hedges are more
suitable for this landscape then, for instance, willow
trees.
When applying in a real-life situation, it became
clear that the principles for stability and piping are
not as different as was presented in chapter six. The
sections on page 77 and 78 already showed that
the implemented foreland often improves both,
piping and stability. Meaning that a combination of
the principles was applied.

visual 2 (location in fig. 7.17) presents the transition of the continuous dike and foreland towards the low-dynamic nature and the cultural historical island.
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The differences between the principles for piping
and stability are minor but not unimportant. For
stability, a higher foreland is of importance and the
length of the foreland is of importance for piping.
This nuance difference should be realized by
designers. To emphasize this nuance difference the
arrows are changed in the principles. For piping,
the arrows are now pointing in a length direction
(fig. 25 and 28) and for stability, the arrows are now
pointing upwards (fig. 26 and 29).
The fact that they are easy to combine is only
positive for dike design. After all, a dike is always
exposed to all failing mechanisms and all failing
mechanism influence each other. Unfortunately,

not all principles could be tested in this single case
study. More case studies should be performed to
draw conclusions on the usefulness of all principles.
To conclude, the design principles are constructive
when implementing foreland. They provide
designers with a systematic overview of the
possible options for implementing foreland. In
this way, a designer can quickly overview a wide
range of possibilities. Conceptual choices can be
made, where after, the designer must enter a more
location-dependent phase of detailing.

Fig. 7.25

Fig. 7.28

‘continuous’ strategy design principle for piping

‘diverse’ strategy design principle for piping

INDENTED
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Fig. 7.26

‘continuous’ strategy design principle for stability

Fig. 7.27

‘continuous’ strategy design principle for wave reduction

Fig. 7.29

‘diverse’ strategy design principle for stability

CONCLUSION, DISCUSSION & REFLECTION

08
8.1

The final chapter starts with a conclusion, by answering the research
question, sub research questions and the design question. Followed by a
discussion that reflects on the findings of this thesis. It ends with a reflection on the different aspects of this thesis.

CONCLUSION

Main research question

In what way can dike reinforcement be stimulated
by foreland and offer opportunities for functions and develop the qualities of the Dutch river
landscapes? To answer this question, sub questions have to be answered. Below, all sub research
questions are answered:

Sub research question 1

What are the most crucial (abiotic, biotic and
anthropogenic) processes and characteristics
that define the system of the Dutch river-dike
landscape and what role does foreland have in
this landscape?
In the Dutch river landscape, natural processes are
tamed by humankind, which defines our landscape.
The dikes, normalization of the rivers, cultivating
the hinterland and to some extend cultivating
foreland have led to today’s landscape. Foreland
is today, for Dutch norms, very much exposed to
natural processes. With programs, as for instance
‘Room for the River’, they are often given back to
nature to give the river more space. However, it
has become clear that foreland can have a positive
effect on the dike strength or reducing pressure on
the dike. It has a conflicting role in the landscape,

					

on one hand it can contribute to the dike, on the
other hand it can obstruct discharge capacity.
There have been many negative responses to
former dike reinforcements. They had negative
consequences for the Dutch river landscape.
Dikes have become more indistinctive in the
landscape, the visual richness was impoverished
and the length profile of the dike had become
fragmented. It is impossible to return to the ‘old
dikes’ from before the systematic reinforcement.
The previous reinforcements have become the
‘canvas’ of today’s reinforcements. Many dikes
need reinforcement again due to climate change
and the new dike norms. The conducted research
has revealed that existing dikes and surrounding
landscapes may have a very divers relationship.
The visual, functional and spatial relations
between dikes and their surrounding landscape
vary a lot. To maintain or strengthen this diversity,
four strategies for design dike reinforcements
have been developed. These strategies on dike
landscape were developed in response to this
diverseness; the diverse dike, the continuous
dike, the autonomous dike and the concealed
dike. The strategies are influenced by the different
landscape architecture styles that have defined our

conclusion , discussion

&

reflection 		

81

surrounding landscape over the past centuries.

Sub research question 2

To what extend is the ‘Building with Nature’
concept applicable for dike reinforcement
projects in the Dutch river landscape?
BwN based solutions can be suitable for dike
reinforcement in the Dutch river landscape.
Foreland could be adjusted that it is both effective
for nature and dike reinforcement. However, up to
now it is barely implemented. On the other hand,
water authorities research the foreland, which results
in dikes that need less reinforcement. However,
foreland is currently a measure that is barely
actively applied. A different mindset is necessary
to adopt BwN solutions in its full potential. The
netherlands is experiencing a technical lock-in.
Dike reinforcement is dominated by using proven
technology of hard engineering and conventional
techniques. BwN-based engineering solutions are
depended on, and exposed to nature, resulting in
uncertainty that is difficult to calculate. However,
dikes bring along uncertainty as well, but dikes
have protected us for ages and therefore they have
received peoples ongoing trust. Besides changing
our mindset from hard engineering to soft, a shift
is needed in our approach towards uncertainty. We
should not aim to reduce uncertainty to its lowest
number, but learn how to deal with uncertainty.

Sub research question 3

What are the functions and technical
characteristics of foreland in dike reinforcement
(based on the building with nature concept) and
where can they be implemented in the Dutch river
landscape?
Foreland can be effective for strengthening the
dike and reducing pressure on the dike. There
are no rules of thumb on how to design foreland.
However, the higher and longer the better, since
water will not be able to reach the dike as often
as without foreland. But it must be ‘personalized’,
directed at the specific technical and spatial context
of its location. As an example, a high and long
foreland is technically ideal, but may have negative
impacts on the dike landscape and the discharge
capacity. From the exploring phase, three technical
principles were generated. They elaborate on the
failing mechanisms of piping, stability and wave
reduction and how foreland can be designed most
effectively to combat this.
Interventions in the foreland can technically be
implemented everywhere where there is foreland
and space. However, it will be most interesting at
locations where there is no possibility to reinforce
dike on the inner side of the dike. Often, these
locations are reinforced using constructions which
are more expensive and more difficult to adjust or
to reinforce in the future.
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Foreland must be included in dike design, but
so far, calculation models including foreland are
not commonly used. Moreover, foreland must
be compensated by giving the river more space
and foreland is often not owned by the water
authorities. Therefore, in practice a conventional
dike design is easier to develop and implement.

Sub research question 4

What other potential opportunities, such as land
use or landscape values, can foreland offer to the
Dutch river landscape?
There are two main directions in the development
of foreland in the Netherlands; ‘new nature’ and
preservation of cultural heritage. These are the two
various options that seem to dominate landscape
design regarding water safety. Foreland can
contribute to both directions. Foreland can play
a role in new nature developments, for instance
micro differences in elevation can be developed to
increase ecological value. Foreland can play a role
in preserving cultural historical relations alongside
the dike. By implementing foreland more flexibility
arises on the dike design itself. For instance, dike
slopes can remain steeper which can be valuable
for both certain historical relations and the
characteristic of the dike. Both directions can be
combined with other land use possibilities. With
recreation and extensive farming (maintenance in
the form of grazing animals) as the most obvious
ones. To summarize, foreland when designed with
carefulness and detail can contribute to water
safety, different forms of land use and the value of
certain landscape characteristics.

Design question:

Can foreland be designed in a way that it
contributes to the dike reinforcement, offers
new possibilities for land use and be of positive
influence on the development of the Dutch river
landscape?
Twelve design principles were developed in this
thesis, described in chapter six. Derived from the
four strategies (diverse, continuous, autonomous
and concealed) and the three failing mechanisms
(piping, stability and wave reduction). The
principles are based on combined knowledge
from the research on the Dutch river landscape
and the technical characteristics of forelands. They
provide designers with a systematic overview of the
possible options for implementing foreland. In this
way, a designer can quickly overview a wide range
of possibilities. All principles contribute to the dike
reinforcement and offer examples of possibilities for
land use. The principles need to be interpreted as
guidelines. Referring to the theoretical framework
‘critical regionalism’, the design principles are
developed for the upstream central Dutch river
landscape, during implementation they must be

‘personalized’ to the local landscape identity or
‘genius loci’.
The design principles were tested in the final
case Megen-Demen. This resulted in new insights
that besides new land use opportunities foreland
also has a positive impact on the dike design. By

implementing foreland more flexibility arises for
the dike design. Steep slopes can be preserved or
reintroduced to maintain or bring back relations
with old dike ensembles.

8.2 DISCUSSION
Systematic approach

An additional result that was generated from this
thesis is the appliance of a systematic approach.
This research, on the application of foreland, was
systematically approached and delineated. The
design principles are based on carefully performed
research on both technical and landscape
characteristics. Therefore, when designers want
to implement foreland in the upstream Dutch
river landscape, they do not have to reinvent all
possibilities. However, further researchers should
bear in mind that the principles developed in
this thesis are based on simplified situations of
the landscape, separating the different failing
mechanisms. Since, different failing mechanisms
and their solutions influence each other and
will therefore never be approached separately.
Moreover, due to time limitation of this study
this thesis zooms in on forelands only. In practice,
foreland cannot be separated from the dike.
Hinterland, the dike and foreland are connected
and influence each other. However, the systematic
approach in this thesis could function as an example
of systematically researching dike innovations. A
similar systematic approach could be performed
on, for instance, innovative dike techniques on the
inner side of the dike, zoomed in on the hinterland.

Dike design

Using foreland also has potential for the dike design
itself; it gives the designer more flexibility. It can be
argued that some of the negative consequences
of the systematic dike reinforcement after 1953
could have been avoided using foreland. It
would be interesting to gain perspective of other
landscape architects that focus on dike design on
this statement. Landscape architects have become
more involved in dike design since the 90’s and have
had strong opinions. Especially on the shape of the
dike (Smidt and Vermijt, 1994). In further research
more perspectives of other landscape architects
would be interesting, since this thesis is rather
design oriented. It is necessary apart from the
technical aspects, to study opinions of landscape
architects on dike design as well. It might prove
whether or not the strategies and design principles
from this thesis really do contribute to finding

					

better solutions for shaping dikes.
The four strategies that were developed after
researching the Dutch river landscape can
perchance be divided into two main strategies
with nuance differences. It may be argued that
the four strategies are not fully interdependent.
The ‘continuous dike’ and the ‘autonomous’ dike
are quite similar. The same can be stated for
the ‘diverse dike and the ‘concealed dike’. As a
consequence, these four could be seen as two
main categories, with two subsets. Moreover, to
become more understandable for other designers,
the strategies could use more elaboration. What
are, for instance, the impacts of the different
strategies on different scales; regional, the course
of the dike and the section of the dike.

Technical ignorance

The implicit definition of ‘Building with Nature’
makes it difficult to research its applicability in
the Dutch river landscape. This probably comes
from the dualistic nature of the term ‘Building
with Nature’. In which ‘Building’ refers to
anthropogenic processes and ‘nature’ refers to
biotic and abiotic processes. This makes it difficult
to assign something to BwN. Concurrently, it is
not purely negative that the term is implicit. The
main message is, that we should learn from and
incorporate natural processes in our technical
adjustments in the landscape.
Moreover, it is difficult to judge if foreland
implemented in the Dutch river landscape is based
on BwN. In a landscape that is already man-made
it is difficult to let certain aspects be in control by
nature. Maybe it is even more obvious to design
man-made objects. For instance, do you plant
wave reducing vegetation or do you let it arise. The
first one will be more beneficial for wave reduction
the second one will be more beneficial for nature.
How can these choices be made?
Furthermore, it is beyond the scope of this study
to examine the technical effectiveness of the
developed design principles. Since there are no
general used accustomed methods to calculate
the exact effects of foreland. Meaning that more
research is needed on the technical effect of
foreland and to study, for instance, differences in
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effectiveness of the design principles as developed
in this thesis.

Real-life complexity

To test the design principles in the complexity of
a real-life situation, they were implemented in a
larger case study of the Meandering Meuse. This
case was chosen early in the process, after more
research it became clear that foreland would not
be the most effective solution for the dikes along
the Meuse of this particular area. Unfortunately,
due to time limitation, choosing another case was
not possible. With the predicted effects of climate
change dikes need, in the long-term, reinforcement
in every possible way.

Furthermore, the reader should bear in mind that
the design principles are tested on one case only.
More test cases need to be performed in order to
further test all design principles and strategies.
To elaborate on this aspect, starting this thesis,
one of the main ideas was to test the principles
on different subtypes of the Dutch river landscape.
However, due to time limitation it was decided that
it would be more useful to study only the upstream
part of the Dutch river landscape. For further
research, it may be interesting to test the design
principles on the downstream part of the central
Dutch river landscape. To what extend will the
design principles change for the downstream part?

8.3 REFLECTION
The systematic approach has led to twelve design
principles, which are interesting starting points
for other designers. They form bridges between
research and design. The results of scientific
research have been transformed into design
principles, using the design method. However,
there are some aspects that could have contributed
to the research, but were neglected due to, in most
cases, time limitation.

Lacking participation

Starting this thesis, there was the objective to
speak to residents living on or alongside the dike
of the final Megen-Demen case. Due to time
limitation, it was difficult to reach this objective.
The design was purely based on knowledge from
the water authorities and landscape architecture
firms. Meaning that the design is top-down and
needs feedback from residents and users. Building
with Nature incorporates participation from
stakeholders clearly in their design steps (de Vriend
et al, 2014). Critical regionalism also demands
including local intangible stories within the design
(Bowring and Swaffield 2004). Discussing the
design choices with residents and users would be
an important addition for this thesis.
Another objective was to conduct a physical
model of the case study. However, further in the
process it became clear that more cases were
necessary to generate the design principles.
Developing physical models is time consuming,
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to be consistent, models had to be developed
for all case studies. With the limited time in which
this thesis was developed, it would have been too
complex to make similar quality models for four
case studies. The models would not be valuable
because it was not possible to make equivalent
qualitative models.

Feedback from colleagues

This thesis is, for the most part, ‘research through
design’ and is therefore very much design
oriented. As was mentioned in the discussion,
evaluation of landscape architects experienced
in dike design would be an interesting addition
to this thesis,
particularly during the exploring
phase. Also, interviewing landscape architects
that have experienced the transitions from
sectoral dike design towards integral dike design
would supplement my understanding of the
negative consequences of the systematic dike
reinforcement.
I hope to gain more insights from colleague
landscape architects in my further career. I strive to
continue with this research or different research on
river dikes. Hoping to contribute to the safety, the
use and the scenery of the Dutch river landscape.

REFERENCES
Figures
1.1 and 1.2
		

Feddes, Y.C., Halenbeek, F.L., (1988) Een scherpe grens ontwerpstudie naar de
ruimtelijke kwaliteit van verzwaarde rivierdijken, Staatsbosbeheer, Utrecht

4.11		

https://www.topotijdreis.nl/

Personal communication
Bouman, J. (February 13th 2019). Manager plan design Meandering Meuse
Den Hengst, W. (process manager) & Roode, N.(programme manager)(November 14th 2018). co-writers
of Project overstijgende verkenning, handreiking voorland
De Vriend, H., (December 12th 2018). Professor River Engineering and Morphology, expert in Building
with Nature
Literature
Agarez, R. (2013). Regionalism, Modernism and Vernacular Tradition in the Architecture of the Algarve,
Portugal, 1925-1965, PhD Thesis, in Architectural History and Theory, University College London
Ahern, J. (1995). Greenways as a planning strategy. Landscape and Urban Planning, 33(1–3), 131–155.
https://doi.org/10.1016/0169-2046(95)02039-V
Arts, G., Verondschot, R., Maas, G., Massop, H., Ottburg, F., & Weeda, E., (2016). Herstel en ontwikkeling
van laagdynamische, aquatische systemen in het rivierengebied, Alterra Wageningen University and
Research Centre, publisher: KNNV
Backer, A.M. and Blok, E., (1998). De natuur bezworen, Een inleiding in de geschiedenis van de Ne
derlandse tuin- en landschapsarchitectuur van de middeleeuwen tot het jaar 2005, De Hef Publisher
Rotterdam, ISBN 9789069060279 - 109
Baridon, M. (1998). The scientific imagination and the Baroque garden. Studies in the History of Gardens
& Designed Landscapes, 18(1), 5–19. https://doi.org/10.1080/14601176.1998.10435529
Bowring, J., & Swaffield, S. (2004). Think Global, Think Local: Critical regionalism and Landscape
Architecture | Landscape Review. Retrieved December 6, 2018, from https://journals.lincoln.ac.nz/index.
php/lr/article/view/198
Beintema, N. (2018) ‘Nederlandse landschap is in de afgelopen dertig jaar sneller verdwenen dan ooit’
12 maart 2018, NRC, interview Adriaan Geuze.
Bosch Slabbers landschaparchitecten, van Loon, T., Officer, I., Sietske Smits, A. and Warmerdam, M.,
(2017) IJsseldijk, Het verhaal van de dijk tussen Zwolle en Olst, Waterschap Drents Overijsselse Delta
Bosch Slabbers landschapsarchitecten, van Loon, T., Veenstra, A., (2007) IJssel Handreiking Ruimtelijke
Kwaliteit, assigned by the province of Overijssel

					

references					

85

Brinkhuijsen, M. (2008). LANDSCAPE 1:1, a study of designs for leisure in the Dutch countryside.
Wageningen: PhD thesis Wageningen University and Research. ISBN: 978-90-8504-972-2
Buijs, A. E. (2009). Public support for river restoration. A mixed-method study into local residents’ support
for and framing of river management and ecological restoration in the Dutch floodplains. Journal of
Environmental Management, 90(8), 2680–2689. https://doi.org/10.1016/J.JENVMAN.2009.02.006
Burgers, T. (2014). Nederlands grote rivieren: drie eeuwen strijd tegen overstromingen. Uitgeverij Matrijs.
Deltares (2017) Vergelijking WBI2017 met OI2014, DOI: 11200575-009-GEO-0001
De Koning, R., Hemmen, F. & van Mulder, J., (2009). Aan de wieg van het waterschap: inventarisatie
van dijken, kaden en watergangen in het Gelders rivierengebied : ontwerphandreikingen voor
wateropgaven, publisher: Waterschap Rivierenland, Province of Gelderland
De Vriend, H. J., van Koningsveld, M., Aarninkhof, S. G. J., de Vries, M. B., & Baptist, M. J. (2015).
Sustainable hydraulic engineering through building with nature. Journal of Hydro-Environment Research,
9(2), 159–171. https://doi.org/10.1016/j.jher.2014.06.004
De Vries M. and Dekker, F., (2009) Ontwerp groene golfremmende dijk Fort Steurgat bij Werkendam
Verkennende studie, assigned by WINN, RWS, Ruimte voor de Rivier en Projectbureau Ontpoldering
Noordwaard https://www.deltares.nl/app/uploads/2015/07/Golfremmende-dijk-Noordwaard-rapport.pdf
ENW: Kok, M., Jongejan, R., Nieuwjaar, M. and Táczos, I., (2016) Grondslagen voor
hoogwaterbescherming, publisher: NPN Drukkers, Breda, DOI: 978-90-8902-151-9
Etteger (2017) A reflection design representation, action and reaction in designing, conference paper
ELLAS
Everts, F.H, Jansen, A.J.M., Maas, J., Bouman, J., Eysink, A.T.W., Takman, E., (2013) Rivierenlandschap
Feddes, Y.C., Halenbeek, F.L., (1988) Een scherpe grens ontwerpstudie naar de ruimtelijke kwaliteit van
verzwaarde rivierdijken, Staatsbosbeheer, Utrecht
Flux (2019). Ruimtelijk kwaliteitskader Grebbedijk
Frampton, K. (Ed.). (1983). Towards critical regionalism, six points for an architecture of resistance, in: the
anti-aesthetic, essays on postmodern culture. Bay Press. 16-30, ISBN: 0-941920-02-x
H+N+S (2015) Handreiking ruimtelijke kwaliteit, dijkverbetering Gorinchem Waardenburg, Amersfoort
Frampton, K., (2002). Labour, Work and Architecture, Published by: Phaidon Press,ISBN: B019NDMRSM
HWBP: Hoog Water Bescherming Programma (2019), Een sterke alliantie voor sterke dijken, Utrecht
Infram (2016) Bijzondere dijktrajecten van de Bedijkte Maas, assigned by waterboard Rivierenlandschap
Infram, Hulshof, J., de Bijl, J., Heeremans, E., Smit, T., Kalis, F., van ‘t Hof, M., Geenen, F., Magielsen, S.,
van Engen. H., van den Brand, P., de Vries, G. & Bijker, F., (2016). MIRT onderzoeksrapport Ravenstein-Lith
Isarin, R. (2016). The Essence of the Grebbedijk; A phenomenological approach to designing delta dikes,
Master Thesis Landscape Architecture . Retrieved November 4, 2018, from http://edepot.wur.nl/399999
Janssen-Jansen, L., Klijn, E.H. and Opdam, P., (2009). Ruimtelijke kwaliteit in gebiedsontwikkeling,
Habiforum
Kater, E., Makaske, B. and Maas, G., (2012). Morfodynamiek langs de grote rivieren Inventarisatie van
processen en evaluatie van maatregelen, Directie Kennis en Innovatie, Ministerie van Economische
Zaken, Landbouw en Innovatie Rapport nr. 2012/OBN154-RI, Den Haag

86

Kennisnetwerk OBN, (2019) www.natuurkennis.nl, Moeras herstel en inrichting, consulted: 29/04/2019,
https://www.natuurkennis.nl/natuurtypen/n05-moerassen/n05-01-moeras/herstel-en-inrichting-n0501/
Klip-Martin, T., ter Maat, H., Verbeek-Nijhof, J., Meijers, J., van Hees, J., Brouwer, M.,
(2017) Plan van aanpak dijkversterking Grebbedijk verkenningsfase
Klijn, F., Bos, M., Deltares (2010) Deltadijken: ruimtelijke implicaties Effecten en kansen van het
doorbraakvrij maken van primaire waterkeringen
Lenzholzer, S., Duchhart, I. & van den Brink, A., (2017). The relationship between research and design.
In: Brink. A. van den, Bruns, D., Tobi, H. & Bell, S., Research in Landcape Architecture: Methods &
methodology: London & New York: Routledge, pp. 54-64
LievenseCSO infra B.V., (2018), Technisch ontwerp zeef 1 verkenning Grebbedijk, ISBN: 17M3041-R007-V01
LOLA, Pleister, E., Veeken van der C., (2014) Dijken van Nederland, Publisher: NAI 010, DOI: 978-94-6208150-5
Massop H.Th.L. and Knol, W.C., (2005). Historisch Waterbeheer; Een kwantitatieve benadering van
historische watersystemen, Wageningen, Alterra, Alterra-rapport 1145. 160
Mitsch, W. J. (2012). What is ecological engineering? Ecological Engineering, 45, 5–12. https://doi.
org/10.1016/j.ecoleng.2012.04.013
Prominski, M. (2017). Design guidelines. In: Brink. A. van den, Bruns, D., Tobi, H. & Bell, S., Research in
Landcape Architecture: Methods & methodology: London & New York: Routledge, pp. 194-208
RCE: Rijksdienst voor het Cultureel Erfgoed (2013) Een toekomst voor dijken, handreiking voor de
omgang met dijken als cultureel erfgoed
Renes, H., (2003). Nieuwe natuur in een oud landschap Cultuurhistorie en natuurontwikkeling in het
rivierengebied, de levende natuur 104 (6), pp. 272-274
Ritzema, H. P., & Van Loon-Steensma, J. M. (2017). Coping with Climate Change in a densely Populated
Delta: A Paradigm Shift in Flood and Water Management in The Netherlands. Irrigation and Drainage,
67, 52–65. https://doi.org/10.1002/ird.2128
Salet, W. (2014). Building with Nature. DisP - The Planning Review, 50(1), 4–5. https://doi.org/10.1080/025
13625.2014.925714
Roode, N., Maaskant, B., den Hengst, W., Boon, M.J.J., Lendering, K.T., Godfroy, M. and E. de Graaf, E.,
(2018). Project overstijgende verkenning, handreiking voorland concept
RWS: Rijkswaterstaat, (2017), Waterveiligheid begrippen begrijpen, ontwikkeling beleid en uitleg
begrippen, ISBN: 978.90.5773.742.8
RWS: Rijkswaterstaat (2018). Over ons. www.rijkswaterstaat.nl, Retrieved Februari 20, 2018, from https://
www.rijkswaterstaat.nl/over-ons/onze-organisatie/onze-missie/index.aspx
Schindler, S., Sebesvari, Z., Damm, C., Euller, K., Mauerhofer, V., Schneidergruber, A., Wrbka, T. (2014).
Multifunctionality of floodplain landscapes: relating management options to ecosystem services.
Landscape Ecology, 29(2), 229–244. https://doi.org/10.1007/s10980-014-9989-y
Silva, W., Dijkman, J. P. M., & Loucks, D. P. (2004). Flood management options for The Netherlands.
International Journal of River Basin Management, 2(2), 101–112. https://doi.org/10.1080/15715124.2004.9
635225
Smidt, J.T., Vermijt, A., (1994), Dijkversterking als ontwerpopgave Handreiking Ruimtelijk ontwerpen,

					

references					

87

technische adviescommissie voor de waterkeringen
Strootman landschapsarchitecten, (2018). Ruimtelijk Perspectief Maas Positionering, kansen en ambities
in relatie tot maatregelen hoogwaterveiligheid, Stuurgroep Meanderende Maas
Swaffield, S. (2017). Case studies. In: Brink. A. van den, Bruns, D., Tobi, H. & Bell, S., Research in
Landcape Architecture: Methods & methodology: London & New York: Routledge, pp. 105-120
Thwaites, K. (2001). Experiential Landscape Place: An exploration of space and experience
in neighbourhood landscape architecture. Landscape Research, 26(3), 245–255. https://doi.
org/10.1080/01426390120068927
Tzonis, A., & Lefaivre, L. (1981) The Grid and the Pathway, Architecure in Greece, no. 15 164–78
Tzonis, A., & Lefaivre, L., (2003). Critical Regionalism: Architecture and Identity in a Globalized World.
Prestel, New York, USA.
Van Buuren, A., Ellen, G. J., & Warner, J. F. (2016). Path-dependency and policy learning in the Dutch
delta: toward more resilient flood risk management in the Netherlands? Ecology and Society, 21(4).
https://doi.org/10.5751/ES-08765-210443
Van den Hoek, R. E., Brugnach, M., & Hoekstra, A. Y. (2012). Shifting to ecological engineering in flood
management: Introducing new uncertainties in the development of a Building with Nature pilot project.
Environmental Science & Policy, 22, 85–99. https://doi.org/10.1016/j.envsci.2012.05.003
Van de Ven, G.P., van Dooren, N. and Schilt, J., (1997) De nieuwe rivierdijken: dijkversterking als
ontwerpopgave. Rotterdam NAi uitgevers, ISBN 9056620576
Van Loon-Steensma, J. M., & Kok, M. (2016). Risk reduction by combining nature values with flood
protection? E3S Web of Conferences, 7, 13003. https://doi.org/10.1051/e3sconf/20160713003
Van Loon – Steensma, J.M., (2011) Robuuste Multifunctionele Rivierdijken, Welke kansen en knelpunten
zien stakeholders voor robuuste multifunctionele dijken langs de rivieren in het landelijk gebied, Alterrarapport 2228, ISSN 1566-7197
Van Toorn, W., (2011), Het grote landschapsboek, published by: Querido’s, ISBN: 978 90 214 38993
Weimer, H. & Talens, L., (2018). Meanderende Maas; dijkversterking, rivierverruiming
en gebiedsontwikkeling Ravenstein – Lith, Conceptnotitie Reikwijdte en Detailniveau
milieueffectrapportage, Stuurgroep Meanderende Maas
Wesselink, A. (2016). Trends in flood risk management in deltas around the world: Are we going ‘soft’?
International journal of water governance, (4), 25–46. https://doi.org/10.7564/15-IJWG90
Wesselink, A. J., Bijker, W. E., de Vriend, H. J., & Krol, M. S. (2007a). Dutch Dealings with the Delta.
Nature and Culture, 2(2). https://doi.org/10.3167/nc.2007.020206
Wesselink, A. J., Bijker, W. E., de Vriend, H. J., & Krol, M. S. (2007b). Dutch Dealings with the Delta.
Nature and Culture, 2(2). https://doi.org/10.3167/nc.2007.020206
Wiersma, A. P., van Hattum, T., de Lange, H. J. van Slobbe, E. J. J. (2016). Building with Nature pilot
Zandmotor Friese IJsselmeerkust. https://doi.org/10.18174/383749
Yang, B., & Li, S. (2016). Design with Nature: Ian McHarg’s ecological wisdom as actionable and
practical knowledge. Landscape and Urban Planning, 155, 21–32. https://doi.org/10.1016/j.
landurbplan.2016.04.010

88

APPENDIX A.1 REGIONAL ANALYSIS

Fig. A.1.1

Fig. A.1.2

Analysis regional scale Grebbedijk , with dikes in-between moraines

Analysis regional scale Waaldijk Vuren  (H+N+S 2015)
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Fig. A.2.1

‘diverse’ dike strategy applied along Grebbedijk

Fig. A.2.2

‘continuous’ dike strategy applied along Grebbedijk

Fig. A.2.3

‘concealed’ dike strategy applied along Grebbedijk

Fig. A.2.4

‘autonomous’ strategy design principle for stability

Fig. A.2.5

abstraction process ‘diverse’ dike

Fig. A.2.7

abstraction process ‘concealed’ dike

Fig. A.2.6

abstraction process ‘continuous’ dike

Fig. A.2.8

abstraction process ‘autonomous’ dike
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APENDIX C.1

Fig. C.1.1

SKETCHES TESTING PRINCIPLES

strategy ‘continuous’ applied with contrary land use in the floodplain
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Fig. C.1.2

strategy ‘autonomous’ applied foreland not visible, dike is clearly visible

Fig. C.1.3

strategy ‘concealed’ dike and foreland not clearly visible forest continuous towards hinterland
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APPENDIX C.2

SKETCHES ‘BOMENDIJK’

Fig. C.2.1

material dike the same changes only at foreland

Fig. C.2.2

dike shape simplified material foreland is different from dike

Fig. C.2.3

‘tuimelkade’ and foreland the same material
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