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ABSTRACT

PREFACE

Flood risks in the Dutch river system are relatively high. Due to climate change, it is

This thesis is the f inal project of the Master Landscape Architecture at Wageningen

expected that Dutch river systems have to deal more often with highly fluctuating

University. It contains academic f indings that have been derived throughout extensive

water discharges. In this thesis, it is hypothesized that by applying flood-resilient

design research. After working with passion and dedication to this thesis, I am grateful

strategies, a solution is offered to deal with these developments. Such resilient

that I managed to complete this research. I would like to thank several people that

strategies address the ability of the river system to recover f rom floods. Though, a

assisted me during my research. Without their help, I would not have arrived where I

translation of the concept of flood-resilience towards practical principles remains

am now.

largely excluded. Hence, this thesis focusses on assembling flood-resilient design
principles that can be applied in Dutch river landscapes.

I would like to express my strong appreciation to João Cortesão for his supervision
throughout the research process. Your instructive guidance, enthusiasm and

This thesis contributes to the acquisition of knowledge concerning flood-resilient

meaningful critiques have helped me to come to this result. Furthermore, I want to

measures using two phases: an explorative phase and an experimental phase. In the

thank Michaël van Buuren, Roel Dijksma and Miranda Meuwissen for sharing valuable

explorative phase, an inventory is made of flood-resilient design principles that are

information during various meetings. Finally, I want to thank my family and f riends for

applied successfully in Dutch river landscapes. In the successive experimental phase,

all your support and great comprehension. My special thanks go to Ruben for all his

the design principles and knowledge that have been acquired before, are tested at

contribution during this research.

one specif ic site: the Rijnstrangen area. After completing multiple design iterations
within this experimental phase, optimal integration of flood-resilient design principles
eventually led to the f inal design of the ‘Living Rhine’. This f inal design is evaluated
after which new flood resilient design principles are proposed.
The established design principles ensure that complex flood-resilient strategies can
be translated into coherent design understanding. This simplif ies the transfer of
flood-resilient knowledge between different f ields of expertise, including the ones of
hydrologists, designers and decision-makers.
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Introduction
1.1 THE OUTSET
Islands during extreme river water discharges
7-9-2018 Lobith / Spijk - Waterboard, province and Rijkswaterstaat have big plans for
the area around Lobith. Goal: to limit the effects of extreme water discharges.
Authorities are considering to let the area around Lobith and Spijk; the Rijnstrangen
area, flood in times of extremely high river water discharges. The villages will be
protected against the water, making them look like islands in the area. The retention
of river water in the Rijnstrangen area is one of Rijkswaterstaat’s new plans to lower
the water level of Dutch rivers during extreme heights. To collect and retain the water

Chapter 01

in the Rijnstrangen area, a large pumping station, as well as new dykes on the border
with Germany, have to be constructed. Moreover, at least 25 kilometres of existing
dykes must be heightened and strengthened. That leads to a major challenge (Mons,
2018).

THE PURPOSE OF THIS RESEARCH

Figure 1: Newspaper article indicating possible future developments in the Rijnstrangen area
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1.2 BACKGROUND

the ‘delta committee’ was constituted, whose aim was to protect the Netherlands
better against flooding (van der Ham, 2006). They were involved in the construction of

Climate change

new primary flood defences. Moreover, stricter safety standards were set for flood risk

Human activities f rom pollution to overpopulation are driving up the earth’s

management by the committee. These safety standards have recently been tightened

temperature and fundamentally change the world around us. The main cause is the

since January 2017. The new safety standards represent the flood risk; the probability of

phenomenon known as the greenhouse effect. Gases in the atmosphere such as

flooding multiplied by the consequences of flooding (Vergouwe, 2017). Due to improved

carbon dioxide and methane let the sun’s light in but prevent some of the heat f rom

knowledge about the load on dykes, the dyke failure mechanisms and enhanced

escaping. The more greenhouse gases in the atmosphere the more heat gets trapped,

computing power of technology, it was possible to calculate these flood risks. This was

strengthening the greenhouse effect and increasing the earth’s temperature. Due

done by VNK (Veiligheid Nederland in Kaart), which proved that the risk of flooding on

to human activities, for instance, the burning of fossil fuel, the amount of CO2 in the

the west coast of the Netherlands along the North Sea was relatively small. The flood

atmosphere rapidly increased since the Industrial Revolution (Pachauri & Reisinger,

risk in the river area, however, was relatively large (‘Rivier Rijn’, 2019; Vergouwe, 2017).

2007). This alteration of composition in the atmosphere, also known as climate change,
has many consequences. Two well-known consequences of climate change are rising

Due to the high flood risk in the river area, the Dutch modif ied the river landscape and

sea levels and extreme weather (Church et al., 2013).

its water system for centuries. To protect us against flooding, two types of flood risk
management strategies were being applied: resistant and resilient strategies (Klijn

Because of the increased temperature, glaciers start melting, resulting in a larger total

et al., 2004). In short, resistant strategies focus on preventing floods by raising and

volume of water in the oceans. Moreover, water in the oceans expands due to higher

reinforcing dykes, while resilient strategies focus on learning to live with flooding and

temperatures (Church et al., 2013). According to climate scenario RCP2.6 f rom IPCC,

ensuring that the system can recover f rom floods by giving the river more space. These

which corresponds to very ambitious climate policy, the sea level is expected to rise

strategies will be discussed in great depth in the theoretical f ramework.

by 0.26 to 0.55 meter until the period of 2081-2100 (Church et al., 2013). In addition to
rising seawater levels, more extreme weather is predicted as a consequence of climate

Messing around with our river landscape

change. Because of global temperature rising, the air warms up. Warmer air can hold

Previously, the concepts of resistance and resilience are introduced. Although these

more water vapour than cooler air leading to more and heavier rainfalls in an average

terms have been formulated somewhat conceptually, the measures and elements

storm. In addition to this phenomenon, surface temperatures continue to rise causing

derived f rom these approaches can be recognized in the current landscape. To

longer periods of drought in the summer (Rosenzweig et al., 2001). Both the processes

illustrate, probably the most striking and characteristic element within the Dutch river

of sea-level rise and extreme weather events, cause problems in terms of water safety,

landscape is the pattern of dykes that originated f rom the year 1400 and has remained

especially for countries situated in a coastal or delta zone such as the Netherlands (Vink

almost virtually unchanged to this day (Pleijster et al., 2015). These elements emerged

et al., 2013).

f rom the application of the resistance strategy. Over the years, the dykes have been
heightened and moved in response to the last-experienced flooding (Klijn et al., 2004).

The Netherlands river delta

With these dyke developments, the floodplains became increasingly smaller over the

The Netherlands is a river delta consisting of the drainage basins of the rivers Rhine

years. Thus, the river got less space which resulted in increasing flood risks. Currently,

and Meuse. These rivers and its branches discharge into the North Sea, the Marker-

as stricter safety standards have been applied concerning the flood risk of areas,

and IJsselmeer (Bosch, 2016). In this thesis, the main focus is on the river basin of the

numerous dykes have to be replaced, removed or reinforced because they do not meet

Rhine. Therefore, the river basins of the Meuse, as well as the smaller river basins of the

the new requirements.

Schelde and Eems, will be neglected. Due to the Netherland’s unique geographical
position, water always played an important role in the origin of the landscape and how

With that development, it can be criticized whether the continuation of utilizing the

people managed to cooperate with it (Bosch, 2016). Surely one of the most unique

resistance strategy, is a wise option. In this thesis, it is hypothesized that it is better to

characteristics of the Dutch landscape, showing how water is encountered, are dykes.

apply flood resilient strategies to deal with these developments and to offer a solution
to the problems concerning the high flood risk in the river area. Thus, this thesis

With the advent of dykes, water safety was guaranteed to a great extent in the

specif ically focusses on flood-resilience. A further elaboration of this choice can also be

Netherlands. However, the requirements for specif ic protection levels and safety

found in the theoretical f ramework.

standards lacked. Dykes were being increased or strengthened in response to
flooding. Until 1953 a National Water Policy applied for the whole country. When it
went miserably wrong in 1953; (watersnoodramp), a committee of experts known as
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1.3 RESEARCH FRAMEWORK
Problem statement
Previously, it was mentioned that climate change will lead to rising sea levels and
extreme weather; more and higher peak discharges during periods of precipitation
alternated with longer periods of drought. It was also found that flood risks are very
high in the Dutch river area. The consequences of climate change will impact these
flood risks (Te Linde et al., 2011). Henceforth, when the consequences of climate change
are coupled to the high flood risk in the Dutch river area, the undeniable problem
becomes clear: highly fluctuating water discharges in the Dutch river system.
Highly fluctuating river water discharges cause considerable problems both during
high or low river water. A water shortage has a negative influence on the production of
drinking water due to salinization of f reshwater. Moreover, low river water discharges
cause groundwater levels to fall which deteriorate nature and agriculture, leading to
a loss of biodiversity and agricultural yields. Also, shipping suffers f rom both low and
high river water discharges. With low river water discharges, the ships lie relatively
close to the river bottom and therefore they have to be loaded less heavily. With high
river water discharges, the rivers can become impassable for ships. In both cases,
this is at the expense of the Dutch economy. Finally, and perhaps most importantly,
high river water discharges have major consequences in terms of flood protection in
the Netherlands, since 29 per cent of the Netherlands is vulnerable to river flooding
(Pieterse et al., 2009).

Figure 2: Diagramatic drawing of the problem statement: highly fluctuating river water
discharges

Figure 3 & 4: Extreme water discharges at the Waal near Nijmegen. Above the extremely high
discharge in January 2018 and below the extremely low discharge of October 2018 (Beenen,
2018)
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Introducing the Rijnstrangen
This thesis encompasses explorative design research. Therefore, an attempt is made
to offer a flood-resilient solution for the problem concerning highly fluctuating river
water discharges by employing a design. To demonstrate this ‘flood-resilient solution’,
a location was chosen in the Dutch river landscape that acts as a case study where the
design is spatially tested and explored. For this case study, the unique Rijnstrangen
area was chosen. The Rijnstrangen area, also known as the Oude Rijn, is located where
the Rhine enters the Netherlands at Spijk. It is the residual channel of the Rhine f rom
1707 (Steehouwer, 2005). The current Rijnstrangen area consists of a more than 20

DUIVEN

kilometres long winding water stroke between Loo and Tolkamer. The Rijnstrangen
area belongs to the Dutch river landscape. It consists of large plots of agricultural land,
appealing marsh nature areas and a few villages. Using the Rijnstrangen area as a case

ZEVENAAR

study is exceptional opportune for this explorative design research because of several
reasons.

TOLKAMER
SPIJK

Figure 5: Collage expressing the spatial atmosphere of the Rijnstrangen area

Figure 6: Map of the Rijnstrangen area located on the eastern part of the Netherlands.
Adapted f rom Google Earth
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First of all, the Rijnstrangen area is already reserved in the Delta program to maybe

Next, measures on the scale of the Rijnstrangen area offer the opportunity to deal

function as a possible water retention area (Deltaprogramma 2017, 2016). This is

with a substantial amount of water. In 2100 the maximum amount of water that flows

evident f rom the article by the Gelderlander (Mons, 2018), as shown at the outset of

through the Rhine to the Netherlands is expected to vary around 18,000 m3/s or more.

the introduction, which was one of the main reasons for writing this thesis. Due to

These guidelines must be operated to make the rivers future-proof (Deltaprogramma

the capability of temporary water storage in such retention areas, the peak of a high

2019, 2018). By implementing a water retention area in the Rijnstrangen, a high water

water wave can be topped off, lowering the temporal water discharge. Besides, the

wave with a peak of 18,000 m3/s would only reach a height of 17,500 m3/s. This comes

stored water can be discharged in times of drought to f ill the shortage. This measure

down to 500 m3/s (Deltaprogramma 2019, 2018). By way of comparison, all 34 Room

is phased for the period 2050-2100. Since this option fulf ils a spatial component, it is

for the River projects have increased the discharge capacity of the Rhine by 1000 m3/s

valuable to do thorough research into the landscape transition of such flood-resilient

(Rijksoverheid, 2019). That is why measures in the Rijnstrangen area can make a major

intervention.

contribution in achieving the set guidelines.

Second, the Rijnstrangen area is located at the source of water distribution in the

Finally, the exceptionally rich set of structures and patterns f rom the resistance

Netherlands. It is also called the ‘main tap’ of the Netherlands, where it is largely

strategy is still present in the Rijnstrangen area. Most of which have lost their primary

determined how much water is discharged to the north and the Westland. This unique

function. Since the Rijnstrangen area was once the original route that discharged the

location of the Rijnstrangen area is therefore interesting; far enough upstream on the

Rhine water in the direction of the North Sea, structural elements such as summer-

Rhine, but not too far. Measures taken at this location will, therefore, have a relatively

and winter dykes were introduced. After the construction of the Pannerdensch Canal,

large effect on the water discharge in the lower reaches of the Rhine system (“Effectief

these original structures f rom the Oude Rijn have been preserved almost completely.

water bergen”, 2013).

This means that the Rijnstrangen area can be taken as a suitable example to test a
flood-resilient design. The lessons learned f rom this case can be used in similar areas
in the Dutch river landscape. Given all the above, the Rijnstrangen area offers excellent
opportunities to research future flood-resilient measures.

Figure 7: Four diagramatic drawings that visualize the key position of the Rijnstrangen area for
this research
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Knowledge gap

Rijnstrangen on flood risk reduction and cost savings on dyke improvements (Pol et al.,

Switching f rom a resistant towards a more resilient flood risk management strategy

2017). Moreover, the effectiveness and the way in which water can be poured in and out

leads to an intriguing design issue. On the one hand, the increasingly eff icient

of the area has been investigated (Vergouwe, 2017). Further research will address the

implementation of the resistance strategy causes the disappearance of the rich

bottlenecks in the area, how the area can be f illed and discharged more eff iciently and

cultural-historical legacy of the original dykes. On the other hand, making a switch

what optimizations are appropriate concerning location and control (“Effectief water

to more resilient flood risk management strategies, which is already happening at

bergen”, 2013). However, besides these technical and f inancial research components,

various places (Vis et al., 2003), will require new interventions that might offer room for

it appears that insuff icient research has been done into the spatial aspects of a

innovation. This creates opportunities to creatively deal with the elements, patterns

transformation of the Rijnstrangen area (Seuren et al., 2016). Hence, this thesis offers

and structures that originate f rom the resistance strategy.

the perfect opportunity to research the spatial transition of the Rijnstrangen area.

Given the above, the design challenge arises how to carefully deal with elements f rom

Research objective

the resistance strategy in a landscape architectural responsible manner, when an

The main focus of this thesis is to explore, by means of designing, what design

attempt is made to switch to a more resilient strategy. Moreover, this design challenge

principles can be applied to make Dutch river landscapes more flood-resilient. To

addresses how flood resilient strategies can be translated into concrete measures and

do this, a precedent study, as well as a case study, will be carried out, to gather a

how these measures can be integrated into the landscape. Hence, by doing design

diverse set of adjustments that can be applied in the Dutch river landscape. Moreover,

research, the range of this design challenge can be explored and opportunities are

throughout the design process, there will be aimed to integrate these flood-resilient

investigated for landscape architectural design in general.

design principles as good as possible in the river landscape. In this way of doing
research through design, the design is used as an instrument to gather the research

Previous research concerning flood resilience focuses on how the strategy can be

results.

def ined and operationalized, and how the flood-resiliency of river systems can be
improved in theory (De Bruijn, 2005; Vis et al., 2003). However, a translation of this

The second research objective focuses specif ically on the application of the design

concept towards practical principles remains largely excluded. Although some research

principles in the Rijnstrangen area. The Rijnstrangen area will probably be exposed

has already been conducted regarding design principles for river systems, the main

to considerable changes in the future. The plausible water storage measure is phased

focus of those researches was on urban areas and river areas outside the Netherlands

for the period 2050-2100. However, it is not yet certain whether this measure will be

(De Bruijn, 2005; Vis et al., 2003; Prominski et al., 2017). This is unfortunate since the

implemented at all. Since the area is reserved for water storage related interventions,

Dutch river landscape is in substantial transition. Henceforth, this thesis can contribute

uncertainty arises among residents and policymakers about the future developments

to narrow this knowledge gap.

of the Rijnstrangen area (Gerritzen, 2018). Therefore, this thesis presents a possible
conf iguration for the Rijnstrangen area on flood-resilient strategies and interventions.

Besides, as described in the outset of the introduction, a possible transition of the

Hereby knowledge is collected which can be used to gain clarity or serve as an

Rijnstrangen area is planned. Because of the possible transition, much research has

inspiration among residents and policymakers for future developments within the

been done concerning the feasibility of flood protection measures in the Rijnstrangen

Rijnstrangen area.

area. Various studies focused on the effects of implementing a water retention area at

Figure 8: Diagramatic drawing of the knowledge gap: a translation of flood-resilient strategies

Figure 9: Diagramatic drawing of the research objective: an exploration of flood-resilient

towards practial principles is missing

principles f rom practice (left) and the application of these principles at one case (right)
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Research outcome

Relevance

In the previous sections, it has been mentioned that this thesis deals with the

This thesis is relevant for a number of reasons. First of all this thesis contributes to

acquisition of flood-resilient measures. Since design research is carried out with

making the Dutch river water safety system ‘future-proof ’ in terms of extreme peak

this thesis, there must be searched for a form in which research and design can be

discharges with flood-resilient interventions. Next, this thesis specif ically addresses

linked. An effective way to do this is by translating the research f indings into design

resilient flood risk management strategies, and therefore more understanding about

principles (Prominski, 2017). In this way, research knowledge that is abstracted f rom

this concept can be gathered. Moreover, new insights about this concept are spatially

data or experiences is converted into criteria that give guidance for certain design

translated and tested in the landscape. Especially, this thesis provides a major step

actions. These criteria or design principles suggest a specif ic desirable design direction

towards a possible concrete spatial translation of the Rijnstrangen area f rom which

as numerous other, less-suitable directions are excluded. Since a design principle

various messages can be gathered. This translation gives input for the transformation

represents a generalized rule, it covers a sense of abstraction that guides design.

of the Rijnstrangen area, such as giving clarif ication for residents, fuelling the

Hence, applying a design principle should not be seen as a guaranteed recipe for

discussion to decision-makers, or serving as a source of inspiration for designers. Last

success as it needs to be adapted for site-specif ic cases (Prominski, 2017).

but not least, the research results that are obtained with this thesis can also be applied
to comparable Dutch river landscape areas.

Research questions
In order to attain the research objective, the following research questions have been
formulated. The main research question overarches the entire research while the two
sub-research questions contribute to answering the main research question. These are
shown in f igure 10.

Figure 10: The main- and two sub-research questions
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Theoretical
framework
In this chapter, the relevant concepts and theories that exist with regard to water

Chapter 02

management in Dutch river landscapes are investigated. By def ining and explaining
the most important concepts, the scientif ic justif ication of this research is formed.
Moreover, it will be argued which theories are used to carry out the research. To provide
an overview of the various concepts and the coherence between them, the theoretical
f ramework has been developed.which is shown on the next page in f igure 11.

DEMARCATING THE RESEARCH
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2.1 WATER MANAGEMENT
Fluctuating river water discharges
As stated in the introduction, due to climate change, Dutch rivers will have to deal
more often with extreme water discharges. This will undoubtedly impact how different
flood risk management strategies must be applied in the river landscape. However,
to make the concept ‘fluctuating river water discharges’ more tangible, it needs to
be quantif ied. To do this, existing measurements and forecasts for the river water
discharge of the Rhine at Lobith are examined.
The average discharge of the Rhine is approximately 2200 m3/s with a water level at
Lobith fluctuating between 795 and 1200 cm compared to the Normaal Amsterdams
Peil. The current maximum normative discharge capacity in the Netherlands for the
Rhine is set at 16.000 m3/s. For the year 2100, the Delta Program assumes that the
maximum water discharge that can reach the Netherlands might increase by 2.000
m3/s which comes down to 18.000 m3/s (Deltaprogramma 2019, 2018). In addition,
it is expected that extremely low discharges will increasingly occur as a result of
prolonged drought (Rijksoverheid, 2019). As for the Rhine at Lobith, these low river
water discharges imply discharges less than 1100 m3/s. To illustrate, the Rhine reached
a discharge of 757 m3/s in October 2018, which has not been so low since 1971. Hence,
the quantif ied range in which the Rhine’s river water discharge fluctuates is set for this
thesis at 650 to 18.000 m3/s.
Flood risk management
Since the primary focus of this design research concerns achieving flood resilient
design principles, it is relevant to get grip on the broader context regarding flood
resilience. Because flood resilience is a type of strategy that concentrates on managing
or reducing flood risks, it is valuable to comprehend the term ‘flood risk management’.
Flood risk management is determined as the process of managing an existing flood
situation. It includes the planning of a system in such a way that the flood risks are
minimized (Plate, 2002).
The closely related term ‘flood risk’, which has already been introduced in the
previous chapter, can be def ined as the probability of a flood hazard multiplied by its
consequence; the damage and casualties (Vergouwe, 2017). It follows logically that
Figure 11: The theoretical f ramework of this research. It demonstrates the most important
concepts and the relationships between them

an area that is exposed to flooding more often has a higher flood risk. In the same
way, flood risk rises with economic development because of an increase in potential
damage (Vis et al., 2003). Alternatively, the flood risk decreases when measures are
taken that prevent flood hazards f rom occurring or that lower the impact of flooding.
Such measures can include dyke improvement or river expansion. These examples
correspond to two different types of flood risk management strategies; a resistant and
a resilient strategy. The preferred flood risk management strategy for Rhine and Meuse,
as determined in the Delta Plan, is a combination of both strategies (Kuijken, 2015).
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Flood-resistant/resistance

Flood-resilient/resilience

From a historical perspective, it appears that Dutch flood risk management mainly

In the last few decades, the resistance strategy has been called into question. Instead

implies river training and the construction of embankments (De Nocker et al., 2007).

of reducing the flood hazard, a new strategy in flood risk management has been

Such measures intend to lower the flood hazard or reduce the likelihood of flooding

introduced which focusses on learning to live with flooding. Such strategies are

f rom happening. Flood risk management strategies based on this approach are called

called ‘flood resilient strategies’ and they rely on risk management instead of hazard

‘resistance strategies’ and are thus intended to control flooding (Vis et al., 2003). The

control (Klijn et al., 2004). These resilient strategies imply that the river is allowed to

term ‘resistance’ is derived f rom ecology and represents the ability of populations or

temporarily flood large areas, whereas the flood damage is minimized by adapting

systems to remain unchanged when exposed to disturbances (McCluney et al., 2014).

land use (Vis et al., 2003). Just like the previously described resistance strategy,

In the context of flood risk management, ‘flood-resistance’ is def ined as the ability of

the concept of ‘resilience’ originates f rom ecology. Within the ecological discipline

the system to prevent floods (Klijn et al., 2004; Vis et al., 2003; De Bruijn, 2005). Hereby

‘resilience’ is def ined as the ability of populations or systems to return to similar levels

structural measures are applied to deal with certain river water discharges.

after a perturbation (McCluney et al., 2014). In terms of flood risk management, floodresilience will be def ined in this thesis as the ability of the system to recover f rom

The Dutch river landscape, as it can be experienced today, is almost entirely an

floods (Klijn et al., 2004; Vis et al., 2003; De Bruijn, 2005). An interesting example of the

accumulation of measures and interventions based on this ‘resistance’ principle. The

application of a resilient strategy is the floodplain excavation in the Millingerwaard. This

patterns, elements and structure-working artefacts such as the construction and the

is a well-known project of the Dutch Room for the River programme.

improvement of dykes, flood defences, spill systems, sluices, ditches, streams and
more, make the Dutch river landscape so characteristic. These are typical measures

Since resilient flood risk management also considers minimizing the flood impact,

that belong to a resistant flood risk management strategy. Resistance strategies

dealing with uncertainties is an important aspect (De Bruijn, 2004). Therefore measures

thus specif ically focus on flood prevention. One of the best-known examples in the

that lower the impact of flooding, such as building requirements, are considered.

Netherlands is the Delta Works; a defence system consisting of various primary flood

Other interventions that promote flood-recovery such as damage compensation and

defences located in the province of Zeeland.

insurances are covered within resilient strategies (Vis et al., 2003). However, since
these measures do not directly affect the spatial environment, these measures will be
neglected in this thesis.

Figure 12: Diagramatic drawing of the concept of flood-resistance: the ability of the system to

Figure 13: Diagramatic drawing of the concept of flood-resilience: the ability of the system to

prevent floods

recover f rom floods
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2.2 POSITION OF THE RESEARCHER: FLOOD-RESILIENCE

as cultural heritage and scenery (Vis et al., 2003; De Bruijn, 2005). Although a transition
towards resilient strategies may require high investment costs, new opportunities

With this thesis, a choice is made in the way in which flood risk management strategies

and benef its are generated. For instance, resilient strategies are more constructive

will be applied for a specif ic research area. By focusing on only one strategy, that

for nature and sustain the positive aspects of floods (De Bruijn, 2005). Also, measures

certain strategy can be discussed with great depth and it helps to demarcate the

f rom resilient strategies such as river widening actions can easily be linked to area

thesis. For this thesis, the position of the researcher concerning flood risk management

developments (Waveren, 2015).

will be on flood-resilience. This choice was made because of several reasons.
Operationalizing resilience
First of all, when flood-resistant measures are implemented, for example, the

To identify design principles that are based on the flood resilience of systems, it is

construction of a dyke, one f ixed design discharge is applied for an entire area. This

important to operationalize the concept. Based on three indicators: 1 the amplitude

suggests that all land-use types such as cities, agricultural f ields and natural areas

of the reaction, 2 the graduality of the reaction and 3 the recovery rate, insights into

behind the dyke, have the same probability of flooding. This leads to high uncertainty

the system’s resilience is provided. These indicators have been obtained f rom the PhD

of which area will flood. Resilient strategies, on the other hand, can conf ront

research of agricultural engineer Karin de Bruijn. ‘’The resilience of a system is larger

unexpected circumstances more easily. This can be explained since flood resilient

when the amplitudes are smaller, the graduality is larger or the recovery rate is higher’’

strategies, allow flooding in places where the consequences are minimal. Therefore

(De Bruijn, 2005).

such systems are more gradually, meaning that with increasing flood waves, the
damage increases evenly (De Bruijn, 2005).

The amplitude of the reaction is def ined as the extent to which a high water wave
results in actual flood impacts such as damage and the number of casualties. The

This brings us to the next point, namely the consideration of the consequences of

graduality of the reaction is achieved by comparing the relative increase of discharge

flooding. Since resistance strategies specif ically address hazard control, very little

f rom a flood wave with the corresponding relative increase of damage. The qualitative

attention is given to the consequences of possible floods (Vis et al., 2003). By applying

recovery rate of the reaction demonstrates the physical, economic and social recovery

resistant strategies, which reduce the flood hazard and result in lower flood risks, a

capacity of the system (De Bruijn, 2005). These indicators as described in De Bruijn’s

false sense of safety is created. ‘The heightening of dykes to protect the cultivated

dissertation, have been substantiated with various quantif ied parameters. However, for

land even adds to the flood risk: the enhanced feeling of safety behind a massive dyke

this thesis, these parameters will be neglected.

invokes further investments thus adding to the value of property at risk’ (Vis et al.,
2003). Applying a flood-resilient strategy on the other hand, not only affects the flood

Based on the indicators just described, it has been tested how resilient the current

hazard but it also reduces the consequences. In other words, the likelihood of floods

Rhine river system is. It was discovered that most flood waves will not result in

turning into disasters is limited by resilient strategies (De Bruijn, 2005).

any reaction due to the strong dykes and high flood risk standards, therefore the
system has a low amplitude. However, if an extreme flood wave occurs the damage

Moreover, concerning dyke heightening f rom the resistance strategy, it can be

is catastrophic because of the relatively densely urban area behind the dykes so the

acknowledged that the higher the dykes, the bigger the possible disaster. Therefore

graduality is low. The recovery rate of the system, on the other hand, is relatively high

the potential flood depth increases (Klijn et al., 2004). If such embankments fail, this

because of the high level of welfare and organisation in the Netherlands. Given the

might result in a sudden, huge and uncontrolled flood of areas that were supposed to

above, it can be concluded that the resilience of the current Rhine river system is low

be protected against flooding. Whereas resilient strategies allow controlled flooding in

(De Bruijn, 2005). To increase the resilience of the system, flood risk management

certain areas like nature zones or agricultural f ields. In this way, the damage remains

strategies should be implemented that increase flood probability differentiation in

limited and multiple benef its can even be provided, such as improving the ecological

such a way that more vulnerable areas have lower flood probabilities and the less

quality of wetlands, recharging the groundwater and making agricultural areas more

vulnerable areas have higher flood probabilities (De Bruijn, 2005).

fertile by providing nutrient-rich sediments (De Bruijn, 2005).
Finally, the current resistance strategy does not seem sustainable for the long run
as the need for raising and improving water defence structures will continue to last.
Further heightening of the dykes will have unfavourable effects on structures of
natural, cultural, and scenic landscape values. In contrast, resilient strategies might
strengthen the natural dynamics of a river system, preserving landscape qualities such
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2.3 THEORETICAL LENS

Design with nature
Both the concepts of resilience and resistance are system characteristics that express

Now that all relevant concepts related to this research have been explained,

a system’s ability to cope with disturbances. Applying these concepts in flood risk

substantiated and operationalized, it will be argued which theories are used to

management thus requires a systems approach (de Bruijn, 2005). Therefore, the

demonstrate and carry out this research. The theories that are used for this thesis

proper application of resilient strategies requires a full understanding and utilization

address the topics ‘design with nature’, ‘systems thinking’ and ‘river DNA’ which are

of natural processes and systems in the area (Ahern, 1995). To achieve this, a designer

derived f rom different writers and researchers. In the paragraphs below, it will be

must possess an ecological view which involves acquiring knowledge of an area

explained how these theories are related to each other and to the concepts discussed

through analysis of the soil, hydrology, elevation, vegetation etc. (McHarg & Mumford,

earlier.

1969). This is discussed comprehensively in McHarg’s book ‘Design with nature’.
The application of this theory is of great importance for this thesis as it can be used
to assess which sites within the research area are best suited for flood-resilient
interventions. When such interventions are implemented at specif ic places, the entire
river system is affected. Therefore multiple environments or ecosystems are created
with each intervention, that become part of a network of processes and systems
flowing f rom and towards each other (Capra & Luisi, 2014). This forms the basis of the
concept that is known as ‘systems thinking’.
Systems thinking
Systems thinking emerged during the 1920s, at which a change f rom the mechanistic
to the ecological paradigm has proceeded. The signif icance of the ‘parts’ called
mechanistic, developed toward a paradigm where the emphasis is on the ‘whole’;
holistic. “The holistic perspective has become known as systemic and the way of
thinking it implies as systems thinking” (Capra & Luisi, 2014). The properties of a living
system combined make a whole and can only be established through the interaction
and relationships between them. Systems thinking distinguishes itself as thinking in
terms of networks and processes instead of objects (Capra & Luisi, 2014).
Since rivers and landscapes are complex living systems, they must be managed
on a systemic basis (Everard & Powell, 2002). Within the disciplines of landscape
architecture and spatial planning, the ‘systems-thinking’ approach is an indispensable
f ramework that helps to understand the landscape. That makes this theory extremely
suitable for the research of this thesis. Connections between the different processes
are investigated to understand the system as a whole. For example, the natural forces
and interactions in the river system such as fluctuating water levels, lateral water
distribution, flow velocities, erosion, sedimentation and meandering could form the
starting point. By taking advantage of these natural processes, the system becomes
more flexible and adaptive to environmental changes and opportunities are offered
concerning nature, recreation and economy (McHarg & Mumford, 1969). Hereby it is
crucial to design new measures in the landscape in such a way that can they serve
more than just one purpose, that work in line with these natural processes rather than
against them and that are adaptable to changing conditions (de Vriend et al., 2014).

Figure 14: The signif icant theories for this thesis: ‘The Systems View of Life’, ‘Design with Nature’
and ‘Smart Rivers: Flood protection based on the DNA of a river’
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River DNA
The last theory that is relevant for this thesis deals with the DNA of the river. This
theory is essentially the application of systems thinking and design with nature at a
part of the river landscape. The river DNA takes into account that the specif icity of
a certain river forms the basis for future development. This leads to different types
of interventions that apply to the unique characteristics of a certain river route. It is
translated into measures that are appropriate in terms of landscape- size, scale, shape
and history (Peters et al., 2019). Hence, by generally knowing what the specif icity or
river DNA of a certain river route is, measures can be established that f it into that
system.
To determine the river DNA of a certain river route, it is important to understand how
a specif ic river trajectory functions and which types of processes belong to that river.
Processes such as meandering, erosion and the deposition of certain river sediments,
play an important role in the formation of a river. It should be mentioned that the DNA
of a river can differ greatly per river route (Peters et al., 2019). Though, by looking at
modern and historical soil and height maps, a reconstruction can be made of the old
river runs f rom a certain river trajectory. Moreover, it can be discovered which elements
are common for this river. By determining this river DNA as a conceptual structure,
future developments can easily be linked (Peters et al., 2018).
Accordingly, it seems conceivable that by applying the theories of ‘systems thinking’,
‘design with nature’ complemented with ‘river DNA’, innovative resilient solutions
within the Dutch river landscape can be derived. The three theories have been
practised by various researchers and authorities. It appears to be a well-founded
way to classify and suggest future development of river landscapes using ecological
inventories (Ahern, 1995; Roncken et al., 2011; Deltaprogramma 2019, 2018).
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Methodology
This chapter discusses how this qualitative exploratory research is conducted. In this
chapter, the methodological f ramework is established. This methodological f ramework
consists of two phases that must be completed to answer the main research question.
In the f irst phase: the explorative phase, the f irst sub research question is conducted.
The second sub research question is addressed during the subsequent experimental
phase, in which the previously gained design principles are tested and adjusted to an
appointed site in the Rijnstrangen area. After a f inal check of the design principles

Chapter 03

f rom the explorative phase and the place-specif ic design principles f rom the
experimental phase, conclusions can be drawn to answer the main research question.
For every phase, different types of research, worldviews and methods are provided to
get the right kind of understanding that is needed to answer the different research
questions.

RESEARCH APPROACH
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3.1 EXPLORATIVE PHASE – RESEARCH FOR DESIGN

Worldview
This research is characterized by a process of acquiring knowledge through various

The explorative phase addresses the f irst sub research question. With this exploratory

approaches and combined worldviews. Therefore, the underlying point of view for

phase, an inventory is made of flood-resilient design principles that are applied

this thesis is a pragmatist worldview. A pragmatic approach has the advantage that

successfully in Dutch river landscape regions similar to the Rijnstrangen area. Hence,

different knowledge claims and methods can complement each other (Van den Brink

in this exploratory phase, a spatial analysis, a literature review and a precedent study

et al., 2016). To investigate the f irst sub-research question in the explorative phase, it

are carried out. The knowledge gathered in this exploratory phase provides qualitative

was inappropriate to practice quantitative measurements. Therefore more qualitative

input for designing. Therefore, there is a linear relationship between research and

observations are made which contain theory. Moreover, the cultural, social positioning

design instead of the other way around. Within the discipline of landscape architecture,

and experience of the researcher influenced a certain direction in answering the sub

this relationship is better known as ‘research for design’ (Lenzholzer et al., 2013).

research question. Therefore, post-positivistic type of knowledge is obtained during this

It involves the collection of information and applied knowledge for design work.

phase (Lenzholzer et al., 2013).

Figure 15: Diagramatic drawing of the methodological f ramework
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Methods
The explorative phase is characterized by desk research. Desk research is understood
to mean the collection and analysis of information that is already available, such as
literature and previous studies (Czarniawska, 2014). The desk research of this thesis
is performed with the data collection methods: literature review, spatial analysis and
precedent study. The methods of this phase and the corresponding data are shown in
f igure 16. The explorative phase of this thesis consists of three parts that are subdivided
into three sub-chapters.
In the f irst sub-chapter (chapter 4.1), a literature study of river systems, in general, is
conducted. The goal of this chapter is to gain insight into the system functioning of
rivers. To do that, various scientif ic papers are collected via Google Scholar and (online)
libraries. Moreover, information f rom the internet is consulted as a data source.
Next, existing projects are (spatially) analysed in which flood-resilient strategies are
applied. In this second sub-chapter (chapter 4.2) a precedent study is administered.
Here, interventions and contestations of existing Dutch river landscape projects
where flood resilient strategies have been applied successfully, are explored. With the
precedent study, four projects that serve as a reference case, are investigated. Because
the selection of the precedent studies is a fundamental component for this thesis,
multiple criteria are established (Van den Brink et al., 2016).
Lastly, the design principles that were acquired during this explorative phase will be
summarized and explained in the third sub-chapter (chapter 4.3). Consequently, the

Figure 16: Methods of the explorative research for design phase

f irst sub-research question can be answered to complete this phase.

3.2 EXPERIMENTAL PHASE – RESEARCH THROUGH DESIGN

contributes to the research and vice versa. Moreover, due to the iterative process of
designing and testing, researchers become aware of the appropriateness of their

During the successive experimental phase, the second sub research question is

knowledge and whether it should be further developed (Lenzholzer et al., 2013). The

addressed. This phase concerns a single qualitative case study as the collected

results include recommendations and information that have f requently been tested,

information is interpreted by the researcher (Creswell, 2014). In this phase, the

reflected and validated with the design. It follows that reliable (Designing) knowledge

design principles and knowledge that have been acquired in the previous phase,

is acquired supported with an appealing, well-substantiated design (Lenzholzer et al.,

are implemented and tested in a designing manner at the Rijnstrangen area. After

2013; Van den Brink et al., 2016).

the design is made, it is assessed to what extent certain interventions are properly
integrated. Based on this assessment, new adjustments in the design are made to

Worldview

sharpen the interventions and to f it them better into the landscape. In this iterative or

When there is focussed on the two different phases, it becomes clear that various

cyclic process of designing and testing, both the ‘research’ and the ‘design’ mutually

types of knowledge are needed. For that reason, different worldviews or paradigms

fuel and influence each other and continue to be sharpened. This forms the basis of

are linked to both phases. The f irst phase was characterized by the collection of post-

the research process methodology named ‘Research through design’ (Lenzholzer et al.,

positivistic type of knowledge. During this second experimental phase, however, it will

2013).

be examined how the Dutch river landscape of the Rijnstrangen area can be developed
more flood-resilient by means of environmental adjustments. To what extent the area is

With this methodology, the research results, which are in this case the adjusted design

exposed to changes, is investigated with this case study and can, therefore, be seen as

principles, form the end product rather than a specif ic design. However, the design

a transformative process (Lenzholzer et al., 2013).
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Methods
The second sub research question, which is addressed in this experimental phase, is
investigated through f ield research. With f ield research, new data is collected, analysed
and interpreted by the researcher himself (Czarniawska, 2014). To obtain knowledge
for answering the second research question, the researcher used the following f ield
research methods: spatial analysis, designing, 3d modelling, expert interviews and
assessment forms. The methods of the experimental phase are visualized in f igure 17.
Again, just as with the previous phase, the experimental phase can be subdivided into
3 sub-chapters.
First, spatial analysis is carried out in the Rijnstrangen area to fully comprehend the
landscape. This spatial analysis is part of chapter 5.1. Thematic maps such as soil,
elevation, land use, inf rastructure and historical maps are studied in order to fully
understand the on-site landscape context and characteristics and to get a feel for
which measures are appropriate for certain locations. In addition, the site was visited
and observed to experience the acquired knowledge and to capture it in the form of
photographs and f ield notes. This spatial analysis, as well as the successive formulation
of design goals, is the preparatory work that should be fulf illed before the iterations of
designing and testing take place.
In the next sub-chapter (chapter 5.2), the design synthesis is executed which consist
of three iterations of designing and testing. The methods that are applied f irst
during these iterations concern designing and 3d modelling. With these methods,
the applicability of the previously collected design principles is tested by sketching
and crafting. The results, for example, maps or visualisations, are then evaluated
based on the degree of flood resilience. The evaluation or testing in each iteration is
substantiated with data collected f rom semi-structured expert interviews supported
with data f rom assessment forms. Doing semi-structured interviews is a flexible

Figure 17: Methods of the experimental research through design phase

method where non-prearranged, open-ended questions can be asked during
the interview. Therefore it tends to be relatively informal compared to structured
interviews (Kumar, 2011). The interviews were used to gain insights into how certain

locations (Van den Brink et al., 2016). In this way of inductive reasoning, the general

design principles influence water management in the Rijnstrangen area. That is

principle is abstracted f rom the specif ic case.

why a hydrologist was interviewed. Moreover, an agricultural expert was interviewed
to gain knowledge about a new proposed agricultural concept. Last, a landscape

Finally, it must be stated that all design principles; those of the explorative and

designer is interviewed to provide criticism on the multi-layered design. By involving

experimental phase, are criticized by means of a f inal check. For this f inal check,

multiple actors and experts, a supported plan emerges in which various parties see the

the method of the assessment form is applied again. This method consists of an

added value (Kiker et al., 2005). With this evaluation, it became clear to what extent

assessment of each design principle based on seven themes. It is evaluated whether

interventions must be ref ined.

each theme is positively (+), negatively (-) or not or hardly (o) influenced by a certain
design principle. By performing this f inal check, similarities and differences can be

Just as with the explorative phase, the adjusted and newly gained design principles are

determined between design principles. Moreover, conclusions can be drawn which

determined in the third and f inal sub-chapter (chapter 5.3). The design interventions

help to answer the main research question of this research. The f inal check takes

that are derived f rom the design synthesis, are generalized in such a way that more

place in the last chapter of this thesis (chapter 7).

universal theoretical knowledge is generated, which can then be applied at other
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Explorative
Phase
This chapter addresses all work conducted and gathered during the research for

Chapter 04

design phase. The purpose of this chapter is to answer the f irst sub research question.
As described in the previous chapter, this explorative phase consists of three subchapters. First, a literature review is done on river systems. This chapter is followed by
a precedent study in which four projects that serve as a reference case in the Dutch
river landscape are scrutinized. Finally, this chapter ends with the formulation of design
principles gained during this phase.

RESEARCH FOR DESIGN
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4.1 River Systems

4.1.1 RIVER ESSENTIALS
Hydrological cycle
The river system is created as a result of the hydrological cycle. The hydrological cycle
is a biogeochemical cycle which describes all processes concerning water circulation
through the system Earth. The source of energy driving this dynamic process is the
sun. Under the influence of the sun, sea- and other surface water evaporates. A part
of the water vapour immediately falls back into the sea in the form of rain; the short

This sub-chapter starts by describing the most important aspects that deal with the

water cycle. The other part of the water vapour is transported by the wind. If this airflow

system functioning of the river. From this, it becomes clear how the hydrological cycle

rises above the land, it can collide with colder air flows or with hills causing them to be

influences morphodynamical processes that play an important role within different

pushed up and cool down. The cooled water vapour condenses and is released as water

areas in the drainage basin of the river. Subsequently, it will be examined how these

droplets which then fall as precipitation. When the precipitation is not absorbed by

processes transformed the Dutch river system over the years. Ultimately, this resulted

the soil, it is discharged through rivers and other watercourses to the sea. This is called

in the natural river landscape. Finally, it will be demonstrated how human activities

the long water cycle and forms the basis for the formation of rivers (Ramanathan et al.,

influenced this landscape.

2001).

Figure 18: The river system of the Nederrijn near Wageningen on a peaceful day

Figure 19: Diagramatic drawing of the hydrological cycle
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Upper, middle and lower reaches of the river

Erosion and sedimentation

The hydrological cycle shows how rainwater is discharged through rivers to the sea.

The gradient in the landscape determines the degree of flow velocity. The steeper the

However, rivers can also be fed by melting water: water released during the melting

gradient, the faster the water flows. Therefore, more kinetic energy can be unleashed.

of snow and ice f rom glaciers. All the water that is transported by the river influences

Fast-running water can cut into the soil and transport heavy materials. The flowing

the surrounding river landscape. Due to the system functioning of the river, it must be

water carries the released material downstream where, depending on the flow velocity,

considered that river interventions influence the functioning of the river downstream.

this material is deposited (Asselman, 1999). For this thesis, the focus is on the lower

Depending on the gradient of the environment and the associated flow velocity, a river

reaches of the Rhine river. Here, erosion and sedimentation mainly take place where

can cut itself in or meander. As the river flows further down, the gradient and the flow

the river starts to meander. In the meandering process, erosion occurs on the outside

velocity decrease. This creates various subareas within a river course. A distinction can

of the river bend where the flow velocity is high. The accumulation of sediments takes

be made between the upper, middle and lower reaches of a river (Chang, 1992).

place on the inside of a river bend where flow velocities are relatively low. Over time,
the meanders constantly bend out into ever-larger loops. Eventually, the river can

The f irst part of the river is called the upper reaches of a river. Here, the water is often

cut its own loop. The river then flows through the shortened and original route, while

discharged f rom the mountains via narrow streams that flow together into a larger

the cut-off loop remains in the landscape like a dead river arm. By analysing these

river. It is characterized by a large stream gradient leading to high flow rates. As a

phenomena, in combination with historical soil- and elevation maps, old river routes

result, the river has a large eroding capacity and is capable of carrying heavy sediments

can be reconstructed.

such as stones and gravel. In the middle reaches of a river, both the gradient and the
flow velocity decrease. Hence, there is a balance between erosion and sedimentation.

Drainage basin

This allows the river to braid and meander in which mainly gravel and coarse sand are

The upper, middle and lower reaches of the river combined are part of the river

deposited. Finally, in the last and lowest part of the river; the lower reaches, the river

system. All rivers, tributaries and streams of a certain river system are located within

flows into the sea. The river is here at its widest and deepest and therefore carries a lot

the drainage basin of that river. The drainage basin of a river can be def ined as the

of water. However, due to the small gradient, the flow velocity is very low. Therefore,

area f rom which the river is fed with water. The boundary of a river basin is called the

sedimentation of small particles such as f ine sand and clay takes place in the lower

watershed and often appears as a higher or mountainous area (Chang, 1992). This thesis

reaches of the river (Chang, 1992). Moreover, the river often splits into several branches
that flow to the sea forming a delta. A good example of such delta is the Netherlands,
which forms, in fact, the large river delta of the Meuse and Rhine.

Figure 20: Diagramatic drawing of the upper- (left), middle- (center) and lower (right) reaches of

Figure 21: The process of meandering in the lower reaches of the river: erosion takes place in the

the river

outer bend and sedimentation takes place in the inner bend of each meander loop
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focuses on the drainage basin of the Rhine. The Rhine rises high in the mountains in

4.1.2 HISTORY OF THE ORIGINAL RIVER LANDSCAPE

the Swiss Alps. Melting water f rom ice and snow in the mountains comes together and
forms ever-growing rivers. These branches flow through France and Germany as they

Pleistocene: glacial and interglacial periods

start to unite. Ultimately, the Rhine enters the Netherlands and discharges into the

To comprehensively fathom the natural landscape of the Dutch part of the drainage

North Sea and the IJsselmeer. Here, the Rhine reaches a discharge of approximately

basin of the river Rhine, a journey back in time is made. There will be focussed on the

2200 m3/s. However, as shown in the introduction, this discharge can fluctuate greatly.

scale of the Netherlands to identify the geological processes that have signif icantly

In particular, in the winter and spring (when there is a lot of rainfall and melting water)

influenced the formation of the Dutch river landscape. The most important geological

the discharge of the river can increase considerably. In the warmer and drier months,

processes that influenced our current landscape took place during the Pleistocene;

on the other hand, the river water discharge decreases substantially. The drainage

a period f rom 2.58 million to 11.7 thousand years ago, and onward. This period of the

basin of the Rhine covers an area of 185,000 km2, but only a part of this area is located

Pleistocene is subdivided into approximately f ifty cold and dry ice ages (glacial) and

in the Netherlands. In the following sections, the history of the drainage basin of the

warmer more moist periods in-between (interglacial). During the glacial periods,

river Rhine will be discussed. Because of the relevance of this thesis, there will be

enormous land ice sheets were formed. Hence, huge amounts of water were converted

zoomed in specif ically on the Dutch river area.

into ice sheets. As a result, sea levels fell by tens of meters worldwide. During the
subsequent interglacial periods, the ice caps started to melt and the sea level rose
(Jongmans et al., 2012).
Saale glaciation
In the penultimate ice age, also known as the Saale glaciation, the northern part of
the Netherlands was covered with foothills of an ice sheet f rom Scandinavia. These
glaciers pushed masses of sand and gravel into the former river valleys like bulldozers.
The propelled grounds formed moraines and hills, some of which are still strikingly
present in our current landscape. Examples of these pushed moraines are the Veluwe,
the Utrechtse Heuvelrug, the Sallandse Heuvelrug and the belt of height that runs
f rom the Veluwe to Nijmegen-Kleef (Jongmans et al., 2012). These moraines largely
determined the course of the rivers. During the Saale glaciation, the Netherlands
was completely in the river basins of the Rhine and Meuse. These rivers flowed
along the south side of the moraines to the west. However, due to the extremely low
temperatures, the rivers were mostly dry.

Figure 22: The drainage basin of the Rhine. The red line shows the watershed of this drainage

Figure 23: Diagramatic drawing showing how a moraine arises by the power of propelling

basin. Inside these borders the blue river system of the Rhine is illustrated

glaciers
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Eemian interglaciation

Holocene interglaciation

After the Saale glaciation, the warmer period of the Eemian followed. During this

The Holocene is the geological period f rom 11,700 years ago to the present. It is a

interglacial period, glaciers melted and the sea level rose, leaving the West of the

relatively warm period in which people started to populate in all parts of the Dutch

Netherlands partially covered by the sea. The remaining land became overgrown

landscape in a short time. During this interglacial period, global warming caused the

by warm temperate forests and peat swamps (Jongmans et al., 2012). Due to the

ice caps to melt, which covered Northern Europe and Scandinavia. For that reason,

disappearance of glaciers and the increased amount of meltwater, the discharge of the

the sea levels rose all over the world. In this way, the North Sea was formed in Western

Rhine increased considerably. Because of this increased discharge in combination with

Europe. Besides, geological depositions f rom this period considerably determined the

the presence of various moraines that originate f rom the Saale glaciation, a new river

formation of the Dutch landscape. The Holocene deposits are characterized by, river

valley for the Rhine arose (Wesselingh, n.d.). The Rhine flowed through the current river

deposits which consist of sand and clay (Wesselingh, n.d.). These sediments form the

basin of the IJssel towards the north and discharged into the sea at around the height

starting point f rom which the natural river landscape has emerged.

of Zwolle.
Weichselian glaciation
In the following period it became colder and drier. The Dutch landscape slowly
changed f rom a fertile natural environment to a polar desert. This period, which began
roughly 116,000 years ago, is the last ice age and is called the Weichselian glaciation.
Again, the sea retreated further and further. Because of the falling temperature the sea
water was stored as polar ice. Eventually the North Sea was dry and sediments f rom
the North Sea bottom were blown over our country with strong northern polar winds.
Although the surface of the Scandinavian land ice mass increased enormously, the
Netherlands was not covered by glaciers during this period (Wesselingh, n.d.).

Figure 24 & 25 : Spatial situation of the Netherlands during the Saale glaciation (left) and the

Figure 26 & 27 : Spatial situation of the Netherlands during the Weichselian glaciation (left) and

Eemian interglaciation (right). Adapted f rom Geologie van Nederland

the Holocene interglaciation (right). Adapted f rom Geologie van Nederland
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Natural river landscape

The Gelderse Poort

The meandering river runs are perhaps the most striking elements that characterize

The Rhine repeatedly changed course and cut itself into the landscape at various

the natural river landscape. Before the construction of dykes, the river area was a

places. The Rhine f irst revolved around Montferland and followed the river basin of the

playful and dynamic zone with river runs and levees (oeverwal) along alluvial plains

current IJssel to the north. Eventually, the Rhine broke through the moraine between

(komgronden). These levees and alluvial plain soils are especially located in the lower

Montferland and the Veluwe, making it flow more to the west. Later on in the Ice

reaches of the river. Levees are elongated heights that lie along the banks of a river.

Age, the Rhine pierced between the hills of Montferland and Kleef. Consequently, the

They are formed by the river itself through the deposition of coarse sand and act as a

Gelderse Poort was originated, which is still the current course of the Rhine (Jongmans

natural dyke, keeping the river in its summer bed (Jongmans et al., 2012). Levees can

et al., 2012). The history of origin of the Gelderse Poort is visualized in f igure 29.

only overflow at particular high water levels. During such floods, all kinds of materials
that the river carries are deposited alongside the river such as gravel, sand and clay.
The more heavy sediments such as sand are deposited directly next to the river bed,
while f iner and lighter sediments like clay, are deposited way further behind the levees
in the so-called alluvial plains. These soils are therefore located in the lows behind
the levees and are rather soggy. They consist of heavy clay. Because the process of
river sediment deposition repeated itself with every flood, an increasingly higher and
wider natural wall is formed over the years with lower plains behind it: the natural river
landscape.

Figure 29 : Diagramtic drawing of the developments within the Gelderse Poort over time.
Through the process of river course shifting, different moraines were pierced

Figure 28 : The ‘natural’ river landscape with sandy levees and clayy alluvial plains on top of old
subsoils
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4.1.3 TYPICAL DUTCH RIVER LANDSCAPE
Regulating the landscape

All elements that have just been described, are located in the so-called ‘area outside

As described in the previous sections, the natural river landscape is the product of all

of the dykes’. The other area; ‘the area on the inside of the dykes’, is the urbanized area

kinds of geological processes that took place over the past millions of years. However,

where cities and villages need permanent flood protection. When the river and the city

the landscape has changed rapidly in a very short time due to human interventions.

come closer to each other, the area on the inside of the dykes can end up right next to

As of the Middle Ages, people began to take more and more control of the Dutch

the river. As a result, the landscape elements which are normally located on the area

landscape. With the Great Reclamation (Grote Ontginning) of the 10th-13th century, the

outside of the dykes remain absent. This is the case with city centres. Though, with

Dutch landscape was cultivated as infertile soils were dewatered and became arable.

this thesis, the focus is on locations where the landscape elements of the area outside

In order to smoothly regulate these newly created water systems, a national board was

of the dykes are present. This is especially the case in slightly rural areas. Since these

set up in 1255 ad, known as the ‘Waterschap’ governed by ‘heemraden’. Together with

areas are more spacious, there is more room to apply and test design principles.

top hydraulic engineers, this national administrative organization made it possible to
impolder new areas by building dams and dykes (Toonen, 1993). In this way, peatlands
were cultivated and dykes were constructed along rivers and the coast. Hence, new
areas were made accessible for permanent use. Thus, human put their stamp on the
Dutch landscape and in particular the river landscape.
Summer-, winter dykes and floodplains
The large-scale dyke construction started in the fourteenth century. During this period,
river beds were composed in a system of dykes and cribs (Wesselingh, n.d.). First, a low
embankment was created right along the river bank; the so-called summer dyke. The
summer dyke was usually constructed on an existing levee. This dyke should prevent
the river f rom flooding. However, during the spring, the supply of melt- and rainwater
increased enormously causing high river water discharges to flood the summer
dyke. To withstand these floods, higher dykes were added further inland which were
resistant to the highest water levels. This type of dyke is also known as the ‘winter
dyke’. The remaining plains located between the summer- and winter dykes are called
floodplains. Floodplains have a water management function as they offer space for
the river to deal with temporary peak discharges. In periods of high water discharges,
the summer dyke was exceeded and the floodplains ran under water up to the winter
dyke. During such flooding, sediments such as clay and f ine sand were deposited in
the floodplain. Originally the floodplain was designated as meadowland where cattle
could graze, but nowadays floodplains are increasingly allocated as natural areas.
Management of natural areas in the floodplain takes often place by large grazers such
as Galloways, Konik horses and deer species, that provide a varied structure of the

Figure 30 : Diagramtic drawing of the typical Dutch river landscape with characteristic spatial
elements such as the winter dyke, the floodplain, the summer dyke and the river bed

vegetation.
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Dyke breaches
With the advent of dykes, areas were better protected against the water. However,
because the dykes were not as strong as they are today, it often happened that the
dyke broke through. Dyke breaches can be caused by instability of the dyke body, for
example, due to the process of ‘piping’ whereby water flows under a dyke. In addition,
the inner slope of a dyke can erode during flooding, which weakens the dyke body.
Furthermore, it might happen that in the winter a dyke breaks through due to the
accumulation of ice. In these different cases that lead to dyke breaches, river water
flows through the dyke with great force. Due to the power of the water flowing out and
swirling around behind the dyke, deep gaps or kolk lakes (wielen) were created just
behind the dykes. The sediments f rom such a kolk and the destructed dyke body are
sucked up by the force of the water and carried to the edges of the hole. There the flow
rate decreases and the material settles. These dyke breach sediments can be observed
in the landscape as slightly higher grounds around the kolk lake that runs like a fan
over the surrounding land (Jongmans et al., 2012). After the dyke got restored, a scar
remained in the landscape; namely a strange turn in the dyke with a pond behind it.

Figure 31: An example of a kolk lake located right next to the winter dyke
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Figure 32: Three diagramtic drawings showing how kolk lakes emerge
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4.2 Precedent Study

4.2.1 CRITERIA
The criteria that are formulated to select the reference projects can be subdivided in
main criteria and additional criteria. These criteria are listed in bullet points below. The
main criteria are based on three decisive categories: spatial situation, land uses and
project objective. In addition to these main criteria, some additional criteria have been
determined to make an even better selection of reference projects. For these additional
criteria, there is aimed to select a broad spectrum of scale levels and a variety of
Dutch rivers with innovative measures. Moreover, projects have selected that deal with
river dynamics: utilizing fluctuating water levels (horizontal and vertical distribution
of water) and utilizing morpho dynamic properties of the river (sedimentation and

Now that a general understanding has been acquired regarding the system

erosion). The additional criteria are, however, not as important as the main criteria.

functioning of rivers, there will be focussed more specif ically on answering the f irst

In the following sections, the main criteria and the way they have come about will be

sub research question. In this sub-chapter, existing projects that serve as a reference

further explained.

case will be investigated through a precedent study. Therefore, a diverse selection of
reference studies f rom successful flood-resilient projects in Dutch river landscapes

Spatial situation: The presence of the following typical Dutch river landscape elements:

similar to the Rijnstrangen area is made. To make this choice, an important issue

o

River bed

is to carefully def ine some selection criteria for best-practice projects (Prominski,

o

Floodplain

2017). Hence, multiple criteria were established. Next, four projects are selected. By

o

Winter dyke or natural height

investigating these selected reference projects, a wide range of flood-resilient design

o

Summer dyke (not always present)

principles is gathered.
Land uses: The presence of a diversity of the following land uses:
o

Water

o

Nature

o

Agriculture

o

Forest

o

Urban area

o

Inf rastructure

Project objective
o

Flood protection

o

Ecological enhancement

o

Enrichment of the public realm

Additional criteria
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o

Different scales

o

Different (Dutch) rivers

o

Dealing with river dynamics
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Spatial situation

To get a feel for the proportions of these river elements, six existing Dutch river areas

The spatial situation addresses the geographical and dimensional aspects of a certain

have been selected, f rom which the dimensions of the river bed, the floodplain as well

location (Loidl & Bernard, 2014). For this thesis, this has been translated into several

as the height of the winter- and summer dyke have been measured using Google Maps

landscape elements that are characteristic of the Dutch river landscape. To get more

and the AHN viewer. It becomes clear that the distance and height of the different

clarity of the spatial situation that will be investigated with this precedent study, a

elements strongly fluctuate due to the locations of the dykes and the number of

testbed in the form of a 3D spatial reference situation was created. Such testbeds can

interventions (such as dyke improvement). Despite the difference in proportions, the

also make a positive contribution to the design process at a later stage (Cortesão et al.,

presence of the three elements; 1 winter dyke or natural height, 2 floodplain and 3

2019). The testbed of this thesis corresponds to the typical Dutch river landscape and is

river bed (possibly with summer dyke), is an absolute requirement for the selection

shown in f igure 33.

of a specif ic project for the precedent study. Based on these spatial elements, certain
functions or types of land use can be assigned to specif ic areas.

It becomes clear that there are a number of striking landscape elements present for
every Dutch river landscape. These elements have been introduced in the previous
sub-chapter. First, there is the high winter dyke, generally located on the edge of a
city, which serves as primary flood defence. Sometimes instead of the winter dyke, a
natural height is present that offers protection against flooding. Next, there is the river

River

Location

bed itself, where the river flows calmly and where dynamic processes take place. The
river bed is often restrained by two summer dykes that are located right next to the
river. Though, these summer dykes are not always present. Last, there is the floodplain,

Width river

Width flood-

Height sum-

Height win-

bed (m)

plain (m)

mer dyke (m)

ter dyke (m)

Rhine

Millingen

510

120

1,5

6,0

Waal

Nijmegen

400

490

2,3

5,3

Pannerdensch
Canal

Pannerden

160

330

5,2

6,1

IJssel

Zwolle

190

620

1,2

3,8

Nederrijn

Wageningen

210

710

1,9

5,0

Meuse

Venlo

130

210

absent

4,7

130 - 510

120 - 710

0 - 5,2

3,8 - 6,1

located between the river bed and the winter dyke or the natural height.

Range

Figure 33 : Diagramtic drawing of the 3D spatial reference situation. Adapted f rom the typical

Table 1: Proportions of the river elements f rom the 3D spatial reference situation based on six

Dutch river landscape

Dutch river areas
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Land uses

The floodplains commonly belong to one of the classes of either nature or agriculture.

In addition to the spatial situation, the type of land use has also been formulated as a

Especially the lower parts of the floodplain, which are traditionally less suitable for

specif ic main criterion. Land use focusses on the human use of a part of the land for

agriculture, have often been designated as nature reserves. These nature areas belong

a specif ic purpose (Foley et al., 2005). For this thesis, they are determined by using

to one of the following classes: swamp vegetation, reed vegetation, high and low shrub

Google Maps and the Landelijk Grondgebruiksbestand Nederland (LGN). LGN is a

vegetation and natural grasslands (Jongmans et al., 2012). Especially the higher parts

national f ile based on a combination of geodata, in which satellite data is the main

of the floodplain are used for agriculture. Typical land use classes that can be found

source of information (Hazeu, 2019). Various land-use classes have been formulated

here are corn, potatoes and grain croplands, f ruit growing, agricultural meadows, and

based on six categories. These categories are nature, water, agriculture, forest,

orchards. Besides, some buildings such as farms, are also located in the floodplain.

inf rastructure and urban area. For this thesis, the presence of a diverse set of land uses

Finally, all types of land use appear in the area on the inside of the dykes (Hazeu, 2019).

is established as main criteria. When the land use classes are connected to the spatial
situation of the Dutch river landscape, many patterns stand out.

Project objective
The last main criterion addresses the specif ic intention of a flood-resilient project. For

First of all, the river bed logically falls under the class ‘f reshwater’. The summer dyke, if

the precedent study, it is important to f ind best-practice projects that have a varied

present, almost always belongs to the land use category nature and more specif ically

richness of project objectives, because such projects fulf il different interests. Design

to the class of natural grassland or low bush vegetation. The winter dyke, on the other

principles that are retrieved f rom these projects are therefore considered to be of

hand, does not necessarily consist of low bush vegetation or grassland, but often

greater value than projects that only have one purpose (Prominski, 2017). The three

functions as an inf rastructural connection. That is why this winter dyke generally

most important project objectives have been formulated as flood protection, ecological

belongs to the land-use class ‘main road’. Good examples of this are motorways and

enhancement and enrichment of the public realm. The objectives are based on the

cycle paths that are located at the crown of the dyke. With beautiful views and winding

interest of the researcher and originate f rom existing literature including the book:

roads, these dykes, therefore, fulf il a valuable recreational role.

‘River. Space. Design.’ (Prominski et al., 2017). These objectives will be elaborated in the
following sections.
The f irst project objective concerns flood protection. It is closely related to how
resistant and resilient strategies are applied to deal with flood hazards. It involves
the process of managing an existing flood risk situation including the planning of
river systems in such a way that flood risks are minimized (Plate, 2002). As stated in
the theoretical f ramework, this thesis focuses primarily on river-widening measures
that increase the resilience of the system. These measures mainly take place in the
river’s floodplains. The spatial core decision Room for the river (Ruimte voor de Rivier)
is probably the best example of how areas in the Dutch river landscape are engaged
in improving flood protection. The Room for the River projects all aim to increase the
discharge- and storage capacity of the rivers and, where possible, give more space
to nature and recreation (Rijkswaterstaat, 2019). Hence, these projects are extremely
suitable for the precedent study of this thesis.

Figure 34 : Diagramtic drawing of the 3D spatial reference situation with added land uses
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In addition to flood protection, ecological enhancement is also def ined as an important

4.2.2 PRECEDENT STUDIES

project objective in Dutch river landscape areas. Ecological enhancement addresses
a site’s increase and improvement concerning biotopes and habitats for plants and

Now that all criteria have been established, it is possible to choose several reference

animals while human health and the environment remain protected (Bommarco et

cases for this precedent study. Due to the limited amount of time for this thesis, it

al., 2013). This objective is of great importance because the quality and connection of

was decided to analyse four precedent studies. It is expected that suff icient design

river nature areas are still insuff icient (Beekers et al., 2018). A large part of the Natura

principles can be abstracted f rom these studies. Two precedent studies have been

2000 areas are located within the Dutch river landscape. However, these areas are

chosen that focus specif ically on river-widening projects on a relatively small scale.

often too f ragmented for many species. That is why ecological enhancement has been

The other two studies concentrate on the broader scale spectrum of a part of the river

established as an important criterion for this thesis. Nonetheless, there are numerous

system. In this way, connections can be made for both scale levels and similarities

examples where nature has been restored along the rivers. This has resulted in an

and differences between design principles can be compared. The precedent studies

increase and variation in habitats for an enormous diversity of flora and fauna (Beekers

on the large scale are meant to get a feel for the system functioning of a river,

et al., 2018).

while the zoomed-in precedent studies serve to get a grip on how certain design
interventions can be f itted into the landscape. The four explored precedent studies are

Finally, an important criterion for choosing a project is the enrichment of the public

Millingerwaard, Blauwe Kamer, IJsseldelta, and Gelderse Poort.

realm. This criterion refers to the extent to which a project provides added value for
public use. This term, therefore, focuses on outdoor spaces which are accessible to the

For each precedent study, the general data of the area and the spatial situation is

public and where people can socialize, play, work, walk and exercise. For example, by

summarized f irst. Next, the area is introduced, after which it is substantiated why the

providing recreational facilities, restoring cultural-historical elements or offering new

precedent study meets the established criteria. Finally, the design principles that have

housing opportunities, the public realm can be enhanced (Lofland, 2017).

been applied and opportunities for future developments concerning the application of
design principles are discussed. These principles will be explained more in detail in the
following sub-chapter.

Figure 35 : Diagramtic drawings of three project objectives: flood protection, ecological
enhancement and enrichment of the public realm
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Millingerwaard

The Millingerwaard as a whole falls within a floodplain and is part of the Gelderse Poort,

River: Waal

which has been designated as a Natura 2000 area. Along the banks of the river on the

Location: Millingen aan de Rijn (51° 52’ 26.6” N - 6° 00’ 45.9” E)

former summer dyke, river dunes can be found. These are unique for the Netherlands

Size: 800 hectares

and are created due to a fortunate combination of water flow and wind (Beekers, 2014).

Construction date: 1992

To the south, the Millingerwaard is bordered by a large winter dyke with a height of

Involved actors: ARK, Staatsbosbeheer, Wereld Natuurfonds, Dienst Landelijk Gebied

more than 5 meters.

and mineral extraction companies
The Millingerwaard has been revitalized for river widening (flood protection) and
Width riverbed (Waal): 350 m

nature development. For those reasons, a new channel system has been realized with

Width floodplain: 240 - 1800 m

many dead river arms, also known as ‘f ingers’. Here, seepage water f rom the river

Height summer dyke: 4,1 m

Waal is collected. These newly excavated f ingers are located on old river arms of the

Height winter dyke: 5,7 m

Waal that date f rom the year 1640. Due to the strongly meandering character of the

Mean discharge: 1475 m3/s

Waal, the river shifted several times. These old arms gradually f illed with clay during
floods. Since the clay layer in the old Waal arms has now been dug away, the river can

The f irst precedent study focuses on one of the most iconic projects within the Dutch

regain its own course. Moreover, by removing this thick clay package, water can be

river area: the Millingerwaard. The Millingerwaard is an extensive nature reserve with a

collected more easily at high levels ensuring flood protection. This has been done by

size of approximately 800 hectares, located to the west of the village Millingen aan de

mineral extraction companies. An additional advantage of excavating the fertile clay

Rijn and the Pannerdense Kop; the point where the Rhine splits into the Waal and the

layer is that the original nutrient-poor sandy soil appears, giving a huge boost to the

Pannerdensch Canal. The area is situated on the inside of a meander of the river Waal.

biodiversity (Beekers, 2014). Along the newly formed channels, alluvial forests can grow
with oaks and black poplars. Furthermore, Galloway cattle and Konik horses are grazing
in this area creating varied vegetation with appealing transitions between forest, shrub
vegetation and grasslands.
Furthermore, several robust measures have been implemented such as the realization
of water-passage facilities, embankments and dams. Nonetheless, the area is made
suitable for developing into a dynamic nature area. To enhance the recreational
experience of the area, the accessibility has been increased for both residents and
visitors employing parking spaces, unpaved roads and informal pedestrian routes. This
makes it possible to hike endlessly in the Millingerwaard and observe various animals
such as beavers, storks, badgers and spoonbills. Finally, there are some farms, houses
and other buildings situated in the area. The former Millingerwaard brick factory as a
cultural-historical icon enriches the area for the public realm.

Figure 36 : Aerial view of the Millingerwaard and its location in relation to the Netherlands.
Adapted f rom Google Earth
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Blauwe Kamer

as the transition region between the Grebbeberg, which is part of the moraine of the

River: Nederrijn

Utrechtse Heuvelrug, and the river valley of the Nederrijn. It is part of the ecological

Location: Between Rhenen and Wageningen (51° 56′ 50.78″ N - 5° 36′ 20.79″ E)

nature network of the Netherlands (EHS). To the north, the Blauwe Kamer is bordered

Size: 120 hectares

by the Grebbedijk. This is the winter dyke which gradually merges into the natural

Construction date: 1992

height of the Grebbeberg.

Involved actors: Foundation Het Utrechts Landschap, ARK, Staatsbosbeheer and Wereld
Natuurfonds

A number of interventions have been taken in the Blauwe Kamer for nature
development and water safety. First of all, the summer dyke along the Nederrijn has

Width riverbed (Nederrijn): 220 m

been lowered to restore the natural dynamics of the riverbank reserve. As a result, the

Width floodplain: 20 - 1000 m

low-lying floodplain of the Blauwe Kamer starts flooding with a slight increase in the

Height summer dyke: 0 - 2,1 m

water level of the Nederrijn. On the northwest side of the region, the summer dyke is

Height winter dyke: 5,1 m

fully penetrated and a one-sided channel has been implemented which is connected

Mean discharge: 450 m3/s

to the river. Hence, the water level in the Blauwe Kamer fluctuates with the water level
of the Nederrijn. As a result of these interventions, the Blauwe Kamer floods around

The second precedent study focuses again on the smaller scale spectrum. It concerns

20 days per year whereas this originally only happened once a year (Peters et al., 2011).

the project ‘the Blauwe Kamer’; a riverbank reserve in the floodplain of the Nederrijn

Through floodplain excavation, a few shallow ponds have been realized that connect

located between Rhenen and Wageningen. The Blauwe Kamer is one of the f irst

an existing deep sand extraction well, the fortif ications of the Grebbelinie and the new

projects of Room for the River, which aims to restore and develop river-bound nature

one-sided channel with each other. With the soil that was obtained f rom the floodplain

and improve flood safety (Langbroek et al., 2013). The Blauwe Kamer can be described

excavation, a few areas within the floodplain have been raised. The rest of the soil has
been sold to f inance the project. Furthermore, drainage systems including ditches have
been introduced in the area on the inside of the dykes to compensate for the increase
of river seepage water. The water bodies in the floodplain of the Blauwe Kamer collect
the seepage water f rom the Nederrijn and the Grebbeberg.
Under the influence of flooding and extensive grazing, the Blauwe Kamer is developing
into a dynamic nature area with water, marsh, grassy vegetation, shrubs and forests.
The construction of an isolated shallow swamp and the planting of 50 black poplars
also contribute to the ecological enhancement of the region (Peters et al., 2011). Various
species of animals, including many Red-List breeding birds, the beaver, the fox and
the osprey, f ind a habitat in this area. Finally, interventions have been commenced
that enrich the area for the public realm. For example, some paved roads have been
replaced by a soft and more diverse hiking route network. A bird-watching hut has
been constructed, and a restaurant (at the location of the old brick factory) with an
information centre has been built.

Figure 37 : Aerial view of the Blauwe Kamer and its location in relation to the Netherlands.
Adapted f rom Google Earth
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IJsseldelta

Pannerdensch Canal splits up around Arnhem into the Nederrijn (2/3th) and the IJssel

River: IJssel

(1/3th). From this point, the IJssel runs north until it discharges into the IJsselmeer.

Location: Between Deventer (52° 15′ 0″ N - 6° 10′ 0″ E) & Kampen (52° 34′ 0″ N, 5° 54′ 0″ E)
Size: 243.000 hectares

The IJsseldelta; the northern part of the river IJssel, meets the established criteria.
Because of the relatively broad scale spectrum of this precedent study, all typical Dutch

Width riverbed (IJssel): 110-150 m

river landscape elements are present, as well as all different types of land uses. Various

Width floodplain: 50 - 1000 m

projects within the IJsseldelta, which will briefly be addressed, show that there is

Height summer dyke: ± 2,4 m

dealt with a combination of project objectives concerning flood protection, ecological

Height winter dyke: ± 5,1 m

enhancement and the enrichment of the public realm. The IJssel river, and more

Mean discharge: 260 m3/s

specif ically the IJsseldelta, have some unique spatial features that have been taken
into account during the development of the river system.

For the third precedent study, it was decided to select a project on a broader scale
spectrum. From this study, more general flood-resilient design principles can be

The IJssel can be characterized as a slightly winding sand river between old point bars

retrieved compared to the precedent studies on a smaller scale level. These principles

f rom river terraces. However, f rom Deventer onward, the IJssel changes into a lowland

mainly deal with the way in which the river IJssel functions and how adjustments or

river with delta characteristics. The river starts meandering and is surrounded by low-

interventions influence the river system. The river IJssel is part of the Rhine network

lying swampy clay soils (Peters et al., 2017). Since the IJsseldelta, is characterized as a

and discharges about 1/9th of the river water that flows through the Rhine. After

meandering sand river, flowing and silted secondary channels are often present (Peters

the Rhine divides into the Waal (2/3th) and the Pannerdensch Canal (1/3th), the

et al., 2017). Both high-dynamic flowing secondary channels and low-dynamic hanks
can be restored by floodplain excavations.
A good example of the revitalization of such channel is the construction of the flowing
secondary channel in the Vreugderijkerwaard near Zwolle. With this project, the water
storage capacity of the IJssel has been increased considerably. Hence, cities as Zwolle
and Kampen are better protected against extreme river water discharges. Another
successful example project within the IJsseldelta is the constructed unilaterally
channel in the Duursche Waarden at Fortmond. Here a large part of the floodplain has
been re-designated in terms of land use. Large plots of agricultural land are converted
into dynamic nature areas, giving the river more space to temporarily flood. Finally, at
the recovered hanks in the Vorchterwaarden near Veessen, it becomes clear how the
river dynamics of the IJssel are improved. The IJssel comes back to life in comparison
to the adjacent environment. This results in diverse nature development and new
opportunities for recreation.

Figure 38 : Aerial view of the IJsseldelta and its location in relation to the Netherlands.
Adapted f rom Google Earth
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The Gelderse Poort

For the Gelderse Poort, the established criteria concerning the spatial situation and

Rivers: Rhine, Pannerdensch Canal and Waal

land uses are met. Moreover, multiple projects that have been implemented in this

Location: Between Spijk (51° 50′ 58″ N - 6° 9′ 9″ E) & Nijmegen (51° 50′ 0″ N, 5° 52′ 0″ E)

region address the different project objectives as set in the main criteria. Anew, it is

Size: 18.000 hectares

striking how the DNA of the river determines the development of these projects within
the Gelderse Poort. Hence, the spatial characteristics of the area are explored and how

Width riverbed (Rhine): 400 - 510 m

design principles are related to these characteristics are examined.

Width floodplain: 40 - 410 m
Height summer dyke: ± 3,4 m

The rivers within the Gelderse Poort can be indicated as strongly meandering sand

Height winter dyke: ± 6,3 m

rivers with river seepage channels (rivierkwelgeulen) and active levees. Due to the

Mean discharge: 2250 m3/s

process of dynamic meandering, meander loops shifted over time further to the west.
In the inner bends of the meander loops, the river formed vast point bars resulting

The fourth and f inal precedent study focuses again on the wider scale spectrum

f rom sedimentation of sand and f ine gravel, which sometimes even developed into

of a river system. This time the Gelderse Poort was chosen; the start of the Dutch

river dunes. These embankments were alternated with lower channels that naturally

Rhine delta. Here, the Rhine enters the Netherlands and splits into the rivers Waal,

silted up due to the good clay availability (Peters et al., 2017). By digging off the clay

Pannerdensch Canal, Nederrijn and IJssel. The Gelderse Poort is named after the

layer while following the relief of the subsoil, the pattern of old embankments and river

place where the Rhine flows through the moraines of Montferland and het Rijk van

channels can be exposed again to natural forces (Jongmans et al., 2012). Within the

Nijmegen, in the province of Gelderland. Because both the Rijnstrangen area as well

Gelderse Poort, various magnif icent projects can be identif ied where flood-resilient

as the Millingerwaard fall within the region of the Gelderse Poort, it is extra relevant to

interventions have been carried out.

understand this area.
The floodplain excavation at the Millingerwaard, as presented in the f irst precedent,
is a good example of how river dynamics and the discharge capacity of the river can
increase. Another outstanding and characteristic flood-resilient project in the Gelderse
Poort is the dyke relocation at the Hondsbroeksche Pleij in Westervoort. With this
project, the water distribution between the Nederrijn and the IJssel is greatly improved
during extreme water events. Furthermore, the water storage capacity of the river
system conspicuously expanded. Lastly, a good reference case in the Gelderse Poort is
the lowering of the embankments at the Huissensche Waarden. With this intervention,
the river system is used more eff iciently in times of extreme water events. For this
project, it is striking that a lot of attention has also been paid to providing safety
provisions for industrial sites that are located in the floodplain of this area.

Figure 39 : Aerial view of the Gelderse Poort and its location in relation to the Netherlands.
Adapted f rom Google Earth

74

75

4.3 Design Principles

A 1 EXPAND THE WATER STORAGE CAPACITY OF THE RIVER SYSTEM
The f irst category addresses design principles that have an impact on widening
and making better use of the floodplain. This usually requires relatively large-scale
inf rastructural interventions. Consequently, the water storage capacity of the river
system increases and is used as eff iciently as possible. The interventions required to
achieve this, generally relate to widening and lowering the floodplain, the removal
of obstructions within the floodplain, and the creation or advancement of new
possibilities for storing and discharging water within the floodplain. The advantage of
such interventions is that the amount of water that needs to be discharged through
the river system is spread over a longer period. As a result, the pressure on the river

Based on the four precedents f rom the previous chapter, various principles have been

system decreases and extreme peak discharges can be drained off more gradually.

abstracted, which will be further explained in this chapter. As mentioned earlier, the
cases can be subdivided into two scale levels; the scale level of the river system and

By expanding the water storage capacity of the river system, extreme water discharges

the scale level of the floodplain. In this two-way division, a certain degree of specif icity

will be less likely to have actual flood impacts such as damage and the number of

can be assigned to the abstracted guidelines. Hence, it was demonstrated that

casualties. This is because a flood remains better within the water storage area of the

multiple design categories can be distinguished to which various design principles

river system. Here, the impact is very low due to the low amount of people living in this

apply. The design categories mainly represent conceptual interventions dealing

relatively rural area. Hence, with increasing peak discharges, the corresponding relative

with the functioning of the river system. These design categories have largely been

damage or impact will increase equally. Since the strategy of expanding the water

established by exploring the precedent studies of the broad-scale level (IJsseldelta

storage capacity results in a more gradual discharge, the river system is better able to

and Gelderse Poort). The design principles, on the other hand, focus specif ically on the

recover f rom flooding (Klijn et al., 2004). For these reasons it can be concluded that the

floodplain area. These design principles give a more concrete interpretation of certain

flood resiliency of the river system is enhanced.

interventions. They can be implemented during the design process and ultimately
be recognized directly into the landscape. These design principles have mainly been
collected f rom the precedent studies at a more zoomed-in scale level (Millingerwaard

A 1.1 Dyke relocation

and Blauwe Kamer).

This relatively expensive intervention is based on the translocation of the winter dyke.
By moving dykes inland, the floodplains become wider and the river gets more space.

It is striking that clear connections can be made between design principles and design

Dyke relocation is a very effective way of easing bottlenecks within the river system.

categories. This can be explained since the scale levels, f rom which the categories and

With this operation, the area on the inside of the dykes becomes the areas outside of

principles are derived, gradually merge into one another. In the following sections,

the dykes. Thus extra space is created for the winter bed (Rijkswaterstaat, 2019).

the design categories and the way in which the flood resiliency of the river system
is promoted are explained f irst. Next, the corresponding design principles will be
summarized and expounded. All design guidelines will be complemented using
diagrams. A critical analysis of the precedent study has shown that all design principles
can be divided into one of four categories:
A) Expand the water storage capacity of the river system
B) Flexibly employ the land use within the river system
C) Increasing the dynamics and discharge capacity of the river system
D) Carry out escape and safety provisions in the river system
Figure 40 : Design principle A 1.1: dyke relocation
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A 1.2 Dyke degradation

A 1.4 High water channel

Dyke degradation is based on lowering the summer dyke causing the water storage

A high water channel is a branch of the river which is used to discharge a part of

capacity of the river system to be used more eff iciently. As a result of dyke degradation,

the water via a different route during extreme water events. A high water channel

the floodplain behind the summer dyke starts to flood with a small increase in the

may have been excavated within the floodplain or may consist of a natural low in the

water level in the river. Therefore, the water level in the floodplain fluctuates gradually

landscape. When the channel is not in use, it functions as a ‘green river’ in which the

with the water level of the river. Hence, the natural dynamics of the riverbank and

land is used for agriculture or nature development (Rijkswaterstaat, 2019).

floodplain is restored.

Figure 41 : Design principle A 1.2: dyke degradation

Figure 43 : Design principle A 1.4: high water channel

A 1.3 Dyke removal

A 1.5 Bypass

Dyke removal corresponds to the previous principle but goes one step further since

A bypass is about the same as a high water channel. However, a bypass is continuously

the summer dyke is removed in its entirety. Therefore, the natural dynamics of the river

flowing and is connected to the main river downstream. In contrast to a high water

system are restored to an even greater extent. This intervention focuses specif ically on

channel, where there is space for agriculture and nature in times when the channel

the summer dyke. When the winter dyke is cleared away, the heavily urbanized area on

is not in use, a bypass carries water permanently (Rijkswaterstaat, 2019). Therefore, a

the inside of the dykes is directly exposed to flooding, which will have a huge impact.

bypass can be considered a ‘blue river’.

Though, in the long term, removal of winter dyke might offer a solution to increase the
resilience of the river system (De Bruijn, 2005).

Figure 42 : Design principle A 1.3: dyke removal
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Figure 44 : Design principle A 1.5: bypass
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B 1 FLEXIBLY EMPLOY THE LAND USE WITHIN THE RIVER SYSTEM

A 1.6 Obstacle removal
Removing or modifying obstacles in the floodplain helps to increase the flow velocity
of the river during extreme discharges. In addition, by removing large-scale or multiple

The second design category focuses on the process of adapting land uses and facilities

obstacles, the water storage capacity of the river system is expanded (Rijkswaterstaat,

in the floodplain in such a way that the river system is better able to withstand

2019). This design intervention includes work such as the removal of dams, old

floodwaters. This category is based on the fact that most of the year the river has to

buildings, walls and other structures. Moreover, certain parts of bridges that now

deal with normal or low water discharges, whereby the land use in the floodplain

form a barrier, can be transformed into more open elements that do not limit the flow

can be optimally utilized. However, in times of extremely high water events, a flexible

capacity of the river system.

solution must be proposed for these areas. Therefore, the interventions that f it this
category mainly concentrate on adjustments of functions that can be made for certain
types of land use. Interventions of this category are benef icial since these can cope well
with changing circumstances.
By making large areas within the floodplain better able to deal with temporary
flooding, a high water wave will have less actual flood impact. In this way, areas are
designated in which flooding is allowed even more than beforehand. This makes areas
within the river system less vulnerable to extreme discharges, which increases the
flood resilience of the system (De Bruijn, 2005). By making the right adjustments for
different types of land use, the recovery rate increases in those areas in the floodplain

Figure 45 : Design principle A 1.6: obstacle removal

that are still somewhat vulnerable (urban areas such as mounds). This also contributes
positively to increasing the flood resilience of the river system.

A 1.7 Floodplain excavation

B 1.1 Fully change land use

By excavating parts of the floodplain, a larger volume of water can be carried in the

The f irst design principle that belongs to this category is based on the complete

current river system in times of peak water discharges (Rijkswaterstaat, 2019). During

reversal of land use within the floodplain. This mainly means that agricultural

the formation of the river landscape, the floodplains have become increasingly higher

areas are converted into nature areas. This is worthwhile because nature areas can

due to the sedimentation of clay. By excavating this layer, which is also a valuable

handle extreme water discharges better than agricultural areas (De Nocker et al.,

resource, more space for the river is created. Moreover, by excavating the floodplain,

2007). Farmers who lose a part of their agricultural f ield for the benef it of nature

the pattern of old sandy subsoils are exposed again to natural forces which greatly

development or river widening, must be f inancially compensated.

benef it nature development.

Figure 46 : Design principle A 1.7: floodplain excavation
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Figure 47 : Design principle B 1.1: fully change land use
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B 1.2 Flexible adapt nature areas

B 1.4 Flexible recreational facilities

Nature areas within the floodplain are known for being able to cope with changing

This design principle implies how recreational facilities can deal with sudden changes

circumstances regarding the water level. If adjustments are needed in this area, it is

concerning river water discharges. If high water discharges are considered as a

important to consider native species that function well in wet conditions. For example,

problem, recreational facilities must be quickly (re)movable. However, when the water

it can be decided to create wetlands with willows and reed that serve as a buffer zone

forms no danger to particular recreational facilities, the water experience can even

between agricultural and natural areas. These riparian zones have the purpose of

enhance recreational purposes. Good examples of this are a canoe rental and an ice

f iltering and purifying water.

skating rink. It is wise to anticipate seasonal recreation. For example, sites can be
provided for open-air concerts, campsites and sports facilities that are used especially
in the summer when average river water discharges are low.

Figure 48 : Design principle B 1.2: flexible adapt nature areas

Figure 50 : Design principle B 1.4: flexible recreational facilities

B 1.3 Flexible adapt urban areas

B 1.5 Flood tolerant elements

The flexible adaptation of urban areas, on the one hand, focuses on how buildings

Finally, there will be focussed on the smallest scale level within the floodplain; the

can be made flood tolerant. This can be achieved by, for example, paving walls and

ornaments or objects that should not be destroyed during extremely high water

protecting electrical installations. On the other hand, this principle focuses on how to

discharges by the power of the water. This principle concentrates on the robust design

prevent buildings f rom being affected by high water levels. This can be accomplished

of park objects such as benches, lampposts, trash cans and playground equipment

by creating floating houses that move with changing water levels or by realizing houses

such as swings and slides. Material selection, weight and shape of the object play an

on stilts.

important role in the design of these elements.

Figure 49 : Design principle B 1.3: flexible adapt urban areas

Figure 51 : Design principle B 1.5: flood tolerant elements
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C 1 INCREASING THE DYNAMICS AND DISCHARGE CAPACITY OF THE RIVER SYSTEM
C 1.2 Incorporate water bodies
The third category delves into possibilities that advance the river’s discharge capacity

When new channels are being excavated, puddles, old river courses, or other water

whereby the lively aspects of the river are optimally utilized and invigorated. These

bodies can be integrated. These water bodies are often located in the landscape

lively aspects address dynamic processes such as erosion, sedimentation, river course

where water naturally occurs and therefore it is logical to take advantage of these

shifting, meandering but also nature development. Therefore, the type of interventions

areas. This means that less soil has to be relocated, which reduces the costs of such

do not belong to large-scale inf rastructural- or adjusting land uses, as was the case

intervention. The incorporated waters can then either serve as a backwater or become

with categories A and B, but rather focus on landscape architectural interventions.

part of the flowing river system. In both cases, the water basins contribute to ecological

Examples of these interventions are the excavation of new channels, naturalizing river

enhancement and diversity.

banks and the removal of obstacles that impede the discharge capability of the river.
With these design principles, dynamic river processes are encouraged and the river is
better able to design itself.
The principles that pertain to this category focus in particular on increasing the
amount of tributaries and streams and therefore broaden the current river system.
With the excavation of new channels, the physical discharge competence of water
after a high water event, is greatly improved. At the same time, processes such as
meandering ensure that the water is not drained too quickly. Thus, the recovery rate
enhances. Moreover, with the expansion of the river system, a conscious choice is
made where water is given more space. Henceforth, the flood probability increases
in the areas that are relatively invulnerable. Both the upturn of the recovery rate in

Figure 53 : Design principle C 1.2: incorporate water bodies

combination with the reduction of the flood impact result in a river system that is more
flood resilient (De Bruijn, 2005).
C 1.1 Excavated channels

C 1.3 Naturalized riverbanks

The excavation of new channels allows the river to discharge water via other routes

This principle is based on the removal of petrif ied elements in the river bank. By

than the main channel. Depending on the way in which an excavated channel is

removing these elements, the discharge capacity of the river system and ecological

connected to the main channel, various water-rich biotopes can arise. For example,

quality improve. In addition, this design principle focuses on the realization of dynamic

a fully-connected channel leads to a dynamic secondary channel while a one-sided

channel sections. This creates a diverse gradient within the river bank, leading to a

connected channel only flows during extremely high water discharges.

greater alteration of water depths and flow velocities. Shallow, gentle river banks offer
habitat for low dynamic nature, while deeper zones with steeper banks are highly
variable and are therefore characterized by more dynamic vegetation.

Figure 52 : Design principle C 1.1: excavated channels
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Figure 54 : Design principle C 1.3: naturalized riverbanks
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D 1 CARRY OUT ESCAPE AND SAFETY PROVISIONS IN THE RIVER SYSTEM

C 1.4 Scraping the riverbed
The bed of the river can be scraped or dredged. This means that the river is deepened
and widened so that the river channel can discharge more water within the existing

The last category focuses on providing landscape elements that contribute to

summer bed. Therefore it is less likely that high water events will result in flooding of

guaranteeing the safety and evacuation capacity, during extremely high water

the floodplain. Though, it should be considered that deepening the summer bed can

discharges in the floodplain. The design principles that are necessary to achieve this,

lead to higher flow rates, which can cause the river to cut itself in more, through which

relate to inf rastructural and landscape architectural aspects. These principles include

water can inf iltrate into the soil more easily.

the systems for timely information about an extreme water event, the inf rastructure
itself that is needed to move to safer places, and the elevated locations which are high
enough in times of extreme water events. The advantage of these interventions is
that they can be well integrated with current river landscape elements such as dykes,
mounds and natural heights including levees.
By introducing escape and safety provisions in the river system, the flood impact
decreases, mainly because residents or visitors can leave the area more easily
and quickly. When existing landscape elements are used smartly, no large-scale
constructions are needed in the floodplain. Therefore, design interventions of this
category will not harm the drainage capacity, the land use and the water storage
capacity of the river system. From this, it can be conf irmed that the resilience of the

Figure 55 : Design principle C 1.4: scraping the riverbed

system is considerably promoted using the design principles f rom this category.

C 1.5 Remove riverbed elements

D 1.1 Refuge hills

This design principle focuses on the removal of man-made petrif ied elements that are

Refuge hills are higher grounds in the floodplain area. As the name suggests, refuge

located along, or at the bottom of, the riverbed. This principle is especially applicable

hills are places where animals can stay at during high water events. Refuge hills should

to highly channelized rivers or rivers that are equipped with cribs or groynes. The

be designed in such a way that wild animals (Galloway or Konik) in nature areas, or

large-scale construction of groynes took place in the 19th century to accelerate the

cattle (cows or sheep) in agricultural areas, can flee to a safe place as the floodwaters

flow velocity of the river. Nowadays, groynes are lowered to help the river to discharge

rise. For this principle, refuge hills must be large enough to accommodate a certain

excess water more easily (Rijkswaterstaat, 2019).

size of a herd. Moreover, the refuge hills must be easily accessible for the fleeing
animals.

Figure 56 : Design principle C 1.5: remove riverbed elements
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Figure 57 : Design principle D 1.1: refuge hills
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D 1.2 Dyke improvement

D 1.4 Flood tolerant paths

Dyke improvement is understood to mean the enlargement of the winter dyke on the

This principle addresses the manner of how path networks in the floodplain can

area inside of the dykes. It was chosen to not heighten or broaden the dyke on the area

withstand flooding and how paths can flexibly deal with fluctuating water levels. This

outside of the dykes. Hence, this intervention is not at the expense of the water storage

design principle requires a good assessment of which paths are used more often and

capacity of the river system or leads to an increase in flood risk. With this principle, the

which paths are used less often. If an important route or path network is missing, it

macro stability of the winter dyke is improved, preventing failure mechanisms such

must be constructed. For this purpose, it is important to correctly use certain materials

as piping f rom happening. Though, it could be considered that this principle is flood-

when constructing paths that can deal with temporary periods of inundation.

resistant instead of resilient.

Figure 58 : Design principle D 1.2: dyke improvement

Figure 60 : Design principle D 1.4: flood tolerant paths

D 1.3 Warning signs and systems
To reassure public awareness concerning future flood risks, warning signs and systems
can be implemented. Through electronic monitoring systems that receive information
regarding the water discharge of the river, flood risks can be predicted. People are then
better able to judge whether it is safe to enter the floodplain or whether it is wise to
leave the area. Other forms of information-providing signs may, for example, be works
of art that give water level markings of historic floods.

Figure 59 : Design principle D 1.3: warning signs and systems
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Experimental
Phase
Now that the design principles of the explorative phase have been gathered, we can

Chapter 05

RESEARCH THROUGH DESIGN
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focus on the application of these principles in the Rijnstrangen area. That is why this
chapter is considered as the experimental phase, which is characterized by a research
through design methodology. Just like the explorative phase, this chapter consists of
three sub-chapters. First, the spatial analysis of the Rijnstrangen area will be discussed.
Second, the design is presented through the design synthesis. In the third and f inal
sub-chapter, it is presented how the design principles that have been collected before
are sharpened and which new principles are added.
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5.1 Spatial analysis
Rijnstrangen

5.1.1 RIVER DNA
The Oude Rijn used to be a strongly meandering river that shifted its course many
times. Based on historical soil, elevation and land use maps, a reconstruction is made
of the plausible river runs of the Oude Rijn. It is striking that the split point of the Oude
Rijn and the Waal shifted over time further to the west. This has led to river runs to
continuously relocate. The old river runs silted up with clay and remained behind in the
landscape like terrestrial relics. Some of these relics remained water-rich. Therefore, the
silted-up strangen were alternated with aquatic biotopes such as one-sided secondary
channels fed with streams, seepage channels and stagnant unconnected channels
(Beekers et al., 2018). All these elements together form the river DNA of the Oude Rijn.

In this chapter, the spatial analysis of the Rijnstrangen area is carried out. This spatial
analysis is part of the preparatory work of the experimental phase, which must be
accomplished before the designing and testing iterations take place. The Rijnstrangen;
the Oude Rijn, used to be part of the river system of the Rhine. However, with the
construction of the Pannerden Canal in 1707, the area was no longer in use for
discharging river water. Yet, the typical river landscape elements are still present in the
Rijnstrangen. Over the years, the Oude Rijn was fully disconnected. Therefore, the area
functions nowadays as a dead river arm, which is called in Dutch: ‘strang’. A thorough
analysis of the Rijnstrangen area is expounded in the following sections based on
several themes. The analysis focuses in particular on those characteristics that are
important for applying the previously acquired design principles.

Figure 61 : Analysis map of the river DNA: old river courses
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The strangen are usually located within the summer dykes in the low-lying floodplain

5.1.2 DYKES AND MOUNDS

area. Though, some strangen are located more to the border of the Rijnstrangen area.
It is striking that the strangen at Lobith are still intact. These date f rom the Oude Rijn

The Rijnstrangen area is part of the unique Dutch river landscape in which the

in the year 1700. The northernmost water-bearing strangen date f rom 1300. Since the

consecutive spatial elements of winter dyke, floodplain, summer dyke and river bed or

point where the Rhine splits into the Oude Rijn and Waal has increasingly shifted to

strang, are still clearly visible. The high winter dykes border the area. It is characteristic

the southwest, the Oude Rijn in the central area has chosen a different route. That is

that almost all villages are located safely behind the winter dyke, except for the village

how the more southern strangen in the central area have emerged. These have been

Spijk. Within the Rijnstrangen area, many summer dykes can be noticed, some of

developed between 1500 and 1700.

which appear to be irrationally positioned. Because the Oude Rijn has shifted many
times, new summer dykes had to be constructed or relocated (Van Hemmen et al.,
2011). Figure 64 shows the pattern of summer- and winter dykes. With the construction
of the Pannerdensch Canal and the closure of the Oude Rijn, the river was no longer
part of the initial water discharge system. This has led to the fact that dykes, which still
have a great cultural-historical value, no longer fulf il a water-retaining role.

Figure 62 : Analysis map of the river DNA: silted-up strangen

Figure 64 : Analysis map of the dykes and mounds

Figure 63 : Collage of the river DNA relics in the Rijnstrangen
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In terms of obstacles, it is striking that these are rather well absent and will, therefore,

5.1.3 ELEVATION

have little impact on the discharge capacity of the river. Groynes and other hard
riverbed elements have never been provided to the Oude Rijn. There are, however,

In the previous section, it is described that the Rijnstrangen area has a considerable

three pumping stations and some bridges in the area that may hinder the flow of the

amount of dykes. When the elevation map is studied, these dykes can be identif ied.

river. But given the scale of these obstacles, they will have little effect on the discharge

Especially the winter dykes stand out. These winter dykes are on average 4 to 6 meters

capacity of the river. The only obstacles that must be taken into account are the

above the ground level. The Rijnstrangen area, located within these winter dykes, is

mounds (terpen). A mound is an artif icial hill in an open piece of land that was raised

characterized by a unique micro-relief in which higher embankments or levees are

to provide a dry place during high water events. On these mounds, there are mostly

alternated by lower-lying strangen or alluvial plains. This can be explained by the fact

farms with sometimes some additional buildings.

that the river shifted several times. The strangen are located approximately 0.3-1 meter
lower in relation to the ground level (Waterschap Rijn en IJssel, 2014). Next, the summer
dykes can be identif ied. Though, these are less obvious since they are only 1-2 meters
higher than its surrounding. Finally, the higher mounds within the Rijnstrangen area
are striking. These mounds are on average 2-3 meter higher than the surrounding
ground level.
When the Rijnstrangen area is placed in a broader perspective, it is noticeable that
this region has become considerably higher than the surrounding areas. This can be
explained due to the process of sedimentation taking place in the Rijnstrangen area
during periods of high water. On the east side, the Rijnstrangen area is bordered by the
Eltenberg which has a height of approximately 82 meters (+NAP). Because a natural
height is present, the winter dyke remains here absent.

Figure 65 : Collage of mounds, summer- and winter dykes

Figure 66 : Analysis map of the elevation, adapted f rom AHN viewer
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5.1.4 WATER

The river course of the Rijnstrangen changes f rom narrow straightened streams to
wide, natural river arms. Some of which are provided with extensive reed marshes.

Before the construction of the Pannerdensch Canal, 10% of the water f rom the

In contrast to the elongated strangen, there are many large-scale ponds in the area.

Rhine was discharged through the Oude Rijn, while the other 90% of the water

These ponds, including those in the southeast, the northwest and the central area of

was transported along the Waal (Waterschap Rijn en IJssel, 2014). Now that the

the Rijnstrangen, are the result of mineral extraction.

Rijnstrangen area is disconnected f rom the broader river system, the area is fed with
seepage water and with water f rom the small river ‘de Wild’. Therefore, the water
discharge in the Rijnstrangen area is very low. The current Rijnstrangen flow into
the Pannerdensch Canal where the water is discharged via the Kandia pumping
station. Within the Rijnstrangen area, the water quality of the strangen can fluctuate
considerably. The water quality is mainly deteriorated by the high quantities of
nitrate and sulphate resulting f rom agriculture. In addition, after the Oude Rijn
was disengaged, the oxygen level of the water has become low because of low flow
velocities (Turlings & Witjes, 2007).

Figure 67 : Analysis map of the water bodies in and around the Rijnstrangen area

Figure 68 : Collage of diverse water bodies at Rijnstrangen
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5.1.5 LAND USE

5.1.6 INFRASTRUCTURE

Agriculture is the most prevalent land use class in the Rijnstrangen area. Almost

The traff ic inf rastructure within the Rijnstrangen area includes motorways, cycle paths

everywhere farming is executed. Only at the lowest and most wet areas (below 10

and pedestrian routes. It is striking that all main routes are located on the winter dykes.

meters + NAP), agriculture is excluded. Especially in the area between the summer

These routes are accessible for motorists and cyclists. Only the winter dyke that borders

dykes; the river bed, the land-use class ‘nature’ is very common. Though, the area used

the Rijnstrangen area in the northwest, is not provided with a motorway but only with

for agriculture is much larger than the area used for nature. Within the agricultural

a cycle path. The inf rastructure situated on the winter dyke is fairly logical between

land-use class, agricultural grass, corn, potatoes and grains dominate. Within the land

the village centres along the edge of the Rijnstrangen area. However, there are three

use class of nature, mainly natural grasslands and reed marshes stand out (Hazeu,

connections between village centres that go directly through the Rijnstrangen area.

2019). It turns out that the characteristic spatial situation of the Dutch river landscape

These are the Berghoofdseweg between Pannerden and Zevenaar, the N811 between

largely determines the land use. Though, it is striking that nature is especially located

Herwen and Babberich and the Eltenseweg between Lobith and Elten. To the north of

inside the summer bed rather than in the floodplain.

the Rijnstrangen area, there is the train station of Zevenaar and the Betuwe route; a
railway that connects the port of Rotterdam with the Ruhr region in Germany.

Further, there is hardly any urbanized area in the Rijnstrangen. Only the village of
Spijk and a few secondary built-up areas, which are the farms located on the mounds,

Within the Rijnstrangen area, there are many peaceful routes including estate roads

are situated within the Rijnstrangen area. Other urban areas are located behind the

that connect the mounds with the outer area. These routes are also exploited by

winter dyke, outside the Rijnstrangen area. Hence, it can be concluded that the large

pedestrians and cyclists. There are hardly any routes on the summer dykes, only a

proportion of agriculture, nature and water in comparison with the small proportion

few cycling routes. Nevertheless, the summer dykes are often used for recreational

of urban area, makes the Rijnstrangen area extremely interesting in terms of flood

purposes because of the beautiful views f rom the dyke over the area. Finally, there are

resiliency due to the very low vulnerability.

some informal hiking paths located in the floodplains and the summer bed.

Figure 69 : Analysis map of the four most prevalent land use types

Figure 70 : Analysis map of the main- and secondary inf rastructure
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5.1.7 LANDSCAPE AND EXPERIENCE

The Rijnstrangen river landscape includes a wide variety of open water, extensive
grasslands, dense riparian forests and agrestal reed swamps. The variety, in

Although the Rijnstrangen area can be characterized as typical Dutch river landscape,

combination with the spaciousness and peace, provides an excellent experience

a distinction can be made between two area-specif ic types of landscape. On the one

value. Nature is not the only thing that makes Rijnstrangen beautiful and fascinating.

hand, there is the agricultural landscape with linear settlements, and on the other

Culture is also of great importance. The village centres all have their history. Many of

hand, there is the small-scale, natural Rijnstrangen river landscape. Both landscapes

the cultural-historical valuable village views f rom the dyke are in good condition. The

contribute to the rural character of the Rijnstrangen area, which is valued as an

agricultural landscape is characterized in particular by its openness. The landscapes are

important quality (Van Hemmen et al., 2011). The existing rural qualities, which are

wide and buildings, including mounds, and upward vegetation are present to a limited

expressed in aspects such as tranquillity, a clean environment, space and the relatively

extent. Finally, the routes over the dykes can be designated as an important quality.

intact river landscape, must be preserved.

Due to the relatively high location and the curvy routes, an unobstructed view over the
different landscapes in the Rijnstrangen area is created.

Figure 72 : Analysis map of the two different landscape zones in the Rijnstrangen area

Figure 71 : Collage of the diverse landscape scenes at Rijnstrangen
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5.2 Living Rhine

5.2.1 DESIGN GOALS
Before the Rijnstrangen area can be designed and the design principles can be
applied, it is important to establish certain design objectives (Van den Brink et al.,
2016). These design objectives or goals function as a strategic vision for the area. It is
the binding that will give the design principles that are included a unity. Otherwise,
the design is just a patchwork of design principles, without any coherence or f itting in
the landscape. On the one hand, the formulated design goals function as a personal
vision for the area. The design goals, therefore, represent what the researcher/designer
wants to achieve when designing this area. On the other hand, the same design goals
try to offer as many solutions as possible for the problems that are present in this area.

In this chapter, the previously collected design principles f rom chapter 4.3 are applied

Hence, the design goals represent what is fundamental for this area too. Two design

in the Rijnstrangen area. They will be supplemented with new design principles.

goals have been def ined for this thesis, the f irst of which has a higher priority than the

By implementing these principles in this region and then testing and evaluating

second.

them, important design knowledge is collected. In this cyclical process of research
through design, the design serves as a means for acquiring knowledge; applied design

Design goal 1: ‘Living River’

principles. This chapter starts by mentioning the design goals. Afterwards, the design

The f irst design goal concerns the revitalization of the Rijnstrangen. This means that

is explained by zooming in through different levels of scale. We start f rom a conceptual

the water in the Oude Rijn starts flowing again, so that both horizontal and vertical

macro-scale level and zoom in via a meso-scale to the site-specif ic micro-scale level.

fluctuation of water levels occur, morphodynamical processes including sedimentation
and erosion take place, and that various highly dynamic native nature can redevelop.
The Oude Rijn was once a highly dynamic living river that continuously shifted its
course. However, with the construction of the Pannerdensch Canal and the closure of
the inlet of the Oude Rijn, the river was transformed into a dead river arm or strang.
With that development, the Oude Rijn took its last breath. That is why the Oude Rijn
deserves to live again.

Figure 73: Testing the design along the river

Figure 74: Diagramatic drawing of design goal 1: living river
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Design goal 2: ‘Added value for the people’

5.2.2 MACRO-SCALE

The second design goal aims to create additional benef its for the local community of
Rijnstrangen. When designing this area, an attempt is made to take into account key

Connect Rijnstrangen

actors to ensure that design interventions promote the situation for these groups.

The one intervention that is needed to revitalize the Oude Rijn, so that the design

The most important group of actors within this area are the farmers and residents on

meets the requirements of design goal 1, is to reconnect the Rijnstrangen area to the

the mounds in the floodplain. They have to be protected at all times against extreme

existing river system. With this intervention, the question arises how do you connect

situations and must be able to continue to practice their work. The second group of

the Oude Rijn, and where should you implement such connections? This thesis mainly

actors is formed by the residents around the area and recreationists who enjoy and visit

focuses on the way the river can be reconnected. Though, a few suitable locations

the area. Hence, an attempt is made to improve the experience value of the landscape

were found where a possible connection seems feasible. However, the actual location

for this group.

of these connections requires further investigation. By exploring the history of the
connected and disconnected river, design choices can be substantiated.
With the construction of the Pannerdensch in 1707, the Oude Rijn was off icially
disconnected f rom the former river system. In the year 1745 the Oude Rijn was
reconnected through ‘the Spijkse Overlaat’; a physical threshold that only floods at
certain water levels. With the Spijkse Overlaat, the Rijnstrangen area was flooded
annually and sometimes twice a year, improving the water safety of surrounding
areas. In 1921 the threshold of the Spijkse Overlaat was heightened. The result was
that the Rijnstrangen area flooded less often. In 1957 the threshold was raised to the

Figure 75: Diagramatic drawing of design goal 2: added value for the people

Figure 76: Map showing that the Rijnstrangen area is disconnected f rom the broader river
system. Adapted f rom Google Earth
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river dyke and therefore the Rijnstrangen area was completely disconnected again
(Waterschap Rijn en IJssel, 2014). At the other side of the area, the Kandia pumping
station was completed in 1969, which connected the Rijnstrangen area downstream
to the Pannerdensch Canal. Today, this pumping station is still present and is used to
pump seepage- and stream water out of the area. However, the water drainage in the
Rijnstrangen area is too low to prevent algae growth f rom happening and to allow river
processes to take place (Bekkenutte et al., 2013).
Regarding how the river can be reconnected, three variants have been explored: an
open connection, a f ixed threshold and a controlled in- and outlet. These variable
connections have specif ic characteristics that influence the functioning of the river in
different ways.
The open connection is based on the removal of dykes so that the river has the
f reedom to determine its route. The advantage of this intervention is that the river is
fully revitalized. However, this intervention creates enormous risks concerning water
safety, which makes the situation for people in and around the Rijnstrangen worse
and more uncertain. The realization of a f ixed threshold, as was also the case with the
Spijkse Overlaat, ensures that the Rijnstrangen area floods at certain water levels. This
intervention offers more assurance in terms of flood risk management. Although, the
river only comes alive when a certain water level is reached. The controlled in- and
outlet addresses the implementation of pumping stations that pump water in and
out of the area. The advantage of this intervention is that the water drainage in the
Rijnstrangen area can be determined and adjusted very specif ically depending on
the circumstances. Though, the capacity of the pumping stations must be taken into
account.

After a critical assessment, which consisted of an interview with a hydrologist and
the use of literature, it became clear that implementing a controlled in- and outlet is
the best option. The open connection is still somewhat unrealistic because, in times
of drought, the priority to the current rivers (Waal and Pannerdensch Canal) must be
guaranteed. This means that the Rijnstrangen area has to be disconnectable. That is
why a f ixed threshold or a controlled in- and outlet is preferred. The reasons to choose
for a controlled in- and outlet are based on the fact that a controlled in- and outlet
can deal more eff iciently with extreme peak discharges than a f ixed threshold (Pol
et al., 2017). This can be explained because the controlled inlet can be opened at the
perfect moment, which makes a signif icant difference in times of extremely high water
discharges. Moreover, the Kandia pumping station, which is already present, can be
optimally used with the realization of a controlled in- and outlet.
Figure 77: Three diagramatic drawings of the tested connection types: open connection (above),
f ixed treshold (middle) and actively controlled in- and outlet (below)
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System-functioning rivers
With the new controlled in- and outlet, the Oude Rijn river can function in three ways.
These functions are influenced by opening or closing the inlet or outlet. The advantage
of this is that it can be determined, depending on the water discharge f rom the Rhine,
how the Rijnstrangen area should function. The three functions are strang, water
storage area and flowing secondary channel. In the paragraphs below, it is described
how these different system-functioning rivers emerge and what the characteristics are
of each type of river.
The f irst system-functioning river type is strang. It comes about when both the inlet
and outlet are closed in times of very low water discharges. This means that the
Rijnstrangen area is again disconnected f rom the larger river system. With the strang
type of functioning, the area will function as it is now; the water hardly flows and
typical river processes will not occur. The second option is that the area functions as a
water storage area. This function applies in times of extremely high water discharges.
Water storage or retention is a system solution to reduce pressure on the lower river
system. For this area, it relies on the successive opening, closing and reopening of the
inlet and outlet, to temporarily store a water peak and release it again when the river
water discharge has fallen. The last option concerns the flowing secondary channel.
This variant applies to normal river water discharges. With this type of river, both the
inlet and outlet are opened, allowing the water to flow f reely through the area.

A crucial aspect for these three types of system-functioning rivers is that the functions
are determined by the water discharge of the Rhine. With a higher or lower river water
discharge of the Rhine, the Rijnstrangen area can be opened or closed and behave
in a certain way. It is therefore important to identify priorities for the specif ic types
of rivers that are based on the occurrence of certain water discharges. Through an
interview with a hydrologist, an assessment form and the calculation of average water
discharges for the plan area, it was determined that the flowing secondary channel
f its in best with the previously formulated design goals. This type of river corresponds
best with the most common water discharges of the broader river system. Because this
type of river has been assessed as the most important type, it formed the basis for the

Figure 78: Three different types of system functioning rivers : strang (above), water storage area
(middle: this river-type consists of three steps) and a flowing secondary channel (below)

design of the area. This will be further explained in the following sections. The flowing
secondary channel and the other system-functioning river types will be elaborated
and quantif ied more specif ically on the mesoscale level. The assessment of the
different types of system functioning rivers can be found in Appendix A. The discharge
calculations can be found in Appendix B.
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The self-designing river
The flowing secondary channel with fluctuating water discharges seems very
promising for revitalizing the Oude Rijn. However, the question that arises is: ‘How do
you design a living river?’ To get a feel for that question, a reference study was done
to the Aire river renaturation project. This project demonstrates how a Swiss river has
been restored and exposed to changes of continuously fluctuating water discharges.
Georges Descombes, the designer of this successful project, answers my question as
follows: “Well, the best thing to do, is to get rid of humus and let the water go in. You
don’t do anything. You help the river and the river will design itself.” (Descombes, 2018)
With this idea in my mind, a model study was carried out. This model study was
performed by the researcher along the Nederrijn. Several ‘rivers’ were dug, after which
water was poured through the system. From this model study, it became clear that the
less you force the river to take a certain route, the more naturally the river develops
in which typical morpho-dynamic river processes such as erosion and sedimentation
help to shape the river. This forms the basis of the concept: the self-designing river. The
concept of the self-designing river is composed in the Rijnstrangen area. The following
section describes how this concept has come about and what it implies.

Figure 80: Collage of the model study carried out at the Nederrijn

Figure 79: Aerial view of the river Aire renaturation project (Chironi, 2016)

112

113

Figure 81: Concept map of the self-designing river

Figure 82: The three subsequent diagramatic conceptual drawings of the self-desinging river:
summer bed reconstuction (above), strang excavation (middle) and flowing rivers (down)

First of all, it was determined where the river would flow by reconstructing the summer

study which is shown in f igure 83. It has been found that the excavation of old silted

bed of the river. This means that existing summer dykes are reused and restored and

up river runs, f it well in terms of the river DNA. This is the natural shape and scale of

new summer dykes or hidden riverbanks are constructed. The types of land use nature

the river that originally occurred. Excavating this soil/resource is also attractive f rom an

and water, supplemented with a few agricultural areas that are needed to give the river

economic perspective.

suff icient space, were designated for restoring the summer bed.
Thereafter, the in- and outlet are opened and the river starts designing itself. The
Subsequently, the summer bed is lowered by relief-following clay removal, whereby

dynamic processes of fluctuating water discharges, erosion and sedimentation will

the extracted soil (in particular clay) can be used locally to reinforce winter dykes. By

naturally take control and reshape the area. Finally, by revitalizing the river, it should

digging up the clay layer at some places, the inf iltration capacity of the river increases

be considered that the river water can exceed the summer bed during extreme water

causing groundwater to be recharged. Moreover, with the clay excavation, the nutrient-

events. Hence the floodplain can temporarily be inundated. Therefore, the land use of

poor sandy soil comes back to the surface, which is benef icial for unique nature

the floodplain (agriculture) might have to be adjusted so that it is better able to deal

development. The excavation of the summer bed was investigated through a form-

with the changing circumstances of the river.
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Flood resilient agriculture
The current Rijnstrangen area is characterized by 2 dominant types of land use:
approximately 70% of the area is used for agriculture and 30% consists of the land uses
nature and water. The agricultural area consists largely of crop farming with crops
such as corn, wheat, grain and potatoes. Also, a lot of agricultural grass is cultivated
where cattle, including cows and sheep, can graze. Furthermore, such meadows are
used as ‘hooiland’ to harvest hay for cattle feed (Hazeu, 2019). Only the agricultural
grass can deal with temporary periods of inundation. The other plots must, therefore,
be flexibly adjusted to make them able to deal with high water discharges. That is why
a new agricultural system has been introduced: flood resilient agriculture. With the
introduction of this new approach, there is a chance to immediately tackle various
challenges that play a role in the agricultural sector.
The new flood resilient agriculture system provides an advanced arrangement of the
agricultural land. Within this arrangement, a distinction can be made between three
categories that have been determined based on the landscape elevation, the location
of the agricultural land in relation to the river, and the associated risk of flooding of the
agricultural area during high water discharges.

Figure 83: Form-study: f inding the perfect way to excavate the summer bed

This conceptual design has been tested through an assessment form supplemented
with various expert interviews. The concept appears to make a very positive
contribution to the revitalization of the river and the development of varied
nature areas. It also positively contributes to flood-protection, recreation and the
preservation of the Dutch river landscape. Though the inf rastructural situation
should be reconsidered to make the area accessible, especially during extreme events
(Dijksma, 2019). Due to the chance that the floodplain can inundate during high water
discharges, this concept does not seem to strengthen the agricultural area. In other
words, the concept negatively influences the situation of the farmers. Since design goal
two, specif ically addresses the creation of added value for the people, a new approach
for the agricultural area must be introduced.
Figure 84: Diagramatic drawing of the flood resilient agricultural approach
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In the lowest areas (< 11m + NAP), agricultural land is converted into a nature area.
These low grounds are located within the new summer bed of the river and are
necessary to give the river suff icient space. Because this transition involves a relatively
small amount of land, expropriation; buying the area f rom farmers, offers a good
solution to ensure that the river can be fully revitalized. The farmers that were once
owners of these areas, can take care of the management of these natural areas for
which they are f inancially compensated.
In the medium-high agricultural areas (11.1-12.5m + NAP) the cultivation of floodresilient crops is realized through a new form of nature-inclusive agriculture: strip
cropping (strokenteelt). These grounds are located in the lower part of the floodplains.
The current agricultural plots in this area that are characterized by agricultural grass,
which can already cope with periods of inundation, do not have to be adjusted. For the
other areas, the existing f ields are replaced by alternated strips of new crops, including
Miscanthus, Typha, Sagittaria and Salix. On the meso-scale, more attention will be
paid to these new crops and how this type of agriculture can cope with high water
discharges.
The third and f inal category focuses on the higher agricultural areas (12.6 m > + NAP)
in the floodplain. In this area, which is now being afflicted by the expansion of scale,
leading to farms that consolidate and disappear, efforts will be made to carry out
crop differentiation and to add new functions including secondary activities. In this
category, the existing highest agricultural areas ( > 13.6 m + NAP) can be conserved,
because these lands will not have to deal with inundation. For the intermediate areas
(12.6-13.5 m + NAP), crops such as willow and miscanthus are once again introduced
which can cope with temporal periods of inundation. Extra income can be generated
by introducing additional activities, such as the construction of workplaces, daycares,
campsites and bed & breakfasts at existing farms.

Figure 85: Diagramatic drawing of the flood resilient agriculturual approach subdivided in three
heights: low (above), medium (middle) and high (below)
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Figure 86: The flood resilient agricultural approach spatially applied at Rijnstrangen

The flood resilient agricultural approach was tested through an interview with an

relatively large harvests (Spoelstra & van Doorn, 2019). This development reclaims the

agricultural business economics expert. It was found that the three-division approach

farmer’s ‘image’. Moreover, by thinking in terms of stacking functions, extra value is

offers a good alternative to the expansion of scale because a completely new, unique

created for the new crops. In this way, it becomes possible to enable sustainability

and lucrative market is broached (Meuwissen, 2019). With this alternative agricultural

investments that make a positive contribution to the f inancial situation of the farmer

system, small-scale companies, which generally achieve higher margins, can continue

(Meuwissen, 2019). Hence, with the restoration of the living river and the introduction

to exist. Furthermore, the new form of nature-inclusive agriculture makes a positive

of a new flood-resilient agricultural approach, a system solution is offered that provides

contribution to improving the ecological situation, landscape restoration and ensuring

added value for the farmer and the recreant.
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Living Rhine
An additional design iteration has led to the design: ‘The Living Rhine’, on the macro
scale. In this design, the flood resilient agricultural system has been integrated and the
concept of the self-designing river has been ref ined. This has resulted in the Oude Rijn
being completely revitalized. Through the actively controlled in- and outlet, the river
is reconnected to the broader river system of the Rhine and the Pannerdensch Canal.
The original system of summer dykes has been restored, within which the natural river
processes take place. Here, the river is the carrier for future developments. Functions
within this new summer bed are therefore able to deal with the flexibility of the river.
Examples of such utilizations are recreational facilities such as a canoe rental, adaptive
inf rastructure such as floating boardwalks, and highly dynamic nature including
riparian forests.
Depending on the water discharge of the revitalized river, the summer bed can be
exceeded. It results that floodplains are temporarily being f illed up with water. In times
of extremely high river water discharges, the living Rhine can act as a water storage
area. With this type of functioning, a high water wave can be tipped off, as the water
is stored for a short time in the area. Such system intervention greatly promotes the
flood protection of the lower parts of the Netherlands (Rijkswaterstaat, 2019). As for the
people of the Rijnstrangen area; the farmers, flood protection is guaranteed as well.
The mounds on which the farmers live are already high enough to withstand extremely
high water discharges. Nevertheless, the mounds will be reinforced with clay to ensure
that they are not weakened by the power of the water during extreme events. The
winter dykes that border the Rijnstrangen area, will also be reinforced on the area
inside of the dykes. Therefore, water safety is guaranteed for the immediate residents
around the Living Rhine.

*Figure 87: The f inal design of the Living Rhine on the macro-scale level (previous pages)

Figure 88 & 89: Perspective section of the restored summer dyke (below) and the location of
these summer dykes in the design highlighted with yellow (above)
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Figure 90: Artist impression of the revitilized river: relics of the distant past are brought back to
life
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The momentary periods of inundation are not at the expense of the agricultural area
because of the newly introduced flood resilient agriculture system. With this new
approach, flooding even benef its agriculture because of the deposition of nutrientrich sediments during periods of high water discharge (Williams, 1975). Moreover, with
the introduction of flood resilient crops, a unique and lucrative market is broached
(Meuwissen, 2019). That is valuable for both residents and visitors and successfully
contributes to placing the ‘Living Rhine’ on the map.
Finally, extra attention has been paid to the implementation of escape- and safe routes
to improve the accessibility of the area, especially in times of extreme situations. The
renewed inf rastructure network consists of recreational routes (pedestrian- and cycle
paths) over summer dykes, flexible passages such as floating boardwalks over the
water and a safety network of higher routes and bridges. The higher safety routes
connect the mounds and the safe area behind the winter dyke. They are constructed
as short incontinues lines f rom the winter dyke to as many mounds as possible. For
this intervention, existing heights and routes are used as well as a few reconstructed
summer dykes. This new inf rastructural network not only contributes to providing
safety and escape facilities in the Rijnstrangen area but also creates an added value in
terms of making the area more accessible and attractive for recreants. This safety dyke
network is shown on the next page in f igures 93 and 94.

Figure 91 & 92: Perspective section of the winter dyke (below) and the location of these winter
dykes in the design highlighted with red (above)
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5.2.3 MESO-SCALE
Old river system, new river system
As described in the previous sections, the Rijnstrangen area can function in three ways
by implementing the actively controlled in- and outlet: as a strang, as a water storage
area and as a flowing secondary channel. Depending on the water discharge of the
Rhine, the inlet and outlet can be opened or closed, and therefore the Rijnstrangen
area functions in one of these three ways. Since the main design goal addresses the
revitalization of the river, it is important to know how much water has to flow through
the Rijnstrangen area to make sure that it is ‘alive’. Henceforth, the minimum and
maximum discharges within the summer bed of the living Rhine have been calculated.
These calculations can be found in Appendix B of this thesis. In addition, estimations
were made of average water discharges (m3/s) and the chance of occurrence (months
per year) within the Rijnstrangen area. These estimates have come about during
various expert interviews with a hydrologist and by exploring literature about the water
discharges of the Rhine at Lobith (IBM Netherlands, 2019). They are shown in the table
below. Based on these water discharges and the associated system-functioning river
types in the Rijnstrangen area, the region gets a certain spatial appearance. The spatial
appearance is mainly influenced by the amount of water present in the river system.
They are represented with maps of the design on a meso-scale level which is a zoomin of the north-western part of the Living Rhine. In the following sections, the different
variants will briefly be explained per discharge limit.

Limits

Discharge Rhine Discharge

System-

Occurrence

(m3/s)

Rijnstrangen

functioning

(months/year)

(m3/s)

Living Rhine

Low

< 1.200

0 - 35

Strang

1 month per year

Normal

1.201 - 5.400

36 - 266

Flowing
secondary
channel

11 months per
year

High

5.401 - 11.800

267 - 1360

Flowing
secondary
channel

1 month per 5
years

Extremely high

11.800 - 16.000 > ? 267 - 1360

Water storage
area

1 month per 1250
years

Figure 93 & 94: Perspective section of the safety dyke (below) and the location of these dykes

Table 2: Water discharges of the Rhine and the corresponding discharges of the Rijnstrangen,

and the mounds in the design highlighted with orange (above)

the system-functioning types of the Living Rhine and the occurrences
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Low discharge: disconnected river

Normal discharge: living river

On average, one month a year, the Rhine at Lobith has a discharge of 1200 m3/s or

When the water discharge f rom the Rhine fluctuates between 1201 and 5400 m3/s,

less (Waterpeilen.nl, 2019). Such low discharges ensure limited water levels of the

it is considered as a normal water discharge. This is the most common situation and

river, which leads to problems for shipping since the navigability of the river declines

occurs on average 11 months per year (Waterpeilen.nl, 2019). In this case, the inlet and

(National Government, 2019). Hence, in times of extremely low discharges (<900 m3/s at

outlet can both be opened for the Rijnstrangen area, so that the area is smoothly

Lobith), the Rijnstrangen area must be completely disconnected f rom the broader river

reconnected. The living Rhine functions as a flowing secondary channel and is

system to make sure that the water is discharged via the current rivers Waal, Nederrijn

revitalized.

and IJssel where shipping takes place (Dijksma, 2019). With discharges between 9011200 m3/s of the Rhine at Lobith, the Rijnstrangen area can be connected again by
opening the in- and outlet. However, the discharge within the Rijnstrangen area
remains limited. The critical limit here is set at 35 m3/s. This is the discharge needed
to allow the area to flow suff iciently to prevent algae growth (Dijksma, 2019). With
discharges below 35 m3/s, the flow velocity is def icient to fully revitalize the river. Thus,
the region functions as a strang. In this situation, the living Rhine is characterized by a
minimal amount of stagnant water located within the summer bed.
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Figure 95: Landscape design of the Living Rhine during a low river water discharge: hardly any

Figure 96: Landscape design of the Living Rhine during a normal river water discharge: the

water flows in the summer bed

strangen are continuously flowing and discharge a considerable amount of water
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For this situation, the maximum discharge limit has been calculated whereby the water

High discharge: sedimentation motor

f rom the living river remains within the summer bed (Appendix B). This maximum limit

If the water discharge of the Rhine at Lobith exceeds the most common discharge,

is set at 266 m3/s. As long as the drainage stays below this value and the previously

it can be decided to allow more water to flow through the Rijnstrangen area. With

calculated lower limit (36-266 m3/s), the floodplains remain dry and therefore the

these relatively high discharges f rom the Rhine (5,401-11,800 m3/s) it is thus possible

agricultural area is unaffected. The living Rhine has the appearance of a highly dynamic

to drain a larger part of this water via the Living Rhine. As a result, a lot of water flows

river, which can vary f rom multiple flowing watercourses to one large flowing river. The

through the area and the summer dykes are exceeded resulting in the floodplains

river can deal well with changing circumstances and it flows within the summer dykes

being f illed up. This means that the lower agricultural lands will be inundated for a

at all times.

temporary period. With the submerging floodplains, the soil is provided with nutrientrich sediments such as sand, silt and clay. With this situation the discharge is not
yet so high that the inlet and outlet must be closed. That is why the river system still
functions as a flowing secondary channel. It is expected that such situation occurs one
month every 5 years (Parmet et al., 2002). The maximum upper limit of the discharge
within the winter bed of the Living Rhine is set at 1,360 m3/s (Mulder-Noordermeer,
2008). However, further research concerning the maximum discharge is needed.
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Figure 97: Landscape design of the Living Rhine during a normal river water discharge: the

Figure 98: Landscape design of the Living Rhine during a high river water discharge: the

summer bed reeches its maximum and now consists of one large river

summer bed is exceeded and the lowest floodplains get inundated
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Extremely high discharge: peak storage
When the discharge of the Rhine exceeds 11.800 m3/s there is an extreme discharge
situation. At this moment, the Dutch river system can deal with discharges up to 16,000
m3/s. In the future, however, it is expected that a flood can even reach a peak of 18,000
m3/s (Parmet et al., 2002). Even though the chance that such an event happens is small
(once every 1250 years), it is crucial to protect the Netherlands against such extreme
situations. That is why the Rijnstrangen area can function as a water storage area. In
this way, an extremely high water peak can be stored within the winter bed of the
living Rhine. When the in- and outlet are closed, and the area has been f illed up, the
water in the Living Rhine will accumulate up until the winter dyke. Once the extreme
flood wave is over, the stored water can be discharged again. This measure concerning
peak storage is a system solution that must be combined with other interventions to
protect the Netherlands against extremely high water discharges (Dijksma, 2019).

Figure 100: Artist impression of the region functioning as a water storage area. A floating floodresilient route which is connected to the safety dyke, now functions as a pier
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Figure 99: Landscape design of the Living Rhine during an extremely high river water discharge:
the water accumulates within the winter bed (water storage). Only a few places remain dry
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Flood-inclusive farming
Previously, it has been described how a new flood resilient agricultural system
is introduced in the Rijnstrangen area which can deal with highly fluctuating
circumstances of the Living Rhine. This flood resilient agricultural system implies a
division of agricultural land, depending on the height difference in the landscape.
Within this subdivision, innovative types of agriculture are given a place and crop
species are introduced that can handle extreme conditions. This can be summarized as
the concept of ‘flood-inclusive farming’.
Moreover, this new agricultural system serves as a sediment motor which helps to
fertilize the farmland (Williams, 1975). This sediment motor comes about at high or
extremely high discharges of the Living Rhine (267-1360 m3/s). An important aspect
for sedimentation to take place is to ensure that the flow velocities are low enough
(Dijksma, 2019). The flow rates are influenced in particular by the roughness of the
soil. To illustrate, densely overgrown areas with many trees have a higher roughness
than areas with low grass. As a result, the water has a lot of resistance in the densely
overgrown areas creating low flow velocities. Therefore sedimentation of very f ine
particles such as clay can be found in these areas (Williams, 1975).

Through various expert interviews with a hydrologist, it was found that by initiating
diverse crop species with varying densities and heights, the flow rates will also vary
within different areas in the Rijnstrangen area. This leads to gradients in sedimentation
of heavier particles such as gravel and sand to lighter particles such as silt and clay.
Hence, with the new agricultural system, a variety of farming types and crops are
established that create different soil roughness’s and fluctuating flow velocities,
resulting in the entire package of sediments being collected in the floodplain.
Over time, the sediments accumulate more and more in the floodplain. When this
sedimentation layer is dense enough, it is possible to dig up the sediments by means of
floodplain excavation. The sediments can then be used locally to reinforce dykes or to
be converted into bricks at the local brick factories.

Figure 101: Diagramatic drawings of the sedimentation motor: normal situation (above), a
high water discharge leads to sedimentation (second f rom above), the agricultural situation is
promoted (third f rom above) and the sedimention layer is dug off and used locally (below)
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Strip cropping

As for the Rijnstrangen area, strip cropping has another advantage. The alternation

An important intervention for the flood-resilient agricultural system is the introduction

of various crops contributes to creating different soil roughness’s leading to varied

of a new type of agriculture in the lower regions: strip cropping. Strip cropping is a

flow velocities in times of high water discharges. Therefore, various sediments will be

form of nature-inclusive farming in which the ordinary processes that nature offers are

deposited more easily, so that the soil is naturally enriched and thus fewer artif icial

utilized smartly in combination with techniques and machinery that are available for

forms of fertilization are required. Finally, strip cropping provides a more diverse

the farmer. With strip cropping, crops are cultivated in narrow strips that vary f rom 3 to

appearance of the agricultural area, making the area more alluring for residents and

48 meters instead of in large blocks. By dividing an agricultural plot into multiple strips

recreants.

of different crops, more diversity is created which results in lower chances of disease
spreading (van Apeldoorn, 2019). Besides, with this type of farming, strips of flowers are
included that contribute to higher biodiversity and attract natural predators that are
needed to exterminate crop-harming insects such as lice (Laster, 1974). These benef its

Flood resilient crop species

ensure that strip cropping leads to relatively higher yields compared to traditional

In order to prevent failed harvests f rom happening due to flooding of the Rijnstrangen

block cultivation (Spoelstra & van Doorn, 2019).

area, it is necessary to introduce new flood-resilient crop species. As for the current
crops: corn, wheat, agricultural grass and potatoes, only agricultural grass can deal
with temporary periods of inundation. Through an expert interview and by consulting
literature, knowledge was gathered about crops that can cope with temporary periods
of inundation. It has been found that the original crops can be replaced by Salix,
Typhy, Sagittaria and Miscanthus. These new crops can all deal with fluctuating water
discharges, as well as periods of drought. They are shown in f igure 103 below.

Figure 102: Artist impression of the new type of agriculture implemented in the floodplain; strip

Figure 103: Flood-resilient crop species used in the landscape design of the Living Rhine: Salix

cropping. It greatly enhances the biodiversity and makes the landscape even more alluring

(top left (Carbon Brief, 2015)), Typha (top right (Stoop, 2015)), Miscanthus (bottom left (Biomass
Energy Project, 2011)) and Sagitaria (bottom right (Naturalist, 2017))
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The literature on yields of the current and newly introduced crop species shows that

Riparian buffer zones

both crop types (normal and flood-resilient) have similar f inancial incomes except for

With the revitalization of the living Rhine, dynamic river processes such as

potatoes (CBS, 2019 Veenweiden Innovatiecentrum, 2020). That is why it was decided

sedimentation, erosion, meandering and river course shifting are encouraged.

to relocate potato cultivation to the higher parts of the floodplain that remain dry

However, to prevent the summer dyke f rom eroding, a natural embankment is

permanently. The numbers are shown in the table below. These numbers are very

provided; the riparian buffer zone. This wave-inhibiting vegetation layer thus plays

rough estimates and need further investigation. It must be stated that failed harvests

an important flood protection role. In addition, riparian buffer zones contribute to

of existing crops were not taken into account in times of high water discharges.

ecological enhancement because this intervention increases biodiversity (Naiman &

Moreover, the extra harvest as a result of strip cropping for the new crops has not

Decamps, 1997). Moreover, the riparian buffer zone ensures that water, flowing f rom

yet been taken into account. Nevertheless, it is shown that a transition towards a

the floodplain or via the groundwater to the surface water of the river, is purif ied. To

completely new form of resilient agriculture is promising.

optimally promote this water purif ication process, it is important to create 3 different
vegetation zones: a grassy zone, a wooded zone consisting of willow trees and a zone
consisting of aquatic plants including reed (Hawes & Smith, 2005). The riparian zone

Crop

tds/ha

€/tds

Average €/ha

Potatoes

40-50

70-100

3825

Corn

35

45-50

1400

Agricultural grass

10,8

50-60

600

Wheat

9

160-180

1530

Salix

10

100

1000

Typha

20

120

2400

Miscanthus

20

90

1800

Sagittaria

15

80

1200

absorbs nutrients which are present in the water that leach f rom the agricultural area.
As a result, the vegetation of the buffer zone grows while the purif ied water is drained
off via the living Rhine. The vegetation of the riparian buffer zone can be harvested

Table 3: The average yields of normal and flood-resilient crop species

multiple times a year, after which they can be sold locally or used as biomass.

Figure 104: Map of the Living Rhine with the riparian buffer zones highlited with green along
the revitilized river
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Figure 105: Perspective section of the riparian buffer zone along a summer dyke. It consists of a
grassy zone (left), a zone with trees (middle) and a zone with reeds and aquatic plants (right)

Revitalized Dutch river landscape

the highly dynamic river that constantly transforms. The route network that runs

This design contributes to restoring and accentuating the current Dutch river

through these landscapes also serves as an ecological corridor connecting the living

landscape in the Rijnstrangen area and make it more accessible and experienceable.

Rhine, the mounds and the dykes with the larger river system.

Therefore, characteristic spatial elements of this Dutch river landscape such as
summer dykes and mounds, which also fulf il an important flood protection role,

To make the legibility, beauty and experience ability of the restored river landscape

are emphasized. By making these elements part of an attractive route network, the

more tangible, there will be zoomed in on a smaller scale. Here, the spatial

experience value of the unique Dutch river landscape is promoted. Henceforth, the

interventions are translated and tested on an appropriate scale with the right

extensive floodplains and the living river can be experienced f rom the dyke or the

dimensions. It was chosen to zoom in on one mound in particular because it shows well

mound. The floodplains, that are characterized by the new agricultural system which

how the transition zone between the agricultural area and the living river appears and

has been arranged in a functional, eff icient yet resilient and varied way, contrast with

functions.
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5.2.4 MICRO-SCALE
Landscape context

The mound itself appears to be a hill with a slight slope that is approximately three

For this last scale level, there will be focussed on a mound which is centrally positioned

meters higher than the adjoining floodplain. From the relatively high mound, the

in the Rijnstrangen area. This mound is located in a special floodplain of the region.

surrounding landscape can be perceived well. On the mound, there are three large

The exceptional feature of this floodplain is that it is completely bordered by the living

barns with paved working space around it. Next, there is the house and the garden of

Rhine. Therefore this floodplain is located between two summer dykes instead of a

the farmer. Finally, there is a yard which forms the gradual transition zone towards the

summer- and winter dyke. This can be explained since the Living Rhine splits into

floodplain. At this yard, there are several solitary trees, some small outbuildings and a

two different river courses. These river runs are revitalized strangen which date f rom

pond.

separate eras that arose as a result of shifting river courses. With the revitalization of
the river, both courses become full water-bearing. Hence, it is necessary to connect the
central floodplain with the surrounding area via a bridge over the Living Rhine.
The mound is located almost against the southern course of the living Rhine. The
other surrounding areas consist of agricultural f ields. Currently, at these agricultural
plots mainly potatoes, corn and agricultural grass are cultivated. However, with the
introduction of the new flood resilient agricultural system, the existing plots will make
room for strip cropping and plots of willow trees.

25 100
0 50
200

400
800 (m)

Figure 106: Map of the Living Rhine on the meso-scale with the location of the micro-scale

Figure 107: Collage of the landscape context of the mound on the micro-scale level. Aerial photo

outlined in yellow

adapted f rom (Steenbeeke, 2018)
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Mound in the living river landscape
In the design on the smallest scale level, it appears that the mound forms the
transition zone between the living river and the new flood resilient agricultural system.
With the revitalization of the living Rhine, the mound in the floodplain once again
fulf ils its original flood protection role. That is why the mound is emphasised as a
characteristic river landscape element so that it offers intransigence against the power
of the water in times of high river water discharges. Moreover, by accentuating the
mound, it functions as a belvedere f rom which the diverse alluring landscapes can be
perceived.
Next, the mound is connected to the safety route network. This route network connects
multiple mounds with each other and is part of an ecological corridor that runs
through the river landscape like a pearl necklace, connecting the living Rhine, the
mounds and the dykes with the broader river system. Hence, this network is provided
with flowery edges and willow trees. In times of extremely high water discharges, the
farmer can translocate to the outlying area via this network. Though, most time of
the year; during low and normal river water discharges, this safety route network is
accessible to recreants.
The safety route network also connects the mounds with the local market and the
route network on the summer dykes. Hence, visitors can enter the mound and buy
or taste exclusive products f rom the farmer. Therefore, they become aware of the
extraordinary qualities of this area. The farmer in return contributes to telling the
unique story of this area: the Genius Loci. Since the mound becomes part of a public
network for recreational usage, it is important to make a smart division between public
and private spaces on the mound. In this way, the farmer can continuously do his work,
while the recreant can enjoy experiences on and around the mound. In the following
sections, the design is further elaborated and tested through f ive themes.

Figure 108: Design of the Living Rhine on the micro-scale level
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Views
The f irst theme that plays an important role in design at the microscale level, concerns
opening distant views f rom the mound over the landscape. Currently, the various
extensive landscape scenes of the Rijnstrangen area can be observed well, especially
f rom the dykes and the mounds. The experiences of spaciousness and tranquillity are
therefore conf irmed as a core quality (Over Morgen, 2017). In this design, this quality
has been preserved and enhanced by establishing a limited number of wonderful views
over multiple landscape scenes f rom the mound.
Hence, a viewpoint has been realized located on the southern part of the mound;
where the landscape is most diverse. Here, the Living Rhine can be perceived. This
landscape is characterized by, flowing water, dynamic islands and riparian zones.
River processes such as sedimentation in the outer bend and erosion in the inner
bend of the river can also be observed. The landscape of the floodplain, which consists
of agricultural f ields, in the southern part of the mound is also varied. This can be
explained due to diversif ied height differences. It results that the agricultural concept
has different spatial expressions in this area. In this way, existing plots of agricultural
grass and the higher-lying potato f ield are preserved, while new plots of willow
plantation and strip cropping with varying crops are introduced as well.
Furthermore, distant views with few barriers are provided. Obstacles that block the
view are removed, but more importantly; the placement of new barriers is prevented.
As a result, the farmer and recreant have a magnif icent view of the floodplain and the
living river. Finally, greenery is used to guide view directions. The mound is provided
with a high-density of maple trees. Though, this vegetation is opened up to the south
of the mound, which addresses a certain view direction.

Figure 109 : Collage of the view f rom the mound over the different landscape scenes

Figure 110 : Diagramatic map of the design on the micro-scale based on the theme views
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Routes
In this design, a diverse route network has been created to enhance varied experiences
and to improve the accessibility of the region. For the realization of this new route
network, the existing routes and height differences are optimally utilized for new
routing. The summer dyke along the living river is provided with a path for cyclists and
pedestrians. This route, which normally goes over the summer dyke, extends to the
south of the mound towards the water. On the one hand, this ensures that recreants
can experience the water of the living river, and on the other hand it ensures that the
view f rom the mound over the dynamic river landscape is not disturbed. Other existing
routes around the mound will be preserved or upgraded with the renewed safety route
network.

During an expert interview on landscape perspectives, it was considered to create
diversity regarding width and pavement of the routes, and planting alongside the
routes, to establish different experiential values. To do that, logical choices have been
investigated regarding the pavement of the roads that are suitable for its users. The
routes over the summer dykes are provided with light concrete mixed with locally
grown Miscanthus. This type of pavement remains in good condition when it is
submerged during high water discharges. The route along the water is realized in the
form of a floating boardwalk that fluctuates with the water level of Living Rhine. This
boardwalk also offers a place for canoeists to moor and take a break. Furthermore,
the pavement of the escape routes and the mound is provided with red bricks as a
reference to the clay extraction in this area. A double row of natural stones is laid in the
paving to indicate when you are entering the mound. Finally, a route network is created
with an extraordinary node on the mound. As a result, the mound is emphasized and
visitors are invited to take a break and choose a new route on the mound.

Figure 111 : Diagramatic map of the design on the micro-scale based on the theme routes
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Figure 112: Artist impression of the boardwalk along the revitilzed river on a misty morning
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Mound
With this design, the mound is emphasized as a characteristic element in the river
landscape. To do that, the height difference between the mound and its surrounding
has been accentuated. Hence, the mound is reinforced utilizing a clay layer in the
form of a steep slope (1:2 gradient). This layer also prevents the mound f rom eroding
during high water discharges. Furthermore, a striking connection is created between
the mound and its environment instead of a gradual one. This intervention refers to
how the escape routes are connected to the mound. Because these routes are placed
perpendicularly and centrally on the mound, a clear distinction is made between
‘mound’ and ‘route’. In addition, obstacles in the yard including the outbuildings are
relocated on top of the mound. This is the logical place for buildings and enhances the
contrast between the mound and the yard.

Finally, literature has shown that by employing certain types and densities of greenery
on and around the mound, the contrast between both areas is underlined even more.
Therefore, it has been decided to place a high density of unilateral vegetation (maple
trees) on the mound, which is typical for mounds (Dirkx et al., 1993). In addition to
these groups of trees, the mound is provided with one characteristic solitary tree; a red
beech, that contributes to giving the farm on the mound the appearance of prosperity
(Van Blerck & de Vroome, 1987). In the lower-lying yard, a smaller density of vegetation
with more variation in species is employed. Species such as birch, alder, ash and poplar
can be found here.

Public and private space
The fourth theme that is used to explain this design, addresses the smart division
made between public and private spaces. Due to this division, the farmer and the
recreant can both mean something to each other without getting in each other’s way.
This theme is closely related to the previously explained themes. In order to reach this
goal, routes and building facades are utilized to create borders between private and
public space. To illustrate, the route over the summer dyke is extended to the mound.
Together with the safe routes and building positions, this ensures a division of the
mound in several spaces; a public space for the recreant and two private spaces for the
farmer (a garden and a workplace).
To highlight this contrast, different types of pavement are used to indicate the
separated spaces. As stated before, the safety routes that gradually merge into the
public square on the mound consist of red bricks. On the other hand, the private
Figure 113 & 114 : Diagramatic maps of the design on the micro-scale based on the themes
mound (above) and public & private (below). The black line on the top map indicates the
location of the perspective section on the next pages
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Figure 115 : Perspective section of the mound with a high density of trees and buildings on top of it
and a steep gradient to transition zone

working space of the farmer consists of light concrete. The farmer’s terrace and garden
are designed for personal preference. Further, a distinction is made between private
and public views. Two viewpoints are created with the greenery that is used to guide
view directions. Hence, one lookout point is created at the public square while the
other one is located at the farmer’s home and terrace.
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Figure 116 : Map of the design on the micro-scale that focusses on the square on top of the mound.

Square

Further, a green element is added to the public square that subtly breaks up one of the

The last theme focuses on providing a public square on the mound as a pleasant place

routes, causing cyclists to take a break for a moment. This green element also functions

to stay. This theme refers to the public space created on the south-western part of

as a delightful amenity to improve sensational values. It consists of a raised plateau

the mound. This public space is connected to the route network of the outlying area.

with grass, flowers and a large solitary red beech. People can choose to sit or stand in

Based on literature it was found, that the routes invite people to go, while the square

the sun or the shadow and rest for a while. Moreover, the astounding landscapes of the

invites people to stay (Gehl, 2013). To enrich this public square, comfort facilities are

renewed floodplains and Living Rhine can be experienced f rom the square. Finally, the

implemented which invite people to stick around. For example, resting places are

place allows for local meetings and application. The farmer can continue to cultivate

created by means of sitting edges and benches and a place is offered to park bicycles.

crops despite the interventions to make the area flood resilient. Besides, the farmer
can show what he is doing and recreants can buy their products and learn something
about how this area has been revitalized.
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Figure 117 : Artist impression of the public square on top of the mound. A place where people
can rest, enjoy the landscape and buy local products f rom the farmer
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5.3 Design Principles
In this chapter, the design principles are presented that have been acquired during

A 2 RESTORE THE ORIGINAL RIVER SYSTEM AND ALLOW WATER DISTRIBUTION

the design synthesis of the previous chapter. These principles are the product of
fully completing the research through design process. Hence, the design principles

This category specif ically focusses on the way in which the current Rijnstrangen area

have been ref ined during various iterations. Just as with the design principles f rom

is reconnected to the broader river system. By doing this, the Rijnstrangen area is

the explorative phase, it was determined that multiple design categories should be

exposed again to fluctuating water discharges. Besides connecting the Rijnstrangen

distinguished to which various design principles belong.

area to the broader river system, the principles of this category aim to disseminate
the water in the desired way. In order to do this, relatively large-scale inf rastructural

The design categories deal with the system functioning of the Living Rhine. These

interventions are required. For instance, the installation of a controlled in- and outlet

categories all contribute to the revitalization of the river and the creation of an

and the application of culverts, guarantee that the water is distributed well as it does

added value for people in the Rijnstrangen area. Each design category of this

not get the chance to accumulate. The main advantage of these interventions is that

experimental phase is somewhat similar to each design category of the explorative

the river system is enormously increased, ensuring that the pressure on the rest of the

phase. Henceforth, the associated design principles can be compared with each other.

river system is relieved in times of extremely high river water discharges.

Nevertheless, it should be mentioned that the design principles of this chapter have
been applied site-specif ically in the design of the Living Rhine. The design principles

As described, by restoring the original river system of the Rijnstrangen area, the flood

that have been collected during the design synthesis, are arranged into one of four

impact of the broader river system decreases. This leads to lower amplitudes (Klijn et

categories:

al., 2004). In addition, as the vulnerability of the restored river system is very low, an
extreme discharge peak will not lead to more damage and casualties. Henceforth,

A) Restore the original river system and allow water distribution

there is a high degree of graduality (De Bruijn, 2005). Furthermore, with the controlled

B) Introduce a new flood resilient agricultural system

in- and outlet, the amount of water flowing through the river system can be controlled

C) Increase the dynamics and discharge capacity within the summer bed

properly. If the water discharge of the existing river system is too high, water can be

D) Restore and preserve river landscape elements as escape & safety provisions

retained within the Rijnstrangen area, which then functions as a water storage area.
When the river water discharge reaches a normal level, the stored water can be drained
off again. Hence, the river system is better able to recover f rom flooding. To summarize,
the amplitude is smaller, the graduality is larger and the recovery rate rises, resulting in
an increased flood resiliency of the river system (De Bruijn, 2005).
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A 2.1 Polder system

A 2.3 Water storage area

Polder systems are characterized by sluice gates or pumping stations that control the

Water storage areas are regions that can temporarily stockpile water f rom the river

influx and outflow of water. Often the water is pumped f rom a low to a higher level.

in times of extremely high water discharges. Such water retention basins hold back

Water can then be stored or discharged more easily and eff iciently at other locations

the discharge volume of the river for a short time. By storing a large amount of water

within the floodplain. It should be considered that constructing a polder system is

in a water storage area, the water level in the river will decrease and the pressure on

relatively expensive due to the high costs of installing pumping stations.

the dykes is reduced. The stored water can be drained off again in times of lower river
water discharges. Therefore, these water storage areas can also be used to offer a
solution during water shortages (Rijkswaterstaat, 2019).

Figure 118 : Design principle A 2.1: polder system

Figure 120 : Design principle A 2.3: water storage area

A 2.2 Multiple connections

A 2.4 Culverts

By creating multiple connections, the pressure of certain sub-areas within the river

Culverts are civil engineering works which are intended to connect waterbodies with

system is relieved. Moreover, with the realization of multiple connections, a better

each other. Culverts are cylindrical pipes that are often located in roads or dams. In the

distribution can be made in terms of water discharge, resulting in water entering the

design, they are installed in the safety route network to enhance water distribution of

area in a more disseminated way. Finally, this intervention ensures that a larger part of

the floodplain in times of high water discharges. Since the water cannot spread over

the original river system is restored.

this route network, water distribution is allowed underneath. Culverts can also serve as
ecological corridors by means of passages for aquatic or terrestrial organisms.

Figure 119 : Design principle A 2.2: multiple connections
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Figure 121 : Design principle A 2.4: culverts
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B 2 INTRODUCE A NEW FLOOD RESILIENT AGRICULTURAL SYSTEM

B 2.2 Strip cropping
Strip cropping is a form of nature-inclusive farming in which crops are cultivated in

The next category addresses the flexible adaptation of the land use agriculture so that

narrow strips that vary f rom 3 to 48 meters instead of in large blocks. By dividing

it is able to deal with fluctuating water discharges in a resilient way. Since more than

an agricultural plot into multiple strips of different crops alternated with flowers,

half of the Dutch area consists of agriculture, especially along the rivers, it is important

the chance of disease spreading is lower, crop yields are relatively higher and the

to consider flood resilient interventions here (CBS, 2019). This category is based on the

biodiversity is greatly enhanced. Moreover, by means of strip cropping, the agricultural

fact that most of the current crops in agricultural f ields in the floodplains cannot cope

system functions better as a sediment motor which helps to fertilize the farmland

with temporary periods of inundation. That is why the agricultural sector can be re-

(Williams, 1975).

designated. The interventions that are required to comply with this category mainly
concentrate on the large-scale shift of functions for the agricultural type or land use.
Examples of such design principles are the introduction of elevation-based agriculture
and the cultivation of flood resilient crop species.
The main advantage of the interventions that belong to this category is that agriculture
can continue to exist in the floodplain and is not affected by the revitalization of
the river system; the situation for the agricultural area even improves. By making
agricultural areas within the floodplain able to deal with temporary flooding, high
water discharges will have less actual flood impact. Thus, an extreme discharge peak
is not at the expense of the crop yields and therefore the damage remains limited.
Since the design principles of this category make the agricultural areas within the

Figure 123 : Design principle B 2.2: strip cropping

river system less vulnerable to extreme discharges, the flood resilience of the system
increases (De Bruijn, 2005).
B 2.1 Elevation-based agriculture

B 2.3 Relocate agricultural functions

The design principle of elevation-based agriculture implies an advanced arrangement

This design principle addresses the relocation of agricultural areas, as well as the

of agricultural land. Within this arrangement, a distinction is made on the basis of the

addition of new functions including secondary activities at farms. To illustrate, the low-

landscape elevation, the location of the agricultural land in relation to the river, and

lying relatively valuable cultivation types, including potato f ields, can be exchanged

the associated risk of flooding of the agricultural area during high water discharges. A

with relatively cheaper cultivation types such as agricultural grass that are located

further explanation of this principle can be found in chapter 5.2 of this thesis.

in the higher parts of the floodplain and remain dry permanently. Besides, extra
income for the farmer can be generated by introducing additional activities, such as
workplaces, daycares, petting zoo, campsites and other recreational facilities at the
existing farms.

Figure 122 : Design principle B 2.1: elevation based agriculture

166

Figure 124 : Design principle B 2.3: relocate agricultural functions
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C 2 INCREASE THE DYNAMICS AND DISCHARGE CAPACITY WITHIN THE SUMMER BED

B 2.4 Change crop species
By replacing crop species that are unable to cope with wet conditions such as
corn, wheat, and potatoes, to crop species that can deal with temporary periods of

Just like the third category of the explorative phase, this category of the experimental

inundation the damage of the agricultural f ield remains limited in times of high water

phase deals with the improvement of the discharge capacity of the river by taking

discharges. The flood resilient crop species which can be introduced are Salix, Typha,

advantage of the dynamic river processes. The difference, however, between this

Miscanthus and Sagittaria. These crop species can all deal well with fluctuating water

category and the one f rom chapter 4.3, is that this category focuses specif ically on the

discharges, as well as periods of drought. With this transformation, a completely new,

summer bed instead of the floodplain. To clarify, in the design of the Rijnstrangen area,

unique and lucrative market is broached (Meuwissen, 2019).

the revitalization of the river takes place within the two summer dykes. This revitalization
was carried out through relatively small-scale landscape architectural interventions,
including the excavation of strangen, the realisation of meanders and the establishment
of channel diversity within the summer bed. By applying these design principles,
the river is able to design itself through an interplay of river processes including
sedimentation and erosion.
When digging out new channels in the summer bed of the Rijnstrangen area, such
as secondary channels, strangen and meanders, the Living Rhine’s water discharge
effectiveness is vastly promoted. Though, since the water does travel a suff icient
distance before returning to the existing river system, the excavation does not result

Figure 125 : Design principle B 2.4: change crop species

in too rapid river water discharges. With the excavation of the summer bed, it is
largely determined where the river gets the most space; namely where the relatively
invulnerable areas are located. As a result, the Living Rhine is able to optimally recover
f rom flooding. In addition to this increased recovery rate, the broadened summer bed
causes the flood impact of the river system to decrease. It can, therefore, be concluded
that with these interventions, the flood resiliency of the river system is boosted.
C 2.1 Enhance meandering
By providing the newly excavated channels with meanders, dynamic processes within
the river system are stimulated. In the outer bend, the channel can cut itself in while in
the inner bend sediments can be deposited. Applying meanders in a channel, therefore,
ensures the natural character of a river. Another advantage of meanders is that the total
flow length of the channels is extended causing water to be discharged in a controlled
way instead of too rapidly (Kleinhans et al., 2013).

Figure 126 : Design principle C 2.1: enhance meandering
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C 2.2 Establish channel diversity

C 2.4 Natural embankments

By creating multiple channels or subdividing the river, the structural diversity or the

Natural embankments are understood to mean vegetation with a wave-inhibiting

river system increases considerably (Kleinhans et al., 2013). Through the alternation

function. In this way, erosion can be prevented along bank zones or summer dykes

of splitting and converging channels, islands are created that operate as outstanding

which must be protected against the natural force of water. The use of natural

habitats for flora and fauna. The aesthetic qualities of such attractive and dynamic

embankments such as reed and riparian forests, therefore, contributes to water safety.

islands enliven the river landscape. Moreover, establishing channel diversity offers

In addition, these riparian zones can strengthen the environmental enrichment of

recreational opportunities. For example, challenging canoe routes on the water and

the river area by also fulf illing a water purifying role. With the development of natural

hiking routes along the waterside can be implemented that boost the recreational

embankments, robust connections between the river, the floodplain and the hinterland

experience of the area.

are realized (Beekers et al., 2018).

Figure 127 : Design principle C 2.2: establish channel diversity

Figure 129 : Design principle C 2.4: natural embankments

C 2.3 Excavated strang

C 2.5 Hidden river bank

The excavation of unconnected channels (strangen) is characterized by stagnant water.

A hidden riverbank is an underground, concealed dyke, consisting of a dense stone and

Such excavations offer opportunities in terms of creating unique types of habitats or

clay package that prevents the river f rom shifting its course further than desired. The

biotopes. During high river water discharges, there is a chance that the strang will

river is therefore allowed to relocate its river run until the limit of the hidden riverbank

temporarily flow or silts up due to sedimentation. Under the influence of more extreme

is reached. Henceforth, the dynamic processes of the river are greatly encouraged.

water discharges, the strang can even be incorporated in the new watercourse of the

Another advantage of such a riverbank reinforcement is that it is concealed and

river. Hence, it can be concluded that the dynamics and discharge capacity of the river

therefore it has no negative visual effects.

clearly increases by excavating strangen.

Figure 128 : Design principle C 2.3: excavated strang
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Figure 130 : Design principle C 2.5: hidden river bank
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D 2 RESTORE AND PRESERVE RIVER LANDSCAPE ELEMENTS AS ESCAPE & SAFETY

D 2.1 Mound

PROVISIONS

Human settlements in the river landscape were located on higher grounds and at some
distance f rom the river. However, over time the floodplains were also inhabited since

Finally, in this last category, the focus is on ensuring an escape and safety structure

artif icial hills were created, which remain dry in times of high water events: mounds.

that f its well with the existing river landscape of the Rijnstrangen area or that

These mounds nowadays form characteristic elements in the Dutch river landscape.

contributes to its recovery. The design principles that belong to this category, concern

This design principle addresses interventions that are based on the further elevation of

large-scale inf rastructural and smaller-scale landscape architectural interventions.

the hill or the improvement of the slopes of the mound. In addition, new mounds can

Examples of these principles are the reinforcements of mounds, the recovery of

be realized at higher places in the landscape or by reusing old dyke bodies.

summer dykes and the realization of new escape passages such as bridges and paths.
With these interventions, the accessibility of the area is greatly promoted, which will
benef it residents who can migrate more easily through the area and recreants who can
experience the area more competently. The advantage of these interferences is that
they can also be integrated well with current river landscape elements and thereby
they contribute to the preservation of the characteristic river landscape.
By introducing escape and safety provisions which are based on the characteristic river
landscape elements, the flood amplitude decreases and the recovery rate is boosted.
Though, it can be criticized whether the principles of this category are resilient because
they resemble sturdy flood-resistance interventions. However, the design principles of
this category attempt to make use of the existing system-specif ic elements without

Figure 131 : Design principle D 2.1: mound

adding system-foreign elements. Therefore, the people of the Rijnstrangen area are
better able to withdraw themselves f rom the region in times of extremely high river
water discharges. In addition, the river landscape elements remain in good condition
because they can handle disruptions such as flooding. Thus, high river water discharges

D 2.2 Summer dykes

will cause little damage and casualties. Hence, it can be aff irmed that the resilience of

Summer dykes are the embankments with a height of approximately one meter,

the river system is encouraged by means of the design principles f rom this category.

within which de river flows during normal water discharges. During high water
discharges, the summer dykes are exceeded and the adjacent floodplain starts to get
inundated. This design principle deals with reusing and restoring the existing and
disappeared summer dyke network. In addition to the flood protective role of the
summer dyke network, it functions as a route network for cyclists and pedestrians.
From these higher embankments, the surrounding river landscape can optimally be
perceived.

Figure 132 : Design principle D 2.2: summer dykes
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D 2.3 Safety dykes

D 2.5 Escape passages

Although it can be criticized whether the construction of new safety routes over dykes

In order to be able to leave (or enter) river areas in cases of extremely high water

is a resilient measure, this intervention does contribute to the improvement of the

events, transportation connections are required that link the region of the river system

recovery rate of the river system. This principle focuses on connecting mounds located

with the surrounding areas. Therefore, inf rastructural connections such as bridges can

in the floodplain with the winter dyke. In this way, the residents within the river system

be implemented. Due to the high costs of creating such escape passages, it is crucial

are connected to the outlying area. The safety dykes have a height of approximately

to know where and how many routes are needed. For the construction of such escape

three meters and remain dry at all times. Because they are provided with trees and

passages, dyke bodies can be used.

flowery roadsides, they contribute to enhancing the ecological nature network within
the river system.

Figure 133 : Design principle D 2.3: safety dykes

Figure 135 : Design principle D 2.5: escape passages

D 2.4 Flood resilient paths
This design principle implies the way in which path networks are able to adapt to
fluctuating water levels. This adaptability of the path network can be achieved by
creating paths on piles or by realizing floating paths that move along with changing
water levels. An example of such adaptable paths are boardwalks over the water. These
paths do not deteriorate in times of flooding. Moreover, such a path network makes it
possible to experience the river up close.

Figure 134 : Design principle D 2.4: flood resilient paths
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Discussion
The following chapter discusses and reflects upon the prescribed results gained
through the research and design process. Furthermore, the limitations of this thesis
will be discussed and recommendations will be given for further research. This chapter
will f irst reflect on the problem statement, the concept of river DNA, the different cases
in the Dutch river system and the research methods. Next, the research outcomes,
which consist of the design of the Living Rhine and the collected design principles, will
be reviewed and scrutinized.

Chapter 06

INTERPRET THE RESEARCH
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Fluctuating river water discharges

step. Therefore, for future research into the gathering flood-resilient design principles,

In the introduction, the problem concerning highly fluctuating water discharges in

it is recommended to investigate other cases on different scale levels in the Dutch river

Dutch rivers is addressed. It becomes clear that this problem has drastic consequences,

landscapes that are already part of the river system.

both during high and low river water discharges. Through the concept of flood
resilience, attention is paid to high water discharges and the way in which the river

Designing and testing

system can recover f rom a flood. Henceforth, this thesis specif ically focusses on high

The creative reflection-in-action methods are used to design the Rijnstrangen area,

river water discharges. It is beyond the scope of this thesis to examine extremely

including drawing (physical and computer drawing), crafting and building models

low river water discharges. Therefore, further research is needed on how river water

(Lenzholzer et al., 2013). During three iterative feedback loops, the design was

shortages can be supplemented. Fortunately, much research is being done into dealing

constantly ref ined as it became possible to better substantiate design choices. It is

with river water shortages (Gohari et al., 2013; Aeschbacher et al., 2005).

expected that more reliable design knowledge could have been collected if more
iterations were included in the design process. In other design studies, the research

River DNA

through design process consists of six iterations (Cortesão et al., 2019). Though, within

The research approach for exploring how river systems can become more flood-resilient

the context of a master thesis, this would be too time-consuming.

addresses researching and designing according to the river DNA. It was assumed in
advance that the river DNA approach would provide a solid foundation for the retrieval

The testing methods of this research largely existed of expert interviews on hydrology,

of flood-resilient design principles. After conducting this research, the results show

agriculture and landscape perspectives. For each iteration, one or two experts have

indeed that this was a suitable approach. However, the reader should bear in mind that

been approached to critically discuss the design. However, by evaluating every

this thesis is based on only one example of a possible research approach. Therefore

preliminary design with all three experts, the design could have been improved even

it could be valuable to research other approaches or combining different theories

more (Van den Brink et al., 2016). Though, this study is unable to encompass this triple

that are related to the topic of flood resilience. An example of such an approach for

evaluation for every iteration, due to time constraints.

designing resilient river systems can focus on the quantif ication and effectiveness
of water storage and discharge (Holway, 2009). This offers possibilities for follow-up

Regarding the design process of this thesis, it was aimed to create an added value for

research and allows to collect an even wider range of flood-resilient design principles.

in particular farmers and recreants in the Rijnstrangen area. A participatory approach
seems appropriate for this part of the research (Van den Brink et al., 2016). However,

Cases in the Dutch river system

due to the lack of communication with local communities, such participatory design

An important method for obtaining the research results of this thesis was to conduct

process could not have been executed. Hence, the expert group was the main source

a precedent study. Due to time constraints and for clarity in the storyline of this thesis,

of information during the design synthesis. It is important to note that the expert’s

only four projects were explored during this precedent study. It is likely that even more

perspectives on current issues may differ f rom the opinions and needs of the people

reliable knowledge could have been gained if more projects were explored (Van den

of Rijnstrangen. Accordingly, the design outcome of this thesis was unconsciously sent

Brink et al., 2016). Regarding the choice for a specif ic project in the Dutch river system,

in a certain direction through the expert interviews. In future research, the design of

a qualitative approach is used to establish criteria. However, in a possible follow-up

this area can be improved by taking the ideas and wishes of local communities into

study, it is recommended to provide a more quantitative approach for scoring the

account in a participatory design process (Weggemans, 2019).

criteria. This helps to better substantiate why a precedent is relevant.
Living Rhine
As for the Rijnstrangen case, it is important that this case study functions as a

This thesis regarded multiple perspectives for establishing flood-resilient design

reference project which can easily be compared with similar cases. Henceforth, the

principles. Therefore, the design process was complex and extensive. Moreover, since

gathered design knowledge of the Rijnstrangen case can be applied in different

this thesis concerns explorative, qualitative research, personal influence was part of

contexts (Van den Brink et al., 2016). However, it can be discussed whether the

the research process. This, however, will always be the case in the f ield of landscape

Rijnstrangen area is part of the Dutch river system. It could be argued to what extent

architecture (Van den Brink et al., 2016). Hence, assumptions concerning future

the Rijnstrangen area is representative in terms of a typical Dutch river landscape.

possible program and activities were taken by the researcher. This is clearly reflected

Though, due to the richness of the Rijnstrangen area in terms of size, river DNA and

in the formulation of the design goals. Ultimately, it led to the design of the ‘Living

location, it has been extraordinary convenient to obtain research results. Nevertheless,

Rhine’. The reader should bear in mind that the ‘Living Rhine’ presents a possible

during the design synthesis of this thesis, it turned out that reconnecting the

design outcome which is tested on different aspects. It offers a plausible solution to the

Rijnstrangen area to the broader river system was an important but time-consuming

problems that play a role in this area. However, the design is not a blueprint of how the
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area is going to be, but rather a long-term vision which shows how the Oude Rijn can

Design principles

be revitalized by means of a holistic approach. A number of aspects of the design need

The results of this thesis present a wide range of flood-resilient design principles.

to be nuanced. These will briefly be explained below.

However, for some principles, it can be criticized to what extent a principle is floodresilient or flood-resistant. The research outcome of this thesis demonstrates that

First of all, in order to successfully revitalize the Rijnstrangen, the area needed to

the concept of flood resilience is highly connected to the concept of flood resistance.

be reconnected to the broader river system. This thesis mainly investigated how to

Some design principles deal for example with the way in which sturdy structures

reconnect this area. Furthermore, three suitable locations are proposed in this thesis

such as dykes and mounds can be constructed or reinforced. These principles have a

where such a connection could be realized. However, more hydrological research is

flood-resistant character rather than a flood-resilient one. Though, with regard to the

needed into the actual implementation of these reconnections, the capacity of the

application of flood-resilient or flood-resistant design principles, it is recommended to

pumping stations and the speed with which the area can be f illed and emptied.

make a combination of different principles rather than excluding certain principles.

Furthermore, the hydrological system has been designed on a relatively large scale.
Further research is necessary concerning detailed flow directions, flow velocities and

Lastly, it is important to discuss the nature of design principles. During the collection

soil permeability. Research is already being done on these topics (Vergouwe, 2017;

of the design principles, it must be stated that these design principles cover a sense

“Effectief water bergen”, 2013). The lack of hydrological knowledge of the researcher

of abstraction as they give guidance for certain design actions. Hence, the design

is seen as a limitation of this research. To f ill this gap, multiple expert interviews with

principles should not be seen as a guaranteed recipe for success (Van den Brink et

a hydrologist were accomplished in which hydrological perspectives were shared

al., 2016). With this thesis, it was aimed to establish flood-resilient design principles

with regard to the interventions formulated by the researcher and the way in which

that on the one hand cover a sense of generality. On the other hand, however, the

it influences the water management in the landscape. It is highly recommended to

abstracted design principles, especially the ones gathered during the experimental

continue to work closely with hydrologists in follow-up research.

phase, are somewhat site-specif ic. Finding the perfect balance between the generality
and site-specif icity of design principles formed an important step in this research. It

Next, in response to the revitalized river, a new flood resilient agricultural system is

was hypothesized that by going through the two phases, the design principles would

implemented that can deal with temporal periods of inundation. Again, a possible

have been specif ied and generalized at different moments in order to achieve the

future vision is presented. This agricultural approach acts as a concept and should not

most suitable variant. Previous design research has shown that this is a suitable way to

be interpreted as a f inal design. The concept was tested during an interview with an

establish design principles (Van den Brink et al., 2016). For this research, too, it turned

agricultural business economics expert. However, the exact implementation of this

out to be a successful approach for acquiring reliable design knowledge. However,

concept requires further investigation. It is recommended to do more quantitative

further research is needed to fully demonstrate the applicability of all the collected

research into the new crop yields, the amount of land that is lost for the purpose

design principles.

of restoring the river and the ecological effects of the revitalization. Then, it can be
critically assessed to what extent added value is created for the farmers with this
agricultural development.
Finally, in order to be able to f reely perform this explorative research, existing planning
regulations and f inancial constraints were not fully considered during the design
process of this thesis. In this way, creativity is not impeded in the design process (Beer
& Higgins, 2004). Though, this may lead to a somewhat unrealistic outcome of the
design. Nevertheless, it is encouraged to give designers this f reedom during the design
process because landscape architects are able to combine multiple spatial objectives,
cross-disciplinary boundaries, and bring together varying interests and values (Van den
Brink et al., 2016).
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Conclusion
In this chapter, the outcomes of the research are summarized by answering the two
sub-research questions. Thereafter, the main research question is answered. The main
focus of this thesis was to explore, by means of designing, what design principles could
be applied to make Dutch river landscapes more flood-resilient. This is necessary since
flood resilient strategies have not yet been translated into practical design principles.
In order to investigate this, the following main research question was established:
‘Which design principles can be used for increasing the flood-resiliency of the area

Chapter 07

outside of the dykes in Dutch river landscapes?’ This main research question can be
answered after consecutively exploring the two formulated sub-research questions
during an explorative and experimental phase.

COMPLETE THE RESEARCH
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Explorative phase

Twenty-one flood-resilient design principles are collected. For each category, four to

In the explorative phase, an inventory is made of flood-resilient design principles that

seven design principles are formulated. All principles were applied in the floodplain

are applied successfully in Dutch river landscapes. During this explorative phase, the

of the Dutch river landscape. There is a lot of variation within each category with

f irst sub-research question is addressed: ‘What design principles have successfully

regard to the scale, effect and type (inf rastructural, land use, landscape architectural)

been applied in practice for increasing flood-resilience?’ To answer this question, a

of intervention for each design principle. Although the 21 flood-resilient design

precedent study was conducted in which four outstanding projects in the Dutch river

principles are never all applied at one certain precedent, there are always principles

landscape are investigated. It can be concluded that in order to fully understand these

f rom each category present. Henceforth, in practice, different design principles of the

projects, knowledge must be gathered about the system-functioning of rivers and the

four categories must be combined. Next, it can be concluded that knowledge needs

origin of the Dutch river landscape. That is why a thorough analysis has been made

to be gathered about a number of themes in order to apply the design principles

of river systems. As for the precedent study, it was found that by considering different

correctly. These themes relate to, among other things, dykes, the river DNA, land use

scale levels and rivers, a rich variety of design principles could be abstracted which

and inf rastructure. These themes form the basis for the spatial analysis that is needed

were comparable with each other. These principles can be divided into four categories.

when an attempt is made to apply the design principles in practice.

The design categories, as well as the design principles, all relate to the river system.
Experimental phase

They are listed below:

The subsequent experimental phase concerns a single qualitative case study. In this
A1 Expand the water storage capacity of the river system

phase, the design principles and knowledge that have been acquired before were

-

Dyke relocation

tested at one specif ic site: the Rijnstrangen area. In this phase the following research

-

Dyke degradation

question is addressed: ‘How can flood-resilient design principles be implemented

-

Dyke removal

at the Rijnstrangen area?’ Before the design principles could be applied in the

-

High water channel

Rijnstrangen area, a spatial analysis was carried out to fully comprehend the landscape.

-

Bypass

Thereafter, in the design synthesis, the design principles were implemented to develop

-

Obstacle removal

a landscape design in the case study area. During an iterative design process, in which

-

Floodplain excavation

designing and testing alternated several times, the design was constantly ref ined.
Ultimately this led to the flood-resilient landscape design of the ‘Living Rhine’.

B1 Flexibly employ the land use within the river system

The design of the Living Rhine was established by applying flood-resilient design

-

Fully change land use

principles with the aim of revitalizing the Oude Rijn river while creating an added value

-

Flexible adapt nature areas

for the people of Rijnstrangen. Taking the concept of designing according to the River

-

Flexible adapt urban areas

DNA, it becomes clear that flood-resilient designs embrace the spatial characteristics

-

Flexible recreational facilities

of the river system. Hence, the typical spatial elements of the Dutch river landscape

-

Flood tolerant elements

are optimally utilized or restored. Furthermore, it can be concluded that with this
revitalization, the landscape will again be influenced by the dynamic aspects and the

C1 Increasing the dynamics and discharge capacity of the river system

flexibility of the river. After going through the design process and employing design

-

Excavated channels

principles, it appears that applied design knowledge has been collected in which the

-

Incorporate water bodies

previously gained principles can be ref ined and supplemented with new principles.

-

Naturalized riverbanks

This has led to an almost complete collection of flood resilient design principles.

-

Scraping the riverbed

Just like the principles of the explorative phase, the principles gathered during the

-

Remove riverbed elements

experimental phase can be subdivided into four categories. These design categories
and corresponding principles are listed on the next page.

D1 Carry out escape and safety provisions in the river system
-

Refuge hills

-

Dyke improvement

-

Warning signs and systems

-

Flood tolerant paths
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A2 Restore the original river system and allow water distribution

due to the fact that these principles are derived f rom this design alone rather than

-

Polder system

f rom multiple precedents.

-

Multiple connections

-

Water storage area

A major difference between the design principles of the explorative and experimental

-

Culverts

phase is based on the location of the application. To clarify, all principles of the
explorative phase were applied in the floodplain of the Dutch river landscape, while

B2 Introduce a new flood resilient agricultural system

multiple design principles of the experimental phase should be applied in the summer

-

Elevation-based agriculture

bed of the river system. Thus, it can be concluded that the spectrum of principles has

-

Strip cropping

considerably been expanded through the design synthesis. Yet, the design principles

-

Relocate agricultural functions

and categories of both phases overlap in terms of functions and applicability. This

-

Change crop species

conscious subdivision makes it possible to make connections between, for example,

C2 Increase the dynamics and discharge capacity within the summer bed

both categories C of the explorative and experimental phase.

-

Enhance meandering

-

Establish channel diversity

Next, concerning the effect of the design principles on the established themes in

-

Excavated strang

the assessment form (Appendix C), it is striking that almost all principles have a

-

Natural embankments

positive effect on the themes with the exception of design principles of category A1

-

Hidden river bank

which negatively impact the agriculture. Furthermore, almost every design principle
influences multiple themes. However, to enhance all themes, and in this way to enrich

D2 Restore and preserve river landscape elements as escape & safety provisions

the quality of the design to a maximum level, it is necessary to combine several design

-

Mound

principles. As for the design principles of this thesis, there are multiple principles for

-

Summer dykes

each design category that are exceptionally effective in terms of flood resiliency. It is

-

Safety dykes

strongly recommended to use these principles when designing Dutch river landscapes.

-

Flood resilient paths

These principles are highlighted in the assessment form in Appendix C.

-

Escape passages
As described in the discussion, despite the wide range of design principles, it can be

Main research question

criticised to what extent certain design principles make the river system more flood-

After both the explorative and the experimental phase have been completed, it is

resilient instead of flood-resistant. It can be concluded that both concepts of flood

possible to answer the main research question of this thesis. This question reads as

resilience and flood resistance are closely linked. In practice they complement each

follows: ‘Which design principles can be used for increasing the flood-resiliency of the

other, they need each other. A flood-resilient Dutch river landscape must therefore also

area outside of the dykes in Dutch river landscapes?’ In response to this main research

contain flood-resistant elements.

question, a broad spectrum of design principles has been achieved during the two
phases. All these design principles have been critically assessed through an assessment

Finally, this thesis contributed to acquiring flood-resilient design principles in the

form that can be found in the Appendix C of this thesis. With this assessment form, the

Dutch river landscape. The design principles help to tighten the gap between

effect of the design principles on multiple themes was investigated. By carrying out

academic knowledge and practical application. Moreover, the principles ensure

this critical assessment, a number of striking similarities, differences and connections

that complex flood-resilient strategies can be translated into coherent design

between the design principles of the explorative and the experimental phase can be

understanding. This simplif ies the transfer of flood-resilient knowledge between

deduced.

different f ields of expertise, including the ones of hydrologists, designers and decisionmakers.

First of all, the number of design principles f rom the experimental phase is eighteen
which is therefore comparable to the number of principles of the previous explorative
phase (21). This brings the total number of design principles to 39. Furthermore, for
all design principles, it applies that an attempt is made to combine various types of
interventions at different scale levels. Though, all design principles of the experimental
phase are present in the landscape design of the ‘Living Rhine’. This can be explained
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Appendix A

Appendix A : Assessment form of different designs throughout the research process

Appendix B

Appendix B : Hydrological calculations of the normal and low river water discharges. These
calculations are established in close collaboration with a hydrologist

194

195

Appendix C

Appendix C1 : Assessment form of the design principles f rom the explorative phase. It is higly

Appendix C2 : Assessment form of the design principles f rom the experimental phase. It is higly

recommended to use the highlighted (yellow) design principles as these are very effective

recommended to use the highlighted (yellow) design principles as these are very effective
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