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Preface
Before you lies the thesis ‘Designing with Nature-based solutions: “Exploring the potential of nature-based solutions to strengthen flood defence and enhance
recreation around the Westvoorne coast”. The research for this thesis on nature-based solutions connects scientific and practical knowledge and applies this in a
design for the study area of the Westvoorne coast. This thesis was written as part of my graduation from the master’s degree in Landscape Architecture at Wageningen
University.
The topic for my thesis came about because of two things. Firstly, I wanted to know more about coastal defence as it is very Dutch and I had not focused on this topic
during my studies. Secondly, I read an article in the newspaper about the project of the Hondsbossche Dunes and this sparked my interest in nature-based solutions.
During my research I found out that there are really many things to consider with nature-based solutions. Therefore, not all aspects could be covered within the scope of
my research. I certainly learned a lot during my thesis and I hope you will enjoy reading it.
This thesis, however, would not be before you without the help of the following people. I would like to thank my supervisor for the excellent guidance and support
during this process. I would also like to thank all the experts who contributed to the multicriteria analysis and the respondents of the interviews and questionnaire.
Finally, I would like to thank my friends and family for their moral support and understanding.
Merel Scheltinga
Wageningen, December 2021
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Abstract
Estimates of the rate of sea level rise continue to rise. The threat of coastal flooding due to sea level rise is therefore increasing to low-lying coastal areas such as the Dutch
delta. Conventional flood defence approaches have lacked sustainability and have negative impacts on the environment. Thus, there is a need for new approaches involving
nature. This thesis therefore explores the concept of nature-based solutions that deals with coastal flooding. Another challenge in coastal areas is recreational pressures.
In scientific literature, large-scale nature-based solutions are mainly at a conceptual level, furthermore, nature-based solutions mostly focus on the environmental aspects
and lack attention for the social aspects. The goal of this thesis is therefore to explore how large-scale nature-based solutions can integrate flood defence and recreation,
thus covering both environmental and social aspects. To investigate this and bring it to a more practical level, ‘research through design’ approach was used. The study area
of this design research is the Westvoorne coast, where both challenges are at play.
To collect information on nature-based solutions related to flood defence and recreation, two fields of literature review are carried out. In addition, the reference projects
of Sand Engine Delfland and Hondsbossche Dunes are examined to generate design principles. In order to then apply this information to the Westvoorne coast, a site
analysis is performed, complemented by interviews and questionnaires. All this information is then translated into design principles that guided the design. A preliminary
design containing a barrier island, salt marsh expansion and sand nourishments is assessed by experts (from the field of flood defence, nature-based solutions, landscape
architecture and recreation) with a multicriteria analysis. Their comments and various practical insights are used to further improve the design.
Through the process of this research, the various methods and research through design, knowledge about large-scale nature-based solutions is taken from a conceptual
to a more practical level. This approach is a way to enable large-scale nature-based solutions to integrate flood defence and recreation and translate scientific information
into more practical information. The final design shows how flood defence and recreation can be integrated with large-scale nature-based solutions and is replicable for
areas with similar local conditions.
This research contributes to the growing body of knowledge about the comprehensive benefits of nature-based solutions from a landscape architecture perspective.
It bridges the gap between science and practice by developing an integrated research and design method which links practical knowledge with scientific research. This
research contributes to the acceptance of nature-based solutions, which is important for the realization of more nature-based solutions, by showing their possibilities.

Key words: research through design, large-scale nature-based solutions, sea level rise, flood defence, recreational pressure
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Samenvatting
De geschatte snelheid van de zeespiegelstijging blijft stijgen. De dreiging van overstromingen langs de kust door zeespiegelstijging neemt daardoor toe voor
laaggelegen kustgebieden zoals de Nederlandse delta. De conventionele aanpak van waterkering is niet duurzaam en heeft negatieve gevolgen voor het milieu. Er is
dus behoefte aan een nieuwe aanpak waarbij de natuur wordt betrokken. Deze scriptie onderzoekt daarom het concept van op de natuur gebaseerde oplossingen
gerelateerd aan kustoverstromingen. Een andere uitdaging in kustgebieden is de recreatieve druk. In de wetenschappelijke literatuur worden grootschalige op de
natuur gebaseerde oplossingen vooral op conceptueel niveau behandelt, verder zijn op de natuur gebaseerde oplossingen veelal gericht op de milieuaspecten en
ontbreekt aandacht voor de sociale aspecten. Het doel van deze scriptie is daarom om te onderzoeken hoe grootschalige, op de natuur gebaseerde oplossingen
waterkering en recreatie kunnen integreren, waarbij dus zowel milieu- als sociale aspecten worden behandeld. Om dit te onderzoeken en naar een praktischer niveau te
brengen, werd de ‘research through design’-aanpak gebruikt. Het studiegebied van dit ontwerpend onderzoek is de Westvoornse kust, waar beide uitdagingen spelen.
Om informatie te verzamelen over op de natuur gebaseerde oplossingen met betrekking tot waterkering en recreatie, worden twee gebieden van literatuuronderzoek
uitgevoerd. Daarnaast worden de referentieprojecten van Zandmotor Delfland en Hondsbossche Duinen onderzocht om ontwerpprincipes te genereren. Om deze
informatie vervolgens toe te passen op de Westvoornse kust wordt een site-analyse uitgevoerd, aangevuld met interviews en een questionnaire. Al deze informatie
wordt vervolgens vertaald in ontwerpprincipes die het ontwerp leidt. Een voorontwerp met barrière eiland, kwelderuitbreiding en zandsuppleties wordt beoordeeld
door experts (uit het werkveld waterkering, natuuroplossingen, landschapsarchitectuur en recreatie) met een multi-criteria analyse. Hun opmerkingen en diverse
praktische inzichten worden gebruikt om het ontwerp verder te verbeteren.
Door het proces van dit onderzoek, de verschillende methoden en ‘research through design’, wordt kennis over grootschalige, op de natuur gebaseerde oplossingen
van een conceptueel naar een meer praktischer gebracht. Deze aanpak is een manier om grootschalige op de natuur gebaseerde oplossingen waterkering en recreatie
te laten integreren en wetenschappelijke informatie te vertalen naar praktischere informatie. Het uiteindelijke ontwerp laat zien hoe waterkering en recreatie kunnen
worden geïntegreerd met grootschalige natuurgerichte oplossingen en is reproduceerbaar naar gebieden met vergelijkbare lokale omstandigheden.
Dit onderzoek draagt bij aan de groeiende hoeveelheid kennis over de veelomvattende voordelen van op de natuur gebaseerde oplossingen vanuit een
landschapsarchitectuurperspectief. Het slaat een brug tussen wetenschap en praktijk door een geïntegreerde onderzoeks- en ontwerpmethode te ontwikkelen die
praktijkkennis koppelt aan wetenschappelijk onderzoek. Dit onderzoek draagt bij aan de acceptatie van op de natuur gebaseerde oplossingen, wat belangrijk is voor het
realiseren van meer op de natuur gebaseerde oplossingen, door hun mogelijkheden te laten zien.

Trefwoorden: ontwerpend onderzoek, grootschalige op de natuur gebaseerde oplossingen, zeespiegelstijging, waterkering, recreatiedruk
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1. Introduction
Sea level rise
Sea level rise is literally a growing problem. The
rate of sea level rise is estimated to increase
continuously (Neill, 2020). The ranges of the ’14
scenarios of sea level rise show the uncertainty of
these projections (see figure 1.1).
Although sea level rise is a threat to cities
worldwide, it has the greatest impact for lowlying coastal areas such as the Netherlands. Flood
protection remains particularly important for the
Netherlands, as 26% of the country is below sea
level and 59% of which is vulnerable to flooding
(Planbureau voor de Leefomgeving, 2010). In the
event of a moderate sea level rise of 35cm up to
2050, four points that need attention will arise (see
figure 1.2). These points are the locations where
legal safety standards will be exceeded in the long
term, provided policy and management remain the
same. Up to 2100 another five attention points will
emerge (Deltaprogramma Kust, 2014). The future
therefore entails new tasks for water safety along
the Dutch coast, since a doom scenario as depicted
by Mulder and Pergens (2019) should be avoided
(see figure 1.3).

Definition of multifunctional flood defence:
“Structures designed to protect land from being
flooded, which are also used for other purposes such
as nature and recreation.”
(based on TU Delft, 2017)
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Figure 1.1: Ranges of the ’14 climate scenarios of sea level
rise for the Netherlands, illustrating the uncertainty of the
future (KNMI, 2015).

From ‘hard’ to ‘soft’ solutions
The traditional approach of conventional
engineering - also referred to as ‘hard’ engineering
or grey infrastructure, such as seawalls, dikes or
breakwaters, is increasingly being challenged.
It has a primary focus on protection rather
than on the whole water system and it has
unforeseen environmental effects. Due to the
lack of sustainability and concerns about the
environmental impact of the traditional approach,
new approaches are emerging that involve nature
(van Slobbe et al., 2013). These soft solutions have
been used more and more in recent years. Although
policies, guidelines and institutions use different
terms, they all refer to a focus on natural processes
and resources to come up with solutions that are
beneficial for social, economic and environmental
aspects (Schoonees et al., 2019).

A paradigm shift in the Netherlands

Nature-based solutions

In the Netherlands already in 1990 the Dutch
government made use of a soft solution (see figure
1.4). Artificial sand nourishments were and still are
being used to maintain the position of the coastline
(Arens et al., 2013). Before that, the coastline was
managed like a machine that strictly controlled
the water system. This was to a great extent done
by the Delta Works, which were a response to the
1953 flood disaster - the largest natural disaster
of the 20th century in the Netherlands. The Delta
Works consist of large-scale sluices, dams and storm
surge barriers (Rijkswaterstaat, 2020a). They had,
however, unforeseen environmental effects that
still have a negative effect to today. Therefore a
gradual paradigm shift has taken place concerning
the approaches to ensure water safety. Water is no
longer the enemy but seen as part of the natural
environment of which humans are also a part and
which is one dynamic system (van Slobbe et al.,
2013).

As was mentioned before these so far called soft
solutions, can have different names. But in order
to work with these, the concept of nature-based
solutions will be used. This concept describes an
innovative approach to deal with sea level rise
and other environmental and societal challenges
by making use of natural dynamics. The threats
to the coast from erosion increase along with the
trend of sea level rise (Deltaprogramma Kust,
Deltaprogramma Waddengebied, Deltaprogramma
Zuidwestelijke Delta, 2014). Therefore, a new
approach of nature-based solutions is needed.
Nature-based solutions are a better alternative
compared to traditional approaches of conventional
engineering for a number of reasons. They are
not focused on one function or issue but are more
of a systematic approach. They have an adaptive
resilience-based approach instead of a robust risk
based approach. They take into account a longer
period of time which is more in line with the
challenges related to climate change (Zevenbergen,
2020). Therefore, nature-based solutions provide
an environmentally friendly alternative for dealing
with long-term and uncertain challenges such as
climate change and related sea-level rise compared
to traditional engineered approaches. They are also
multifunctional, meaning that apart from water
safety - which is the primary focus of traditional
approaches, they also contribute to other
ecosystem services (Cohen-Shacham et al., 2016).

More recently, in addition to continuous sand
replenishment, the Dutch government has also
embraced other soft solutions to contribute to
water safety. The ‘Room for the River’ program
was created as a result of the high water levels in
the major rivers in 1993 and 1995. This program was
already preceded by the visionary Stork Plan and
has increased the space in the area outside the dikes
between 2006 and 2019 to accommodate higher
water levels (Rijkswaterstaat, 2020b). There are also
more projects along the Dutch coast that make use
of soft solutions, such as the Sand Engine in 2011
and the Hondsbossche dunes in 2015 (EcoShape,
2020; Janssen et al., 2020). This thesis will build on
this line, embracing the new paradigm.

Definition of recreational pressure:

Recreational pressure
Another societal challenge in coastal areas is
recreation and the accompanying recreational
pressure on the landscape from a spatial point of
view. To begin with, the number of tourists in the
Netherlands keeps increasing. The coast is the most
important tourist area in the Netherlands (Decisio,
2011). In the coastal areas a growth of 56 percent
up to 2030 is expected in the number of tourists
coming to the Netherlands. In 2017 the Dutch coast
attracted 6.5 million tourists, by 2030 there are
expected to be 10 million according to the NBTC
(2020). Including the day trips of Dutch people to
the beach, there are more than 24 million visitors
on the beach every year. The use of the beach has
increased in recent decades and with it the need
for space on the beach (Decisio, 2011). Not only the
beach has to do with pressure on space, but the
entire coastal foundation.

Figure 1.2: Overview of future (sandy) points of attention

Figure 1.3: Verdronken land (“Drowned land”) shows a

with regard to safety in the event of a rapid sea level rise

possible doom scenario due to sea level rise (Mulder and

(Deltaprogramma Kust, 2014).

Pergens, 2019).

Tourism is also growing in the province of South
Holland. This is partly due to the urbanization here
(Provincie Zuid-Holland, 2019). The number of
inhabitants in the Randstad is growing, from 2015
to 2030 a growth of 10 percent is expected. For
years there has been a great shortage of green
areas in the vicinity of Rotterdam and Haaglanden.
This increases the pressure on existing green
areas, such as the coast and the dunes. In addition,
the population is aging and their leisure time is
increasing, which will also contribute to an increase
in recreationists (Aartsen and van der Meulen,
2017).

“Use of sites for recreational activities that are
incompatible with the site’s purpose, or use of sites by
a greater number of people (either as groups or spread
over time) than the site has previously supported.”
(Suffolk Coast Recreational Disturbance Avoidance
Mitigation Strategy, 2021)

in 2017, on the basis of the ‘Bescherm de kust’
(Protect the coast) campaign. The intention
is that no new recreational buildings will be
added (Natuurmonumenten, 2021). This is also
important for preserving the untouched character
of the Southwest Delta coast because with this
it distinguishes itself from other coastal areas.
And while recreational / economic developments
threaten this ecological quality, they depend
on it at the same time. From a spatial point of
view, it is therefore most important not to let
the recreational pressure gain the upper hand
in a negative way, by safeguarding the coastal
landscape.

So although the coastal landscape may have
remained more or less the same, there is an everincreasing number of people (due to more tourists
and population growth) who want to use it. This
puts pressure on the available space. To guarantee
the spatial quality of the coastal landscape in the
Netherlands a national coastal pact was concluded
Figure 1.4: From hard towards more soft solutions flood
defence projects in the Netherlands
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Knowledge gap
This thesis is in line with the current growing
body of knowledge on how to tackle sea level rise
effectively in a more sustainable and holistic way.
The scope of this research focuses on the concept
and its application of nature-based solutions. The
scientific literature about large-scale nature-based
solutions currently remains mainly at a conceptual
level. The method of ‘research through design’ in
landscape architecture lends itself well to taking this
to a more practical level, because through designing
both theoretical and practical knowledge is gained
or created (Larjosto, 2019). In addition, landscape
architecture is accustomed to using knowledge
from other disciplines (Chen, 2013), which fits
into the multi-disciplinary scope of nature-based
solutions (Demmers, 2021).
Moreover, nature-based solutions in scientific
literature mainly focus on the environmental
aspects, while a lack of attention to the sociocultural interactions is acknowledged (Giordano et
al., 2020). Recreation is mostly seen as an additional
benefit, without much further elaboration upon
how nature-based solutions can contribute to it
(Albert et al., 2019). This research therefore aims
to investigate this aspect by focusing on how
nature-based solutions can contribute to addressing
recreational pressures on the coast.
As was discussed before both the recreational
pressure and the rise in sea level have major effects
on coastal areas. This thesis will therefore tackle
both societal challenges together, which also means
covering both a social and an environmental aspect
of nature-based solutions. Nature-based solutions
are by definition multifunctional and can combine
multiple challenges, in this case two. The landscape
architecture perspective is therefore not only
needed to take large-scale nature-based solutions
to a more practical level, but also to connect the
two aforementioned tasks spatially.
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Thus, this thesis contributes to the existing body
of knowledge by researching the following things.
Firstly, by researching in particular how a naturebased solution can contribute to and integrate
recreation. Secondly, in general, by researching
the spatial integration of large-scale nature-based
solutions. Lastly, by taking these two aspects to
a more practical level, not only the gap within the
scientific literature is addressed, but also a bridge
between existing scientific research and (landscape
architecture) practice is made.

Study area
The study area is the Westvoorne coast, located
in the province of South Holland on the south side
of the island of Voorne-Putten (see figure 1.5). The
area is located in the vicinity of the urban area
of Rotterdam. The coastline consists of a 6 km
long beach with a large dune area behind it, the
Natura 2000 area Voornes Duin. It also includes
the beach of Rockanje, which is one of the biggest
tourist and recreational attractions of the island
Voorne-Putten (Wognum and Siermann, 2015). On
warm days it can get busy on the beach (see figure
1.6), but in general Rockanje is a lot quieter than
Scheveningen and Bloemendaal (Holtermans, 2020).
The maximum capacity of the beach is however
almost reached, making a greater focus on beach
tourism not realistic. With the dune area in the
background of the beach, it is possible to develop
recreation into a different direction. The focus could
be placed more on another visitor group, namely
nature lovers. Nature lovers mainly include the
group of retired people, which will continue to grow
in the coming years (Gemeente Westvoorne, 2014).
Another direction of development for recreation in
Westvoorne is going from seasonal recreation to
year-round recreation. The previously mentioned
group of beach visitors, which has almost reached
its maximum capacity also mainly visits in the
summer. The growing group of retired people can
however visit during the whole year (Gemeente
Westvoorne, 2014).

With regard to the current shortage of recreational
spaces in South Holland, various solutions are
conceivable, such as the development of new green
recreational areas, the realization of ecological
and recreational connections and the zoning of
existing green recreational areas to accommodate
more visitors (Aartsen and van der Meulen, 2017).
In terms of recreation, the Westvoorne coast is
therefore full of potential also with regard to the
nearby urban area. And in terms of flood defence
the Westvoorne coast is also an important location.
Because it is one of the four locations where legal
safety standards will be exceeded in the event of
a moderate sea level rise of 35cm up to 2050. The
fact that a nature-based solution in the form of a
beach and dune replenishment has already been
done at the ‘Punt van Voorne’, also indicates the
vulnerability of the Westvoorne coast (see figure
1.5). Unfortunately, these nourishments are only
a temporary solution to the persistent erosion
(Decisio, 2011; Klimaatbuffers, 2020), let alone the
ever-increasing erosion induced by sea level rise. It
is therefore important to look at how the coast can
continue to perform the function of flood defence
in the future and at the same time continue to fulfil
its recreational function.

Research focus
This thesis will research how the challenges in the
study area can be dealt with through a form of
design research, namely ‘research through design’
which was mentioned before. The emphasis is
therefore on tackling the spatial aspects of these
challenges, with regard to flood defence and
recreational pressure. There will be sought an
answer to the main research question; “How can
large scale nature-based solutions integrate flood
defence and recreation?” The concept of naturebased solutions is used to find combined solutions
that address both challenges. The focus is on
understanding the application of nature-based
solutions in spatial design. Design principles will
be created to gain a better understanding of how
nature-based solutions can contribute to tackling

these two major challenges. Research findings
and design principles will be applied to the study
area of the Westvoorne coast. There will be drawn
conclusions from a preliminary design, which will
inform a final more refined design that will give
an substantiated answer to the main research
question.

Figure 1.5: The Westvoorne coast in context (based on Google maps, 2021).

Figure 1.6: Beach of Rockanje on a busy day (ANP, 2020).
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2. Methodological framework
Based on the pre-defined research topic and the case
area, the following research methodology applies.
First, the purpose and questions that guide the
research will be discussed. Subsequently, different
methods and how they feed each research question
will be explained. Finally, the process of research and
design will be discussed.

2.1 Thesis statement
Objectives:
1. Expanding the knowledge on designing with
large scale nature-based solutions by exploring the
application of nature-based solutions to integrate
both flood defence and recreation in spatial design.
2. Take the conceptual knowledge about naturebased solutions to a more practical level by
developing and applying design principles that
strengthen flood defence and enhance recreation.

Main research question:
How can large scale nature-based solutions
integrate flood defence and recreation?

Sub research questions:
1. Which aspects of nature-based solutions
influence flood defence?
2. Which aspects of nature-based solutions influence
recreation?
3. Which nature-based solutions can strengthen
flood defence around the Westvoorne coast?
4. Which nature-based solutions can enhance
recreation around the Westvoorne coast?

Design question:
How can the Westvoorne coast be redesigned to
strengthen flood defence and enhance recreation
with nature-based solutions?

12

2.2 Methods
Worldview
This thesis adopts a pragmatic worldview. This
can be seen in the main research question, which
addresses real-world challenges and has a problemsolving nature. Both are characteristics of the
type of questions explored by ‘research through
design’ associated with the pragmatic worldview
(Lenzholzer, Duchhart and van den Brink, 2017).
Furthermore, pluralistic approaches are used,
drawing on different knowledge claims. Knowledge
is integrated because both the functioning of nature
(post-positivist knowledge) with regard to naturebased solutions for flood defence, as well as the
socio-cultural side (constructivist knowledge) with
regard to nature-based solutions for recreation are
important. Also typical of a pragmatic ‘research
through design’ process is research being
conducted in parallel, and the final design being an
example of accumulated knowledge (Lenzholzer,
Duchhart, and Koh, 2013). The two challenges
addressed in this thesis will be researched in
parallel. The main research question will be
answered through design which accumulates all
knowledge that has been acquired. In this respect,
this thesis has the characteristics of a pragmatic
‘research by design’ process, but the most
important thing about this view is that the different
knowledge claims and methods complement
each other. This and other aspects of the research
process will be discussed and reflected upon in the
final chapter of this thesis.

Research strategy
The research strategy used is a combination of
research for design and research through design
and a little research on design. Figure 2.5 shows

how these methods complement each other. The
research on design will contribute to the research
for design. The result of the research for design
phase will be design principles relevant for the
study area. These design principles will be made
bearing in mind criteria formed on the basis of the
research objective and insights from the literature.
These design principles will then be tested in
the ‘research through design’ phase. This will be
done by taking them as the basis for a preliminary
design. Which will be reflected upon with regard
to what extent the applied design principles in the
preliminary design meet the criteria and the level of
synthesis. The design will be evaluated by experts
using a multicriteria analysis. With the insights
obtained from this, a final design will be informed,
to illustrate a substantiated answer to the main
research question. The design principles and the
design phase are further elaborated in section 2.3,
chapter 5 and 6.

Research for design
In the first phase several methods are used to
answer the sub research questions. The first and
second sub question are aimed at identifying
nature-based solutions to the two challenges in
general. And the third and fourth sub question
are aimed at identifying nature-based solutions
suitable for the study area. In the table in figure
2.2 an overview of the methods can be seen.
Subsequently, the chosen methods will now be
further explained.

Literature review
Two literature reviews will be carried out
simultaneously to inform the first and second sub
research question. One is aimed at flood defence
and the other is aimed at recreation. Both looking
at the aspects of nature-based solutions that can
influence the two things. With the underlying
motivation to use these aspects to form a basis for
design principles.

Figure 2.1: Theoretical saturation adapted from Wolfswinkel,
Furtmueller and Wilderom (2013)

The method of the literature review is based on
Grounded Theory. This approach is used to arrive
at a thorough and relevant analysis of the topics.
It consists of several phases: define, search,
select, analyse and present. The last phase will be
discussing the results in one of the chapters of this
thesis. The ‘define’ phase has to do with the criteria
of inclusion. Which in this case are that only peerreviewed academic journals, theses and naturebased solutions related conference proceedings are
taken into account. However, the literature review
process is iterative because adjustments may need
to be made in earlier phases based on findings
in later phases, which means that the criteria
of inclusion might change during the process.
The ‘define’ phase also determines the specific
search terms. Then after the actual ‘search’ in the
‘select’ phase the results are refined. This is done
through ‘theoretical saturation’ (see figure 2.1),
meaning that the process is stopped when no new
concepts, properties or interesting links arise. The
information is then analysed by coding as discussed
by Wolfswinkel, Furtmueller and Wilderom (2013).
Coding is simply a way to help understand textual
data. The results of both literature reviews will be
used to inform the design principles.

Reference projects
In addition to the literature review two reference
projects will be examined. This is a form of research
on design, there will be taken a closer look at the
designs of two nature-based solutions along the
Dutch coast. The projects are the Sand Engine (Zand
Motor in Dutch) and the Hondsbossche Dunes.
These two projects are chosen because both of
them deal with flood defence and recreation. The
knowledge gathered by analysing the plans will
contribute to informing the design principles.

recreation and to identify the most important
landscape qualities. The questionnaire also aims
to get a grip on these most important landscape
qualities, but seen from the user perspective.

Site analysis
The site analysis is a traditional component of
the design process. It can be seen as a sort of
classification to reveal meaningful patterns and
themes within data. Secondary data is gathered
such as topographic maps or wind direction data
and this is used to identify existing patterns,
limits and other themes related to the intended
performance of the site (Swaffield and Deming,
2011). The aim of the site analysis is to identify site
specific possibilities for nature-based solutions
related to flood defence and recreation. The results
of the site analysis will contribute to informing the
design principles and the design.

Interview

Figure 2.2: Methods and materials

The site analysis is limited in the way that it does
not include the current views of stakeholders/
local people which could provide new insights
into what is important and what are site specific
possibilities. These will therefore be collected
by means of interviews with local stakeholders
and a questionnaire among current recreational
users of the Westvoorne coast (see figure 2.3). An
interview guide, as exemplified by Kumar (2014),
will be developed in order to ensure that the areas
of enquiry will be covered and the responses can
be compared. Semi-structured interviews will
be conducted to complement the site analysis
with the views of the local people. The aim of the
interviews is to identify site specific opportunities
and limitations with regard to flood defence and

Figure 2.3: The interviews with four stakeholders were
conducted via Teams and the questionnaires were
administered on location (Rockanje beach)
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Multicriteria analysis
A multicriteria analysis is applied in the research
through design phase to evaluate the preliminary
design. This allows for multiple and contradictory
criteria to be assessed in a transparent manner.
A numeric score from 1 to 5 is used to be able to
express the difference in the degree to which a
criterion is met (Radinja et al., 2019). This type of
numerical scoring corresponds to a Likert scale. A
5 step Likert scale as exemplified by Griffin (1999)
was used. From low to high the steps are: very
poor (--), poor (-), moderate (+/-), good (+) and very
good (++). This scale determines the level of the
preliminary design for all seven criteria. Experts
from different domains of knowledge, namely flood
defence, recreation, nature-based solutions and
landscape architecture (see figure 2.4) will conduct
the multicriteria analysis. This is done to get a more
holistic view of the different aspects of the design
and look at the degree of synthesis of the design.
In addition, the final design will be improved based
on the results of the multicriteria analysis. Chapter 5
will further elaborate on these criteria.

Figure 2.4 (left):
The experts who carried out the multicriteria analysis
Figure 2.5 (right):
Scheme of the research strategy and methods
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2.3 Design and research
From research to design
To bridge the gap between research and design
this thesis draws up design principles. Because, as
van Etteger (2016) discussed, design principles as
prototypes can be the connecting link between the
research phase of a design process and the design
phase. In this thesis this is also their function, but
the design principles are also intended to help
inform other designers about how nature-based
solutions can deal with both challenges.
As mentioned before the design principles need to
be in line with the criteria for design. This is because
in the research phase nature-based solutions
for both flood defence and recreation are being
researched and the design will have to serve both.
How nature-based solutions can do either of these
two will become apparent from the literature.
Therefore, the criteria for the design are already
kept in mind when developing the design principles,
which are not only based on the general aim of
the research objective, but also on insights from
the literature. Once relevant design principles are
developed they can be tested by applying them in
the design.

Design
The interactive relationship between research
and design can be seen in figure 2.6, where the
research/design process as discussed by Milburn
and Brown (2003) is illustrated. This is an adapted
version tailored to the subject of this thesis. What
is important to note is that research and artistic
inspiration are present throughout the whole
process. To explain the approach of this thesis
to the incorporation of research into design, the
analytical model (see figure 2.7) of Milburn and
Brown (2003) is used. This model is most in line
with the process of this thesis and is described as
“a more pragmatic approach to design”. Research
informs the concept generation, in this thesis

through design principles. This information might
need to be adjusted to be applicable to the site.
In addition site opportunities and constraints
need to be taken into account. So the concept
transforms the research and takes into account
the site conditions, in this thesis this is done by the
preliminary design which informs the final design.
The final design is based on the outcomes of one
design iteration, the preliminary design evaluated
by experts, this is done to provide a more solid
argument.

Design through scale
To help clarify the complexity of systems, design
through scale is used. Based on the nature-based
solutions concept and the two challenges, this
thesis looks at three systems, namely the natural,
the flood defence and the recreational system (see
figure 2.8). These systems are dynamic, which can
be seen in, for example, the changes in recreation
through the seasons. In addition, these dynamic
systems are also unpredictable (Chen and Lee,
2015). Especially the issue of the development of
sea level rise in the flood defence system, but also
the developments in the natural and recreational
system. This landscape complexity is also related to
the interconnected spatial and temporal landscape
components of these systems (Chen and Lee, 2015).
And therefore, to better grasp, understand and
work with the complexity of the landscape, the
scaled system thinking approach will be used to
simplify it. Subsequently, the design criteria and
principles can also be viewed and elaborated at
different scale levels. This will result in a design that
better copes with the complexity of the landscape
and its systems.

Figure 2.6: The interactive nature of the research/design
process adapted from Milburn and Brown (2003).

Figure 2.7: The analytical model (Milburn and Brown, 2003).

Figure 2.8: Depiction of the systems and multiscale approach
based on Chen and Lee (2015).
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3. Theoretical framework
3.1 Nature-based solutions
The concept of nature-based solutions is relatively
new. It has only been used in the scientific
literature for the past decade. In recent years, the
concept has been further developed by the IUCN
(International Union for Conservation of Nature).
They have clearly described the purpose of naturebased solutions. They also provide a definition and
have developed principles and criteria to provide
nature-based solutions with a standard (see figure
3.1). All this to clarify what nature-based solutions
are and what they must comply with (CohenShacham et al., 2016). In addition to the IUCN also
the description of the European Commission is

The global standard for nature-based solutions
consists of a total of 8 criteria (IUCN, 2020). Not
all criteria are relevant for this research because
they deal with more complex matters beyond
spatial dimentions, uch as economic viability,
governance processes and jurisdictional contexts.
The same also applies to the principles. Taking into
account all criteria, principles and definitions, a few
elements emerge that seem to be the essence of
nature-based solutions. These elements will now be
explained in more detail, because the final design
must comply with these.

Definitions of nature-based solutions:

Integrity of nature

“Actions to protect, sustainably manage, and restore

First of all, nature is of course at the basis of the
concept of nature-based solutions, the term itself
already indicates it. According to the European
Commission, nature-based solutions are “inspired
and supported by nature” and consist of “diverse,
nature and natural features and processes”. The
definition of the IUCN mentions the provision of
“biodiversity benefits”, what they exactly mean
becomes more clear from the principles and
criteria. Namely, their first principle is to embrace
conservation norms and principles and another
principle is about maintaining biological diversity.
In their criteria the IUCN formulates it as follows:
“nature-based solutions result in a net gain to
biodiversity and ecosystem integrity”. So the bottom
line is that nature-based solutions are not directly
about improving biodiversity, which remains a
priority in itself, but have to preserve the integrity
of the ecosystem they are involved with. After all,
loss of biodiversity can have a significant impact on

natural or modified ecosystems, that address societal
challenges effectively and adaptively, simultaneously
providing human well-being and biodiversity benefits.”
(Cohen-Shacham et al., 2016)

“Solutions that are inspired and supported by nature,
which are cost-effective, simultaneously provide
environmental, social and economic benefits and help
build resilience. Such solutions bring more, and more
diverse, nature and natural features and processes
into cities, landscapes and seascapes, through
locally adapted, resource-efficient and systemic
interventions.”
(European Commission, 2020)
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taken into account, because this is the other major
organization that is committed to nature-based
solutions, but generally more in terms of policy.

the functioning of the system. That is why naturebased solutions must strive to enhance this. Just
because they have natural characteristics does not
mean that they do not affect the integrity of the
system. Nature-based solutions must therefore be
designed, fitted and adapted to the environment in
such a way that they do not affect the integrity of
the system even though they bring about changes.
This therefore leads to the design principles;
preserve or enhance habitat diversity and limit
disruption of nature. In addition, biodiversity is also
included in the multicriteria analysis as a criterion.

Societal challenges
Another essential component of nature-based
solutions is addressing societal challenges. The
concept here revolves around solutions based
on nature that can contribute to tackling societal
challenges. Beside these challenges nature-based
solutions also offer a wide range of benefits.
According to the European Commission they
“simultaneously provide environmental, social and
economic benefits”. But it is important that these
benefits do not jeopardize tackling the societal
challenges. This corresponds to the 6th criterion
of the global standard: “nature-based solutions
equitably balance trade-offs between achievement
of their primary goal(s) and the continued provision
of multiple benefits” (IUCN, 2020). Firstly, solving
societal challenges must be achieved and secondly,
trade-offs must be balanced in a way to deliver
several benefits simultaneously. In this case,
tackling two societal challenges at the same
time. The possibility of synergy between multiple
solutions is also mentioned by Cohen-Shacham et
al. (2019) as one of the distinguishing properties
of nature-based solutions compared to similar
approaches. This property overlaps with the

Figure 3.1: Global Standard for Nature-based Solutions
(IUCN, 2020).

concept of landscape multifunctionality, which is
defined by Mastrangelo et al.(2014) as:
“The capacity of a landscape to simultaneously
support multiple beneﬁts to society from its
interacting ecosystems. Landscape multifunctionality
is often conceived and assessed as the joint supply of
multiple [ecosystem services] at the landscape level.”
Furthermore, as Willemen (2010) says about the
multifunctionality of the landscape in general,
the aim is to separate conflicting functions and to
combine compatible functions as much as possible.
In order to determine to what extent the design
fits in with this, multifunctionality is included as a
criterion in the multicriteria analysis.

Landscape scale
The landscape scale is also an essential component
of nature-based solutions. If actions are
implemented specific to the site without taking into

account the wider landscape context, any shortterm benefits of the management activity may be
lost. Because if the cause is outside of the site, the
external threats will still continue to deteriorate
the site. By looking at the broader context on the
landscape scale and the consequences on this scale,
it can be examined whether measures can be scaled
up where possible. Scaling up a measure can ensure
that a challenge is tackled as close to the root cause
as possible (Cohen-Shacham et al., 2019). Besides
the importance of recognizing the complexity of
living dynamic landscapes, it is also important to
recognize the uncertainty associated with this, but
more on that later. The “systemic interventions”
mentioned in the definition of the European
Commission (2020) also indicate that challenges are
looked at on a large scale. Because in order to look
at landscape systems, it is needed to look at these
on a landscape scale when devising solutions. For
landscape architects a landscape scale is at the scale
level of tens or hundreds square kilometres (Wu and
Qi, 2000). The scale of the study area, that includes
the Westvoorne coast and the adjacent sea area of
the Voordelta, falls within this range.

Adaptability
The uncertainty that a living dynamic landscape
entails, as previously announced, will now be
discussed further. Adaptation plays a role in both
the definition of the IUCN and the European
Commission. The first indicates to “address societal
challenges (...) adaptively” and the latter talks
about “locally adapted (...) interventions”. Actually,
this refers to two different forms of adaptation.
As one of the nature-based solutions principles
indicates: “Nature-based solutions are determined by
site-specific (…) contexts” (Cohen-Shacham et al.,
2019). This highlights the need for interventions to
adapt to local conditions. This location specificity is
addressed by this thesis with the third and fourth
sub-research questions and the design question.
The other form of adaptation is about remaining
flexible over time. Decisions need to be flexible
enough to adapt over time to the changing needs

(Cohen-Shacham et al., 2016). Because uncertainty
is inseparably linked to ecosystems due to their
complexity, dynamics and self-organizing nature.
Nature-based solutions should therefore also
include facilities that enable adaptive management.
Because if they proactively adopt an adaptive
management approach nature-based solutions
can remain relevant throughout the life cycle of an
intervention (IUCN, 2020). This thesis addresses
the impact of climate change and sea level rise,
therefore it is relevant to focus on the adaptability
regarding this. This leads to the following criterion
for the multicriteria analysis - climate change
adaptation, which is about the flexibility of an
intervention over time and not so much about
monitoring. However, monitoring is an important
part of adaptive management, but since this thesis
is about the intervention itself it will not address
that. It is therefore about the intervention being
flexible and adaptable and not about when the
intervention needs to be adapted.

3.2 Nature-based solutions
for flood defence

3.3 Nature-based solutions
for recreation

Basically nature-based flood defences is a concept
used for nature-based solutions that are particularly
focused on flood defence. The definition of
Deltares (2020) points out the primary functions
of a flood defence is to protect the hinterland
from flooding and reducing flood risk. What differs
from the traditional hard or grey flood defences
is that natural dynamics and ecosystem services
are used instead of groins or concrete walls. This
approach differs greatly from the traditional forms
of flood defence, as was previously mentioned
in the introduction. The properties of naturebased solutions seem to be more attuned to the
challenges posed by climate change, such as the
long-term perspective needed to tackle sea level
rise.

The concept of nature-based recreation that is
used in the scientific literature is not part of the
concept of nature-based solutions, as was the case
with nature-based flood defences. Nature-based
recreation only refers to recreational activities
as being linked to nature (Korpela et al., 2014).
But what this thesis explores is the recreational
component of nature-based solutions. This will,
however, overlap with the concept of nature-based
recreation, as nature-based solutions consist of
natural elements. To prevent confusion this thesis
will refer to nature-based recreational solutions,
which can be defined as: “making use of naturebased solutions to address recreational challenges.”
This is a very plain definition because there has not
yet been focused on this component of naturebased solutions. Recreation until now has only been
seen as a co-benefit and not as a societal challenge
to be addressed (Albert et al., 2019). This thesis
aims to contribute to filling this knowledge gap by
discovering how exactly nature-based solutions can
contribute to addressing recreational challenges.

According to Deltares (2020) nature-based flood
defences:
“use natural dynamics and ecosystem services
to reduce flood risk. They focus on preserving or
restoring ecosystems such as marshes, mangroves,
coral reefs and dunes in order to create natural
barriers or breakwaters to protect the hinterland
from flooding.”

As mentioned in the introduction, there are
several recreational challenges that all come
down to properly facilitating a greater number of
visitors by adapting to the landscape. This can be
approached in different ways by increasing the
beach capacity, further developing an alternative
type of recreation, spreading the number of visitors
over time, renovating or restructuring recreational
accommodations, developing new green areas and
involving a larger part of the landscape by creating
new ecological and recreational connections. But
at the same time, the qualities of the landscape
must also be protected. For instance the zoning
of the landscape can help to distinguish between
tranquillity and activity. After all, these scenic
qualities form the basis for the recreational sector
and are the driving force for the attractiveness of an
area (Kuijpers and Raaijmakers, 2015).
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The task is to look at both the specific recreational
challenges and the most important qualities in a
particular area. With nature-based solutions, just as
with other interventions, a solution must be sought
that also preserves the quality of the landscape.
To know what the most important qualities of a
landscape are, these must of course be investigated
first. Besides the characteristics of the landscape,
the experience of the visitors is also important.
Because what visitors perceive as valuable,
which elements or features of the landscape are
important to them, must be taken into account
when changing the landscape. This is necessary
to keep the landscape attractive for the visitor
from a recreational point of view, and to be able
to maintain or even enhance the most important
elements.

3.4 Landscape architecture
Definition of integration:
A traditional engineering approach creates highly
optimized systems, it focuses on systems that can
be predicted and controlled. But climate change is
an unpredictable phenomenon with unpredictable
effects, and these optimized systems are vulnerable
to uncertainties, therefor a different approach is
needed (van den Hoek, Brugnach and Hoekstra,
2012). This thesis follows a nature-based approach,
which, according to van Wesenbeeck et al (2016),
requires engineers, ecologists and social scientists
to develop a common language. Landscape
architects can play a role in this as they are used to
combining different areas of knowledge (Almusaed,
2018).
A second reason why landscape architecture can
contribute to nature-based solutions compared
to traditional engineering is because it develops
long-term visions (Stremke, Van Kann and
Koh, 2012). This is necessary with nature-based
solutions, since natural processes sometimes take
a long time and because there is still room left
for possible adaptation in the future. Traditional
engineering approaches have a shorter time
perspective in comparison to nature-based
solutions (Zevenbergen, 2020). Thus, due to the
characteristics of the field, landscape architecture
is suitable for designing nature-based solutions and
integrating both flood defence and recreation in a
way that traditional engineering approaches cannot.
This coherence is expressed in the conceptual
framework where landscape architecture touches
both flood defence and recreation with the naturebased solution concept as the central point where it
all comes together (see figure 3.2).
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“A mutual complementation and strengthening of
elements acting in a synergy.”
(Bal and Czalczynska-Podolska, 2019)

Figure 3.2: Conceptual framework

4. Analysis
4.1 Nature-based solutions in
relation to flood defence
To answer the first sub-research question, a
literature review was conducted into the aspects
of nature-based solutions that influence the flood
defence function. The spatial aspects in particular
are investigated because they are the most
important for informing the spatial design and
can provide starting points for design principles.
The focus is on nature-based solutions for sandy
coasts / estuaries because of the relevance to
the study area. The following search terms were
used in several variations: nature-based solutions,
building with nature, ecosystem-based adaptation,
flood defence, coastal protection, coastal defence,
erosion, sandy coast, estuary. From the searches 116
documents resulted of which 30 contained relevant
information. The findings will be used to help
answer the third sub research question and give
direction to the site analysis.

Spatial scale
The impact scale of nature-based solutions is the
first aspect in relation to flood defence that is
important to discuss. This concerns the scale on
which interventions have an impact. Conventional
flood defences mainly have the greatest impact
on the site itself and if they have an impact on
a larger scale, it is always only aimed at water
safety. The Dutch Delta Works, for example, took
over the primary flood defence function of all the
dikes in the hinterland (Stichting Deltawerken,
2004). Furthermore, conventional flood defence
systems can, in addition to having a negative
impact on local ecology, negatively influence
surrounding ecosystems on a larger scale (Borsje
et al., 2011). In contrast, nature-based solutions

can positively influence surrounding (ecological)
systems. Reef-building bivalves, for example, not
only control erosion and stabilize the coastline, but
also contribute to the habitat of various species
(Ysebaert et al., 2019).
This is also related to the fact that conventional
flood defence systems are aimed at solving one
specific problem and that therefore interventions
are generally not versatile enough to tackle various
problems. In contrast, nature-based solutions
are believed to be much more suitable for multipurpose use (Hartmann, Slavíková and McCarthy,
2019). In addition to multifunctionality on the site,
this also has to do with the positive influence on the
environment, as was just mentioned (Borsje et al.,
2011; Ysebaert et al., 2019). This positive influence
can actually be seen as part of what nature-based
solutions must comply with. With nature-based
solutions, the integrity of nature should not be
compromised and, in addition, it should also
make sense from a landscape-scale point of view
(Cohen-Shacham et al., 2019; IUCN, 2020). So what
it actually comes down to is that nature-based
solutions take a broader view than conventional
flood defence systems. More attention is paid to the
scale on which an intervention has an impact and
to the impacts themselves in order to achieve more
consistency with the total system (i.e. nature, flood
defence and recreation), instead of looking little
further than a solution to a problem.

get in each other’s way (Fordeyn, Lemey and
Perk, 2019). So there are four things here to take
into account, namely the change of things over
time (e.g. the tides), the uncertainty about how
things change over time (e.g. the rate of sea level
rise), the lifespan of things (e.g. how long a sand
nourishment lasts) and how different lifespans
overlap.
When it comes to uncertainty, nature-based
solutions respond to this by remaining adaptable.
To use another term, they need to have a good
‘adaptive capacity’. Because by increasing the
adaptive capacity, vulnerability is reduced and
resilience is increased. In order to become more
resilient, socio-ecological systems must adapt, learn
and evolve in response to change. To cope with
changes, systems must therefore be adaptable
(Fournier et al., 2016). To add another term,
flexibility is proposed to deal with uncertainty and
change (Anvarifar et al., 2016). Adaptability and
flexibility are used interchangeably here to indicate
the same thing, which has also been discussed
in the theoretical framework as an important
component of nature-based solutions. Nature-based
solutions must be flexible in order to be able to
adapt to changes over time (Cohen-Shacham et al.,
2016). When designing interventions, therefore, not
only uncertainty should be taken into account but
also the extent to which an intervention is flexible
and therefore adaptable to possible future changes.

Temporal scale

Local conditions

Time is also an important aspect in relation to
nature-based solutions and flood defences.
Uncertainty is related to time in the way that
there is uncertainty about how things change
over time. One of the bigger uncertainties is the
development of climate change, but of course a
lot of other things that change over time are also
important. Public functions, for example, have a
certain lifespan and coastal defences can have a
certain dynamic, which can mean that over time,
trade-offs have to be made as developments can

A limiting aspect are the local conditions, such as
hydrology, morphology and water quality, which
can make it impossible to implement certain
interventions. For example, high salinity levels
can prevent vegetation from developing (MarkusMichalczyk et al., 2016). On the other hand, it is
precisely these natural circumstances that guide
nature-based solutions. For example, a sand engine
depends on the current, if there is a predominant
flow direction, this intervention can be used to
gradually accumulate sand downstream, in order

to prevent a sand shortage there. So it is the local
conditions that influence which type of naturebased interventions are possible. Therefore it is
important to be aware of the local conditions at
the site of intervention related to the desired local
conditions for different nature-based solutions.
But even though the conditions may not be
suitable, it may still be possible to create the desired
natural environment with the help of supporting
structures. For example with vegetated foreshores
it is important that the currents in the water are
not too strong, because otherwise vegetation
cannot develop (Vuik et al., 2016). Research is being
conducted into how wave energy can be reduced,
with the help of pods, to allow vegetation (in this
case mangroves) to grow (Morris et al., 2019) see
figure 4.1. Other examples of supporting structures
are wire cages, bags and concrete rings which are
used for oyster reef construction (Chowdhury et
al., 2019; Morris et al., 2019; Safak et al., 2020). So,
in addition to looking at the local conditions and
which nature-based solutions are possible there, it
can also be useful to look at additional supporting
structures.
In order to know which local conditions are of
interest, the most common nature-based solutions
interventions related to this will now be discussed.
This knowledge gained, about important driving
forces and other conditions, will also be used to
guide the site analysis.

Sand accumulation
There are different ways of sand accumulation
that are used in nature-based solutions for flood
protection. Different dynamics of nature are
used such as water, wind and vegetation. Sand
nourishments can take place on a smaller scale but
also on a larger scale by way of a mega-nourishment
like the sand engine Delfland (Janssen et al., 2020).
A large amount of sand is deposited in such a way
that the water currents can distribute it along the
coast. This can be done by the longshore current
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which can transport the sand in parallel directions
to the coast. Also the strength and direction of the
tidal currents play a role in what amount of sand is
transported into which direction.
Sand can also be distributed by the movement of
the waves, which is also influenced by the wind
direction, bringing more offshore situated sand
towards the coastline and strengthening the
coast there (see figure 4.2). Furthermore, when
the sand is placed on the foreshore on a higher
location and beach the sand can be distributed
by the wind and therefore sand accumulation can
also be directly dependent on the wind direction.
Besides that vegetation also plays an important
role in accumulating sand (Ellison, 2018). Vegetation
not only catches sand but also takes care of the
structure and stability of both dunes and barrier
islands (Spalding et al., 2014). In addition to
vegetation also supporting structures (Chowdhury
et al., 2019; Morris et al., 2019; Safak et al., 2020)
and notches in the dune row (Castelle et al., 2019)
can catch sand and contribute thereby to the
accumulation process which strengthens the flood
protection.

just like sand accumulation is a way to mitigate
erosion. There are different types of ecosystem or
vegetation types which can attenuate waves such
as sea grass, reefs, salt marshes and willow forests
(see figure 4.3) (Markus-Michalczyk et al., 2016;
Sterckx et al., 2019; Ysebaert et al., 2019). Here
the width of the concerning measure determines
the amount of wave attenuation (Willemsen et al.,
2020). Also local conditions can play a role here,
such as the strength of the water current. However,

in this case, supporting structures can protect the
vegetation temporarily from these currents to allow
it to grow strong enough to withstand them on its
own (Morris et al., 2019).

Ecosystem construction
In addition to the beforementioned mechanisms
guided by natural processes an ecosystem or part of
an ecosystem sometimes needs to be constructed
in its entirety. It is not built by natural processes
but man-made and only after construction the
natural processes take over. An example is the
coastal protection of the Prins Hendrik polder,
where dunes, salt marsh and beach are constructed
(Fordeyn, Lemey and Perk, 2019). Instead of
gradually forming dunes by wind or waves, the
dunes here are completely man-made. This is
needed when the current state is too far away from
the desired state or when there are unfavourable
local conditions (Fordeyn, Lemey and Perk, 2019).
Although the local conditions are altered, the
local nature dynamics are also used at the same
time. Natural processes take part in the further
development and shaping of the landscape, in this
way it still distinguishes itself from engineered flood
defences.

Wave attenuation
Conclusion

Reducing the energy of waves is called wave
attenuation. Due to a reduction in height and force
of the waves, there is less chance of overtopping
flood defences. In addition, wave attenuation

From this literature study into nature-based
solutions and flood defence, the following
information can be concluded and used as input for
design principles and design:

•
Nature-based solutions use a broad view.
They need to be in coherence with the whole
system. Which means that in addition to their
influence on the water system, their influence on
other systems (i.e. the ecological system and the
recreational system) must also be considered. This
also needs to be looked at on different scales, from
the site itself to the landscape scale.
•
The flexibility of nature-based solutions
determines their adaptability to changes over
time (e.g. to be able to cope with changes in the
rate of sea level rise). The following must be taken
into account for this: changes over time, their
uncertainty, the lifespan of things and how different
lifespans overlap.
•
Nature-based solutions depend on local
conditions. In other words, which nature-based
solutions are possible is determined by the local
conditions. It should be noted, however, that with
the help of supporting structures, the possibilities
can be expanded somewhat.
•
Sand accumulation and wave attenuation
are common mechanisms of nature-based solutions
that can be used to strengthen the flood defence.
•
Nature-based solutions consisting of minor
interventions cannot always acquire sufficient
flood defence. When the desired state is too far
from the current state or the local conditions are
unfavourable, it is necessary to artificially create
part of an ecosystem or an entire ecosystem.

Figure 4.3: Experimental set-

Figure 4.1: The supporting structure of the pods allows the
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vegetation to grow (Tucker, 2016).

Figure 4.2: Sand deposited offshore is displaced by wind

up for research into wave

and water to accumulate on the shoreline and strengthen

attenuation (Möller et al.,

coastal protection (Royal HaskoningDHV, 2017)

2014).

4.2 Nature-based solutions in
relation to recreation
To answer the second sub-research question, a
literature review is conducted into the aspects of
nature-based solutions that influence recreation.
Again the spatial aspects in particular are
investigated because they are the most important
for informing the spatial design and can provide
starting points for design principles. The following
search terms were used in several variations:
nature-based solutions, recreation, tourism,
leisure, building with nature, and ecosystem-based
adaptation. From the searches 66 documents
resulted of which 15 contained relevant information.
The findings will be used to help answer the fourth
sub research question.

Ecotourism
As was discussed earlier, nature-based solutions
are related to biodiversity conservation and even
have a certain obligation towards it. Ecotourism
can contribute to the economic justification for
the conservation of biodiversity and nature areas
(Mandić, 2019). It is important to emphasize the
difference from nature tourism. Nature tourism
concerns all forms of recreation that enjoy nature as
a starting point. Ecotourism is also about enjoying
nature, but in addition, this form of tourism should
only have a small impact and also contributes to
the conservation of species and habitats (Funnell,
2003). With ecotourism people come for nature, but
not at the expense of it.
Examples of ecotourism activities are bird watching
and hiking. But what is important is that these
activities do not have a negative impact on nature
and can therefore go hand in hand with the
objectives of nature-based solutions. With regard
to recreation related to nature-based solutions, it
can be concluded that these should always be forms
of ecotourism. That is why, among other things,
attention must be paid to the space in relation to
the amount of people, to noise, to waste disposal

and to the presence of people that can cause
the disturbance to species. In other words, with
any form of recreation, it needs to be carefully
considered whether it can take place without
harming nature (Funnell, 2003).

Health
Nature has both a recreational and a healing
value which contributes to the physical health
and mental well-being of people (Dushkova and
Ignatieva, 2020). An important aspect of this is
stress reduction, which can be achieved in various
ways through the design of the recreational space.
An example is the pattern of mystery (see figure
4.4), meaning the space is designed in such a way
that there are partially obstructed views with the
promise of more which lure the visitor deeper into
the environment (Blau, Luz and Panagopoulos,
2018). So nature-based solutions can also be used as
a health landscape and the way they are designed
can contribute to the well-being of people.

Education
Another aspect is that nature-based solutions can
be used for educational purposes. The construction
of nature-based solution can attract wildlife,
making the site suitable for educational purposes
(Stefanakis , 2019). People can learn about naturebased solutions and about nature in general at an
educational centre for example. Environmental
education activities not only serve their purpose,
but can also contribute to the return on investment
of the nature-based solution (Panagopoulos and
Dimitriou, 2020). Nature-based solutions can thus
also be used as an educational landscape.

Figure 4.4: Some of the biophilic design patterns (Browning,
Ryan and Clancy, 2014).

‘garden city’ to ‘green lungs’ to city in a garden’ and
many different nature-based solutions schemes are
part of the implementation of even higher levels
of greenery in the city (Rice, 2019). Nature-based
solutions can thus serve branding in a variety of
ways.

Separation
What also emerged from the literature is that
nature and recreation are often deliberately
separated. This aspect actually ties in with
ecotourism. However, ecotourism is still about
allowing some form of recreation, while the
separation principle is about not allowing any form
of recreation in environmentally sensitive zones.
Usually it is an intermediate form where another
part of the area is still open for recreation, so it
is rather a partial separation. Nevertheless, it is
important to separate the complete exclusion of
recreationists in a certain area from ecotourism.
Because, although both are about counteracting
the negative effects of recreation, with ecotourism
it is always in relation to nature itself and here it can
also be for other reasons, such as water safety.

Branding
Nature-based solutions can also be used for
branding. The branding can be for tourism focused
on education, advocacy or sustainability and for
nature-based solutions tourism itself (Rice, 2019).
An example of such branding is that of the city of
Singapore. Their nature-based solutions projects
are used for branding the city. The city went from

An example of this is making dune rehabilitation
possible by controlling access to the beach using
fences and entrance gates (Ellison, 2018), which
leads to the following principle: separate nature
and recreation functions. Because when recreation
threatens nature, the flood defence or something
else, it is simply out of necessity that the area

is separated. Recreation can sometimes simply
(temporarily) not be possible in an area. In the
case of the example mentioned, it concerned a
temporary closure of parts of the beach (Ellison,
2018).

Conclusion
From this literature study into nature-based
solutions and recreation, the following information
can be concluded and used as input for design
principles and design:
•
The objectives of nature-based solutions
influence which types of recreation may take place.
Forms of recreation that belong to the concept
of ecotourism meet these objectives. They do
not enjoy nature at the expense of it, which is not
guaranteed with all forms of nature tourism.
•
The way in which the recreational landscape
of nature-based solutions is designed can contribute
to the health of visitors (e.g. ‘the pattern of
mystery’). In this way nature-based solutions can
strengthen the positive effects of recreation.
•
Nature-based solutions can serve education
by showcasing the scientific knowledge in naturebased solutions or about nature in general. This can
be facilitated with e.g. an educational centre.
•
The presence of nature-based solutions
can be used for branding a place and attract more
visitors.
•
(Temporarily) separating recreation for the
benefit of the natural function or other functions of
nature-based solutions in environmentally sensitive
zones is necessary when recreation negatively
influences them. In this way nature-based solutions
can counteract the negative effects of recreation.
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4.3 Reference projects
The reference projects will complement the
literature reviews for answering the first and second
sub-research question. Both the flood defence
function and the recreational function are examined
in both projects. Because in addition to what can be
found in the literature, lessons learned during the
execution of projects can provide practical insights.
By further researching two projects, the differences
and similarities can also be examined. This practical
knowledge can subsequently form the basis for
shaping design principles and informing design.
After a brief introduction to the projects, the flood
defence function will be discussed first, followed by
the recreational function.

only moved by natural processes. In addition to
the artificially built dunes, it is again the waves,
tides and wind that ensure further development
(Ecoshape, 2021b).

Flood defence
With regard to the temporal scale there is some
difference between the two projects. The Sand
Engine Delfland was constructed with a 20 year
lifespan in mind (Rijkswaterstaat, 2016) and the
Hondsbossche Dunes’ flood defence is expected to
be in order for at least the next 50 years (Ecoshape,
2021b). The big difference here, however, is that the
Sand Engine Delfland is a temporary intervention
and the Hondsbossche Dunes a permanent one.
A mega-nourishment such as the Sand Engine
Delfland needs to be applied every 15 to 30 years
(Ecoshape, 2021a).

Introducing the projects
Both reference projects are located in the
Netherlands (see figure 4.5). The first reference
project is the Sand Engine Delfland in the province
of South Holland. It is a mega sand nourishment
located on the Delfland coast between Kijkduin and
Ter Heijde. The sand is redistributed by the waves,
tides and wind along the coast and in the dunes.
Such a mega-nourishment results in gradual dune
formation along a larger stretch of the coastline
over a period of one or more decades (Ecoshape,
2021a).
The second reference project is the Hondsbossche
Dunes in the province of North Holland. It is a
large sand nourishment which is used to create a
new dune landscape along the coastline between
Camperduin and Petten. In the past there was a sea
dike here called the Hondsbossche and Pettemer
sea dike. Because it no longer met current safety
standards, this flood defence system had to be
reinforced. The sand is not simply deposited, but is
used to create a varied artificial dune landscape and
a shallow foreshore. Here the two projects differ.
In the first project, sand deposits also contribute
to dune development (see figure 4.6), but are
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As already mentioned in section 4.1, changes over
time and uncertainty relate to the temporal scale.
Although the expected lifespan is different, they
both suffer from a lack of certainty regarding the
exact development over time. This uncertainty is
inherent to natural systems, which is why naturebased solutions require a different approach than
conventional interventions. With conventional
interventions, only external changes need to be
considered, but with nature-based solutions, the
development of the intervention itself should also
be considered. For example, a dike always remains
in the same place, but a dune can move inland or
outward if it is left to natural processes.
Therefore, both projects are keeping a close
eye on the developments of the intervention by
measuring and monitoring certain things. As a
result of this, it is known that the Sand Engine
Delfland will probably last longer than expected
(Rijkswaterstaat, 2016). For the Hondsbossche
Dunes it is still too early to draw conclusions,
because the relevant processes have long
timescales (up to decades) and the project has been
constructed for not that many years yet (Ecoshape,

Figure 4.5: Location of the reference projects (map of the Netherlands and zoom ins on the projects):
-Sand Engine Delfland
-Hondsbossche Dunes

Figure 4.6: Embryonic dunes on the Sand Engine Delfland
(Linnartz, 2011).

2021b). So far, however, something can be said
about the spatial developments of the projects over
time and about the impact scale.
In the case of the Sand Engine, spatial
developments have an influence on the larger scale.
In 2015, the intervention already provided sand for
more than 5 km of coastline. In the first four years,
almost 1 million cubic meters of sand was moved
to the south and approximately 1.5 million cubic
meters was moved to the north (Rijkswaterstaat,
2016). The sand was all moved by the natural forces
of the wind and waves. The spatial development
of the Hondsbossche Dunes is more local, but the
intervention itself is very large, namely 5.5 km long.
With the Hondsbossche Dunes project, several
lessons have been learned about sand transport and
deposition locally, whereas the Sand Engine showed
how sand can be placed strategically seen from the
larger scale (Ecoshape, 2021a; Ecoshape, 2021b).
With regard to sand transport and deposition, the
following things have been learned during the
Hondsbossche Dunes project (Ecoshape, 2021b):
•
Dunes on the seaward side must be built
narrow and high, from a safety perspective.
This must be done because sand blown by the wind
is mainly deposited in the lower part of the dune
profile. And by building high narrow dunes, the
sand deposited by the wind will gradually increase
safety over time. The height is important from a
safety perspective because after construction dunes
hardly get any higher.
•
Dunes on the seaward side must be built low,
from a nature perspective.
If there are low dunes, there will be a wider zone on
the seaward side where sand is deposited and this
means a larger zone with dynamic developments.
•
Beach width influences the sediment supply
to the dunes.
Within the reference project there is still an
abundance of sand on the beach but in general
the beach width can form a limiting factor in the
sediment supply to the dunes.
•
Dunes must be oriented perpendicular to the

dominant wind direction.
From monitoring the accumulation of sand within
the project it was concluded that most sand was
accumulated where the orientation of the dune foot
was closer to perpendicular to the dominant wind
direction.
•
Unvegetated depressions trap sand and
increase sand dynamics.
Local and unvegetated depressions in the dune are
called Artificial Relief Features (ARF) and have a size
of about 20 to 400 square meters and a depth up
to 2 meters. An ARF can help to trap sand and it can
increase the local dune dynamics.
•
Trap sand with vegetation or brushwood
screens.
Without vegetation or other measures such as
brushwood screens less sand is captured and
instead transported in cross-shore or alongshore
directions and dropped further away. But it is
important that the volume of sand is retained in
the dune and that sand supplied by the wind is
collected. And to do this, in order to collect large
amounts of sand locally, use can be made of
vegetation or other measures such as brushwood
screens.
Things were also learned during the Sand Engine
project, such as the strategical placement of the
sand nourishment as was mentioned before.
Because of the difference in strength of the tidal
currents, a different amount of sand was moved
to the north and south. The current during the
hightide was stronger and therefore the amount of
sand moved to the north was larger. So not only the
direction but also the difference in strength of the
tidal currents needs to be taken into account when
searching for the most suitable place of a sand
nourishment (Ecoshape, 2021a).
Another thing related to flood defence learned from
the Sand Engine project is dealing with uncertainty.
The fact that there is a difference between the
expectations and the reality of the development
of the intervention over time has already been

mentioned. However, it is important to underline
that it is impossible to predict this reality. There
will always be uncertainty about how a naturebased solution intervention will develop (Ecoshape,
2021a).

Recreation
Both projects increased the amount of space for
recreation. With the Sand Engine a new large sandy
plain/beach and a lagoon were created and with the
Hondsbossche Dunes the new artificial dunes, dune
valleys and beach were created. These provided
new opportunities for recreation which were not
there before. In both projects a new landscape was
created, which was also purposefully designed to
facilitate certain types of recreation (Ecoshape,
2021a; Ecoshape, 2021b).
In the Hondsbossche Dunes project, new cycling
and walking routes were created in and on the new
dunes. In addition, a new viewpoint (see figure
4.7) has been added and a new exhibition about
the project has been created in the visitor centre.
Furthermore, there was an increase in several types
of visitors, including cyclists, walkers and horse
riders (Bodde et al., 2019).
In the Sand Engine project, a new hotspot for kite
surfers (see figure 4.8) has been created with the
new lagoon. In addition, the adapted landscape
resulted in a longer distance between the beach
and the parking lot. This longer distance resulted in
a decrease in the number of bathing beach visitors.

Figure 4.7: Viewpoint in the Hondsbossche Dunes (Van ‘t
Veen, 2020)

Figure 4.8: Kite surfers on the sand engine (Van der Ven,
2021)

Furthermore, there was an increase in several types
of visitors, including more dog walkers, hikers and
surfers (Bodde et al., 2019).

Conclusion
From the reference projects the following
information can be concluded and used as input for
design principles and design. The main points with
regard to flood defence are:
•
The practical implementation of naturebased solution interventions determines their
performance. The reference projects provide
practical information about what is important in
the implementation for example concerning the
sand transport and deposition.
•
With nature-based solution interventions
there will always be uncertainty about how the
intervention itself will develop over time.
And the main points with regard to recreation are:
•
In both reference projects, the
increase in space created by the nature-based
solutions resulted in new recreational areas and
opportunities.
•
The new recreational facilities in
combination with the previous point resulted in an
increase in several types of visitors (e.g. the lagoon
of the Sand Engine attracted more kite surfers).
•
The distance to the beach influences its
suitability as a bathing beach. A nature-based
solution can change the circumstances in such a
way that the area becomes less or unsuitable for
certain recreation. This also leads to a decrease in
the amount of such visitors.
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4.4 Site analysis
Definition of landscape units:
To answer the third and fourth sub-research
questions a site analysis is undertaken
complemented by interviews and a questionnaire.
Nature-based solutions and aspects related to flood
defence and recreation, that have been identified
in answering the first and second sub-research
questions, will be taken as a starting point. With
the site analysis the local conditions of the study
area that are relevant to this are examined. The
current situation (regarding nature, flood defence
and recreation) and the local conditions that
are relevant for nature-based interventions are
analysed.

Landscape units
At the coast of Westvoorne, a large dune area
separates the sea from the hinterland (see figure
4.9). In the hinterland there are sandpits, old and
new sea clay polders, in the north two lakes and
next to the dune area the villages Oostvoorne
and Rockanje. The dune area itself is called the
Voornes Duin and is of European importance for
many plants and animals and is therefore a Natura
2000 area. On the sea side of the dune area, a 6 km
long beach stretches along the coast.In the north
the beach widens into tidal flats, these are called
the ‘Slikken van Voorne’. There are also tidal plates
off the coast, the largest of which is called the
‘Hinderplaat’ which, translated into English, means
obstacle plate. Westvoorne thus comprises very
varied landscape types: open like the tidal flats and
polders, semi-open like the sand pits and closed like
the dune forests.
When devising interventions, a connection
must be made to the different characters of the
surrounding landscape types. The characteristics
of the landscape types adjacent to the intervention
area will therefore be the most important. These
characteristics are important when considering
changes in the landscape. Dunes, beach and tidal
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“Spatial landscape units (…) contain individual
landscape areas that are homogeneous with respect
to terrain properties and landform characteristics.”
(Simensen, Erikstad and Halvorsen, 2021)

flats will therefore be explained in more detail later.
Parties involved and visitors to the area find it
important that the general spatial qualities and
character of the area are preserved (interviews and
questionnaires 2021, personal communication). This
does not mean that there is no room for change.
It means that changes in the landscape should
match with the character of the landscape. Possible
contrast is not completely impossible, but would
have to be handled very carefully, also because of
the restrictions of the natura 2000 areas in which
the study area is located.

Dunes
As was mentioned before the ‘Voornes Duin’ dune
area is a nature reserve of European importance
and a natura 2000 area. Due to the great diversity
of landscape units within the area, there are many
different habitat types, the dune area could have
its own version of a landscape units map. In general
the dune area is very diverse with enclosed forest
areas, semi-enclosed dune thickets, open wet
dune valleys and three types of dunes: embryonic,
white and grey. Although the embryonic dunes
are located just across the border in the other
Natura 2000 area ‘Voordelta’. Together they are
the phases that a dune goes through, starting with
baby dunes, then dunes with mainly beach grass
without soil development and finally dunes with soil
development on which dry low-growing grasses,
herbs and mosses grow as can be seen in figure 4.10
(Dynamischkustbeheer, 2021). It is this diversity,

Figure 4.9: Landscape units map Westvoorne, based on the
‘ruimtelijk raamwerk’ map (Gemeente Westvoorne, 2016)

Landscape characteristics

to which the dune area in particular contributes,
which is also seen by visitors as an important quality
of the landscape (questionnaires 2021, personal
communication).

Beach
Both the beach and the tidal flats are part of the
natura 2000 area Voordelta. As can be seen in figure
4.11 embryonic dunes are located on the beach
at Oostvoorne. Apart from these small bumps
with beach grass, the beach is flat and extensive.
This corresponds to what visitors to the beach
consider important, namely spaciousness, vastness
and openness (questionnaires 2021, personal
communication). In the north, the beach turns
into an area of salt marsh, which is covered by the
next section. Finally, with regard to the beach, it
should be mentioned that the area is also important
for the maintenance of the dunes, namely for the
blowing in of sand, and thus also for water safety
(Ecoshape, 2021b). The character of the landscape,
the openness, the bare expanse of the beach, is
therefore of great value on various levels.

Figure 4.11: Map of habitat types around the ‘Slikken van
Voorne’ (the orange star and yellow colour indicate the
locations of embryonic dunes) (Royal HaskoningDHV, 2013)

In addition to already mentioned landscape
characteristics, such as openness and biodiversity,
visitors also see other important qualities. They
also consider cycling and walking opportunities,
more recreational facilities and the accessibility of
the area important (questionnaires 2021, personal
communication). Based on the analysis, the
interviews and questionnaires, there are a number
of landscape characteristics that are seen as
important. These relevant characteristics are shown
in figure 4.12 along with their respective definitions
from scientific literature. The five most important
characteristics are: openness, landscape diversity,
biodiversity, provision of recreational facilities
and accessibility. With regard to biodiversity, the
spatial component is especially important for the
design phase. Because habitat diversity is the
spatially translatable component of biodiversity, its
definition is therefore also relevant.

Tidal flats
The already mentioned salt marsh is a very
distinctive feature of the landscape. And also a very
important habitat type in relation to the biodiversity
of the Voordelta. It is in fact the only salt marsh
and salt meadow area in the Voordelta. This means
that there are no alternative resting and feeding
options for certain birds in the rest of the Voordelta
(Swinkels et al., 2020). In addition to uniqueness,
this also concerns the next important characteristic
of the landscape, namely biodiversity. Visitors
appreciate the fauna in the area (questionnaires
2021, personal communication), which consists of
some deer and smaller animals in the dune area.
However, the majority consists of birds which are
located in the Voordelta, including the salt marsh.
They can also be spotted at the dune lakes. Apart
from birds there are also other species in the
Voordelta such as seals. The tidal flats are thus
clearly important to much of the fauna in the area.
Figure 4.10: Character dunescape (B, 2021; Hondsdol, 2021;

Figure 4.12: The most important landscape characteristics

Dynamischkustbeheer, 2021)

summarized
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The Natural System
As explained in the theoretical framework, naturebased solutions should not jeopardize the integrity
of the natural system. To take this into account,
relevant knowledge of the natural system of the
study area is important. In the study area there
are two natura 2000 areas: Voordelta and Voornes
Duin. The Voordelta is mainly very important for bird
species. In Voornes Duin there are also two places
important for birds - the two dune lakes (Natura
2000, 2021). In addition, Voornes Duin mainly
consists of several types of dune, wet dune valley,
dune thicket and dune forest habitats. The most
relevant habitat type is ‘Grijze duinen’ (grey dunes)
(zie analyse kaart). That is because this habitat type
needs surface expansion and quality improvement,
while the other habitat types in Voornes Duin only
need conservation (den Held, Grootjans and van
den Broek, 2016). The grey dunes habitat type will
therefore be explained in more detail.

Grey dunes
There are actually two subtypes for this habitat in
the Voornes Duin. Subtype A is ‘kalkrijk’ (calcareous)
and subtype C is ‘heischraal’ (a poorer habitat
subtype). The general circumstances needed to
create both habitat types are:
For habitat subtype A:
- Requirement of a calcareous, little to nondescaled soil (De Leeuw et al., 2019).
For habitat subtype C:
- Need for slightly more humid and moist soils,
which often lie on the transition to wet dune valley
vegetation and where the acidity is buffered by
groundwater (De Leeuw et al., 2019).
General:
- Grey dunes arise in places behind the foredune.
- Low dynamics, which can lead to open to closed
vegetation with herbs and mosses.
- And in between there are open, sandy places (De
Leeuw et al., 2019).
- The preservation of grey dunes, so both
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Figure 4.13: Some stilt species, namely sanderlings (Calidris
alba), eating (Bliek, 2019)

subtypes, depends on the dynamics of sand drift.
Without sand drift, the chance of vegetation
aging and shrubs growing over will increase
(Dynamischkustbeheer, 2021).

Target species
The study area contains one of the five most
important resting places for birds in the Voordelta
(Swinkels et al., 2020). In addition, the study
area also contains one of the resting places for
seals in the Voordelta, namely the tidal flats of
the Hinderplaat (see figure 4.14). It is more than
desirable that these birds, seals and also different
types of vegetation remain in this area, as the
purpose of the Natura 2000 area is to protect these
species (Rijkswaterstaat, 2016). It is therefore
important that the habitat types that facilitate them
are preserved. For the birds these are both the
tidal flats habitat and the salt marsh habitat. The
salt marsh is of special interest to stilt species (see
figure 4.13), who have no other alternative options

Definition of target species:
“Species desired to be present in certain locations.”
(based on van Dobben et al., 2015)
Figure 4.14: Analysis map of the natural system

in the area (Rijkswaterstaat, 2016). An important
condition that applies to all species is sufficient
rest. As stated earlier, it is therefore important that
recreation does not disturb nature.
In salt marshes such as the one in the study area,
vegetation can be roughly divided into three zones.
The lower zone floods daily, the middle zone floods
monthly (during spring tides) and the high zone
only floods at extremely high water levels. Over
time, salt marshes develop due to accretion, they
become higher and higher, causing the vegetation
to change. A low zone will slowly turn into a middle
zone with associated vegetation change. Sheep
or cattle can be used to maintain salt marshes,
however, there are also ungrazed salt marshes
(Ecomare, 2021). In the past, sheep were used at
the Slikken van Voorne to prevent overgrowth
(Weekbladwestvoorne, 2015).

Figure 4.15: Flow directions North sea and tidal flow
directions Dutch coast adapted from Ecomare (2014)

The Flood Defence System
The study area is located at the mouth of the
Haringvliet, which is part of an estuary fed by the
river Maas and the river Rhine. The estuary flows
into the North Sea. The tidal currents here originate
from the Atlantic Ocean and circle the coast of
the North Sea (see figure 4.15). The ebb and flood
currents differ in size. The high tide current along
the Dutch coast is stronger than the low tide
current (Ecomare, 2014). The local flow directions of
the tides are shown in figure 4.16 and the height of
the tides is shown in figure 4.17. Furthermore, the
wave and wind climate are related to each other.
The dominant wind direction is south-west, which is
also the direction of most waves (see figure 4.18).

Erosion
Erosion occurs at the outer curve of the coastline.
If the erosion trend continues, the erosion rate at
the ‘Punt van Voorne’ will be 7.5 m per year and
3.2 m per year at the southwest coast (Waterschap
Hollandse Delta, 2006). The tip of the coast will
be eroded considerably (see analysis map). Sand
is deposited to counter the erosion, but these
nourishments will have to be applied again and
again. Another nature based solution would be
to attenuate the energy of the waves, this can be
done through energy attenuating measures with
vegetation or through a barrier island (a natural
breakwater). Off the coast are higher sandbanks
that can form a barrier island by raising them. The
natural system analysis showed that a salt marsh
is present in the area. Salt marshes have a wave
attenuating effect, expansion over the sandbanks
in front of the ‘Punt van Voorne’ would therefore
reduce the wave force at the point. In addition to
water safety, this intervention also has added value
for nature by expanding the area of a specific group
of both birds and vegetation species.

Figure 4.16: Local flow directions of the tides
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The Recreational System

Coastal defence
This thesis is based on a worst-case scenario
with a sea level rise of 2 meters until 2100
(Deltaprogramma, 2021). There are some points
in the primary flood defence that are too weak to
withstand such a large rise in sea level (see analysis
map). These points will therefore have to be
strengthened. They are located on sheltered parts
of the coastline. Because there is a clear ebb and
flow current (see map) and a clear dominant wind
direction, sand can be supplemented strategically at
these places. Which then ends up in the right places
with the help of water and wind. The waterway
between the Haringvliet locks and the North Sea is
silting up more and more (Gemeente Westvoorne,
2020). This will be explained in more detail later.
Sand could possibly be dredged from this area for
nourishment, so that less sand from more distant
sand sources is needed.

As indicated in the introduction, the beach
of Rockanje is one of the largest recreational
attractions on the island of Voorne-Putten
(Wognum and Siermann, 2015). Since the maximum
capacity of the beach is almost reached, a greater
focus on this type of visitors is not realistic. In
addition, the municipality does not want to expand
the bathing beach for various reasons (Gemeente
Westvoorne, 2014). Most visitors come for the
bathing beach with the large crowds in the summer
season. There are currently very few visitors who
come especially for nature (Chairman of VVBV 2021,
personal communication, 2 March).

Other types of recreation
In order to further develop recreation, the focus
will have to be on the time outside the summer
season or on types of visitors other than bathing
beach visitors. Nature lovers are an already present
group of visitors on which more focus can be put,
taking into account that both Voornes Duin and
the Voordelta have a large diversity of species. In
addition, also many facilities for nature lovers are
already present in the area, such as bird viewing
points and walking and cycling networks (see
figure 4.19). Another group of visitors in the area
that could be more focused on are the kite surfers.
Because the activities of both nature lovers and
kite surfers can also take place outside the summer
season, a focus on these would also contribute to
more year-round recreation.

Figure 4.17: Spring tide, neap tide and average tide around
the Westvoorne coast, based on Delta 21 (2018)

New recreational area

Figure 4.18: Analysis map of the flood defence system
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The intervention of the barrier island mentioned in
the section on the flood defence system could also
contribute to the recreational system. Developing
a new green area would help to solve the shortage
of green areas in the vicinity of Rotterdam (Aartsen
and van der Meulen, 2017). With a new barrier
island, recreational activities can be extended
to the island, even bathing beach activities. An
important thing is the accessibility of the island. The

accessibility of the Rockanje bathing beach itself is
not optimal at the moment. The bus that shuttled
between the centre of Rockanje and the beach has
been cancelled. The area is more accessible by car
than by public transport. By car the travel time from
the centre of Rotterdam towards both Oostvoorne
and Rockanje is approximately 45 minutes. The
travel time from a suburb of Rotterdam can be as
little as 25 minutes (Google maps, 2021). In addition
to the general accessibility, the connection between
the island and the mainland is also a point that
needs attention.

Silting up
Finally, there is another important point with
regard to recreation, namely the silting up of the
coast. The silting up takes place off the coast of
Voorne, at the ‘Kop van Goeree’ in the waterway
to the Haringvliet. Already, to get to the waist in
the water, you have to walk very far into the sea.
This has consequences for nature, the character of
the beach, recreational opportunities and water
safety. How quickly and where exactly the silting
takes place is still being investigated (Gemeente
Westvoorne, 2020). When the silting up continues,
a shallow nature area like the Wadden Sea will take
shape. This development would result in the loss
of a lot of tourists. Previous forms of recreation,
which attracted these tourists, would no longer
be possible. Another possible development is to
intervene and dredge the silted up area. However,
this should not only be done continuously, but it is
also not cheap and is not simply possible because
it is a protected area (Rubio, 2018). So there are
pros and cons to both directions of development.
In addition, dredged sediment could be used for
the creation of the new green area discussed in the
previous paragraph (Ecoshape, 2021c).

Conclusion
The Landscape
Figure 4.19: Analysis map of the recreational system

The study area has a diversity of landscape units,
of which dunes, beach and tidal flats are the most
relevant for the intended nature-based solutions.

The salt marsh habitat on the tidal flats is of great
importance because of its uniqueness in the
Voordelta. Other important landscape qualities
are expressed by the designated most important
landscape characteristics. These are:
•
Landscape openness
•
Landscape diversity
•
Biodiversity (habitat diversity)
•
Provision of recreational facilities
•
Accessibility

The Natural System
With regard to the biodiversity of Voornes Duin,
the grey dune habitat type is the most interesting
because it needs surface expansion and quality
improvement. With regard to the biodiversity of
the Voordelta, the tidal flats are important for
resting seals and the salt marsh is important for
different types of vegetation. Both habitats are also
important for the large group of birds that reside in
the study area.

The Flood Defence System
In terms of flood protection, the erosion at the tip
and the weak points along the coast need attention.
With regard to erosion, the existing tidal flats and
salt marsh provide starting points for nature-based
solutions. With regard to the weak points in the
coastline, the local conditions are favourable for
nature-based solutions that strategically place sand.

The Recreational System
With regard to the bathing beach, the maximum
capacity in the summer has almost been reached
and expansion is not desired. Other types of
recreation in the study area that could be more
developed, also outside the summer season, are
nature lovers and kite surfers. With regard to the
local development of recreation, the development
of a new green area would also contribute to
solving the shortage of green areas on a regional
scale. With regard to the silting up of the coast,
recreation will change or the area will have to be
dredged. The dredge could be used to contribute to
the creation of the new green area.
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5. Design criteria and principles

Design principle 6: Spread visitors over time
Visitors can be spread over time by also focussing
on recreation not bound to the summer season (like
bathing) such as nature recreation or kite surfing.

In order to be able to use the knowledge from
the literature reviews, reference projects and
site analysis in a design, this knowledge has been
translated into design criteria and design principles
(see figure 5.1). They will be further explained in
this section. The criteria are divided into three
groups: flood defence, recreation and general
(including nature and multifunctionality). For some
of the principles and criteria there is overlap in
there intended goal, which means a principle can
for example have to do with both recreation and
nature.

5.1 Flood defence
Criterion 1: Climate change adaptation
There is specifically looked at two aspects of climate
change, namely sea level rise and the uncertainty of
this in the long term. For sea level rise a 2 meter rise
by 2100 is taken as a reference.
Design principle 1: Long term dune 		
development
This principle uses dune construction and sand
suppletion in such a way that the dunes will
grow with the sea level rise, contributing to
flood protection in an uncertain future and in
addition also providing opportunities for nature
development and recreation.
Design principle 2: Second layer of flood 		
protection
A second layer of flood protection can protect and
strengthen the primary flood defence of the coast
both by adding flood protection measures (dunes)
and by supporting flood protection measures (wave
attenuation).
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Criterion 2: Nature-based flood protection
Nature-based solutions for flood defence are using
the dynamics of nature such as wind and water
currents for strengthening the flood protection.
These soft interventions also provide opportunities
for nature development.
Design principle 3: Use nature dynamics for
flood protection
Nature dynamics such as water and wind currents
can help sand from a nourishment to be distributed
to the right area. Vegetation can be used for
catching sand or attenuating waves.

5.2 Recreation
Criterion 3: Facilitating more visitors
In order to cope with the expected growth of
visitors, recreational facilities must be expanded to
accommodate this larger group of visitors either by
increasing the amount of facilities and/or increasing
the amount of recreational space. Furthermore,
visitors can also be spread over time.
Design principle 4: More recreational 		
facilities
Recreational facilities relevant for the study area
are amongst others beach pavilions, kite-surfing
schools, visitor centre, walking and cycling routes
and viewpoints.
Design principle 5: Create new recreational
space
Creating new recreational space will prevent putting
too much pressure on existing areas of recreation
and the nature there.

Criterion 4: Nature-based recreation

Another option would be a bridge to and parking
lots on the island. But this option would be too
much in contradiction with the principles of limiting
disruption of nature and landscape openness.

5.3 General
Criterion 6: Biodiversity

Nature is an important driver of recreation so that
the natural aspects which characterize a landscape
are also important. The following two principles
were validated by the output of the questionnaires.
Design principle 7: Preserve or enhance 		
landscape diversity
The diversity of the landscape which can also
be seen in the amount of landscape units is a
characteristic which should be preserved or even
enhanced in order to retain the appealing landscape
which attracts the visitors.
Design principle 8: Preserve landscape 		
openness
Coastal landscapes in general are very open,
stretching towards and over the water. This
openness is therefore an important characteristic of
the coastal landscape. It is also the most mentioned
landscape characteristic in the questionnaires,
suggesting that the openness of coastal landscape
is an essential value for recreation.

Criterion 5: Accessibility
The accessibility meant here is about the
reachability of the area and in particular the beach
area since this is very important for beach visitors.
Because the bathing beach function is moved to
the island the connection with the mainland is very
important.
Design principle 9: Enhance accessibility to
beach
The accessibility to the beach can be enhanced
by improved public transport, in the design this
is accomplished with a ferry and bus connection.

The integrity of the natural system is a very
important component of nature-based solutions
and therefor also the biodiversity of the design.
The type of biodiversity that is focused on in this
thesis is habitat diversity since this can be expressed
spatially in the landscape.
Design principle 10: Preserve or enhance
habitat diversity
Habitat diversity can be preserved by safeguarding
existing habitats, such as the tidal plates which
serve as resting places for seals. It can be enhanced
by expanding surfaces of existing habitats, such as
the salt marsh which serves as a habitat to a specific
group of both plant and bird species, or introducing
new ones.
Design principle 11: Limit disruption of 		
nature
Another important aspect is to limit the disruption
of nature. For example kite surfers need to stay
at a distance from bird areas in order not to cause
disruption to the birds. Therefore some areas in
the design are protected nature areas, meaning no
recreation is allowed here. Another measures are
an ecoduct which limits the disruption of a road and
finally a bridge under which the salt marsh can be
continuous.

Criterion 7: Multifunctionality
What is important for this thesis is how the different
functions are combined in the design, since
nature-based solutions with regard to both flood
protection and recreation is being investigated.
The multifunctionality meant here is therefore the
spatial integration of the functions in the landscape.

This means sometimes combining and where
needed separating functions.
Design principle 12: Join recreation and 		
flood defence functions
The dunes which function as flood protection can
also be used for recreational purposes such as
walking and cycling. Additionally dune areas also
provide opportunities for nature development.
1. Long term dune development

2. Second layer of flood protection

3. Use nature dynamics for flood protection

4. More recreational facilities

5. Create new recreational space

6. Spread visitors over time

7. Preserve or enhance landscape diversity

8. Preserve landscape openness

9. Enhance accessibility to beach

10. Preserve or enhance habitat diversity

11. Limit disruption of nature

12. Join recreation and flood defence functions

13. Separate nature and recreation functions

Design principle 13: Separate nature and
recreation functions
Because of the nuisance from recreation to nature
it is necessary to partly separate the two functions.
This separation can be quite literally done by fences
but also by prohibiting access for recreation to
certain protected nature areas.

Figure 5.1: Design principles
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6. Design
6.1 Preliminary design
Based on the analysis and the resulting design
principles, a preliminary design was made for the
Westvoorne coast. The preliminary design is an
intermediate step in answering the design question
and will now be explained in more detail.
To protect the ‘Punt van Voorne’ against erosion,
the sandbank off the coast is raised to form a
barrier island (see figure 6.1). Not all sandbanks
are involved because resting places must be
preserved for the seals in the area. Together with
the expansion of the salt marsh, the island forms
a second protective layer that strengthens the
current flood defence (see figure 6.2). The salt
marsh will reduce the strength of the waves on the
coast. Furthermore, the current weak points in the
primary flood defence system will be strengthened
by depositing sand at strategic locations. A dune
area is being developed on the island that grows
with the sea level rise. Within this dune area, the
habitat type grey dunes is also being developed.
In order to maintain the bathing beach function of
Rockanje, despite the sanding at the current beach,
it will be moved to the island where the sea is deep
enough for this function (see figure 6.5). The island
also offers space for nature recreation and behind
the island a sheltered area has been created that is
partly a nature area and partly a new kite surf area
(see figure 6.3 and 6.4). The aim of the design is to
contribute to recreation, nature and flood defence
with these interventions.

Figure 6.1: Preliminary design
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Figure 6.2: Preliminary design flood defence layer

Figure 6.3: Preliminary design nature layer

Figure 6.4: Preliminary design recreation layer

Figure 6.5: Preliminary design island
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6.2 Multicriteria analysis
The preliminary design is assessed by experts on
the basis of the multicriteria analysis (see appendix
C for the filled in multicriteria analysis tables of the
experts). Now the most important commentary
from the experts related to flood defence, naturebased solutions, landscape architecture and
recreation will be discussed.
In general, the preliminary design scored well
(see figure 6.6) with a few reservations that are
explained either in this section or in the discussion.
This means that the preliminary design meets most
of the criteria. There are two criteria that differ
from the rest. The first criterion is biodiversity,
which scores very high. The second criterion is
accessibility, which scores very low. The reason
for this low score is explained in more detail in
the section with the comments of the recreation
expert.

Flood defence
Huub Lavooij MSc (Coastal and Port Engineering)
and drs. Leen Berke, initiators of a large coastal
protection project; Delta 21
•
The design provides sufficient flood
protection. However, the preliminary design did
not score highly on this. This is because damage
to the coast is mainly caused by waves from the
northwest, which occur during north-westerly
storms. The coast is already reasonably protected
against this, which means that the design does not
contribute much. Although the design does not
make a major contribution to coastal protection, it
does contribute.
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Nature-based solutions

Recreation

Conclusion

dr. ir. Jantsje Van Loon-Steensma, working in the field
of nature-based solutions at Wageningen University
•
In theory, the design works. The island off
the coast will attenuate the waves. It’s actually a
kind of large breakwater, which in theory will work.
•
The design adds new biodiversity. All kinds
of new habitats are being created, which, although
at the expense of certain biodiversity, bring
something back in return.

drs. Martin Goossen, involved in the recreation
research of the Sand Engine Delfland, working in the
field of recreation at Wageningen University
•
The design has very poor accessibility. The
movement of the bathing beach will result in fewer
visitors. This is because people will have to make
more effort to get to the beach. The ferry and bus
are a barrier for beach tourists.
•
When the design would preserve the
bathing beach on the mainland and the island would
become something extra, accessibility would score
higher. In this case the island would have to be
something special, something exclusive (e.g. with
special nature). It would have to distinguish itself
from surrounding green areas.
•
Some things the design should pay attention
to:
o
Taking into account motor boats
and sailing (If accessible for them this needs
to be indicated).
o
The paths, visitors need to be able
to cycle in a circle so to speak.
o
Dog walkers are disadvantageous
for nature. Restricting them from the island
will exclude this group, but allowing them in
can be bad for nature.
•
The distinction between protected nature
areas and not protected areas in the design is valid.

It can be concluded from the multicriteria analysis
that the preliminary design meets most of the
criteria. Biodiversity scored relatively high and
accessibility low. Accessibility will therefore have to
be further developed in the final design.

Landscape architecture
Laszlo van der Wal MSc, PhD candidate, working in
the field of landscape architecture at Wageningen
University
•
The design needs to be worked out with
more detail. This applies to several aspects:
o
The new dune area (i.e. show 		
different biotopes, but also connections,
density and dimensions, but also how 		
the shape of the island changes when sand
accumulates)
o
The salt marsh (i.e. show creeks).
o
Details in general must be shown,
for example when an area is closed off
(in case of the protected nature area), 		
it must be shown where the fence is or how
it is otherwise closed off.
o
For determining whether the design
is multifunctional elaboration in general is
also necessary (the preliminary design 		
therefore scored poor on this).
•
The design could be more nuanced
with regard to nature-based recreation. From
a landscape architecture perspective it scores
moderate. In addition to a protected nature area
and a recreation area, extensive forms of recreation
could also be allowed that lie in between these two.
There are many different forms of nature recreation
such as canoeing, fishing and wild camping.
•
The design is aimed at coping with a twometer rise in sea level, but must still be relevant for
a sea level rise of 0.5 meters.

As far as the critical points are concerned, they will
be incorporated into the final design as much as
possible. However, there are also things that fall
outside the scope of this thesis. All points which can
be improved with the help of spatial adjustments
of the preliminary design will be processed. In
addition, further elaboration on some topics which
are too technical (such as computer modelling of
morphology) or have not been included for limiting
reasons (such as finance) also fall outside the scope.
These points will be discussed in the final chapter.

From the comments of the experts the following
important points were concluded that need to be
taken into account in the final design:
•
Flood protection regarding north-westerly
storms
•
Elaboration of the design in more detail
regarding nature, recreation and multifunctionality
•
Improvement of the accessibility
•
Preservation of the bathing beach function
on the mainland
•
The exclusivity of the island

Figure 6.6: Multicriteria analysis
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6.3 Final design

2050

The final design is an improvement of the preliminary
design taking into account the commentary and
advice of the experts. It will now be explained how
this is incorporated into the design. For each theme,
it is discussed which adjustments are made and why.
Flood defence will be discussed first, followed by
nature-based solutions, subsequently landscape
architecture and finally recreation.

2100

Figure 6.8: Change over time of the design through natural
processes and dynamics
Figure 6.7: Design of the Westvoorne coast
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Flood defence
With regard to the flood defence, the preliminary
design sufficiently protects the coast. What
the flood defence experts did emphasize is the
importance of defence against north-westerly
storms. In that respect, the second flood defence
layer did not completely cover the Punt van Voorne

against north-westerly storms. The final design
addresses this by expanding the salt marsh in
front of the Punt van Voorne and thus completely
covering it against north-westerly storms (see
figure 6.9). The waves will be attenuated by the salt
marsh, as shown in figure 6.10.

Figure 6.10: Cross section of the Punt van Voorne and salt
marsh off the coast, showing wave attenuation during a
north-westerly storm

Figure 6.9: Flood defence layer
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Nature-based solutions
When it comes to nature-based solutions, the
design is good. There are some remarks, but they
will be discussed in the discussion. The nature-based
solutions applied in the design have therefore not
changed. The multicriteria analysis showed that the

principle of the proposed nature-based solutions
will work and the design will certainly contribute to
biodiversity. With regard to biodiversity, the design
has been further elaborated. The nature layer of
the design now indicates which specific nature will
be developed by showing areas of different habitat

types (see figure 6.11). A cross-section of the dune
area and salt marsh goes into even more detail by
also showing the species that can thrive there (see
figure 6.12).

Figure 6.12: Cross section of the dune area and salt marsh,
showing species that can thrive here

Figure 6.11: Nature layer
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Figure 6.13: Island design
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A. Detail bathing beach

B. Detail ferry harbour

C. Detail viewpoint

Figure 6.14: Details island design

Landscape architecture
With regard to landscape architecture, certain
aspects were insufficiently elaborated in the
preliminary design. The design addresses this
by working out details further (see figure 6.14).
Therefore, the design now shows creek patterns
to give an indication of how they may develop
(see figure 6.7 and 6.13). The biodiversity of the
design has been further elaborated with the display
of habitats and species as indicated earlier. The
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change over time that the design will undergo is
shown (see figure 6.8). After all, the design will
undergo constant changes due to natural processes
and dynamics and is therefore certainly not a final
image.
Furthermore, the preliminary design was not
nuanced enough with regard to recreation. The
design addresses this by elaborating on the type
of recreation. The recreation layer shows more

intensive (bathing beach, dog walking, kite surfing)
and less intensive forms of recreation (cycling,
walking, canoeing, nature tours) (see figure 6.15).
Another important aspect discussed by the expert
of landscape architecture was the relevance of the
design in the case of a different scenario, such as a
much lower sea level rise. The design would also be
relevant in such a scenario. There would be more
than sufficient protection by flood defences. The

development of nature will be in a slightly different
way, but it will still be able to serve as a basis for
recreation, and the recreation infrastructure will
therefore still be relevant. The wooden bicycle and
walking paths in the salt marsh area are flexible and
can move with the water level. The functioning of
the recreational infrastructure at different water
levels is also shown in the cross section of the ferry
(see figure 6.16).

Figure 6.16: Cross section of the ferry dock and wooden
bridge

special biodiversity is explained on the island in the
visitor centre (see figure 6.17).
Because of the nature, which is of great value in
nature-based solutions, some forms of recreation
are prohibited. Motor boats and sailing yachts are
prohibited. Off-leash dogs are not allowed, with
the exception of the dog walking beach. Protecting
nature is also the reason for the ferry connection to
the mainland, as other options are more disruptive
to nature. A view from the ferry towards the salt
marsh and kite surf area can be seen in figure 6.18.

Figure 6.15: Recreation layer

Recreation
The preliminary design had very poor accessibility
with regard to recreation, as indicated earlier.
The recreation expert expected a reduction in the
number of visitors due to the relocation of the
bathing beach in the preliminary design. By keeping
the bathing beach at its current location in the study
area, the design would be sufficiently accessible,

according to the recreation expert. However, the
bathing beach will not continue to function on its
own, taking into account the silting-up off the coast.
The design addresses this by dredging the sediment
off the coast (see figure 6.15). This sediment is used
in the development of salt marsh elsewhere in the
design (see figure 6.9).

The recreation expert also underlined the
importance of the exclusivity of the island, because
it must distinguish itself from surrounding green
areas. In the design, the exclusivity of the island
is emphasized more by showing the special
biodiversity. After all, the particular type of nature
in the study area that is attractive for stilt species
does not occur in other places in the Voordelta. This

Lastly, the paths on the island are designed in such
a way that there are possibilities to circle the island
(see figure 6.13). The three viewpoints, variety
of landscapes, beach pavilions and visitor centre
offer different types of destinations. The northern
viewpoint overlooking the resting place of the seals
can be seen in figure 6.19.

41

Figure 6.17: View of the visitor centre in the dunes

Figure 6.18: View from the ferry towards the kite surf area
and salt marsh
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Figure 6.19: View from the watchtower towards the tidal
flats with seals (northern viewpoint)
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7. Conclusion & Discussion
7.1 Conclusion
The objective of this research was to research how
large scale nature-based solutions can integrate
both flood defence and recreation and how the
conceptual knowledge about them can be taken to
a more practical level. The main research question
was therefore: ‘How can large scale nature-based
solutions integrate flood defence and recreation?’
Before this question is answered, the sub-research
questions and the design question on which this
builds are first answered.

SRQ 1: Which aspects of nature-based
solutions influence flood defence?
The literature review and reference projects have
shown the importance of local conditions and what
needs to be taken into account when implementing
nature-based solutions, both from a practical point
of view for certain flood defence interventions
and in general. Common mechanisms are sand
accumulation and wave attenuation. An important
general point regarding the spatial scale is the
broader view of nature-base solutions. Attention is
paid to their scale and effects on systems other than
the flood defence. Another important general point
regarding the temporal scale is the uncertainty of
changes over time from both external factors such
as wind climate and the intervention itself. Naturebased solutions must be able to adapt to changing
circumstances, in this case sea level rise. In order
to provide sufficient flood defence at different sea
level rises, a nature-based solution must therefore
be flexible.

SRQ 2: Which aspects of nature-based
solutions influence recreation?
The literature review and reference projects have
shown the different ways in which nature-based
solutions can contribute to recreation such as
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health, education and branding. In addition, the
literature review and reference projects also
showed the limitations. An important limitation is
the prevention of negative effects that recreation
can have on nature, such as visitors disturbing
nature. By separating these functions nature-based
solutions can counteract these negative effects.

SRQ 3: Which nature-based solutions can
strengthen flood defence around the
Westvoorne coast?
In the face of rising sea levels the flood defence
system of the Westvoorne coast needs to be
improved in order to provide adequate protection in
the future. The site analysis showed that attention
needs to be paid to the eroding tip and the weak
points along the coast. Combining the knowledge
of the literature review, the reference projects
and the site analysis, the following solutions are
proposed. To address the first issue, the tidal flats
could be raised to create a barrier island that breaks
the waves. In addition, the salt marsh could be
expanded for more attenuation of the waves. To
tackle the second issue, sand nourishments could
be strategically deposited in relation to the weak
points.

SRQ 4: Which nature-based solutions can
enhance recreation around the Westvoorne
coast?
The Westvoorne coast will come under recreational
pressure. This is because the number of visitors
to the coast is growing and the bathing beach
of Rockanje has almost reached its maximum
capacity in the summer. In addition, the bathing
beach also suffers from the silting up of the coast.
Combining the knowledge of the literature review,
the reference projects and the site analysis, the
following solutions are proposed. To address the

first issue, there could be focussed on other types
of recreation also outside the summer season. In
addition, the creation of a new green area would
contribute to solving the shortage of green areas
in the vicinity of Rotterdam and Haaglanden. To
tackle the second issue, recreation would have to
change or the area would have to be dredged. The
sediments acquired from dredging could be used
for creating the new green area.

DQ: How can the Westvoorne coast be
redesigned to strengthen flood defence
and enhance recreation with nature-based
solutions?
In order to maintain the spatial qualities of the study
area, particularly from a recreational point of view,
the following landscape characteristics were taken
into account in the design: landscape openness,
landscape diversity, biodiversity (habitat diversity),
provision of recreational facilities and accessibility.
Regarding nature development the design took into
account the expansion of the grey dunes habitat,
preserving the resting place for seals and expanding
the unique salt marsh. By applying the design
principles regarding flood defence, recreation,
nature and multifunctionality on multiple scale
levels, the knowledge which was gathered with the
sub research questions could be translated into a
design.
The preliminary design was assessed by four
experts by means of a multicriteria analysis. Most
criteria were scored sufficient and important
points that resulted from this evaluation can
be summarized as poor accessibility of the new
bathing beach. The bathing beach function should
nevertheless also be preserved at the old location
and the new island itself should be distinctive. In the
final design, the bathing beach function at the old
location has therefore been preserved by dredging
the sediments. By retaining this function on the
mainland, accessibility is also improved. In addition,
the uniqueness of the island was demonstrated by
an increased focus on its unique biodiversity.

The design takes the Westvoorne coast as a test
case for how flood defence and recreation could be
strengthened and enhanced here. In addition, the
design can also serve as a source of inspiration for
other coastal areas with similar challenges.

MRQ: How can large scale nature-based
solutions integrate flood defence and
recreation ?
The process towards the final design shows the
research through design approach for answering
the main research question, in which flood defence
and recreation are integrated with nature-based
solutions. For the study area of the Westvoorne
coast, the design shows how certain nature-based
solutions (barrier island, salt marsh expansion, sand
nourishments) that work under specific conditions
(wind, wave and tidal) can integrate flood defence
and recreation. This design is applicable to areas
with similar local conditions, such as sandy coastal
delta areas with similar wind, wave and tidal
conditions.
The design takes the concept of nature-based
solutions to a more practical level by making use
of reference projects (the Sand Engine Delfland
and the Hondsbossche Dunes) and a multicriteria
analysis conducted by four experts from different
disciplines (flood defence, nature-based solutions,
landscape architecture and recreation). The
reference projects provided practical information,
in particular regarding the strategic placement of
sand, which helped shape the design. In addition,
the multicriteria analysis looked at whether the
design could work in real life with diverse practical
insights from experts. The preliminary design
scored generally good. Moreover, the comments
of the experts were used to make an improved
final design. This design shows how large scale
nature-based solutions can integrate flood defence
and recreation. With the process towards the final
design, this research developed an integrated
research and design method in which practical
knowledge is linked to scientific research.

7.2 Discussion
In this section some remarks will be made about
the research approach. Subsequently, some
matters that are important but not included in
the scope of this research will be discussed. Then
some limitations will be discussed, followed by the
applicability in other areas and finally suggestions
for further research will be made.

About the research approach
This thesis researches the concept of naturebased solutions by building on various knowledge
claims. For example, post-positivist knowledge
was gained through literature research and
constructivist knowledge was gained through the
study of reference projects and self-administered
questionnaires. In general the methods and
underlying knowledge claims complemented each
other. On the one hand there was the knowledge
about how the functioning of nature could
strengthen flood defence and on the other hand
there was the knowledge about how nature-based
solutions could enhance recreation. These were
combined in a preliminary design with nature-based
solutions taking care of both. As was explained
before the preliminary design was evaluated with
a multicriteria analysis conducted by experts. More
could have been obtained from the multicriteria
analysis if the preliminary design had been worked
out in more detail. In addition, a second design
iteration could have provided more practical
information. These things were unfortunately not
possible due to time constraints.

Outside the scope but very important
Some things are beyond the scope of this research
because they are too technical, not spatial or too
restrictive. These include policy, administrative

boundaries, economic viability, government
processes, jurisdictional context, human capacity,
mandate limitations and technical limitations (data
and institutional hierarchies) (Cohen-Shacham et
al., 2019; IUCN, 2020). They all influence whether
nature-based solutions will be realized.
Furthermore, the construction of nature-based
solutions is also important. In the design a lot of
sediment has to be moved and deposited in the
right places. This will disrupt the current system for
the sake of a better one. This study has not worked
out the construction phase, it only roughly indicates
where sediment will be dredged, where sediment
will be deposited and where dunes will be built. In a
pilot project, however, the degree of disruption, the
time required and the feasibility of the construction
phase should certainly be investigated as part of the
plan.

Research limitations
The study area and also the new barrier island in the
design have a limited amount of space. This means
trade-offs are necessary regarding the functions of
the landscape. In the current situation, there are
tidal flats that largely disappear in the design and
make way for a barrier island with other habitats.
Nature will thus be changed at the expense of the
habitat that was there but for the benefit of the
various other habitats that will replace it and make
the area more biodiverse.
Another limitation is the concept of nature-based
solutions. The requirements of the concept limit
the forms of recreation that can take place. After
all, recreation must not have a negative impact on
nature, so that intensive recreation cannot take
place just anywhere.

The use of nature-based solutions creates
uncertainty about future development. The design
is therefore not a definitive form because it will be
changed over time by natural processes. There is
also uncertainty about the morphological changes
that even the best computer models would not be
able to calculate with complete accuracy. The only
way to deal with this uncertainty is by keeping a
close eye on changes. Monitoring changes makes it
possible to anticipate them as quickly as possible.
Monitoring nature-based solutions is therefore very
important. And the way in which this can support
the further development of interventions should be
further investigated.

Applicability
The extent to which the design and the
interventions can be applied in other areas depends
on the local conditions. When the local conditions
such as wind, waves and tides in another sandy
coastal delta area are comparable to those of the
study area of the Westvoorne coast, the design and
interventions will be applicable. The approach this
thesis used, however, could also be applied to areas
with different conditions. The research could be
repeated but for a different study area. The same
steps of the research for design, research on design
and research through design can be followed.
Further research could therefore focus on an area
with different local conditions, such as a tropical
climate.

can offer. For example, research can be done on
the possibilities for new residential areas or food
cultivation. This kind of research would contribute
to enhancing the acceptance of nature-based
solutions by showing their possibilities. And that
acceptance is very important to be able to realize
more nature-based solutions.
Future research should also take into account
different time scales more. In this research,
the two main topics change on different time
scales. Recreation takes place in the short term
(seasonal changes) and flood defence in the long
term (decades). For flood defence long term
development can ensure the system to be more
adaptable in the future. Both topics have to be
accounted for at all time. Further research should
therefore focus on more time scales to further
uncover possibilities at intermediate moments.
Finally, more pilot projects should be carried out in
order to not only increase the amount of knowledge
but also nurture the acceptance by showing the
additional benefits and overall value of naturebased solutions.

Further research
This research focused on the possibilities naturebased solutions can offer for one socio-cultural
interaction, namely recreation. Future research
can focus on other socio-cultural interactions and
explore the possibilities that nature-based solutions
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Appendix A
During the interviews the questions were asked in Dutch because all interviewees were Dutch. The same goes for the
questionnaires in appendix B. The English version provides transparency, because it can be understood by the reader
which questions were asked. Unfortunately the nature organisation cancelled, so specific questions addressed to them
were partly asked to other parties and partly dropped.

Interview guide
Introduction:
First of all, I would like to thank you for your time and for being given the opportunity to interview you. For my
graduation thesis, I research natural forms of coastal defence and what opportunities these can offer for recreation.
Background:
The research area of the thesis is the coast of Westvoorne, which will most likely become a so-called weak link
in coastal defence in fifty years' time. This is due to erosion of the coast and the hunger for sand of the former
tidal channels. With my thesis I will make a design for a natural form of coastal defence, focusing in particular
on the influence of such an intervention on recreation and how it can contribute to recreation.
Goal:
This interview is intended to gain insight into the current situation and possible development directions for
coastal defence and recreation around the coast of Westvoorne. And to investigate what views different parties have that are involved in coastal defence and / or recreation or have an interest in it in some other way.
So answer the questions, in addition to your own opinion, from the views of your organization.
Questions:

What is the current situation around the Westvoorne coast in terms of recreation, what are its strengths
and what do you think should change, and why?
(supporting optional questions:
- What are the main forms of recreation?
- What kind of recreationists use the area?
- Does recreation sometimes cause nuisance and in what way?)

Organization-oriented questions in addition to the main questions:
to the nature organization:
- How does it strengthen nature and / or how does it form an obstacle?
How do coastal defence and recreation reinforce each other and how do they get in each other's way?
(supporting optional questions:
- Does recreation benefit from coastal defences, and if so, in what way?
- Does the coastal defence benefit from recreation, and if so, in what way?
- Does recreation impede coastal defence, and if so, in what way?
- Does the coastal defence impede recreation, and if so in what way?)
Organization-oriented questions in addition to the main questions:
to the nature organization:
- And what does that mean for nature?

What is the current situation around the Westvoorne coast with regard to coastal defence, what are its
strengths and what do you think should change, and why?
(supporting optional questions:
- How is the hinterland protected against flooding from the sea?
- Do you think dunes are a good form of coastal defence, if so why and if not how should it be changed?)

What are the most important (spatial) qualities of the landscape that need to be protected or enhanced in
general and with regard to recreation, and why?
(supporting optional questions:
- What distinguishes the landscape from other similar landscapes?
- And which spatial elements are associated with it?)

Organization-oriented questions in addition to the main questions:
to the nature organization:
- And how does it strengthen nature and / or how does it form an obstacle?
to the water board / the municipality:
- At which specific locations will the flood defence system not meet the current standard in 2050 ( and
why )?
- What conditions must be met for a safe coastal defence? and what criteria must the coastal defence meet
to meet the standard (in 2050)?

Organization-oriented questions in addition to the main questions:
to the nature organization:
- What should be considered when changing the landscape in order not to affect biodiversity?
- What are the most important species and what living conditions do these species need?
- Are there also possibilities to supplement the biodiversity in this environment, for example are there living
conditions for new species that could easily be created?

What is the current situation around the Westvoorne coast in terms of recreation, what are its strengths
and what do you think should change, and why?
(supporting optional questions:
- What are the main forms of recreation?
- What kind of recreationists use the area?
- Does recreation sometimes cause nuisance and in what way?)
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- At which specific locations will the flood defence system not meet the current standard in 2050 ( and
why )?
- What conditions must be met for a safe coastal defence? and what criteria must the coastal defence meet
to meet the standard (in 2050)?

Closing:
Then we have now come to the end of the interview.
Do you have anything else to add? Or do you have any questions?
Then I would like to thank you very much for your time and answers.

Appendix B
Questionnaire
Introduction:
For my graduation thesis, I research natural forms of coastal defence and what opportunities these can offer
for recreation.
Background:
The study area is the Westvoorne coast, which will most likely become a so-called weak link in coastal defence in fifty years' time. This is due to erosion of the coast and the hunger for sand of the former tidal channels. With my thesis I will make a design for a natural form of coastal defence, focusing in particular on the
influence of such an intervention on recreation and how it can contribute to recreation. With this questionnaire I want to investigate the current situation and which landscape characteristics are important to recreationists.
Goal:
The purpose of the questionnaire is to find out which landscape elements or spatial features recreationists
consider important. In other words: what makes the landscape attractive for recreation, from a spatial point
of view? The answer to this question forms the basis for determining which landscape characteristics are important to be preserved or possibly enhanced.
Study area:
The map below (figure 1) shows the study area.

Questions:
1. Is this your first time visiting this area?
Yes

No

2. How often do you visit the study area?
(First visit)

Once a year

Several times

monthly

weekly

daily

Winter

All seasons

Don’t know

3. In what seasons do you visit the study area?
Multiple answers possible
Spring

Summer

Autumn

4. What form or forms of recreation do you undertake in or around the study area?
Multiple answers possible
Hiking

Cycling

Swimming

Kite surfing

Sunning

Otherwise, namely:
5. Which areas of the study area do you visit? (show map)
Multiple answers possible
Quiet beach

Bathing beach

Nudist beach

Green point

Oostvoorne
beach

Voornes dune

6. Could you describe in keywords or short terms which features, elements or properties do you find
attractive or important in the landscape? In other words, what would you like to keep about the landscape?

Figure 1: Study area; the coast of Westvoorne including sub-areas (1. quiet beach, 2. bathing beach, 3. nudist
beach, 4. green point, 5. Oostvoorne beach, 6. Voornes dune).
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7. And if you were in charge, what would you change or improve?

#4 Immerse yourself in the plant and animal world:
Love for nature is the keyword.
The love for nature is expressed in wanting to know everything about
birds, mammals, other fauna or flora. If there are any species that are
not recognized, look them up in a manual. You actually want to be able
to stroll through nature. You prefer to do this alone or with someone
who also has the same interest and love for nature.
#5 Challenge:
The physical challenge is accepted.
Staying healthy through sporting activities such as mountain biking, hiking,
Nordic walking, running or any other form of exercise; as long as it is strenuous, challenging and healthy. A green environment is a beautiful backdrop, but the experience focuses mainly on the challenge.
8. The question now is to what extent do the motives apply to you when you visit the study area?
Indicate a percentage (%) for each motif, the sum of this must be 100%.
# 1 Cozy together

%

# 2 Just recharge the battery

8. Everyone has a different motive for recreation and that's what the
following five descriptions are about. (after: Goossen and De Boer,
2008)
#1 Cosiness:
Go out together with friends or family.
Sit in the sun, "grab a terrace" or relax. Recreational activities are organized for you and are above all fun and fun to do. The activities do
not take too long and are not
too strenuous. Having fun
together and socializing are important.
#2 To get away:
Just charge the battery.
Enjoy, relax and get away from your daily environment. Stress disappears by being outside and not thinking about anything anymore. A
visit to a green environment is an escape from everyday life and a green environment is the perfect backdrop
to unwind.
#3 Interest in areas:
A nice break and also learn something.
Learn interesting things about nature and culture and see it too. Information boards with descriptions and interesting stories and facts give
substance to your interest. An excursion with someone who can tell a lot
about the area gives an extra dimension to the visit.

54

%

# 3 Take a break and learn something too
# 4 Immerse yourself in the plant and animal world

%
%

# 5 The physical challenge is taken on

%
--------------------------------------------------------- +
100%

9. Are you from
the area?

Yes, namely:

No, namely:

(10. Group size:

11.

man

12. Age category:

0 – 20

/
20 – 40

woman
40 – 60

60 – 80

80 – 100

Closing: We have now come to the end of the questionnaire. Do you have anything else to add? Or do
you have any questions?

Appendix C
Multicriteria analysis
The multicriteria analysis took place in one-on-one sessions with the concerning expert(s). After explaining
the research, design criteria and design principles the criteria were reviewed. I discussed with the experts
why they gave a certain score and there was also room to ask them further questions. This appendix shows
the completed tables of the multicriteria analysis. The main points that are relevant for the thesis and for
improving the design are discussed in chapter 6 paragraph 2.

		
Multicriteria analysis flood protection perspective
		
Carried out by: Huub Lavooij MSc (Coastal and Port Engineering)
		
and drs. Leen Berke, initiators of a large coastal protection project; Delta 21
		Date: 31/05/2021

		
Multicriteria analysis landscape architecture perspective
		
Carried out by: Laszlo van der Wal MSc, PhD candidate,
		
working in the field of landscape architecture at Wageningen University
		Date: 01/06/2021

		
Multicriteria analysis nature-based solutions perspective
		
Carried out by: dr. ir. Jantsje Van Loon-Steensma,
		
working in the field of nature-based solutions at Wageningen University
		Date: 31/05/2021

		
Multicriteria analysis recreation perspective
		
Carried out by: drs. Martin Goossen, involved in the recreation research
		
of the Sand Engine Delfland,
		
working in the field of recreation at Wageningen University
		Date: 02/06/2021
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