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ABSTRACT

The Dutch Delta is home to unique nature: The Delta
Nature. The current biodiversity of the IJsselmeer-lake
bottom has been described as a desert. The biodiversity
crisis has been compared to be in the same degree as
the climate crisis. Therefore, it requires urgent action
in the IJsselmeer area. This thesis aims to improve the
estuarine gradient in the Wieringerhoek and, by doing
so, improve biodiversity, and water quality and create a
resilient transition between fresh and salt ecotopes.
To reach the determined objective, the building with
nature approach was integrated into the GeoDesign
framework. In this research, three design models
were made and presented to experts familiar with the
topics and study area. Landscape design principles
of freshwater and saltwater marshes and the stage
in between were determined and integrated into the
specified case study area: the Wieringerhoek. This led
to a final design together with a set of design principles
and rules for implementing the design principles in the
IJsselmeer. These design principles were informed by
expert judgment and the various design iterations. The
final design does offer the conditions to maintain the
freshwater and saltwater ecotopes. These ecotopes
themselves have a positive impact on both biodiversity
and water quality. Although to significantly impact the
water quality, more similar projects need to be created
in the whole IJsselmeer area. The design forms a solution
to higher fluctuating salinity concentrations due to
climate change.
The toolbox of design principles is suitable for other
locations in the IJsselmeer and other river mounds
with similar conditions. However, when designing in
the IJsselmeer area, the transition between fresh- and
saltwater must be created carefully and highly managed
so the freshwater reservoir function of the IJsselmeer
can be maintained. The restrictions posed by the water
safety regulations make it impossible to create a literal
estuarine gradient. The estuarine gradient is in this sense
only a salinity gradient with corresponding ecotopes of
an estuary. The design interventions presented in this
will create a more biodiverse IJsselmeer with improved
water quality. Ecotopes similar to an estuary will
develop there but not create an estuarine gradient in the
traditional sense but a controlled estuarine gradient.
Key-words: landscape design, IJsselmeer, biodiversity,
water quality, estuarine gradient, freshwater marsh,
saltwater marsh, building-with-nature, GeoDesign
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CHAPTER 1
Introduction

1.1. Introduction
The Dutch Delta is home to unique nature: The Delta
Nature. This area stretches from the North Sea, the
Wadden Sea and the IJsselmeer to the Southwest Delta
and the major rivers. Since the Middle Ages, we have
diked and reclaimed our Low Countries against flooding
from the rivers and the sea, culminating in the major
projects of the twentieth century: the Zuiderzee Works
and the Delta Works. They have made the Netherlands
safe and prosperous. However, they came with a large
ecological downside: natural flows of water, sand, silt
and nutrients have been altered and sometimes even
blocked by dams (van Leijenhorst, 2018).
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“The necessity of addaptive policy for
the IJsselmeer.”

Figure 1: News snippet (KNW, 2021)
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“The Biodiversity Crisis
is as big as the Climate
Crisis”
Migration routes of plants and
animals also came to an halt
(van Leijenhorst, 2018). The fish
biomass decreased, as did the
nutritional value of mussels. As a
result, fish and macrofauna-eating
birds decreased, while herbivores
increased (Noordhuis et al., 2014)
As a result of these water projects,
in many places the abiotic and
biotic variation in the large bodies
of water has been lost and many
species lack suitable habitats (van
Leijenhorst, 2018).

Figure 2: News snippet (Rli, 2022)

In the recent decades the biggest
change in the IJsselmeer area in
the most has been the decline in
eutrophication, which decreased
since the 1980s (Deltacommissie,
2021). This decrease has been
accompanied by changes in the
food web, for example in the species
composition of the phytoplankton
and the amount aquatic plants
(Noordhuis et al., 2019). The current
biodiversity of the lake bottom has
been described as a desert (Zijden,
Mandemakers and Wildenburg,

2019). The biodiversity crisis
has been compared to be in the
same degree as the climate crisis
(Raad voor leefomgeving en
infrastructuur, 2022). This is why it
requires urgent action, also in the
IJsselmeer area.

“More
room
and
dynamics, more ebb
and flow, fresh and salt
water transitions are
necessary for a healthy
delta nture”

Figure 3 (right): News snippet (Staatsbosbeheer, 2022)
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1.2. The Wieringerhoek
With the closure of the Afsluitdijk in 1932, the former
Zuiderzee (= Southern Sea) estuary was transformed into
the freshwater Lake IJsselmeer. The Afsluitdijk became a
hard border between the IJsselmeer (fresh water) and
the Waddenzee (salt water). This change in ecosystem
provided safety, drinking water resources and also
created agricultural land, with an accommodating
decline in supply of nutrients (de Leeuw et al., 2021). The
estuarine gradient became an abrupt transition, which
consequently lead to a loss of the characteristic habitats
and their corresponding plant- and animal species (de
Boer and Wolff, 1996).
At the key point of this transition zone is the
Wieringerhoek (figure 5), which forms the area of interest
of this study. In the Wieringerhoek there are many
opportunities for improving the estuarine landscape
for fishes and birds. There are multiple opportunities to
connect surrounding landscapes such as the Waddenzee
and natural landscapes in the Wieringermeerpolder with
the Wieringerhoek. Another important function of the
Wieringerhoek is recreation. The IJsselmeer is used for
various forms of water recreation, including boating,
sailing and kiting. In the Wieringerhoek there are ports
for recreational boating in Den Oever, Medemblik and
Enkhuizen (Mandemakers, van der Winden and Klinge,
2019).

“Recovery of Nature
in the Delta helps the
Netherlands protect to
rising sea levels
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Figure 4 (right): News snippet
(DUIKEN, 2022)

Next to the lack of a fresh-salt water gradient there is
only one habitat type that dominates the Wieringerhoek:
deep open water. Damming and fixing the water table
prevented the development of emergent vegetation
and caused steep water-land gradients (Lammens et al.,
2008), lacking of any soft transition, which gives a low
habitat diversity in the area, which is concerning for both
fish and birds. The lack of a natural litoral zone results in
a lack of breeding space for birds and little variation in
food. (Mandemakers, van der Winden and Klinge, 2019).
The Ministry of Infrastructure and Water proposed
a goal for the IJsselmeer for 2050 (Ministerie van
Infrastructuur en Waterstaat, 2018): “to make the area so
resilient that the ecosystem is can withstand the effects
of climate change and sustainable usage resiliently.”
The Wieringerhoek project contributes to the agenda
2050. Two complementary goals were stated at the
starting point of the project (van Leijenhorst, 2019).
First to strengthen the delta character of the IJsselmeerWaddenzee connection by creating natural transitions.
The secondary goal is to contribute to the protection of
freshwater supplies in the IJsselmeer, by creating a more
resilient system that can deal with salinity fluctuations.

1.3. Objective
This landscape design research aims to improve the
estuarine gradient in the Wieringerhoek and, by doing so,
improve biodiversity and water quality. This will be done
with softer transitions between ecotopes, that form
new habitats of themselves (ecotones). This results in an
ecological transition between the freshwater ecotopes
of the IJsselmeer and the saltwater ecotopes of the
Waddenzee. The objective of this thesis will be:

“To improve the estuarine
gradient in theWieringerhoek and,
by doing so, improve biodiversity,
water quality and create a resilient
transition between freshwater
and saltwater ecotopes.”
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1.4. Knowledge gap

1.5. Research Questions

The knowledge gap addressed in this thesis is the
playing field of fresh- and saltwater. Studies and projects
are done on the freshwater marshes in the Markermeer
(adjacent to the IJsselmeer) area Marker Wadden
project (De Rijk & Dulfer, 2020; IJff et al., 2021). In the
Netherlands saltwater marsh projects were also realised
by EcoShape in the Proefkwelder Marconi (Leuven et al.,
2021). Other salt marshes were realised on a larger scale
in Grevelingen (Terlouw & Lammerts, 2021). This thesis
addresses both of these ecotopes and the in-between
stage, which is the focus of this research (figure 6).

Landscape interventions will be researched through
the building-with-nature approach (EcoShape and
One Architecture, 2020). The balance between fresh
and salt water also rises an opportunity for the unique
habitats that are currently basically non-existent in
the Wieringerhoek (Mandemakers, van der Winden and
Klinge, 2019). To reach the determined objective, the
building with nature approach will be integrated in the
GeoDesign framework by Karl Steinitz will be used
for its integration of expert involvement and iterative
design process. The Steinitz framework is based on six
questions and six corresponding models (Steinitz, 2012):
1. How should the study area be described in
content, space, and time? (representative
models)

Saltwater marsh
landscape design
in the Netherlands

Estuarine landscape
design in the
Netherlands

2. How does the study area operate? (process
models)
3. Is the current study area working well?
(evaluation models)
4. How might the study area be altered? (change
models)
5. What differences might the changes cause?
(impact models)

Freshwater marsh
landscape design
in the Netherlands

Figure 6: The knowledge gap
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Figure 7: Driving along the Wieringermeerdijk

6. How should the study area be changed? (decision
models)
When the questions are rephrased for the Wieringerhoek,
they give an overview of the research of this thesis.

1. How should the Wieringerhoek be described?
2. How does the Wieringerhoek operate?
3. Is the current Wieringerhoek working well?
4. How might the Wieringerhoek be altered?
5. What differences might the changes cause?
6. How should the Wieringerhoek be changed?
Allthough the six questions are a viable way of undertaking
the research, the first three questions form part of the
traditional landscape analysis of Wageningen University.
The last question is used to come to the final design, and
will be further informed by an external supervisor from
Witteveen+Bos and relevant stakeholders that have
expert knowledge on the Wieringerhoek. The fourth and
fifth questions are used as specific research questions to
answer the following design question.
Main Research/Design Question:

How can landscape design interventions improve
the estuarine gradient in the Wieringerhoek and,
by doing so, improve biodiversity?
Specific Research Question 1:

What landscape interventions can improve an
estuarine gradient?
Specific Research Question 2:

What differences might the changes cause to
the Wieringerhoek?

Figure 8: The way towards Den Oever
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CHAPTER 2

Methodological
and Theoretical
Framework

2.1. Introduction
The first three questions from Steinitz framework will
be answered in the traditional landscape analysis and
form a part of the design process. The first question
will be answered by creating representation models
that will form the inventory of the current landscape.
These representation models will be used to analyse
how the landscape functions to get to process models.
These processes will be evaluated based on the stated
problems (lack of biodiversity and recreation) in
evaluation models.

2

Specific Research Question 1: How might the
Wieringerhoek be altered?
The first research question will be answered by research
on the various ecotopes that are possible or already
exist in the IJsselmeer. Various landscape interventions
will be explored with the change models. These change
models will be a set of design guidelines for to inform
the second research question:
Specific Research Question 2: What differences might
the changes cause?
The impact models will consist of various design models
based on the proposed design guidelines of SPRQ1.
Their impact will be modelled and assessed by an expert
judgement.
Decision models will be the basis of the answer to the
main research question “How can landscape design
interventions improve the estuarine gradient in the
Wieringerhoek and, by doing so, improve biodiversity?”
These can be adjusted and go through the six steps (or
some of the steps) again, or when a suitable model is
selected it can be further developed in the final design.
This will naturally flow in the final design.
The final design will be a more detailed version of
the chosen decision model, with more emphasis on
routing and potential landmarks. This will be created
as a masterplan with corresponding cross sections and
visualisations.
As discussed in Research Methods for Landscape
Architecture Chapter 4 (Lenzholzer, Duchhart and Brink,
2016), Geodesign is not very intuitive. However, it does
offer ways to analyse the landscape and use the analysis
again when using modelling again during the design
phase. Due to the scope of this thesis, simpler models
are used to predict landscape change and ecosystem
services.

2.2. Building-with-Nature
The Delta Committee presented an integral strategy for
the long-term protection of the Dutch Rhine/Meuse delta
and North Sea coast. Recommendations were made for
the development of the coast and the Dutch hinterland:
the delta program was born (Deltacommissie, 2010).
The committee incorporated the two cornerstones of
flood protection: ‘building with nature’ and ‘room for the
river’. The ‘building with nature’ approach moves away
from engineered coastal protection structures such
as levees and surge barriers, relying instead on beach
nourishment and growth (Kabat et al., 2009).
‘Building with Nature’ is an approach that focuses on
resilience and ecosystem services (Kamphuis, 2006;
Kabat et al., 2009; Aarninkhof, S G J, Dalfsen and Rijks,
2010; Waterman, 2010). EcoShape develops and shares
knowledge about Building with Nature: a new approach
to hydraulic engineering that harnesses the forces of
nature to benefit environment, economy, and society.
Many lessons learned from these projects have been
collected by EcoShape after various projects were
completed. These lessons were transferred in the five
Building with Nature Design Guidelines, of which the
first four will be used in this design research (De Vriend
and Van Koningsveld, 2012):
Step 1: Understand the system (including ecosystem
services, values and interests).

if future sea-level rise is on the higher side of the
predictions, the initial investment becomes more costeffective as less maintenance is necessary and a more
robust system will develop which is in equilibrium with
the dynamics (Wiersma et al., 2014). Nature-Based
Solutions offer potential to increase saltwater marshes
in coastal wetland areas. Nature-based coastal defense
is supporting nature and its biodiversity, and can secure
ecosystem services for human wellbeing (Baptist et al.,
2021). Construction of salt marshes and the stimulation
of salt marsh growth makes a positive contribution to
the landscape value, recreational opportunities, coastal
defenses and natural values. In addition, net CO2 and
nitrogen are captured in salt marshes (Leuven et al.,
2021).
Building-with-Nature based wetland design and
construction can contribute to sustainable water
management, improve local ecosystems, and provide
greater resilience for river deltas in storms and floods
(Xiong and Visser, 2018). The strategy does not only
create basic water safety: the integrated approach
also includes provisions for freshwater supplies, the
preservation of natural and recreational areas, and
sustainable energy (Kabat et al., 2009). However it
must be noted that many costs and benefits of the
Building-with-Nature approach remain elusive, which
is true for both large-scale effects for which elaborate
hydrodynamical modelling studies are necessary as
small-scale effects of measures (Noordhuis et al., 2019).

Step 2: Identify realistic alternatives that use and/or
provide ecosystem services.
Step 3: Evaluate the qualities of each alternative and
preselect an integral solution.
Step 4: Fine-tune the selected solution (practical
restrictions and the governance context).
Step 5: Prepare the solution for implementation in the
next project phase.
The realisation of freshwater marshes with the building
with nature approach is shown in the Marker Wadden
project. The wetland was constructed with sediment
from the IJsselmeer. Sediment is dredged from the bed,
and the resulting slurries are pumped into the project
area (IJff et al., 2021). Its large-scale development of
new nature has been praised. Where in large parts of
the world the emphasis is mainly on protecting nature,
Marker Wadden shows building new nature is also a
viable possibility (Xiong and Visser, 2018).
Saltwater marsh creation in the Netherlands has also
been explored with the building-with-nature approach
in the Netherlands (the Southern Delta in Zeeland).
This approach has proved to restore the quality of the
habitats and their closest surroundings to some extent.
It influenced the availability of food and the time birds
spend in these areas foraging for food (Granda, 2018).
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2.3. GeoDesign
The constant impact of water makes designing in this
area challenging. This thesis will incorporate GeoDesign
(Flaxman, 2010): "GeoDesign is a design and planning
method which tightly couples the creation of a design
proposal with impact simulations informed by geographic
context." Geodesign as an idea has the potential to
enable more effective and symbiotic collaboration
between the geographically oriented sciences and the
multiple design professions, such as landscape design
research.
In his recent book a Framework for Geodesign (Steinitz,
2012), gives designing in research and in inter- and
trans-disciplinary interactions a much more prominent
role. The book presents the most recent and expanded
iteration of the Geodesign framework. Although the
framework itself was already presented in 1990 (Steinitz,
1990). The framework proposes six questions (figure
9) that must be addressed at least three times , first in
forward order, then in backward order, and then one last
time downward (Steinitz, 2012).
These six questions are specified for the study area, each
question is associated with a modelling step, which will
form the basis of this research (see figure 9 for the full

GeoDesign (Steinitz, 2012)

flowchart of this design). The first three questions form
the landscape analysis of the research, the fourth and
fifth questions are specifically mentioned as research
questions in this thesis. The final question is used to
inform the decision to make a final design.
Landscape Analysis
Representation models, the data upon which the study
relies. This will be presented similarly to the triplex
model (Kerkstra et al., 1976). The first layer will be the
hydromorphological model of the Wieringerhoek,
the second layer will be the ecological model of the
Wieringerhoek and the third layer the occupation of the
Wieringerhoek.
Process models, look at how the layers of the
representation models interact. Processes that drive the
development of the study area are described.
Evaluation models, show the functioning of the study
area with respect to the problems proposed in the main
research question (salination, lack of biodiversity and
pressure of the recreation) a multicriteria Analysis (MCE)
is a powerful tool (Pietsch, 2012), that will be used to
assess the functioning of the study area. This will inform
the landscape design of the problem on a specific site.

How should the Wieringerhoek
be described?

How does the Wieringerhoek
operate?

Is the current Weiringerhoek
working well?

REPRESENTATION MODELS

PROCESS MODELS

EVALUATION MODELS

Adjusted three layer approach (Kerkstra, 1976)
Thinking/Understanding

BwN (deVries, 2021)

CURRENT LANDSCAPE
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Figure 9: The methodological framework

MCE

LANDSCAPE ANALYSIS

literature

literature

GIS Analysis

layer approach

multi-criteria
analysis

Landscape Design
Change models (SPRQ1), change models are tools to
change the landscape or how to improve or diversify
ecotopes. These models will be based on literature
research on the ecotopes in the IJsselmeer, but also
on ecotopes that are not yet realised in the IJsselmeer.
This will lead to a set of landscape design principles and
guidelines for the development of estuarine ecotopes.
Impact models (SPQR2), these are directly related to
the process models, and can be considered the process
models of the future. Landscape design guidelines from
the change models will be explored through sketching
various conceptual designs. These will be assessed and if
necessary, also adjust the change models. These models
will be assessed during an expert judgement.
Decision models (DQ/MRQ), this will form the answer
to the design question of this research. The design will
be adjusted with the input from the change and impact
models.

2.4. Expert Judgement
Experts are indispensable in modern organizations. They fill
gaps in data and in the understanding of existing or missing
data. They introduce, apply, and teach techniques and
methods, some of which staff of the experts’ principals - and
ultimately others will continue to employ and disseminate.
Technical experts reduce uncertainty by working out
consensus opinions and probability ranges. Policy experts
unravel the preferences and capacities of stakeholders; by
doing so they dampen excessive certainty and may increase
uncertainty in strategic ways that decision-makers and
analysts find productive. When experts give their opinions in a
context of decision-making, these become expert judgments.
Expert judgement plays an important role in forecasting and
elsewhere, as it can be used to quantify models when no data
are available and to improve predictions from models when
combined with data. In order to provide defensible estimates
of unknowns in an analysis, the judgements of multiple
experts can be elicited (Wilson, 2017). For this research four
experts were selected with a variety of expertise
•
•
•
•

How might the Wieringerhoek
be altered?

CHANGE MODELS

What differnces might these
changes cause?

IMPACT MODELS

Perry Cornelisen – Ecologist at Staatsbosbeheer
Marinus Bokhorst – Water specialist from Rijkswaterstaat
involved in the Wieringerhoek Project
Tom Wilms – Senior Nature-based Solutions in Integrated
Coastal Zone Management at Witteveen+Bos
Stijn Tijhuis – Landscape Architect at Witteveen+Bos

How should the
Wierengerhoek be changed?

DECISION MODELS

Expert Judgement / Stakeholder meeting
Identify

Evaluate

SPQR1

SPQR2

literature

designing

designing

modeling

Finetuning

FINAL DESIGN

CONCLUSION

DESIGN QUESTION

DISCUSSION

designing
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2.5. The Estuarine Gradient
An estuary is the transition area between the river(s)
and the sea, the main characteristics of which are the
influence of the tide and a gradient from freshwater
to saltwater (de Leeuw and Backx, 2001). It consists
of three zones (figure 10): a freshwater tidal area (1), a
central area where fresh river water and salt seawater
mix (2), and a coastal zone (3) (Day et al., 1988). In the
former Zuiderzee there was a gradual fresh-salt gradient
from riverine waters from the Rhine in the south (mouth
of the Rhine) to the Marine northern waters (The current
Waddenzee) (Mandemakers, van der Winden and Klinge,
2019).
The necessity and duration of acclimation between fresh
and salt habitats are unknown for many fish species.
However, since small fish or fish larvae have a relatively
large skin surface compared to their contents, it seems
plausible that a more gradual adaptation to salt-sweet
gradients for the small fish species and young life stages
is most likely (Winter, Griffioen and van Keeken, 2014).
Salinity forms an essential determinant of species variety
and species richness in estuaries and coastal areas (de
Leeuw and Backx, 2001). Generally speaking, the salt
water zone itself has a lower biodiversity (Whitfield et
al., 2011), this is because only specialised species can
survive in this highly dynamic environment (Tangelder,
Winter and Ysebaert, 2017). In estuarine environments,
this effect is further strengthened by the higher dynamic
of changing water levels and salinity, which makes the
saltwater zone less biodiverse, then when there is a fresh
salt water system present (Attrill, 2002). Traditionally,
the various estuary habitats are defined based on salinity
through the Venice System (figure 11); the classification
shows 5 zones. However a more modern classification
by Bulgers (figure 11) suggests by overlapping zones
that factors other than salinity, such as substrate and
turbidity, play a role in the distribution of species in an
estuary (Bulger et al., 1993).

Limit of
tidal inﬂuence
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Figure 10: A natural estuarine gradient
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2.6. Estuarine Ecotopes
Ecotopes are a classification system based on the smallest
ecologically distinct landscape units with relatively
homogeneous, spatially explicit abiotic landscape
characteristics. Ecotopes have distinct characteristics
and can therefore be considered representative of other
functions and for the delivery of particular Ecosystem
services (Ingegnoli, 2002). For environmental research,
policy and conservation purposes, it is helpful to classify
ecosystems or geographic areas into distinct spatial units
based on geographical and ecological criteria (Frissell et
al., 1986; Dankers et al., 2012).
The ecotopes between the marine saltwater and
riverine freshwater habitats form a unique habitat due
to the estuary’s characteristics that form an unique
combination of physical, chemical and biological
features. They are distinguished by exceptionally high
productivity (Alimov, 2007). These ecotopes function
as natural evolutionary and biogeographic barriers
(Khlebovich, 1974, 1990).
The functions of natural estuaries with various salinity
zones are as the follows:
1. Estuaries serve as both pollution sources for the open
sea and marginal filters for the polluted runoff from
the river drainage basin (Lisitzin, 1999; Schiewer,
2002);
2. Ecologically diverse ecosystem, world’s most
productive natural habitats;
3. Estuarine habitats protect streams, river channels,
and coastal shores from excessive erosion caused by
wind, water, and ice.
The intensity of the functions of estuarine ecosystems
mentioned above is greatly defined by the estuarine
salinity gradient (Telesh and Khlebovich, 2010).

Ecotope
Fresh shallow waters
Fresh water depth/
channel
Fresh helophyte marsh
Pioneer birds from
open sandy islands
Brackish waters
and shallow areas
Brackish helophyte
marsh

Because this thesis aims to restore the estuarine
gradient between the IJsselmeer and the Waddenzee,
both freshwater and saltwater ecotopes must be
considered. In the “Verkenning Wieringerhoek Basisstudie
systeemfunctioneren” six ecotopes have been appointed
as particular of interest to create in the Wieringerhoek,
for their attractiveness to certain bird species
(Mandemakers, van der Winden and Klinge, 2019), these
can be seen in table 1. Coastal habitats such as tidal areas
and salt marshes are ranked among the most important
habitats in the Netherlands regarding ecosystem
services (Temmerman et al., 2013).
Although this thesis aims to improve the estuarine
gradient of the IJsselmeer, the focus area is the
Wieringerhoek and freshwater ecotopes and transitional
ecotopes will form the focus of this research. The
Waddenzee, as the main salt water ecotope will have
minimal or no design interventions. For the research the
zes.1 system for the salty waters (Bouma et al., 2005)
and the rws system for the freshwater ecotopes (van
der Meulen, 1997) will be used to identify the ecotopes
and their characteristics. The current ecotope presence
is shown in table 1.
In most of the Wadden Sea ports, the release of
freshwater runoff from the hinterland within the ports
contributes significantly to the maintenance dredging
requirements by strengthening sediment import from
the sea. The concept of creating estuarine gradients was
developed to resolve this issue. It consists of creating
bypasses around a port, creating more gradual salinity
transitions and accompanying natural variations, whilst
at the same time improving fish passage possibilities.
These solutions form a win-win situation by reducing
maintenance dredging and improving the natural quality
(Dankers et al., 2012).

Example species

Presence Wieringerhoek

grebe, common tern, little tern, avocet, spoonbill,
giant tern, osprey, black-tailed godwit

Barely present

Greater Scaup, black tern, common tern, merganser,
nun
bittern, mustache, spoonbill, black-headed gull
sand plover, common tern, little tern, avocet

Present

grebe, common tern, little tern, avocet, spoonbill,
black tern, Greater Scaup, split merganser, osprey,
nun, bar-tailed godwit
bittern, spoonbill, shelduck, graylag goose, blackwinged stilt

Not present

Not present
Barely present

Not present

Table 1: Ecotope pressence in the Wieringerhoek
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2.7. Estuarine Biodiversity
Being transitional areas, estuaries are rich in gradients of
processes and environmental factors:
1. Between the hydromorphological dynamics of
the river and the sea;
2. between fresh riverine fresh water and marine
saltwater;
3. between river sediment and marine sediment.
A consequence of the Afsluitdijk (dam) is that it blocks
the fish migration route from the river to the sea
and vice versa. Furthermore, the regulated constant
water level and steep dikes and dams prevent the
development of littoral vegetation, as flood plains are
absent (Lammens et al., 2008). With the restoration of
fresh-salt transitions biodiversity will be increased, and
the number of characteristic flora and fauna species and
biotic communities will increase (Raad voor de Wadden,
2008). These biodiversity improvements are to create
the ecotopes in table 1, attract the related bird species,
and accommodate fish migration from the Waddenzee
and IJsselmeer.
Although the brackish and semi-brackish habitats
themselves do not offer the highest biodiversity,
they offer space for more rare species. The increased
biodiversity in a natural estuary comes from the sum of
the environments and the transition zones (de Leeuw
and Backx, 2001). High biodiversity means higher
genetic variation, a necessary condition for evolutionary
adaptation to a changing environment and survivability
(Begon, Howarth and Townsend, 2014). For migrating
fishes between the two systems the salinity gradient is
helpful for fish to orient themselves towards the sweet
water (Jager, 1998).
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Figure 12: 5 - 10% of IJsselmeer as a freshmarsh

Species richness is the simplest way to describe
community and regional diversity (Magurran, 1988),
which makes it a natural measure of biodiversity
(May, 1988). Boundaries of ecotopes, characterized
at the spatial scale of hectares (Forman, 1995), often
correspond to species distributions (Reed, O’Connell,
Michael and Murphy, 1997), different types of ecotopes
would differ significantly from each other in their species
composition and thus have a higher species richness.
The landscape cohesion and variation of the ecotopes
are an essential aspect of the structure and function of
Estuarine Habitat, according to the ministry of Agriculture
Nature and Food Quality (Netherlands). The quality of the
habitat type is determined by this ecotope diversity and
the associated biodiversity. Many species spend part of
their life cycle in different areas within the habitat type.
(Ministerie van Landbouw Natuur en Voedselkwaliteit,
2016). This makes number of hectares of different
ecotopes an indicator to estimate biodiversity.
The sizes of the marshes are based on its impact on water
quality. For this the research reports by Asjes (2000)
and Pohnke et al. (2018) were used as a starting point
for the saltwater and freshwater marshes respectively.
A brackish zone can make a significant contribution to
the recovery of natural processes that are characteristic
of the fresh-salt transition in an estuary, which is
based on a large area, of up to 5% (figures 12 an 13 for
more subdivisions) of the IJsselmeer (Asjes, 2000). To
have an effect on the water system level, the surface
with freshwater helophyte swamp should amount to
approximately 5 to 10% (figure 14; and figure 15 for
more subdivisions) of the total lake surface (Pohnke et
al., 2018).

Figure 13: Multiple spots in IJsselmeer as a freshmarsh

2.8. Safety Regulations
The importance of the IJsselmeer for the freshwater supply
for agriculture and nature of a large part of West, North and
East Netherlands makes salination of the area a sensitive topic
(HydroLogic, 2021). In addition to the freshwater function,
the lake has a drinking water function. Because of the safety
consideration of the freshwater demands, the IJsselmeer will
not return to its original brackish status (Lammens et al., 2008).
The salinity concentration is defined as an indicator of the
Kaderrichtlijn Water (Water Framework Directive) and should
not exceed given norms (Twynstra Gudde and HydroLogic,
2019).
Salination is expected to increase by 2050 in the climate
scenarios (especially the W+ scenario), due to rising drought
problems (Bonte, 2009). Drought makes it easier for the salt
water to seep in the IJsselmeer through the spuisluizen (=
sea locks). This thesis seeks ways to incorporate the natural
Estuarine gradient to get a more resilient system, while also
keeping the IJsselmeer’s freshwater reserve mainly intact. So
designing in the area must be done in a smart way that makes
sure the mixing of fresh and salt water does not become
problematic for the drinking water and can be managed and
regulated.

Figure 14: 5% of IJsselmeer as a saltmarsh

Hydromorphological alterations (the Afsluitdijk and
Wieringermeerdijk for example) done to create a safe
freshwater reserve of the IJsselmeer may be mitigated by
various measures. For example these measures are fish
passages, adapting shorelines, wind-sheltered areas and
water level fluctuation (Lammens et al., 2008). Currently the
five main interventions to regulate water safety and quality in
the IJsselmeer are (Lammens et al., 2008):
1.

The Afsluitdijk resulted in the change from estuary to
freshwater lake;

2.

The Wieringermeerdike forms a too steep gradient
from land to water;

3.

The Houtribdike the closure of the Houtribdijk (Fig. 1)
prevented the distribution of the silt to IJsselmeer and
changed the pattern of distribution in Markermeer as
well;

4.

Fixed Water level, seasonal water level fluctuation
may be beneficial for the littoral vegetation. However,
in the IJsselmeer area, natural water level fluctuation
conflicts with safety and fresh water needs;

These measurements and regulations will be respectfully
integrated in the design, and if possible be adjusted to suit the
aim of this thesis.

Figure 15: Twice 2.5% of IJsselmeer as a saltmarsh
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Landsape
ANALYSIS

CHAPTER 3

Representation
Models

3.1. Introduction
The Landscape Analysis has two aims in this study. First,
put the study area in its relevant context. This context is
the IJsselmeer. This because the whole lake influences the
Wieringerhoek on various levels. It explains where certain
landscape interventions are possible and not possible. The
context of the study area provides reasons for the location
of the potential of interventions. Secondly it provides the
necessary foundation for the Landscape Design.
The first step, according to the Steinitz model, is the creation of
representation models (Steinitz, 2012), these models form the
data upon which the study relies. This is followed up by process
models, they look at how the layers of the representation
models interact. Processes that drive the development of the
study area are described. Finally, the evaluation models, show
the functioning of the study area with respect to the problems
proposed in the main research question, that will be used to
assess the functioning of the study area. This will inform the
landscape design of the problem on a specific site.

3

3.2. Zuiderzee Origins
The origin of the IJsselmeer started in the Holocene (<
13 000 years ago, figure 16), which took place just after
the last ice age. Landscape development is determined
by a warmer climate and rising sea levels because of the
melting of the land ice. In the Early Holocene, most of
the IJsselmeer area was part of the deserted Pleistocene
valley of the Rhine and Meuse. Sediment supply from
the hinterland was lacking and the freshwater discharge
was limited to the discharge of excess precipitation.
In the low parts of this otherwise wooded cover sand
landscape due to the lack of drainage with a continuous
sea-level rise, peat swamps emerged.

13 000 years ago

(2) During the Atlanticum (around 7000 years ago, figure
17), the sea gradually intruded the estuary of IJssel and
the (Overijsselse) Vecht and formed an important part
of the current coastal plain. An inner delta formed in
the current province of North Holland. East of this the
now salty to brackish lagoon peat was covered with
clayey deposits. With the rise of the sea level, the lagoon
moved gradually eastwards, which drowned the present
forests.
Due to further sludge covering in the coastal area and
the formation of beach walls during the Early Subboreal
(5660 to 2400 years ago), the area behind it gradually
became isolated from the sea. It changed in an extensive
peat bog. Initially, the Overijsselse Vecht and the IJssel
(at this stage not connected to the Rhine) transverse
through this peat swamp and independently of each
other their water to the west through one of the last
tidal inlets, the estuary of Bergen.

Figure 16: Pleistocene Rhine Delta

7 000 years ago

Figure 17: The Rhine Delta in the Atlanticum
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2 500 years ago

The last series of intrusions from the sea into the
IJsselmeer took place during the Middle Subboreal
(figure 18). Because of the drainage problems, the
freshwater lakes in the peat area became larger and
became connected. Outside of here, the peat growth
went unimpeded whereby a mosaic of low and high
moors arose. These low and high moors were connected
by narrow streams (Pons, 1992). Along the edges of the
area, the peat expanded further.
The mouth of the IJssel has slibbed up gradually. The
IJssel attempted to create a new way out to the sea, by
bending at the height of eastern Flevoland southwards,
where it emptied into a peat lake. This lake is considered
one of the earliest stages of Lake Flevo. This lake enlarged
due to the deteriorating drainage in the mouth area of
the IJssel and it made contact with lakes in the Eem basin
through narrow gullies.
The closure of this estuary marked an important turning
point in the development of the Zuiderzee area. From
the west, the sea had no more influence on the area
behind and water drainage stagnated. Because the
IJssel became connected to the Rhine they discharged
more water (Zagwijn, 1971). The lakes enlarged at the
expense of the surrounding peatland and grew together
as a result. Roman writers called this lake complex, the
Lake Flevo.

Figure 18: The Rhine Delta in the Middle Subboreal

1 200 years ago

In the north Lake Flevo probably had a narrow connection
with the sea through the Vlie. As soon as this connection
became wider, the first marine clays intruded from
the Wadden region via the peatland in the southern
lake area (figure 19). These clays became mixed with
organic residues and became subsequently deposited
in a fresh to brackish environment, the Almere-Lagoon.
The emergence of new tidal channels increased the tidal
influence in the IJsselmeer region (Sha, 1990). The tidal
channels drained the surrounding peatlands, making
these suitable for peat exploitation (Lenselink, 2001).
Peat formation came to an end in the precursor of the
Zuiderzee, the Flevo lagoon, around AD 800 (Ente,
Koning and Koopstra, 1986). In the 8th century, peat
exploitations took place in the peat area between
Wieringen, West-Friesland and Caasterland, just like
in North Holland. This exploitation led to the settling
and oxidation of the peat and thus to ground-level
subsidence. As a result, the peatland got flooding
problems and became vulnerable to sea influences. The
narrow gullies became wider and wider, eroding peat
and Pleistocene sands along the gullies. In the peat area,
large parts of the peat complex were lost due to windwave erosion (Lenselink, 2001).

Figure 19: The Rhine Delta in and the Almere-Lagoon
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In the following centuries the connection between the
sea and Lake Flevo improved (figure 20). The peat area
in the mouth of the IJssel, located between Wieringen,
West Friesland, and Caasterland largely disappeared.
The narrow peat streams of the past turned into tidal
channels. The decreasing organic matter content and
the increasing sandy and/or clayey components in these
deposits reflect the change from a freshwater swamp to
a lagoon, the Almere-lagoon (Ente, 1971; Sha, 1990). In
addition, a new peat exploitation wave between 1000
and 1600 resulted in a further land loss at the site of the
current Wieringermeer. From the year 1200, the brackish
to saline conditions were increasing.

750 years ago

Around 1340 the Sudersee (former Zuiderzee) was first
mentioned. Around 1350 A.D., the dikes around the
Zuiderzee largely had come into being. The North,
West, and Southwest part of the Zuiderzee were already
dominated then by strong marine influences. The
eastern part of the Zuiderzee only became salinized in
16oo, as a result of the strongly reduced discharge of the
IJssel. By the mixing of fresh IJssel-water and seawater,
there was a salt gradient of 2000 mg/l chloride in the
south up to 15,000 mg/l chloride (brackish water) in the
north at the tidal inlets.
Around 1600 A.D. the Zuiderzee got the size known to
us (figure 21). Clearing the peat could increase the tidal
volume in the northern inlet. A huge hunger for sand
arose in the basin area: meters thick peat packages had
been knocked away after all and the inland sea ‘asked’
for sediment supply. This sand hunger led to a further
deepening of the tidal channels between Wieringen
and Friesland. The erosion of the Pleistocene cover
sand created sandbanks next to and at the ends of the
channels. In the Zuiderzee and especially the southern
part, there are clayey deposits with numerous marine
shells.

Figure 20: Lake Flevo

500 years ago

In the Zuiderzee there was a large variation of tides,
topography, and soil. At the tidal inlets, the mean tidal
amplitude was 1.6 m, which decreased sharply in a
southerly direction to a few decimetres in the extreme
south. High water levels occurred during storm surges
in the southern basin heights of 3.2 to 3.3 m -HNAP
(Normal Amsterdams Peil). Brackish transition zones
could be found at the mouths of the rivers and on places
with sweet seepage (Lenselink, 2001).
The inhabitants of islands in the Zuiderzee area have a
long tradition of living and struggling with the sea (Van
Den Biggelaar et al., 2014). Natural drainage induced
by the degradation of the peat swamp initially created
favourable conditions for habitation (van Balen, 2008).
However these conditions decreased in due to salty
inlets from the Waddenzee (van der Heide and Wiggers,
1954; Hogestijn et al., 1994). Several floods from the
Zuiderzee formed ultimately the reason for plans of the
closure of the Zuiderzee (Lenselink, 2001).

Figure 21: The Zuiderzee
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3.3. The change from Zuiderzee to IJsselmeer
(7,8) The Zuiderzee Works was a large-scale project
that would change the topography, the environment,
the associated processes, and the human use in the
IJsselmeer area. In 1891 the plan was developed to
create a dam in the neck of the Zuiderzee over a length
of about 30 km. The closure decreased the risk of
flooding, reduced the length of the coastline, and the
water finally became possible to control. Due to the
construction of the Afsluitdijk in 1932, the Zuiderzee was
turned into the largest freshwater lake in Europe with an
area of 350 000 ha (Lenselink, 2001). This also combated
the previously mentioned degradation of the naturally
drained peatlands (Wiggers, 1955). The construction of
the Houtribdijk between Lelystad and Enkhuizen (1975)
provided further compartmentalization where the
Markermeer (69 293 ha) and the IJsselmeer (112 755 ha)
were created.
Reclamation of these lands made an increase in
agricultural land possible. The following polders were
constructed in the IJsselmeer area: the Noordoostpolder
(1942; 48 000 hectares). Eastern Flevoland (1957; 54 000
ha) and Southern Flevoland (1968; 43 000 ha). In 1918 the
Closure Act made way for the partial reclamation of the
Zuiderzee: the Zuiderzee Works (Lenselink, 2001). After

Figure 22: The Zuiderzee and water flow dynamics
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the construction of the Afsluitdijk in 1932, the tidal basin
area in the Western Dutch Waddenzee decreased from
around 4000 Km2 to 700 Km2, and as it was predicted the
tidal prism increased by 26% (Dastgheib and Roelvink,
2012).
The newly formed IJsselmeer sweetened due to the
supply of water from the IJssel. The environment
changed from brackish to sweet. In just 5 years , the
chloride content decreased from 12 000 mg/l to 200 mg/l.
Algae and zooplankton virtually adapted immediately.
Saltwater fish as Herring and Anchovies disappeared
within two years as a result of the reduced withdrawal
options from the Wadden-Sea and the declining salinity.
Eel, Spierings, and three-spined stickleback managed
to maintain themselves and were even more numerous.
Flounder and Sea trout also remained
in the
sweetening
150 years
ago
IJsselmeer. The sweet IJsselmeer offered options for
water supply for drinking water and agriculture. Next
to this, the IJsselmeer created favourable conditions
for recreation shipping and sand extraction (Lenselink,
2001).
In addition to the decrease in salinity, the tide fell and
was replaced by a more constant level which led to the

diminishing of sediment supply. There was no longer a
supply of clayey sediment to where the Noordoostpolder
and the Flevopolders were constructed. The wind-driven
current and the stirring of the water resulted in low cliffs
or eroded banks. This steepness of the embankments
hinders a gradual land-water transition. This effect is
further enhanced by the fact that the water level is being
held artificially high in summer. The riparian vegetation
has little chance to expand during the growing season
(and can therefore also not retain or capture sediment).
From 1939, seven years after its closure, the fish species
in the Zuiderzee were changed to that of typical sweet,
nutrient-rich open water. Perch, Zander, Bream, Roach
and, Pos dominated the open water. The desalination of
the riparian countries proceeded slower. Although most
areas now are desalinated, along the Frisian IJsselmeer
coast you can still encounter typical salty plant species.

Figure 23: Changed water flows due to the Afsluitdijk
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3.4. The Hydromorphological Layer
The hydromorphology of the study area is largely
defined by human interventions such as the dikes and
the dam: The Afsluitdijk. Closure dams such as The
Afsluitdijk are traditionally used to protect tidal inlets,
rivers and, estuaries from occasional storm surge
events, and/or to provide possibilities to reclaim new
land from the tidal basin area (Dastgheib and Roelvink,
2012). The Afsluitdijk is under the continuous influence
of the sea, so just using sand to create the dike was not
enough. This is why the dike mainly consists of boulder
clays (Thijsse, 1972). The construction of the closure dam
caused an instantaneous change in tidal wave dynamics
which triggers extensive morphological changes on
both sides of the dike (Dastgheib and Roelvink, 2012).
This change in tidal dynamics is shown in figure 22 and
23 based on illustrations in the book ‘Een halve Eeuw
Zuiderzeewerken (Thijsse, 1972).’ This book gives an
overview of the human interventions that led to the
transition from the Zuiderzee to the IJsselmeer.

Water discharge in the direction of the IJsselmeer area
mainly goes via the IJssel, the Overijsselse Vecht, the
Veluwe brooks, and the Eem, but also via the Vecht and the
pumping stations. The water system of the IJsselmeer is
subdivided in 3 parts; the IJsselmeer, the Markermeer and
the Veluwe-Edge-lakes (van Nieuwenhuijze et al., 2011).
A flexible water level management was introduced in
2018 (Rijkswaterstaat, 2018), which can be seen in figure
24. This is important to guarantee the freshwater supply
for agriculture, drinking water, and industry but also to
be able to respond well to climate changes.
The mainland surrounding the IJsselmeer is mainly
divided into polders (Kosian, 2017) and peat reclamation
fields (Bekius and Kooiman, 2016). The polders are areas
of the Zuiderzee that were claimed for agriculture and
the peat reclamation landscape originates from the
reclamation from the 8th century. They are approximately
at the same level as the shallow areas of the IJsselmeer
bottom. The province of Friesland is mainly defined by
the peat exclamation landscape and North Holland by
the polder landscape. However both areas are expected
to further subsidize (Van den Born et al., 2016) with the
peat areas as the most vulnerable part with an expected
subsidence of 8 to 10 millimetres per year. Together with
the rising sea level, this forms a toxic combination that
requires resilient solutions both on land and in the water.

The closure distorted the autonomous behaviour of
the inlet system drastically, large-scale effects in the
hydrodynamics and consequently the morphodynamics
were observed (Elias et al., 2003). The current
hydromorphology is the first layer of this research
and can be seen in figure 25. The change caused by
the creation of the Afsluitdijk may continue to cause
morphological changes. Because of the grandiose of the
interventions, they may continue for centuries before
the whole system reaches a new ‘equilibrium’ state
(Dastgheib and Roelvink, 2012). It can be concluded
that human interventions on hydromorphology are thus
substantial and defining for the area.
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Figure 24: Water levels in the IJsselmeer according to Rijkswaterstaat (2018)
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Figure 25: The Hydromorphological Layer
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3.5. The Occupational Layer
Manmade structures (cities, dikes, etc) define the area
as previously mentioned. The area is surrounded by
dikes that define the water level in the area to protect
the agricultural land lying beyond the dike. The location
of these dikes is shown in figure 27. With the closure of
the Zuiderzee, the Zuiderzee cities have lost their direct
access to the North Sea. The IJsselmeer dikes along the
older polders are developed over the centuries. These
polders have a small-scale character, and contrast
with the more tight coasts of the modern polders: the
Wieringermeer, Noordoostpolder, and Flevoland with
kilometres of straight coasts. The Houtribdijk cuts right
through the former Zuiderzee as a symbol of a bygone
ambition to acquire even more new agricultural land.

the windmills to the area. Currently, the windmills do not
have a significant negative impact on the ecotopes near
the windmills. This is due to the lack of other ecotopes
than deep and very deep water (Heunks et al., 2015).
However, when looking at a potential design around
this area, there could be significant negative aspects for
especially bird species.

Recreation in the Wieringerhoek and the IJsselmeer
area mainly consists of boating, sailing and kiting
(Mandemakers, van der Winden and Klinge, 2019) but
does not exclude walkers and especially cyclists (KAW
architecten en adviseurs and Arcadis, 2006). However
the recreation is mainly on the IJsselmeer itself, and
together with commercial boating, they form the boat
intensity (Eerden, Rijn and Roos, 2005), which is shown
in figure 27. The fairways are there mainly to connect the
various cities of the IJsselmeer and form a port to the
North Sea.

The experience of the landscape also forms an essential
part of decisions made for the IJsselmeer area. For
example, rest and openness are valued and part of
the agenda for 2017-2023 (Rijkswaterstaat, 2017). The
integrated vision for the North Holland IJsselmeer
coast in 2021of that was created by the municipalities
of Hollands Kroon, Medemblik and Enkhuizen and the
province of North Holland also takes openness as an
important part of the area (Wing et al., 2021). So this
openness is an important attribute of the area that is
highly valued (figure 26 shows the visual aspect of this
openness).

Another big influence on the biodiversity of the study
area comes in the form of windmills (figure 27). Close to
the Afsluitdijk, there is a large windmill park. Although
they do not have a direct influence on marine biodiversity
once they are built, they do influence bird species. When
talking about building windmills, the bird protection
foundation of the Netherlands placed the whole
IJsselmeer and Waddenzee area as a high-risk area for
birds (Aarts and Bruinzeel, 2008). This means that they
find the area too valuable for birds to add the stress of

Figure 26: The openness of the IJsselmeer
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The Dutch Military also has a shooting field on the
Afsluitdijk. They value an open water area to shoot,
to make sure no boats or people are hit during their
exercises. This is something to consider when designing
the study area. There could be argued for removal or
move of the shooting area in favour of the design.

Legend
The Afsluitdijk
Dikes
Gulleys
Windmills

Figure 27: The Hydromorphological Layer

l
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3.6. The Ecological Layer
From an ecological point of view the IJsselmeer is
not doing well. Numbers of birds (van Roomen et al.,
2012) and fish (de Leeuw, Dekker and Buijse, 2008)
have decreased since the eighties. It seems that the
IJsselmeer system is still looking for a new balance in
species after the closure of the sea, in 1932. The water
quality is also considered poor (Gaalen, Osté and Boekel,
2020) which can be seen in figure. The lake bottom itself
can be categorized as a desert: flat sand, peat and/or silt
soils, virtually without a 'third dimension'. While many
dominant open water fish species (e.g. zander, perch,
eel) do like some variation in height (Zijden et al., 2019).
Hard land-water transitions in addition to the
homogeneity in, the abrupt transitions between different
habitats also make it system vulnerable (Mandemakers,
van der Winden and Klinge, 2019). Large parts of the
IJsselmeer are bordered by basalt-clad dikes without
natural shelter or foreshore. These areas are therefore
unsuitable for flora and fauna that use a terrestrial and
an aquatic habitat and thus need a gradual transition.

Figure 28: The very deep water
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Estuarine flora and fauna are currently not present in
the IJsselmeer. It needs both a freshwater and saltwater
habitat. The Afsluitdijk forms a hard barrier between
these two habitats.
The water itself is relatively clear and rather nutrientrich. Zebra mussels form the most important food
source for water birds. The IJsselmeer also acts as an
important stopping place for various traveling bird
species. Although this is accompanied by a lack of
breeding opportunities for bare ground brooders, such
as terns, which depend on bare sandbanks for breeding
(Directoraat-generaal Rijkswaterstaat, 2002).
The water ecotopes can be differentiated into four zones:
the very deep water, the deep water, the moderately deep
water, and the shallow water ecotopes (the full range of
ecotopes can be seen in the map of the ecological layer
in figure 33). The very deep water ecotope (figure 28)
class includes all parts that are permanent, at an average
summer level, deeper than 5 meters. In very deep water,
because of stratification (summer stratification, or

Figure 29: The deep water

permanent stratification due to a deep salt tongue),
prolonged oxygen deprivation can occur, making the
environment unattractive for a large number of species.
At great depths, there also takes no primary production
place, due to lack of light. As a result, there is relatively
little food present and that food is difficult to reach for
diving ducks and fish-eating birds. Nevertheless, in the
IJsselmeer, it are precisely the parts that are deeper than
5 meters that form the most attractive feeding areas for
fish-eating birds in the winter months (van Eerden and
Vaate, 1984; Platteeuw, 1985).
The deep water ecotope class (figure 29) has ecological
description of deep water largely corresponds to that
of the very deep water. It includes all parts that are
permanent between 3 and 5 meters deep at an average
summer level. The deep water is distinguished based on
the absence of long-term stratification in combination
with the absence of an extensive cover with vegetation.
In this zone diving ducks can forage efficiently on zebra
mussels (= driehoeksmossel) (de Leeuw, 1997).

Figure 30: The medium deep water

The moderately deep water ecotope (figure 30) class
includes all parts that are permanently between 1
and 3 meters deep at an average summer level. Then
moderately deep water is limited by the depth to which
vegetation can still occur extensively. Of course, this
depth is also depending on the amount of light that can
reach the bottom and thus of the dynamics, soil type and
phytoplankton density because of the nutrient richness
(de Leeuw, 1997).
The shallow water ecotope class (figure 31) includes all
parts that are permanently shallower than 1 meter but
deeper than 0.3 meters. The maximum depth at which
these zones occur is usually below 1 meter (Coops,
1996). The riparian vegetation can play an important
role if spawning and growing area for fish, but also forms
the habitat for a wide range of swamp-bound birds (such
as reed songbirds) and some characteristic species of
mammals (for example the otter) and amphibians and
reptiles (frogs and grass snakes).

Figure 31: The shallow water
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Various helophyte species can occur in the shallow water
and on the swampy transition from water to land. A
width of approximately 0.5 meters or more makes the
zone ecologically relevant. The addition of vegetation
in the shallow water ecotope (figure 31) thus creates
a new ecotope: the swamp and helophyte zone (figure
32 and 33). When the width is limited the helophyte
zone can serve as a breeding ground for undemanding
waterfowl such as grebe, mallard, and reed warbler.
The zone can be limited width act as breeding ground
for undemanding waterfowl such as grebe, mallard and
reed warbler. With a larger width are there options for
demanding species such as mustache, bearded male,
marsh harrier and bittern. The ecotope also has an
important function as a spawning and growing area for
all kinds of fish (including the pike) and as a biotope for
a species-rich macrofauna community. Depending on
the management (more or less intensive, exploitation
of reed/ rushes) the helophyte vegetation is more or
less species-rich. Rough rushes and sea rushes can be
encountered at reeds. In wide wet strips (> 3 metres)

a more species-rich helophyte belt can establish itself
then in narrow wet strips (van der Meulen, 1997).

Figure 32: The freshwater marshes

Figure 33: According to the research by Asjes (2000) there
is 5 - 10% required in the IJsselmeer to have an impact the
water quality the current t0,04% shows the urgency of the
problem
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With a south-westerly wind, relatively soft air comes
to the Netherlands in winter, which means that winter
temperatures have been considerably higher than
before since the late 1980s. This is a northwestern
European effect that comes on top of global warming,
which means that the increase in temperature in the
Netherlands is stronger in winter than in summer, which
has as a consequence that the water temperature also
increases in the IJsselmeer area (Noordhuis, 2010).
Nature development in the IJsselmeer area has been
increasing since 1990 (Noordhuis, 2010). To increase
biodiversity further, the government made 110 million
euros available to improve biodiversity in the lake
for the coming years (Soenveld, 2020). This raises
opportunities for further change of hydromorphology
and its consequences for the ecology.

Saltwater Ecotopes

Freshwater Ecotopes
Very Deep waters
Deep waters
Medium deep waters
Shallow waters

Figure 33: The Ecological Layer

Swamp and helophyte zone
Flood free plains
Reed
Shrubs
Roughness

High dynamic littoral
High dynamic sub toral
High Dynamic Supralitoral
Salt marsh
Low dynamic high littoral

Low dynamic low littoral
Low-dynamic medium littoral
Low Dynamic Sublittoral
Low Dynamic Supralitoral
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CHAPTER 4

Process Models

The shaping and future shaping of the Wieringerhoek
is mainly kept in place due to human interventions.
The harsh boundaries of the dikes and dams define
the ecotopes and ecotones of the study area. The
construction of the Afsluitdijk stopped salt water from
infiltrating the IJsselmeer and formed a strong border
between freshwater and saltwater ecotopes. The change
from Zuiderzee to the IJsselmeer still influences the area
for the coming century (Dastgheib and Roelvink, 2012).
Possible future interventions will sustain this unnatural
equilibrium or move it in another direction.

4

Salination stays a problem in the area, a gradient
between fresh and salt water could offer a more resilient
solution to this problem. Although salination still forms
a problem in the area, its benefits and potential for
biodiversity is not achieved in current the state.
The Afsluitdijk cuts This also defines the strong border
between freshwater and saltwater ecotopes. The area
used to have a gradient between these ecotopes, the
Afsluitdijk cuts this gradient in half. Current ecotopes are
more diverse on the edges of the study area. However,
the centre is very open and consists only of the deeper
water ecotopes. Fairways form another strong border
through the ecotopes in the IJsselmeer. The poldering
of the areas surrounding the IJsselmeer also resulted
in lower biodiversity. These deep gullies need to be
constantly dredged. They are often traversed by large
freighters another boat activity. These fairways are
supposed to stay intact. This makes them difficult but
defining elements. These boats have an impact on fish
and bird species and they form a source of pollution for
the area.
The lack of topography and change of topography
gives another reason for the lack of biodiversity. This
came due to the diking but also due to the removal of
the tidal influence by the Afsluitdijk. These dikes are
strong borders between water and land ecotopes. This
led to a decrease in biodiversity. Recently there is a
more flexible water level introduced in the IJsselmeer
(Rijkswaterstaat, 2018), this already led to an increase in
biodiversity after three summers (Klip, 2020). This does
conflict with the value of openness that is associated
with the IJsselmeer. More ecotopes are possible when
there are softer transitions, especially in the shallow
water areas and the foreshores of the dikes, where there
are opportunities for sandbanks and marshes.

HYDROMORPHOLOGY

OCCUPATION

ECOLOGY

Figure 34: Interaction between the three layers
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CHAPTER 5
Evaluation
Models

5.1. Introdcution
The functioning of the study area with respect to
the problems proposed in the main research question
(no estuarine gradient and lacking biodiversity). The
current landscape is evaluated in the following model of
landscape units (figure 35). Each landscape unity is rated
on its suitability to reach the project aims.
Suitability analysis in a geographical context is used
to determine the appropriateness of a given area for a
particular use (Ndubisi, 2002). In this case the suitability
to realise more diverse ecotopes such as fresh and salt
marshes. The basic premise a suitability analysis is that
each aspect of the landscape has intrinsic characteristics
that are to some degree either suitable or unsuitable for
the activities being planned. Suitability is determined
through systematic, multi-factor analysis of the
different aspects of the terrain. Water depth will be the
most defining factor in this case. The results are often
displayed on a map that is used to highlight areas from
high to low suitability. The three layers will be assessed
in how they raise opportunities for change.

5

Afsluitdijk

Wieringermeerdijk

Shallow Waters

Medium Deep Waters

Deep Waters

Figure 35: Landscape Unit map with the study area highlighted

Figure 36: The Afsluitdijk

Figure 38: The dike

5.2. Landscape Units

This landscape unit is quite like the Afsluitdijk. In these
case it forms the protection for the polders from the water
in the IJsselmeer. It also acts has a hard border between
the polders and the water ecotopes of the IJsselmeer.
Its edges on the IJsselmeer-side are covered by a strip of
basalt rocks as an extra defence measurement.

The Afsluitdijk is the most defining factor of the area
for it shaped its hydromorphology for the previous
and coming centuries. It acts as the separating border
between the fresh and saltwater habitats. It is also a
defining factor in the connection between Friesland and
North-Holland.
However, although it is such a separating factor it
also raises a lot of opportunities for connecting the
two habitats by controlled intrusions. Next to this
the edges of this dam can also be used for creating a
subtle land water transition with various new ecotopes.
With this change safety regulations must be taken into
consideration.

Figure 37: Location of the Afsluitdijk
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It also lends itself as a potential subtle land water
transition with various new ecotopes. Connections can
also be made with the shallow waters in the foreshore.
It stays important to keep its protective function intact.

Figure 39: Location of the dikes

Figure 40: The shallow waters

Figure 42: The deep waters

Shallow water is the most interesting landscape unit
with respect to this research, together with the dikes.
It consists of all the water that is at least 0,30 meters
deep and a maximum depth of 3 meter. Parts of the
shallow waters are vegetated by marshes and helophyte
swamps, these are mainly on the eastern site at the
province of Friesland. They form the transition area
between the land and the deeper waters.

The medium deep waters include all parts that are
permanent, that that is, at an average summer level, be
between 3 and 5 meters deep. Moderately deep water is
limited by the depth to which vegetation can still occur
extensively.

Because of its limited depth this landscape unit offers
the most opportunity for change. It is also widely spread
and directly connected to the dikes, so connections with
foreshores can be made possible.

Figure 41: Location of the shallow waters

It takes more effort to develop marshes here, for the sea
floor must be raised a couple of meters. At the edges of
this landscape unit, where it borders the shallow waters
there are higher possibilities for change.

Figure 43: Location of the deep waters
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Figure 44: The very deep waters

The deep water includes all parts that are permanent,
that is, at an average summer level, bellow 5 meters
deep. It is a combination of the very deep water ecotope
and the deep water ecotope due to their similarity in
description. The fairways are also part of this landscape
unit.
Because of their depth they are hard to transform
in other ecotopes. The fairways themselves are also
almost impossible to change due to their importance
in the overall transportation network. So when change
is made an alternative must be proposed. Allthough

Figure 45: The very deep waters
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CHAPTER 6

Change Models

6.1 Introduction
The Landscape Design section built upon the Landscape
Analysis section. It takes the evaluation model as a
starting point for the design interventions. Additional
research will be provided on the to-be-realised
ecotopes. The next step will be the design sketches and
modelling exercises. To keep an iteration going these
design sketches will result in additional landscape design
guidelines. The final iteration will be the final design,
which will be judged by stakeholders and experts in the
decision phase.

6

The landscape principles to improve biodiversity
are based on Building with Nature guidelines from
EcoShape, as was further elaborated in the second
chapter (EcoShape & One Architecture, 2020). They
informed the requirements of marshes, both the freshand saltwater marshes. Because of the strong influence
of height and slope, the variation within the ecotopes
is quite nuanced (Mandemakers et al., 2019). Those
nuances will be expressed in ecotones for the gradual
transition from land to water.

6.2. Create a Salinity Gradient
One of the most important aspects of the estuarine gradient
is the creation of a salinity gradient (previously discussed in
chapter 2.5.). The main inlet of water is through the current
sluices, which will be opened more to create the necessary
salinity concentrations for the growth of saltmarshes. Next
to this, there will be an opening close to the sluices to have
a constant opening for fishes to pass through, without
interruption from boats and the working of the sluices.
Another way to get saltwater in is through the creation of
pipes which salt water can be pumped (see figure 46).
To regulate the salinity concentration further into the created
estuarine gradient there will be underwater dikes (figure 46).
These dikes respond to the different densities of fresh and
saltwater. Saltwater has a higher density and thus will stay
below the fresh water.
These interventions are to create a safe salinity gradient that
does not influence the freshwater reservoir function of the
IJsselmeer. It will also create the necessary conditions to create
saltwater ecotopes. But they will maintain a lower salinity in
the areas where freshwater ecotopes are to be created.

Principles to create a Salinity Gradient
Waddenzee
A free passageway for fishes
through the Afsluitdijk (that
can be closed in case of
emergency).

This will also create a
constant salination in the
IJsselmeer.

IJsselmeer

Afsluitdijk

Pumping of Saltwater

Medium deep or shallow water

Underwater Dike

Medium deep or shallow water

Large Underwater Dike

Figure 46: Landscape Design Toolbox for a controlled salinity gradient
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6.3. Salt Water Marshes
Estuarine salt marshes are intertidal wetlands vegetated
by salt tolerant, nonwoody, rooted, vascular plants
(Hopkinson & Giblin, 2008). Coastal habitats such as
tidal areas and salt marshes are ranked among the
most important habitats in the Netherlands regarding
ecosystem services (Stijn Temmerman et al., 2013).
The marsh’s plants take in CO2 from the atmosphere
(rather than sea). Unlike terrestrial soils, the sediments
in which healthy saltmarsh plants grow do not become
saturated with carbon as the sediments accrete
vertically with a rising sea level. This means that the rate
and quantity of carbon sequestration can increase over
time (Chmura et al., 2003). A brackish zone can make a
major contribution to the recovery of natural processes
that are characteristic of the fresh-salt transition in an
estuary, which is based on a large area, of up to 5% of the
IJsselmeer (Asjes, 2000).
Salt Marshes themselves are among the most
productive ecosystems in the world even rivalling
intensively cultivated agriculture (Odum, 1971). This
high production is attributable to several factors,
including nutrient enrichment from watershed runoff
and tidal mixing (Day et al., 1988). These are important
components of estuarine systems because they provide
a food source to both estuarine and coastal ocean
consumers, serve as habitat for numerous young and
adult estuarine organisms, provide refuge for larval and
juvenile organisms, and regulate important components

Estuarine salt marshes are intertidal wetlands vegetated
by salt tolerant, nonwoody, rooted, vascular plants
(Hopkinson & Giblin, 2008). Coastal habitats such as
tidal areas and salt marshes are ranked among the
most important habitats in the Netherlands regarding
ecosystem services (Stijn Temmerman et al., 2013).
The marsh’s plants take in CO2 from the atmosphere
(rather than sea). Unlike terrestrial soils, the sediments
in which healthy saltmarsh plants grow do not become
saturated with carbon as the sediments accrete
vertically with a rising sea level. This means that the rate
and quantity of carbon sequestration can increase over
time (Chmura et al., 2003). A brackish zone can make a
major contribution to the recovery of natural processes
that are characteristic of the fresh-salt transition in an
estuary, which is based on a large area, of up to 5% of the
IJsselmeer (Asjes, 2000).
Salt Marshes themselves are among the most
productive ecosystems in the world even rivalling
intensively cultivated agriculture (Odum, 1971). This
high production is attributable to several factors,
including nutrient enrichment from watershed runoff
and tidal mixing (Day et al., 1988). These are important
components of estuarine systems because they provide
a food source to both estuarine and coastal ocean
consumers, serve as habitat for numerous young and
adult estuarine organisms, provide refuge for larval and
juvenile organisms, and regulate important components
of estuarine chemical cycles (Hopkinson & Giblin, 2008).

Pioneer zone

Pre-pioneer zone

The pioneer zone, which is
dominated by pioneer species
with cover >5%. One of such
pioneer species is the common
cord grass (Spartina anglica)
(Van der Wal et al., 2008)

Just beyond the pioneer zone lies the transition zone
on the tidal flat, with only a few pioneer plants per m2
present, i.e. a cover <5%. (Baptist et al., 2016; Marion
et al.,2009). Pioneer vegetation establishment on the
bare intertidal flat preceding the marsh is essential for
salt marsh development (van der Wal et al., 2008b).

Figure 47: Cross-section of a saltwater marsh in the pioneer stage
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Human impacts have reduced the extent of tidal
marshes within coastal seascapes through replacement
with unvegetated flats or hardened shorelines of lower
habitat value (Bishop et al., 2017). However, tidal
marshes are hotspots of nutrient sequestration and
removal and so can buffer anthropogenic nutrient inputs
to coastal systems (Gedan & Silliman, 2009; Piehler
& Smyth, 2011). The fragmentation of tidal marshes
causes reductions in patch sizes, increasing prevalence
of edge effects, including higher exposure to coastal
erosion from wind, waves and boat wakes, and poorer
connectivity among tidal marsh patches (Gilby et al.,
2021). This means that saltmarshes are best realised in a
large unfragmented area.
The coastal saltwater habitats are mainly defined by the
tidal dynamics that the sea offers. The tide fluctuation
ant the depth are the main defining characteristic of
these ecotopes. The tidal movement is already realised
in the IJsselmeer (Rijkswaterstaat, 2018), although it
is small for significant impact: NAP -0,10 and -0,30.
According to Asjes (2000), a large and naturally
functioning brackish water area provides a foraging area
for birds, facilitates the migration of diadromous fish
species, prevents freshwater fish from leaching into the
Wadden Sea and provides habitat for benthic fauna that
is bound to brackish water. Seagrass beds may develop
in the brackish water area, and submerged aquatic
plants such as fountain herbs, rush fields and brackish
(reed) marshes.

The Saltmarsh can best be created in a location where
saltmarshes were present before embankment (French,
2008), which is the case in the Wieringerhoek. Seeding
with Salicornia plant fragments kick-starts colonisation
(Baptist et al., 2021). The average salinity must be greater
than 0.5 g of solutes per kg of water (Odum, 1988) The
slope of the area must be aligned gently towards the sea,
which reduces flow velocity and enhances sedimentation
(Burd, 1995). The soil must consist of sand with 25% mud
boosts vegetation cover and species richness (Baptist et
al., 2021). To limit erosion is another requirement for
a saltmarsh, so the place must be relatively sheltered
(French, 2008). However some sediment suspension is
required for survival (1-10 mg/l) and growth (1-100 mg/l)
of the saltmarsh (Borsje et al., 2011; Li & Yang, 2009; S.
Temmerman et al., 2004).
Salt marshes are exposed to a unique combination
of environmental variables, including strong salinity
gradients, fluctuating water levels and water tables, and
anaerobic, waterlogged sediments. There are distinct
patterns of species distribution and biogeochemical
zonation in salt marshes that arise from gradients in
elevation and porewater drainage (Haines & Dunn,
1976). Each molecule of CO2 sequestered in tidal salt
marsh soil (and also in mangrove, which replaces salt
marsh in the subtropics) has a greater ‘value’ than any
other ecosystem due to the lack of production of other
greenhouse gases; this is because sulphates present
in salt marshes reduce the activity of microbes that
produce methane (Weston et al., 2014).

Pioneer zone

Low-marsh zone

High-marsh zone

The pioneer zone, which is
dominated by pioneer species
with cover >5%. One of such
pioneer species is the common
cord grass (Spartina anglica)
(Van der Wal et al., 2008)

At the low marsh, a diverse variety of
plant species, similar to the high marsh
occur with varying degrees of cover
(Van der Wal et al., 2008). Vegetation
consists of common saltmarsh grass
(Puccinellia maritima), annual seablite
(Suaeda maritima), and sea aster (Aster
tripolium) (Van der Wal et al., 2008).

Characterized by one or a few late-successional
plant species with high cover and density (Van
der Wal et al., 2008). Vegetation communities
include common saltmarsh grass (Puccinellia
maritima), annual seablite (Suaeda maritima),
and sea aster (Aster tripolium) (Van der Wal et
al., 2008).

Figure 48: Cross-section of a saltwater marsh
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Saltwater Marshes
Medium deep to
shallow waters

Saltwater marsh

Must be created in locations where saltmarshes were present in
the past or seeding of salicornia to kickstart colonisation (Baptist
et al. 2021). The place were saltmarshes are to be realised must be
relatively Sheltered.

Regular dikes

The Afsluitdijk

Saltwater marsh along dike

Mixing sand with 25% mud boosts vegetation cover and species
richness (Baptist et al., 2021). The average salinity must be greater
than 0.5 g of solutes per kg of water. The slope of the area must be
aligned gently towards the sea (1:0-1:18 or 1:0-1:64), which reduces
flow velocity and enhances sedimentation (Burd, 1995). sediment
suspension is required for survival (1-10 mg/l) and growth (1-100
mg/l) (Borsje et al., 2011; Li & Yang, 2009; S. Temmerman et al.,
2004).

Saltwater marsh along the Afsluitdijk

Figure 49: Landscape Design Toolbox for saltwater marshes
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6.4. Fresh Water Marshes
Various helophyte species can occur in the shallow
water and on the swampy transition from water to
land. The zone becomes ecologically relevant a width
of approximately 0.5 meters is achieved. However, even
when the width is limited the helophyte zone can serve
as a breeding ground for undemanding waterfowl such
as grebe, mallard and reed warbler. When the 0,5 meters
threshold is achieved a larger width are there options for
more demanding species such as Savi's warbler, bearded
male, marsh harrier and bittern.
The ecotope also has an important function as a spawning
and growing area for all kinds of fish and as a biotope for
a species-rich macrofauna community. Depending on
the management (more or less intensive, exploitation
of reed/ rushes) the helophyte vegetation is more or less
species-rich (van der Meulen, 1997). Only the outermost
meters of wide reed beds are used by fish, so a mosaic
of reed beds and open water (1:2 ratio) is needed to be
effective as a habitat; a large contiguous reed bed is
therefore ineffective for fish (Mandemakers et al., 2019).
Very dense reed beds (stem density >30 %), which often
arise in very eutrophic water, are less accessible to fish
and therefore less effective
While many dominant fish species in open water (for
example, pike-perch, perch, eel) really like structures,
for example as a foraging area or shelter/residence
area. In for improving habitats for fish. This is especially
a risk in the development of helophyte swamps in the
polders (where the water system is highly eutrophic
(Mandemakers et al., 2019). In freshwater marshes, the
physicochemical properties of the water determine to
a large extent the composition of fauna living therein.
The nutrient richness is very decisive for diversity and is

largely determined by the concentrations of phosphate
and nitrate. Most animals are not directly influenced by
these concentrations and can live in waters with deviating
values. They are indirectly influenced, however, because
the concentrations to a large extent the composition and
structure of the determine vegetation. As with terrestrial
ecosystems, waters that are moderately nutrient-rich
have the greatest diversity (Kalkman et al., 2010).
A tidal forest, a forest that is flooded during the spring
cannot be used for fishes, they prefer more open areas.
However, they can be used to improve other aspects of
the ecosystem. On the one hand, a tidal forest provides
a habitat for certain organisms such as: amphibians,
some specific fish species and for certain bird species
(Mandemakers et al., 2019).
For birds, the forest can be used as breeding and serve as
a foraging site, provided the forest is in the water. It then
forms an interesting habitat for colony birds. On the
other hand, if the forest is well connected to the aquatic
ecosystem (the IJsselmeer), provide additional organic
material. The input of organic matter is an important
function of the riparian zone (see ‘Functions of a gradual
land-water transition’ in section 2.2). In addition to the
floodplain grasslands and helophyte swamps, a tidal
forest may provide an important additional source of
organic matter.
In areas with low to moderate wave action, such as the
IJsselmeer, combining wetland forests with traditional
earthen barriers can reduce wave heights while providing
habitat value and supporting biodiversity. The design
of dikes can integrate inundation-tolerant vegetation
to maximize flood risk reduction (EcoShape & One
Architecture, 2020).

Floating and
submerged water
plants

Fresh Helophyte
Marsh

Flood plains with swamp vegetation

Riparian Forest

Water lily, pondweed,
(Potamogetonaceae),
waterweeds (Elodea
nuttallii), water-milfoil
(Myriophyllum),
and water-starwort
(Callitriche
platycarpa)

Reeds, rushes,
sedges and
bulrushes

Reeds, rushes, sedges, bulrushes,
Bolboschoenus maritimus; accompannied
by swamp plants, such as: Caltha palustris
subsp. araneosa,, water pepper (Persicaria
hydropiper), ragwort, lakeshore bulrush
(Schoenoplectus lacustris), arrowhead
(Sagittaria sagittifolia), field horsetail
(Equisetum arvense)

Willow species (Salix alba) and Elder berry (sambuca) and swamp species.

Figure 50: Cross-section of a freshwater marsh
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Design principles for Fresh Water Marshes
Medium deep to
shallow waters

Freshwater marsh

Foreshore environments improve dike resilience and enhance flood
defenses by dampening wave forces with their shallow slopes.
They stabilize the dike with additional mass and increasing seepage
length (EcoShape & One Architecture, 2020).

Regular dikes

Freshwater marsh along dike

Width of at least 0.5 meters. A mosaic of reed beds and open water
(1:2 ratio) is needed to be effective as a habitat for fisth.

The Afsluitdijk

Freshwater marsh along the Afsluitdijk

Figure 51: Landscape Design Toolbox for freshwater marshes
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Design principles for Riparian Forests
Medium deep to
shallow waters

Riparian forest

A riparian forest provides an important additional source of organic
matter. Dikes integrate inundation-tolerant vegetation to maximize
flood risk reduction.

Regular dikes

Riparian forest along dike

Figure 52: Landscape Design Toolbox for riparian forests

Design principles for traversing the landscape
Saltmarsh

Raised pathways

Wooden pathways

Bird watchtower

Small ferry

Freshmarsh

Raised pathways

Wooden pathways

Bird watchtower

Small ferry

Figure 53: Landscape Design Toolbox for fresh- saltmarsh exploration
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CHAPTER 7

Impact Models

7.1. Introduction
The impact models are created with the landscape design
principles of the previous chapter. They are assessed by
the expert panel mentioned in the methodology (chapter
2). In this chapter, the three preliminary designs created
for this research are briefly discussed together with
the feedback received during the expert judgement.
The next chapter will explain how this shaped the final
design.

7

7.2. Starting points
The landscape design goes out from free regional design
principles in favour of ecology. The first principle is
the creation of the salinity gradient (figure 54). This to
facilitate the unique species that come with this gradient
and to accompany fluctuations in salinity level along the
Afsluitdijk to create a more resilient transition zone.
Secondly there will be a land water gradient along the
dikes surrounding the IJsselmeer (figure 55). However,
this gradient does not limit itself to the dikes and can
also be created on the shallower parts of the IJsselmeer
when new land is to be created.
Thirdly there will be connections between the IJsselmeer
and the surrounding landscape (figure 56). The
Robbenoordbos lends itself to realise connections with
the freshwater habitats of the IJsselmeer.
Lastly the evaluation models provided from chapter 4
provide the basis for the following designs. A summary
of the provided conclusions follows now. Shallow waters
are mainly used for the creation of new marshes. These
can be connected with the foreshores of the dikes, which
also offers opportunities for ecotope development. The
dikes themselves stay largely intact due to their safety
function.

Figure 54: The Salinity Gradient

Figure 55: Land- water-gradient

Figure 56: Ecotope Connections
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7.3. First model
In this first model, three openings directly link the fresh
and salt water. The first opening is broader and deeper
to make traversal by boats possible. Riparian forests
also strengthen the inlet to limit sludging of the gullies.
The second and third water inlet on the east side of the
design is not accessible by the larger boats, making it
more suitable for ecotope development. Salt and fresh
water can interact in this area and thus have a nutrient
exchange. These are foreseen with underwater dikes to
have greater control over the saltwater inlet.
The length of the
waterways
between
fresh and saltwater
aims to create a natural
gradient
between
fresh and saltwater
(chapter 2.5., figure 10).
In addition, along the
dikes, there are either
marshes or flood forests
(of at least 200 meters
in width) to help with
protection against high
water levels.

summarized in figure 58. The first thing that struck the
design team was the islands in front of the sluices. They
suggested that it was not recommended in this area
because of how much water the sluices need to function.
It was recommended to instead dig deeper into this area
and use this material to raise the other islands.
The following criticism was mainly on the flood forests
and mainly its location. In some places, they are not
placed in a natural manner. Another suggestion was
made on the forest that connects the dikes and the new
nature area, where it would be more suitable to create
an area that looks like the Bieschbosch, so with more
smaller waterways.
The next problem they
found was that the fresh
and saltwater marshes
are so close together.
In high water scenarios,
the saltwater could flood
the islands and destroy
the fresh marshes. So
this will need some
protection from this
washing over.

The design follows the
hydromorphology of the
area (chapter 3.5, figure
24). Higher areas are
used to create islands
and
shallow-water
habitats so that marshes
can develop. There is a
variety between large
and smaller fragmented
ecotopes, which leads
to the highest species
richness.
The panel mentioned
in the methodology
has commented on
this design, which is

Figure 58: Expert Judgement on the first Model

Figure 57 (left page):
First preliminary design
Saltwater marsh
Freshwater marsh
Riparian Forest

Figure 59: Various interactions between fresh and salt
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7.4. Second model
In the second model (figure 60 and the summary of its
judgement in figure 61), the saltmarshes are closed
off by dikes (figure 62). This closing-off means there is
less interaction between fresh and saltwater ecotopes,
not so apparent anymore as in the previous model.
As a result, the saltwater inlet is relatively controlled
and limited when looking at water safety. Although a
significant proportion of salt marshes are created, there
is little gradient transition between fresh and saltwater
habitats.

freshwater marshes.
The limited interaction between the ecotopes was
immediately pointed out as the weakest aspect of this
preliminary design. Because these nutrient interactions
are essential for the development of saltmarshes.
However, this separation was also considered a
strength, due to the possibility of introducing a stronger
tidal influence in the closed of saltwater marshes.
As previously mentioned (chapter 3.6.), the current
tidal influence is possibly unsuitable for the optimal
development of saltmarshes. So, these dikes could offer
an opportunity to create more tidal dynamics.

The diking in of the
saltmarshes
makes
the introduction of the
saltwater safer for the
IJsselmeer. Because the
saltwater inlet is easy to
control in this way, with
limited to no interaction
between the salt and
fresh water. This is due
to the IJsselmeer being
the most extensive
freshwater reservoir in
the Netherlands. This
function gets threatened
by the addition of
saltwater
habitats.
Therefore, this design
offers a safer solution for
the implementation of
saltmarshes in this area.
The
dikes
lend
themselves to traverse
the new system, either
by bike or foot. The
dikes raise recreation
opportunities without
people interfering with
the ecotopes and their
development. They also
prevent the saltwater
from washing over to the

The choice for making
more smaller saltwater
marsh pockets was
made to create more
variety. However, the
expert
judgement
advised against this and
suggested creating one
larger saltwater pocket
because a larger pocket
would create the highest
biodiversity.
The biggest lesson of this
design is that the closing
of the saltmarshes offers
new opportunities at
another tidal range, but
this does not outweigh
the benefits of a nutrient
interaction. Next to this
the dikes are useful to
limiting washing over
of saltwater directly in
the salt marshes and the
other way around.

Figure 61: Expert Judgement on the first Model

Figure 60 (left page):
Second preliminary design
Saltwater marsh
Freshwater marsh
Riparian Forest

Figure 62: Pockets of closed off salt water ecotopes
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7.5. Third model
The most defining characteristic of the final preliminary
design (figure 63) is that there is only one connection
between the freshwater and the newly created
freshwater habitats of the IJsselmeer and the saltwater
ecotopes of the newly created design. The saltwater
and freshwater meet only at this point. This makes the
mixing of salt and fresh water easy to control. Riparian
forests further strengthen this meeting point. Figure 65
shows this meeting point of the salt and fresh water.
The expert judgement (result in figure 64) again saw
this as a solid and weak
point. Because the
saltwater inlet is limited,
it is easier to control
the mixing between
the two water types.
However, this does not
offer enough nutrient
exchange to create a
functional ecosystem.

this location ideal for the development of saltmarshes.
The expert judgement mentioned this does require
more interaction between the two water types because
of the nutrient exchange.
The design also introduces a continuous freshwater
marsh along the Wieringermeer-dike together with
riparian forests(zachthoutooibos). This offers more
stability and biodiversity to the dike than in its original
form. In addition, the dikes already offer a land-water
gradient, which can be enhanced to create a more
biodiverse gradient. These continuing marshes along
offer a new experience when traversing the Afsluitdijk
and Wieringermeer-dike.

This design aims to
create a continuing
saltwater marsh along
the Afsluitdijk combined
with additional saltwater
inlets. This gives both
dikes a new identity and
further strengthening,
especially in the parts
where marshes and
riparian forests are
created. It does have
opportunities
to
continue the saltmarshes
along the entire length
of the Afsluitdijk.
The marshes on this
site of the Afsluitdijk
are protected from the
waves of the Waddenzee.
This protection makes

This model is another
iteration of the first
model,
although
it
was less well-received
than the first model.
This was mainly due to
the limited interaction
between fresh and salt
water. When looking at
increasing biodiversity,
this is the weakest point
of the design, and this
should be incorporated
into the final design.

Figure 64: Expert Judgement on the first Model

Figure 63 (left page):
Third preliminary design
Saltwater marsh
Freshwater marsh
Riparian Forest

Figure 65: One transition zone
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CHAPTER 8

Decision Model

As a final step of this design research, the feedback
received on the three preliminary designs is used
to create a synthesis. This synthesis is created by
addressing the weaknesses of the three preliminary
designs and keeping/enhancing the strengths.
One opening is created next to the current sluices,
where fish can swim through all the time. However,
the opening can be closed when there is an urgent
scenario considering safety.
Between the fresh and saltwater habitats, multiple
connections are chosen instead of just one.This
is done to stimulate the previously mentioned
interaction between nutrient flows. Multiple
openinges is chosen over a safer singular opening
because the saltwater inlet can already be controlled
at the Afsluitdijk.

8

In the final design there is also a basin created behind
the sluices. This is more deepened in comparison to
the current situation. This deepening is done so the
sluices can keep their original function. However,
they require much water, so the sluices’ working is
improved, and the dug-up sand is used to create the
islands shown in the design.

Figure 66: Final Landscape Design (right page)
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Saltwater marsh
Freshwater marsh
Riparian Forest
Mudflat
Saltwater
Freshwater
Underwater plants
Wooden walkways
Raised walkways
Separation dike

Figure 70

Figure 74

Figure 72

Figure 67: Birds-eye view of the final design
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BRACKISH
SALT

sturgeon
seagrass
SALTWATER MARSH
increaging carbon capture

molluscs

ESTUARINE
HABITAT

osprey
goose

crabs

swan

trout
VEGETATED FORESHORE
protection of shores

willow trees
amphibians

Figure 68: Food web of the final design
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RIPARIAN FOREST

reducing runoff erosion

BRACKISH

insects
reeds

FRESH

fish migration

pike
FRESHWATER MARSH
increaging carbon capture

pondweed
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Along the Wieringermeerdijk and the Afsluitdijk there is a
continuous gradual land-water transition. These can be seen
in figure 70 and figure 72 respectively. For both the variants for
fresh and salt marshes are used.

Figure 69: View over the saltmarshes near Den Oever

Figure 70: Saltwater marshes along the Afsluitdijk
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Another addition is the smaller water ways in the forest,
which opens the up for more water and amphibious animals.
In the cross-section (figure 72), these interactions are further
explained. The forest on the IJsselmeer side will be similar in
character to the Bieschbosch in the Netherlands. The forest is
connected with the Robbenoordbos, for ecology it would be
beneficial to also make connections with the water system.
But due to safety reasons the dikes need to stay in place.

Figure 71: Walkways through freshwater marshes and riparian forests

Figure 72: The gradient along the Wieringermeerdijk

65

The middle of the design is crossed by a raised dike to separate
fresh and salt habitats. This limits wash over from salt water to
the fresh water habitats, because direct contact with highly
salinized waters kills the fresh water marshes. The dikes also
offer opportunities for recreation. This can be seen in the
cross-section of figure 74.

Figure 73: Recreation on the separating dike

Figure 74: The separating dike between fresh and salt ecotopes

66

For the routing the dike is used as a backbone from which
routes start. From there various wooden walkways depart.
The dikes will also be accessible for bikes. This dike can be
seen in the more detailed cross-section of figure 76 and its
user experience in figure 75.

Figure 75: seperation dike close up

Figure 76: Detailed separating dike between fresh and salt ecotopes
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Figure 78: Final design (large image)
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CHAPTER 9
Discussion
& Conclusion

9.1. Discussion
1. Location of salinity gradient
In the three proposed design models and the final
design the location of the connection between fresh and
saltwater is situated close to the location of the current
waterways (figure 79). This decision was made due
to the already present mixing of salt and fresh water,
which offers opportunities for mixing these two types of
water. However, there are more possibilities to create an
estuarine gradient in this area. Two of them are briefly
discussed below and why they have not been chosen.

9

An option considered for the estuarine gradient is
through the Wieringermeerpolder (Witteveen+Bos,
2006). The biggest benefit of this solution is that water
safety of the IJsselmeer stays completely intact. This
plan has already been extensively explored as the
project Wieringerrandmeer (translate: Wieringen Edge
Lake). However, when it was presented it was not well
received: about 30 agricultural companies were to be
relocated on the current land area of Wieringen and
Wieringermeer, which led to the ultimate demise of the
plan (Sloot et al., 2006).
It was estimated that the Wieringerrandmeer project
would influence the surrounding area up to five
kilometres surrounding the Wieringermeerpolder. This
would lead to increased groundwater levels that would
influence the agriculture in a negative way, what could
be mitigated locally (Bonte, Witjes and Vergeer, 2007).
Municipalities and the province stated that the future of
agriculture in this region would be secure and offered a
"stable future perspective", but those farmers had strong
doubts about this. The changed water management in
the area would also have a negative impact on other
agricultural lands (Sloot et al., 2006).
This proposed plan had mainly been about fresh water

Figure 79: Design concept of this study

Figure 80: The Wieringerrandmeer by Palmboom & van den Bout Stedenbouw

habitats because salination would rise in the area and
salt seepage would ruin the surrounding farms (Sloot et
al., 2006). This location was not chosen because of the
huge amount of fresh and salt water ecotopes required
to have a significant impact on water quality of the
IJsselmeer (see figure 12, and figure 14 in section 2.4.).
When created on this location, it would cause a large
depoldering of the Wieringermeerpolder. This would
also mean that much of the topsoil would have to be
removed to be able to realise the required ecotopes. A
location in the IJsselmeer would thus be easier to realise
and get less resistance from the inhabitants of the area.

could have provided a design solution in which nature
could truly be separated from the ships. Furthermore, it
would not influence the military field of fire. This option
could be further explored in another iteration of this
research.
2. Case study area

A second possibility is an inverse of the first option
(figure 82). Instead of creating the estuarine gradient
at the sluices, coupled to the current openings in the
IJsselmeer, the opening is located in the middle of the
Afsluitdijk. However, this option was also not chosen
because of the missed opportunities when connecting
the designs with the current sluices. Although this option

In this research, the area of the Wieringerhoek was
chosen as a case study for testing the design of
constructed marshes in the IJsselmeer instead of a case
study area at the sluices in Friesland. This was chosen
because there is a planned project for a salinity gradient
in the Wieringerhoek (Mandemakers, van der Winden
and Klinge, 2019). Additionally, there were experts on
this area available through Witteveen+Bos. The area of
the Wieringerhoek has a higher urgence for ecosystem
development. The Frysian coast is currently further
developed with freshwater marshes. This was another
reason why the Wieringerhoek was chosen.

Figure 81: The Wieringerrandmeer

Figure 82: The salty inner-lake
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3. Realisation of ecotopes
The creation of freshwater marshes has been researched
on the Marker Wadden project and were taken as a large
inspiration for the freshwater part of this design (De
Rijk and Dulfer, 2020; IJff et al., 2021). Because this is a
project that has already been implemented, it is proven
that freshwater marshes can be realised successfully
in the IJsselmeer. The further shaping and realisation
of the freshwater marshes in the Wieringerhoek should
be realised according to the lessons learned from the
Marker Wadden project.
The Marker Wadden are a series of manmade freshwater
marsh islands created in the Markermeer (bordering
the IJsselmeer). The Marker Wadden attracted a large
number of birds already during its creation. According
to the government, its positive impact on water quality
and underwater ecology is not yet demonstrated (De
Rijk and Dulfer, 2020). This is currently an ongoing
research, but the positive interaction of constructed
wetlands on water quality has been atoned, especially
when the system promotes sedimentation (Johnston,
1993). Sedimentation is already happening in the
Wieringerhoek, because of the low streaming speed of
the IJsselmeer (van Dessel, 1988).
Reception of the introduction of riparian forests in the
IJsselmeer might not result in the most positive response
of the public. The openness of the lake is highly valued,
so the perception of loss of openness in favour of
these forests should be further researched. The social
consensus of any project in the IJsselmeer requires
further research, because currently there is
Saltwater marshes are most easily created on the
areas where salt marshes were present in the past
(French, 2008). This was pursued when designing the
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area. However, liberties were taken when this area was
created. Additionaly, it is uncertain if the saltmarshes
can naturally grow there when raising all the islands.
Consequently, they might need to be planted.
Exploring the influence of the tides on the development
of saltmarshes was outside the scope of this research.
When the current tide of the IJsselmeer is kept, the
tides will fluctuate approximatelly twenty centimetres
(Rijkswaterstaat, 2018). This will place the design in a
microtidal estuarine system, in which seasonal cycles
and storms play a more important role in sea level
changes than astronomical tides that are more dominant
in classical estuaries.
Microtidal estuarine systems are associated with
smaller marshes, more salt stress and more summer
drought than classic tidal estuarine systems, due to
irregular flooding of the marshes (Ibáñez et al., 2012).
The sea level changes regulate the primary productivity
of salt marsh vegetation, and the vegetation, in turn,
constantly modifies the elevation of its habitat toward
an equilibrium with sea level (Morris et al., 2002). Lateral
marsh development may react very rapidly to decreasing
flooding frequencies but more slowly to increasing
flooding frequencies (Balke et al., 2016). Follow up
research can be done on either the influence of low tides
on the realisation of saltmarshes or on the introduction
of larger tides in the IJsselmeer.
Large tidal dynamics also can have a negative impact on
the development of marshes. Dronkers emphasizes the
important role of the period of slack water between flood
and ebb phases and its importance for the deposition of
fine sediments (Dronkers, 1986, 1998, 2016). But the lack
of strong tidal dynamics is a weakness that this design
does not address, and further research is proposed on
the creation of higher tidal dynamics and its influence on

Figure 83: Current Markerwadden (image by Natuurmonumenten)

the IJsselmeer area.
The design, however, does offer potential for tidal
dynamics. Because the created dike that separates the
fresh marshes from the saltmarshes can also be used
to create and maintain tides in the saltmarsh area of
the design. However, this requires additional sluices
to maintain safety regulations. In the final design, it is
chosen not to introduce an increase of tidal dynamics
in the IJsselmeer. It is both very expensive to realise this
it blocks a direct connection between the fresh and salt
water which was a major aim of this study. The impact of
these tides on the system as a whole and the technical
interventions required are suitable for follow up research.
Many assumptions are taken into account when creating
the salinity gradient in the design. The underwaterdikes and their functioning need to be researched in
more technical detail. This would require waterflow and
salinity modelling for the design and could result in a
necessary change in the design. Its safety on maintaining
the freshwater bubble must also be further researched.
The size of the marshes needs to at least double even
after the design is realised as will be further discussed
in the conclusion, to have a significant impact on the
water quality as can be seen in figure 12, and figure 14 in
section 2.4. respectively. Further design studies can be
done with the landscape design principles generated in
chapter 6 to realise the desired impact on water quality
as described in the studies by Asjes (Asjes, 2000).

4. Design decisions
The question that also arises is the societal significance
of a design like this. It is located far away from bigger
cities, which makes it harder to reach for casual tourism.
It does offer recreational opportunities, there must be
people to take these opportunities. Because a large
amount of land is moved for this nature development, it
becomes a very expensive project. The societal benefits
of a large-scale design like this need to be further
researched. The area itself is quite remote with no major
city close by. This makes the area suitable for day trips
and longer trips, but the demand for this must be further
explored. However, areas like the Bieschbosch in the
Westerschelde show that there is demand for wetland
tourism to some degree. This area is swampier than the
Bieschbosch which makes its visual characteristics quite
different from that.
In this design research, the hydromorphological layer
is used as the main input for design decisions. This is
the best decision when talking about realisation of the
design (less sand has to be moved). The bottom of the
lake is defined by the old sea flows before the realisation
of the Afsluitdijk. These shapes are not relevant anymore
and they are still subject to change in the coming century
(Dastgheib and Roelvink, 2012). In future research,
design decisions can also be further investigated by the
current streams of the IJsselmeer, although it is largely
a quiet lake there is still some flow that keeps changing
the terrain.
This research had a large ecological focus, which meant
that the occupational layer and human experience of
the landscape took a backseat during this research. It
is suggested that, when realising or further exploring
designs for the Ijsselmeer, that human experience is
taken into consideration. In the ‘nationaal waterplan of

Figure 84: Saltmarshes of the Westerschelde (image by Paul Oostveen)
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2016-2021’, it is suggested that the Netherlands should
search for smart combinations between water, living and
infrastructure, sustainable energy and nature (Ministerie
van Infrastructuur en Milieu, 2015). The project at the
Wieringerhoek lends itself for these ambitions, but more
integrative design solutions must be further explored.
One of these ambitions is housing combined with water.
For example living on the water, which has been shown
as a successful concept for the Netherlands (Fit, 2006;
Schuwer, 2007). The demand for living on the water
is also increasing (Fit, 2006). The design could offer
opportunities for living on the water in this new nature
area. As mentioned before, the area is quite remote so
this might make it less attractive for people to live.
Another demand is recreation. The current final design
is large in scale; further detail level must be developed
before a possible construction. The design of educational
centres and recreational hubs is merely a suggestion in
this design and architects could further develop those.
Energy demand is expected to rise in the Netherlands
and there are possibilities to produce energy from the
difference between salt and fresh water. The company
REDstack has built a pilot plant on the Afsluitdijk. The
installation produces 50 kW (Klomp, 2012). It has already
been suggested as a way to let salt water in the IJsselmeer
as a design principle in chapter 6. It could be used
together with the windmills and possible solar islands
to generate more energy on the IJsselmeer. Its influence
on ecotopes of the proposed design of this thesis must
be further researched together with integrated design
solutions.
5. Methodology
GeoDesign offers a framework with a large stakeholder
involvement (Steinitz, 2012). Reliance on few expert
opinions is not considered the most suitable way for
landscape architecture to continue developing its
body of knowledge. Landscape design researchers
should conduct more empirical research that is based
on observed and measured phenomena (Meijering et
al., 2016). An expert judgement is often considered
the lowest form of research (Golubnitschaja et al.,
2012). Expert judgements are dependent on individual,
subjective opinions, which is unavoidable, but underlines
the importance of the verifiability of the assessment
(Nillesen, 2019).The author would argue that it does
have benefits in design projects. It is possible to gather
many opinions and ideas on certain design concepts
from various perspectives. Because there were multiple
experts present during the session, there was some
triangulation present when the experts could judge each
other. The author did a landscape analysis (chapters 3,
4 and 5) that can also verify the judgement with further
triangulation.
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The experts were selected on their expertise on both the
topic and the study area. All the experts have worked
before on the Wieringerhoek, so they were very familiar
with the area. This familiarity with the study area made
the discussion easier. It also made the design more
relevant. As mentioned in the introduction, this is a real
project, and the selected experts were involved in the
actual project, which gave them more knowledge on
what was and was not possible to realise in this area.
This made these experts more suitable than experts
that were just familiar with, for example, the topics of
ecology or water management.
The discussion with experts that were familiar with the
area also influence their judgement of the study area
based on preference of their respective organisation. As
mentioned by Nillesen (2019), this is expected. But this
could also enhance the research due to involvement of
various stakeholders and weighing of their opinion.
In this research, three design options were presented
in one meeting. In future research, it is recommended
to have an expert judgement meeting after each
iteration of the GeoDesign framework, which is also
recommended by Steinitz (Steinitz, 1990, 2002, 2012).
Only one meeting was held due to the time constraints
of the research, and the difficulty of planning meetings
where everyone was available.
The author made the final decisions based on the expert
judgement on the three preliminary designs. Although
he tried to be as objective as possible, there is some
degree of bias due to preference and personal opinions
on the design.

9.2. Conclusion
Specific Research Question 1

What landscape interventions can
improve an estuarine gradient?
Creating an estuarine gradient largely depends on the
realisation of a salinity gradient: the gradual transition
from a salty environment to a fresh environment:
the gradual transition from a salty environment to a
fresh environment. This salinity gradient must have
an interaction between the freshwater and saltwater
to encourage nutrient exchanges. Both fresh and
salt systems and corresponding ecotopes are further
explained in the toolbox of figure 85. The most suitable
habitats for change are the dikes and the dams, the dikes
and the medium deep to shallow waters. The toolbox
offer suggestions on how to change existing landscape
units into new landscape design principles that create
more biodiversity and an improved water quality.

and riparian forests for the higher areas. These ecotopes
can transition from one to the other. Even the saltmarsh
can transition into a riparian forest when it is outside
the influence of saltwater. Various helophyte species
can occur in the shallow water and on the swampy
transition from water to land. The zone becomes
ecologically relevant when a width of approximately
0.5 meters is achieved. However, even when the width
is limited, the helophyte zone can serve as a breeding
ground for undemanding waterfowl. So a mix of both is
recommended with a focus on larger marsh areas.
Most fish species cannot use a riparian forest; they
prefer more open areas than the smaller waterways in
these forests. However, they can be used to improve
other aspects of the ecosystem. On the one hand, a tidal
forest provides a habitat for certain organisms such as
amphibians, some specific fish species, and certain bird
species. On the other hand, when it connects to the
aquatic ecosystem (the IJsselmeer), the riparian forest
can provide additional organic material.
The toolbox can be viewed in its in entirety in figure 85.

For the saltwater ecotopes, this mainly consists of the
creation of saltwater marshes along the saltwater inlet
of the system. Currently the freshwater system of the
IJsselmeer is closed of from the saltwater system of the
Waddenzee. So, an opening in the Afsluitdijk is needed
to facilitate this gradient. Saltwater inlet through the
sluices is possible and a viable solution for the creation of
salt water ecotopes. However, a new direct opening (that
does not close) without boats and the sluice dynamics is
necessary for fish species. This makes a direct opening a
necessary requirement for the creation of an estuarine
gradient. Another way to pump in water is through
pipes under the Afsluitdijk. Therefore, it is necessary
to have a possibility to close each direct connection
between the Waddenzee and the IJsselmeer. Another
way of managing the saltwater concentration is by
implementing underwater dikes at various points in the
design that work on the density difference of fresh and
salt water. These interventions to manage the salinity
concentration at various stages are there to safeguard
the freshwater reservoir function of the IJsselmeer when
there is a storm or another peak inlet of saltwater.
The saltwater marshes are created mainly on the locations
where there were saltmarshes in the past. However, it
is possible to seed with Salicornia plant fragments to
kick-start the colonisation of the saltmarshes. It is also
vital to create the required slope angle for saltmarshes.
Saltmarshes transition from a floodplain to a saltmarsh.
In the creation of the saltmarsh, it is enough to create
the floodplain (with some additional seeding) to let the
marshes grow themselves. It is also essential to fragment
the marsh with streams to create the necessary nutrient
dynamics for growth.
For the freshwater system, the landscape design
principles consist of the ecotopes: freshwater marshes
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Landscape Design Toolbox for an Estuarine Gradient
3
2
1

3

3
5
3

4

7

MEDIUM DEEP OR SHALLOW
WATERS

DAMS (THE AFSLUITDIJK)

CURRENT

MEDIUM DEEP TO
SHALLOW WATERS

6

Permanent opening for fishes
SALTWATER INLET

1

A free passageway for fishes through the Afsluitdijk (that can be closed in case
of emergency). This will also create a constant salination in the IJsselmeer.

Pumping of Saltwater
2

SALTWATER REGULATION

Underwater Dike

Underwater Dike
3

Figure 85: Landscape design toolbox for an estuarine gradient
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4

REGULAR DIKES

DAMS (THE AFSLUITDIJK)

SALTWATER MARSH

CURRENT

MEDIUM DEEP TO
SHALLOW WATERS

5

Mixing sand with 25% mud
boosts vegetation cover and
species richness (Baptist et al.,
2021). Place must be relatively
Sheltered.

FRESHWATER MARSH

Raised pathways

Wooden pathways

Bird watchtower

Small ferry

6

Width of at least 0.5 meters. A
mosaic of reed beds and open
water (1:2 ratio) is needed to be
effective as a habitat for fisth.

Raised pathways

RIPARIAN FOREST

The slope of the area must be aligned gently towards the sea (1:0-1:18 or 1:01:64), which reduces flow velocity and enhances sedimentation (Burd, 1995).
sediment suspension is required for survival (1-10 mg/l) and growth (1-100
mg/l) (Borsje et al., 2011; Li & Yang, 2009; S. Temmerman et al., 2004).

7

Foreshore environments improve dike resilience and enhance flood defenses by
dampening wave forces with their shallow slopes. They stabilize the dike with
additional mass and increasing seepage length (EcoShape & One Architecture,
2020).

Wooden pathways

Bird watchtower

Small ferry

A riparian forest provides an
important additional source
of organic matter. Dikes
integrate inundation-tolerant
vegetation to maximize flood
risk reduction.
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Saltwater marsh

Saltwater

Freshwater marsh

Freshwater

Riparian Forest

Figure 86: Implementation of the design toolbox (figure 85) in the whole IJsselmeer mouth area
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Specific Research Question 2

Main Research/Design Question:

What differences might the changes cause to
the Wieringerhoek?

How can landscape design interventions improve
the estuarine gradient in the Wieringerhoek and,
by doing so, improve biodiversity and water
quality?

In this research, three design models were made and
presented to experts familiar with the topics and study
area. This method aimed to determine which landscape
design principles were most suitability integrated into
the specified case study area: the Wieringerhoek. This led
to a set of rules for implementing the design principles
in the IJsselmeer. These design principles were informed
by expert judgement and the various design iterations.
Expert judgement
1. Create multiple openings between the fresh
and salt ecotopes instead of just one to create
enough nutrient interaction to make marsh
growth possible;
2. Create a large body of water directly behind the
sluices (because the sluice uses much water so
this is why it is required to have a large body
of water behind the sluices) and use this soil to
raise the other islands and create an even deeper
basin at this behind the sluices;
3. More extensive connected systems are favoured
over smaller fragmented systems together with
a large variety between small and large ecotope
patches;
4. Separate forests and marsh ecotopes more
to not attract predator species of the marsh
animals;
5. Fragment the riparian forest with small gulleys
to stimulate fish life.
6. Create another constant opening next to the
sluices to have an open passageway for fishes.
Design iterations
1. Use the morphology created during the
Zuiderzee era to create the marshes;
2. Create a salinity gradient both along the
Afsluitdijk and the Wieringermeerdijk;
3. Create connections between the existing forest
of the Wieringermeerpolder and new riparian
forests in the lake (these were also highly
favoured during the expert judgement);
4. Create a recreation line as the separation of
freshwater and saltwater marshes, so both
ecotopes can be viewed at the same time;
5. Create a raised surface between fresh and salt
marshes to limit washover of saltwater in the
freshwater marshes;
6. Dikes raise opportunities for changed tidal
dynamics.

The two specific research questions helped inform
the final design from figure 78. This toolbox of design
principles forms a part of the answer to the main
research question. These principles are suitable for other
locations in the IJsselmeer and other river mounds with
similar conditions (as can be seen in figure 86).
However, when designing in the IJsselmeer area, the
transition between fresh- and saltwater must be created
carefully and highly managed so the freshwater reservoir
function of the IJsselmeer can be maintained. The
restrictions posed by the water safety regulations make
it impossible to create a literal estuarine gradient. With
the created design, conditions of a natural estuary are
simulated, but the system itself is to precarious for the
creation of an estuarine gradient with tidal dynamics.
The estuarine gradient is in this sense only an salinity
gradient with corresponding ecotopes of an estuarine.
The tidal interactions that are present make the design
a micro-tidal estuarine system. The environment of an
actual estuary is rougher than the simulated system of
this design.
The design does offer the conditions to maintain the
freshwater and saltwater ecotopes. These ecotopes
themselves have a positive impact on both biodiversity
and water quality. Although to significantly impact the
water quality, more similar projects need to be created
in the whole IJsselmeer area. A suggestion for this is
shown in figure 86. The design forms a solution to
higher fluctuating salinity concentrations due to climate
change. The design interventions presented in this will
create a more biodiverse IJsselmeer with improved water
quality. Ecotopes similar to an estuary will develop there
but not create an estuarine gradient in the traditional
sense but a controlled estuarine gradient.
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