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Summary
A quarter of the Netherlands is located below sea level, therefore it constantly has to prevent flooding.
To guarantee safety, all dykes are checked every 6 years. In case a dyke does not meet safety
requirements it will become part of the HoogWaterBeschermingsProgramma (HWBP). This program
contains all the dykes that do no longer meet the requirements. Such a program is expensive, as it
involves measures on hundreds of kilometres of dykes. Usually, dykes that are part of the program are
reinforced with a traditional approach (i.e. cost-effective, heighten, improve cover). However, there
are alternative ways of meeting the safety requirement. These alternative ways of meeting the
requirements could increase the social return of the project, but will involve additional risks.
During the past few years, responsibilities on nature policy have been delegated from national
government to the provinces. Since a province is informed about dyke reinforcement projects, there
will be an opportunity to integrate nature with dyke reinforcement. Besides nature other regional goals
could be coupled to these dyke reinforcements. Even though there have been some good examples in
the past, it did not yet led to a more structured inclusion of coupled production5 in water safety
projects. By performing a case study, this thesis identifies the factors of success and failure,
institutional arrangements and potential social return of coupling production at a water safety project.
For this case study, an innovative pilot project at north-east Groningen will be used. The case is
interesting because a pilot project is started that includes coupled production. During this project, a
second dyke will be constructed behind the sea dyke. The agricultural land between both dykes will
become available for aquaculture and sludge extraction. The factors of success and failure at water
and nature projects (indicated by van Hattum, et al. (2014)) have been identified for this project by
interviewing stakeholders who were involved in this project. Additionally, the general institutional
arrangements of coupled production at water safety projects have been compared with arrangements
observed in this case.
During the feasibility study of the alternative dyke reinforcement, a TEEB6 study has been performed.
This study provided better insights on the benefits that could arise from the innovative concept.
However, these benefits have not been compared with the additional costs that are involved. For that
reason the economic effect of this alternative is unknown. For this reason, this case study includes a
social cost-benefit analysis in which the benefits of the alternative are compared with the extra costs.
This analysis helps to estimate the economic effects on society in case the innovative concept is
selected.
The case study has identified the following factors of success: urgency and common interest, trust and
cooperation, administrative commitment, project management and communication. The fact that this
pilot project does fit into the vision of the Emsdelta was especially important. Additionally, some of
the stakeholders had already gained experience from working together on similar projects, which
contributed to the a high level of trust and communication. As the waterboard and province have their
own field of policy, the creation and implementation of the project wasn’t always easy. Most
institutional arrangements, as described by Ellen & Van Buuren (2014), did match with this project.
However, the role of the HWBP was less strict and less costs-effective as described, which was
important to the creation of the project.
Since the calculated benefits do outweigh the costs of this project, the project should have a positive
effect on society. However, most parts of this pilot project have not been applied on this scale before.
This is especially true when the benefits on aquaculture show to be lower than expected. In that case
the benefits will no longer outweigh the costs of this project. Yet, the cost-benefit analysis does
account for all costs while not all benefits on nature have been include. Besides, the pilot project will
produce valuable information to future dyke reinforcement projects. In my opinion, the decisionmakers did make a good decision to start this interesting and innovative pilot project.
5
6

In Dutch: ‘Meekoppelkansen’
The Economics of Ecosystem Services and Biodiversity (TEEB: www.teebweb.org)

4

Table of Contents
Summary ............................................................................................................................................. 4
1. Introduction ......................................................................................................................................... 7
1.1 Coupled production ....................................................................................................................... 7
1.2. Research Scope............................................................................................................................. 8
1.3 Research Objectives ...................................................................................................................... 9
1.4 Research Questions ..................................................................................................................... 10
1.5 Limitations ................................................................................................................................... 11
1.6 Report outline.............................................................................................................................. 11
2. Literature Review .............................................................................................................................. 12
2.1 Institutions & Policy..................................................................................................................... 12
2.1.1 Dutch Nature Policy .................................................................................................................. 12
2.1.2 Water safety policy................................................................................................................... 13
2.1.3 Factors of failure and success................................................................................................... 13
2.1.4 Institutions................................................................................................................................ 15
2.1.5 Institutional arrangements....................................................................................................... 15
2.1.6 Institutions and Nature ............................................................................................................ 19
2.1.7 Public Management ................................................................................................................. 20
2.2 Economics.................................................................................................................................... 20
2.2.1 Cost-Benefit Analysis ................................................................................................................ 20
2.2.2 Valuation of nature .................................................................................................................. 22
2.2.3 The Economics of Ecosystem services and Biodiversity (TEEB) ............................................... 22
2.2.4 TEEB for local and regional policy makers................................................................................ 24
2.2.5 Valuation Methods ................................................................................................................... 26
3.

Methodology ................................................................................................................................. 29
3.1 Approach ..................................................................................................................................... 29
3.2 Findings of Literature Review ...................................................................................................... 29
3.3 Case study.................................................................................................................................... 30
3.5 Limitations ................................................................................................................................... 33

4.

The case ......................................................................................................................................... 34
4.1 Case Description .......................................................................................................................... 34
4.2 The Dyke ...................................................................................................................................... 35
4.3 Innovation ................................................................................................................................... 36
4.4 Study on the benefits of the innovative concept ........................................................................ 36
4.5 Factors of success at the case ..................................................................................................... 38

5.

Results ........................................................................................................................................... 39
5

5.1. Policy & Institutions.................................................................................................................... 39
5.1.1 The process............................................................................................................................... 39
5.1.2 Factors of Success..................................................................................................................... 40
5.1.3 Factors of failure....................................................................................................................... 42
5.1.4 Institutional arrangements....................................................................................................... 42
5.2 Economics.................................................................................................................................... 44
5.2.1 Identification of costs and benefits .......................................................................................... 44
5.2.2 Basic Cost-Benefits Analysis ..................................................................................................... 45
5.2.4 Benefits..................................................................................................................................... 47
5.2.5 Sensitivity analysis .................................................................................................................... 48
5.2.6 Costs and benefits excluded from the costs-benefit analyses ................................................. 49
6.

Discussion and conclusion ............................................................................................................. 51
6.1 Summary of the main findings .................................................................................................... 51
6.2 Discussion .................................................................................................................................... 53
6.3 Conclusion ................................................................................................................................... 54
6.4 Recommendations....................................................................................................................... 56

References ............................................................................................................................................. 57

6

1. Introduction
1.1 Coupled production
As the Netherlands has a long coastline, measurements to guarantee water safety have been taken
since the Middle Ages. Approximately a quarter of the Netherlands is located below sea level7. To
guarantee water safety, Rijkswaterstaat8 and waterboards check whether the dykes meet the legal
requirements every 6 years9. To ensure water safety, measures need to be taken when a dyke does
not meet the legal requirements. Because of sea level rise and subsidence, some dykes will have to be
reinforced to meet these requirements. The measures to be taken have been identified in the
HoogWaterBeschermingsProgramma (HWBP)10. Currently, the program encompasses measures for
700 kilometres of dykes .
These dyke reinforcement projects offer opportunities for integration with other societal goals of the
specific region the dykes are located, such as nature conservation and recreation. By coupling
production11 (in Dutch: ‘Meekoppelkansen’) the benefits for society (social return) could be higher
than with traditional dyke reinforcement. Coupling production has the potential to save costs. To be
more specific, it could lower costs of, for instance, changing development plans, integrated contracts
with executors and requesting permits. On the other hand, the decision-making process will in most
cases become more complex. In recent years, many positive experiences have been gained on
programs that included coupled production (e.g. Building with Nature12 and Ruimte voor de Rivier13).
The coming years huge investments are needed to ensure water safety and conserve nature (van
Hattum et al., 2014). Coupled production has also been built into in the Natuurpact14, a recent policy
document on Dutch nature policy. In this document nature policy has been decentralized to provinces.
Provinces have a better understanding of the opportunities and shortcomings in a certain region.
Provinces, together with NGOs, have to accomplish many targets on nature conservation the coming
years, to give effect to the Natuurpact. This provides a bundle of opportunities to couple production.
This view is shared by the demissionary minister of Infrastructure & Environment (van Hattum et al.,
2014).
However, this support and positive experiences have not (yet) structurally changed the role of coupled
production in water safety projects. Implementing coupled production will entail uncertainties
regarding time and funding, and therefore in accomplishing the priority (i.e. water safety). This has
been used as an argument to keep continuing traditional approaches (i.e. modest and effective).
Whether these targets on nature conservation will be coupled to water safety projects, will particularly
depend on the attitude of provinces and waterboards (van Hattum et al., 2014). They both need to be
open to the idea of coupled production. It will require a broader scope of the stakeholders to see the
potential opportunities of integrated water safety with other societal challenges. In order to be part
of the planning process, coupled production will need to be considered in an early stage. This process
7

PBL, Correctie formulering over overstromingsrisico Nederland in IPCC-rapport (2017).
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management, design and maintenance of the main infrastructure facilities.
9
This will become every 12 years.
10
See Appendix C for more information.
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Integrating solutions to other societal challenges from the region into the water safety project.
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https://www.ecoshape.org/en/
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requires intensified cooperation between government, business, research institutes and
environmental NGOs (van Hattum et al., 2014). Therefore, this way of cooperation calls for a change
of current institutions and policy.
The benefits that have been demonstrated by other projects, such as ‘Ruimte voor de Rivier’ have not
yet led to a more structured inclusion of coupled production in water safety projects. The benefits of
coupled production will differ per project, and depend entirely on the design and arrangements. In
some cases the benefits will not outweigh the extra investments. In order to make a well-founded
decision, the potential pros and cons of coupled production should be collected in an early stage. This
could be done by performing a social costs-benefit analysis (CBA). A CBA facilitates the calculation of
the net present value (NPV)15 by weighing the monetized costs and benefits of alternative ways to
perform the project. The NPV indicates the social return of an alternative, and can be used to compare
the available alternatives.

1.2. Research Scope
This study will perform a case study to collect data on the potential
advantages of coupled production. For this case study, an innovative
pilot project at north-east Groningen will be used. The case is of
interest because it considered an alternative that includes coupled
production, in an early stage. Even though the time frame to reinforce
the dyke is short (due to the risk of earthquakes), the stakeholders
decided to go for this alternative. During this decision-making process
some of the benefits were monetized with the use of TEEB16. Which is
interesting, because this form of recognizing, demonstrating and
capturing the value of nature, has only been used in two water safety
projects in the Netherlands17.
This project is part of a dyke reinforcement between Eemshaven and
Delfzijl, which is part of the MIRT-study “Eems-Dollard 2050” (all
programs and projects are explained in Appendix C). This dyke does
currently not meet the requirements due to sea level rise, subsidence
and risks of earthquakes. 2,5 kilometre of this dyke reinforcement
project will be turned into an integrated pilot project (Figure 1.1).

Figure 1.1: north-east Groningen. Dyke
reinforcement project between Eemshaven and
Delfzijl(13km). Pilot project at
Hoogwatum(2,5km). Google Maps

This alternative to traditional dyke reinforcement couples reinforcing
the dyke with opportunities for the economy, recreation and nature. A
multifunctional barrier zone will be created by adding an extra barrier
behind the existing dyke. This innovative concept will transform the
former agricultural land between the two barriers into two different
zones. Zone B18 will be designed for commercial saline agriculture and
aquaculture (i.e. cockels). Zone C will be transformed into a saltmarsh
that would extract sludge from the Ems (Figure 1.2).
Figure 1.2 Pilot Project

15

The key statement of a CBA, which asks whether the discounted value of future benefits is greater or less
than the discounted value of future costs, added up over a defined time period (Hanley & Barbier, 2009).
16
A global initiative to get better insights on the value of nature (www.teebweg.org).
17
The other project focuses on a flood channel at Varik-Heesselt.
18
Zone A did not make it into the innovate concept as it contained some risks (some protected mussel banks
were situated in this Natura 2000 zone). Since the project has to be performed in a short amount of time, the
decision-makers decided to leave out zone A (personal communication, M. Buurman, 2017).

8

Useful information on coupling production in water safety projects will be gathered by studying the
institutions, policy and economics of the case. The policy and institutional part will be concerned about
the process of decision-making and implementation. The economic part will be on the costs and
benefits that will flow from coupling production. The aim of this study is to select the important factors
of success and failure, describe the institutional arrangements and provide an approximation of the
social return of the pilot project. These findings will contribute to the development of coupling
production at water safety projects.
Due to the risks of earthquakes this water safety project will need to be completed in a short time. The
short time frame could have been an argument for the policy-makers to not even consider an
alternative that involves coupled production, mainly for the following reasons: (1) it would be timeconsuming, (2) it involves more stakeholders and additional decision-making, and (3) it will be more
challenging to fund. Somehow these obstacles did not outweigh the potential opportunities that arise
from coupling production. Apart from the opportunities for nature, economy and tourism, it will
produce valuable information on water safety, water turbidity, saline agriculture and aquaculture. This
information will potentially be of interest to future water safety projects.
The TEEB-study by Kwakernaak et al. (2015) (part of the NKN-study commissioned by PBL19) have
monetized part of the benefits of the saline agriculture/aquaculture and sludge extraction. The results
of their report are part of the feasibility study to the innovative concept, and could therefore be taken
into account during the decision-making process. The use of a second barrier could potentially save
costs, because the costs of measures on the existing dyke could be lower. Whether the alternative
actually outweighs the net benefits of traditional dyke reinforcement is yet unknown. This study
elaborates upon the TEEB-study of Kwakernaak et al. (2015) by performing a cost-benefit analysis
(CBA), and identifying which institutions were relevant to the decision-making.
Because of climate change, the Netherlands will need to continue investing in these expensive projects.
Previous projects have shown examples in which coupled production could be an interesting
alternative for traditional dyke reinforcement. However, the opportunities for coupling production
are sometimes left unused. That’s why it is of interest to get a better understanding of the factors that
determine success and failure of coupled production in water safety projects.

1.3 Research Objectives
Since provinces got more responsibilities towards nature policy, the level of playing field has shifted.
This shift could be an opportunity to increase coupled production at water safety projects, and
therefore serve other societal goals of a region. By performing a case study data could be analysed in
detail. This should provide a better insight on the economics and policy & institutions of integrated
water safety projects.
Coupled production needs a stakeholder that initiates the idea and facilitates collaboration, which will
not succeed without the support (e.g. trust, dedication, funding) from other stakeholders. In order to
succeed in this complex process it is important to know what factors determine success and failure.
The factors of success could help to couple production within the current institutional arrangements
of water safety projects. The current institutions will be described in order to understand the
institutional arrangements at water safety project. Additionally, potential adaptations to support
coupled production at water safety projects will be formulated.
However, coupled production will not necessarily increase the level of social return. In this case the
innovate concept is compared with traditional dyke reinforcement(null hypothesis). The differences in
19
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both costs and benefits between the two concepts will be collected and weighed in a CBA. Weighing
these cost and benefits will produce the NPV of the innovative concept compared to traditional dyke
reinforcement. Additionally, it could produce valuable insights on the detailing the design of the
innovative concept (e.g. type of crop, choice of material).

1.4 Research Questions
The objective to get a better insight on the economics and institutions & policy of coupled production
results in two main research questions:
1. What institutions were important for establishing the innovative concept?
2. What could be concluded on the social return of the innovative concept
(compared to traditional reinforcement)?
The first research question will be addressed by answering the following sub research questions, that
focus on policy and institutions:
1a. What made the stakeholders decide to go for the innovative concept?
In quite an early stage, the stakeholders decided to go for an innovative concept that involves
coupled production. This is even more interesting given the short time frame of the project. The
goal of this question is to identify, through interviews and reports, what the reasons were to select
this innovative concept. The answer on this question will describe the process that lead to the
creation and establishment of the pilot project.
1b. What important lessons could be learned from the decision-making process?
Coupled production will complexify the decision-making process, due to the growing number of
decisions that need to be made and the number of stakeholders that need to be involved. How do
you make sure everyone stays involved and continues contributing? This question will be answered
using interviews with the stakeholders that were involved during the decision-making process. This
will involve factors of success and failure that characterize this project and its relation to
institutions of coupled production at water safety projects in general.
The second research question will be addressed by answering the following sub research questions,
that mainly focus on externalities, ecosystem services and cost-benefit analysis:
2a. What costs and benefits should be considered at the cost-benefit analysis?
In order to find the social return of the innovative concept compared to traditional dyke
reinforcement, a list of costs and benefits that will flow from the innovative concept should be
performed. The costs and benefits that have been monetized could be used to estimate the NPV.
Costs and benefits that have not been monetized will be included on the pm-list20.
2b. What is the social return of the innovative concept in comparison with traditional dyke
reinforcement based on the monetized costs and benefits?
In order to answer this question a cost-benefit analysis will be performed. The costs and benefits
that have been monetized will be used in order to calculate the social return of the innovative

20

Pro-memoria; effects that have not been monetized as this was either uncertain or difficult (i.e. timeconsuming, expensive).
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concept with respect to traditional dyke reinforcement. The estimated NPV will lack some costs
and benefits, these will be explained by the following sub question.
2c. What unmonetized costs and benefits should be considered in order to perform a complete costbenefit analysis?
For this sub research question the unmonetized costs and benefits will be used. The costs and
benefits with the highest expected effect will be described in qualitative terms. These descriptions
will involve some quantitative terms if it is considered to be valuable. In addition some instructions
on how to monetize these costs and benefits will be involved.

1.5 Limitations
Given the amount of time and existing knowledge gaps, costs and benefits that have not been
monetized will not be involved in the estimation of the NPV. Nonetheless, the NPV will still provide
valuable information on the effects of the innovative concept. By listing these costs and benefits, they
will still be part of the CBA. Perhaps, an estimation could be made whether the unmonetized costs and
benefits will have a positive or negative effect on the NPV.
At the moment of writing, the stakeholders are still deciding upon the set-up of the WadLab21 and
sludge extraction22, the tidal culverts and the warm water pipeline. This could affect the interviews,
since some of the information could be politically sensitive. Although this could complicate analysing
the interviews, it strikes the facts that decision-making is complex. The obstacles during this decisionmaking process will be of interest for future water safety projects.
All data will be gathered from one case. The data that is found on this case will be detailed, which will
make it challenging to generalize the findings. On the other hand, the data allows for a more complete
and detailed analysis. Which will provide insight on both the economics and institutions & policy of
coupled production at water safety projects.

1.6 Report outline
This report will start with a literature review, in which previous literature on, again, both the economics
and institutions & policy of coupled production will be evaluated. It will show the existing knowledge
gap that this study attempts to fill. The literature review will be followed by the methodology of this
research, which will describe how the data will be collected and by what methods this data will be
analysed. After the methodology, the case will be explained to the reader. After the case description,
the results will be reported, concluded and discussed. Most chapters will have a clear distinction
between the economic and institutional & policy part.

21
22

Working title that is attached to the land that will be used for agriculture and saline agriculture.
For extracting sludge from the Ems that is really turbid.
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2. Literature Review
In this literature review the current knowledge on coupling production at water safety projects will be
discussed. First, the institutions and policy that relate to water safety projects will be described. This
includes current policy, literature on institutions, factors of success and failure and institutional
arrangements at water safety projects. Secondly, the cost-benefit analysis and methods that help to
identify and evaluate environmental aspects of a project will be explained.

2.1 Institutions & Policy
To explain the concept of coupled production it is necessary to know the context. That’s why the
institutional and policy part starts with a brief outline of the current policy relevant to coupling
production at water safety projects. This section will be split into a part on the current trends in Dutch
nature policy (chapter 2.1.1) and a part on current policy of water safety projects (2.1.2). Chapter 2.1.3
will describe the factors of success and failure at integrating nature into water safety project. In chapter
2.1.4 institutions will be introduced and path dependency will be explained. Furthermore, the current
institutional arrangements will be discussed in chapter 2.1.5 and summarized in table 2.1. At last, the
connection between ecosystem services and institutions/public management is described in 2.1.6 and
2.1.7.

2.1.1 Dutch Nature Policy
The last couple of years the government has delegated a lot of tasks on nature conservation to the
provinces. Agreements on this new division of tasks have been captured in the ‘Natuurpact’23, which
also contains agreements on continuing the strengthening of the Natuurnetwerk24 the coming years.
The long-term goals on nature conservation and biodiversity are captured in the Rijksnatuurvisie
201425. To reach these goals, the national government will need the help of new initiatives (Fontein et
al., 2015). For this reason, the government currently promotes integrated spatial planning projects
that couple nature to their initial plans, as stated in the Natuurambitie Grote Wateren 205026.
In recent years, a lot of positive experiences on integrating nature into water safety projects has been
gained already. Projects that were part of the programs ‘Ruimte voor de Rivier’ and ‘Building with
Nature’ have provided a lot of knowledge and experience on integrating nature into water safety
projects. In many cases integration has led to better quality and cost reductions (van Hattum et al.,
2014). Despite the positive examples, the coupled production of nature is only considered in a few
cases. Previous research by Fontein et al. (2015) suggests two reasons: (1) the lack of a clear vision on
the effects of coupling production and (2) insufficient knowledge on how to encourage coupled
production.
Fontein et al. (2015) did a first analysis on some cases that coupled nature to their spatial planning
project. The study is based on the failure and success factors of coupling nature into water safety
project, as identified by van Hattum et al. (2014). The next section will go deeper into these factors.
This study provides an overview of the conditions, opportunities and obstacles of coupled production
of nature. The authors did notice reciprocity during the process of cooperation and opportunities to
increase the level of social return at a project (Fontein et al., 2015). Examples of added value by
coupling production are; (1) a more sustainable image for executor, (2) cost savings at the execution
23

Natuurpact ontwikkeling en beheer van natuur in Nederland. Kamerbrief. Ministerie van EZ, 2013
https://www.rijksoverheid.nl/onderwerpen/natuur-en-biodiversiteit/inhoud/natuurnetwerk-nederland
25
https://www.rijksoverheid.nl/documenten/rapporten/2014/04/01/rijksnatuurvisie-2014
26
https://www.rijksoverheid.nl/documenten/publicaties/2013/10/31/beleidsverkenning-natuurambitie-grotewateren-2050-2010
24
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and (3) higher levels of biodiversity (Fontein et al, 2015). The added value is described subjectively,
which makes their arguments quite weak. The analysis of the cases has not been in detail, therefore
not all obstacles will be identified. For this reason, a more thorough study of the mentioned failure and
success factors will be performed.
The National government aims for a nature policy in which economics and nature reinforce one
another. That’s why the Dutch government did ask PBL to set up a program on natural capital. This
program aims to identify suitable tools that will enable governmental actors and companies to include
nature in their decision-making. The TEEB-initiative of Pavan Suhkdev is closely related to this program.
PBL has developed practical tools to integrate nature and economy, so that they are designed to
reinforce one another (PBL, 2016). By evaluating ecosystem services into monetary terms, ecosystem
services could be used in decision-making. This program implies a strengthening of economic
rationality within decision-making of spatial planning. Amongst others, two pilot projects were started
to explore the opportunities on the use of nature (and its monetary value) at water safety projects.

2.1.2 Water safety policy
Water is mainly managed by two actors; waterboards and Rijkswaterstaat. Rijkswaterstaat is in general
responsible for the seas and big rivers, while the waterboards manage, maintain and monitor regional
canals, streams and creeks. To protect us from flooding and to provide sufficient amounts of fresh
water the government developed the Deltaprogramma. Within this program, different levels of
government cooperate with NGOs. Legal agreements on this program were put into the Deltawet27.
One of these agreements states that a Deltaprogramma should be published every year at
Prinsjesdag28. Every six years a dyke will be reviewed to check whether it meets it legal norms. Rejected
dykes will become part of the HoogWaterBeschermingsProgramma(HWBP), which is part of the
Deltaprogramma. Projects within the HWBP will be implemented by waterboards and Rijkswaterstaat.
The current HWBP exists of measures on 700 kilometres of dyke. Investments come from the
Deltaprogramma, which are complemented by a share of the waterboard. In the current HWBP (2011)
more time has been spent on the design of the program and projects. The current program did increase
their investments towards innovation and sharing knowledge. Nowadays the HWBP is controlled by
the minister of Infrastructure and the Environment. Stakeholders that manage (i.e. Rijkswaterstaat,
waterboards) the dyke are responsible for the project. Efficiency is important to both the program as
the projects. Projects that are related could be combined from the start to save time and money.
Innovation has been coupled to the projects, that’s why the incentive to innovate rests with the
manager of the dyke.

2.1.3 Factors of failure and success
The study of van Hattum et al. (2014), which has been briefly mentioned in the section above, has
studied the integration of nature into water safety projects in the Netherlands. Through interviews
with stakeholders of different water safety projects factors of failures and successes were identified.

27
28

http://wetten.overheid.nl/BWBR0030836/2012-01-01
The opening-day of Dutch parliament.
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Factors that cause difficulties with coupling nature to water safety projects, as described by van
Hattum et al. (2014):
1. Different fields of policy: For an integral approach, policy on water safety and nature should be
interconnected. These policy areas are often still separated on every level. More consultation
will be needed to integrate nature into spatial planning.
2. Change in formation: The progress could be harmed by transformations of the composition of
policymakers and institutions during the process of integrated spatial projects (e.g. decline of
trust that affects negotiations, change of law that calls for renegotiations).
3. Different institutions: The two policy areas have different rules of the game (e.g. procedures,
regulations). This could lead to different interpretations on goals, ambitions and concepts.
Both networks are still separated. It will be necessary to get comfortable with each other’s
jargon and formulate common goals. This requires time and patience, and needs alternative
way of working.
4. Sectoral financing: Funding is still organized by sector. That is why additional costs coming
from improvements on nature should be funded by a party that is concerned with the regional
nature at this specific site.
5. Cost-efficacy: Programs, such as HWBP, have a strict planning, in which they try to work as
efficient as possible. In the past, this approach has offered little space for a flexible and
integrated alternative. Extra consultation and preparation could potentially lead to delays,
which is not accounted for in the program.
6. Risk-aversion: Knowledge on the potential costs and benefits that will flow from coupling
production often lacks in an early stage. Stakeholders will need some courage, since innovative
concepts such as the double barrier will contain certain uncertainties.
Factors of success that stimulates the integration of nature into water safety projects, as described by
van Hattum et al. (2014):
1. Urgency and common interest: Urgency should be sufficient, in order to realize a certain
project. Enhanced by shared goals (derived from shared ambitions), this will improve the
willingness of stakeholders to couple production.
2. Trust and cooperation: Coupled production requires sufficient levels of willingness to
cooperate along with mutual trust. To achieve this, it is important to involve all stakeholders
right from the start.
3. Timing: The opportunities of coupled production should be noticed in an early stage of the
process. This will increase the likelihood of coupled production. It is important to develop the
planning strategy with care, since coupled production will require for additional execution
activities in a short time.
4. Administrative commitment: For coupled production you will need administrative
commitment of multiple stakeholders. Without administrative commitment coupled
production will not stand a chance. Decision-making and license permission has proven to be
better facilitated with intensified administrative cooperation.
5. Project management: It is important that one organization takes initiative and manages the
process, preferably from the beginning to the end. A project manager plays a key role in
connecting the stakeholders and facilitating the process.
6. Communication: Good communication is essential to inform and involve all stakeholders.
External communication with, for example, citizens, is also important.
7. Clever budget-linking: With coupled production, budgets will originate from different
stakeholders. By linking these budgets cleverly, the different purposes of coupled production
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could be served effectively. An agreement on the distribution of costs and risks(on both shortand long-term) will be important, because different budgets will increase risks of funding.
8. Knowledge & innovation: To convince stakeholders of coupled production, ideas should be
well substantiated. A feasibility study will be needed to indicate; (1) the advantages and risks
of coupling production and (2) potential costs and benefits. A well-founded business case
includes the complete cycle of a project, including, for example, costs of maintenance.
9. Room for innovation: Stakeholders have to see the opportunities that could be provide by
innovation, this includes the acceptance of potential risks with regard to the innovation. This
requires courage of the stakeholders. Administrative agreements will be necessary to make a
clear division of responsibilities, costs and risks.
10. Flexibility of laws and regulations: When coupling production laws, regulations, policies and
treaties on different levels have to be taken into account. Early cooperation with legal experts
will be necessary to indicate potential problems and risks. This could be especially important
during the licensing process.

2.1.4 Institutions
In order to get a better idea of the structures, rules and interactions within in water safety
management the institutional arrangements will be studied. Institutions is a very broad concept, that
helps to explain our behaviour by (social) interactions by (social) rules (Knight, 1992). Institutions shape
our behaviour, perceptions and choices. Institutions include governance structures, social
arrangements, norms, rules and ways of thinking and organizing. Institutions arise because they reduce
transaction costs and meet social needs (North, 1992). Institutions are embedded systems, which
means that they could not easily be changed.

Path Dependency
Institutionalism is often linked to path dependency (North, 1992). Path dependency reflects that
choices are partly influenced by decisions and developments in the past, even if the circumstances of
the past may not seem relevant today. Through positive feedback mechanisms, a path dependence
process evolves as a consequence of its own history. This results in a self-reinforcing pattern of
development. The costs of alternatives are often uncertainty, that’s why we like to do the things we
know. In the short run it might be cheaper to continue things as they were. Even though there are
different scientific views on how to change institutions, most argue that is institutional change will be
incremental. Building new institutions or affecting existing ones is therefore challenging (i.e. timeconsuming, costly). In order to influence the institutions, it is important to know the current
situation(i.e. existing institutions).

2.1.5 Institutional arrangements
Ellen & Van Buuren (2014) focused in their study on multi-layer safety, which is a flood risk based
approach that aside from dykes, focuses on spatial design and effective disaster management. Coupled
production is a specific form of this multi-layer safety, in which spatial development is integrated into
water safety projects. In this study they have been focusing on institutional arrangements (i.e.
governance structures) of water safety project. Current institutions are described as follows:
1.
2.
3.

Emphasis on own sector (i.e. water sector); focus is clearly on water safety.
Embedded position; are able to implement their ideas without (a lot) interference
from other sectors
Closed circle of knowledge; water safety is largely based on civil technology
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Adaptations
These institutions will have to change in order to share responsibilities for coupling production at water
safety projects. This will also have implications for the decision-making process, which has to change
in order to facilitate coupled production. Different stakeholders (e.g. provinces, waterboards,
environmental NGOs) will need to be able to influence the decision-making from an early stage. This
will allow for an integrated process that considers coupling production with spatial concepts that are
on the regional agenda. This will also affect the way current decision-makers select alternatives (i.e.
measures to achieve safety norms), which should be changed in order to come to new visions,
expertise and standards (Ellen et al., 2014). In order to create an environment that’s open to the idea
of coupling production, Ellen & Van Buuren (2014) suggest the following:
-

-

Maintain or create administrative consultation on a regional level to discuss ideas and plans
on spatial development and water safety.
Create possibilities (e.g. “coupled production scan”) to explore the potential opportunities on
coupled production within HWBP.
Start with a rough estimation on the optimal size of the potential integrated water safety
project(e.g. multiple dykes, a dyke, part of a dyke).
Explore at a project level, if there are regional opportunities that could be coupled to a water
safety project. These opportunities should then be included in a scan that estimates the added
value (take into account that coupling production will affect timing, cooperation and division
of tasks).
Organize meetings which will bring together stakeholders and architects to create sufficient
levels of creativity.

Coordination of Coupled Production
Yet, the application coupling production has been limited to just a few project, which could keep
policymakers form adjusting legal obligations (e.g. ability to adapt safety standards). According to Ellen
& Van Buuren (2014) other solutions to improve the coordination of coupled production could be:
-

Formulate that when coupled production has regional support and creates increased levels of
social return, projects will have support of the minister.
Make sure that the ideas are captured in an administrative agreement, including binding
agreements to implement, maintain and monitor these ideas.
Increase the flexibility of planning and prioritizing of water safety measures in order to utilize
the benefits of coupling production.

Funding
Because coupled production is yet incidental, it would be advisable to make case-specific agreements
on funding (Buuren, et al. 2014). Costs that could be saved on water safety by using innovative
concepts, could be invested in coupled production. Funding will need to be flexible, because initial
budgets on either water safety or spatial planning are going to be spend in advance or later. This could
be achieved by placing the different funds into reserves for coupled production. Financial agreements
could be settled in the administrative agreement. Ellen & Van Buuren (2014) specifically recommend:
-

Increase the initial budget with regard to water safety in order to make sure that the pilot
projects could serve as a good example.
Experiment with a regional budget that covers the transaction costs to explore reduce risks
and couple production at dyke projects.
Create opportunities to combine and reserve all funds by arrangements in the administrative
agreement.
16

Division of Tasks
Norms of water safety are captured in the Waterwet29. In most cases the local waterboard (regional)
or the Ministry of Infrastructure and the Environment (national) is responsible for meeting these
norms. In case coupled production leads to lower norms, new agreements on these responsibilities
should be made. These agreements should lead to a sound division of tasks, without ambiguities.
According Ellen & Van Buuren (2014) this results in the following recommendations:
-

Clear agreements on responsibilities, without interfering with coupled production. This
requires a certain level of flexibility.
Agreements on monitoring, maintaining and managing these dykes, requires tailor-made
solutions which could be captured in an administrative agreement.
Carelessness should result in certain consequences which could also be captured in the
administrative agreement.

Recommendations
Governments should find new ways to cooperate in order to increase the social return by coupling
production at water safety projects (Ellen et al., 2014). Coupled production could motivate regions to
develop new ideas and concepts that could serve as an alternative to traditional dyke reinforcement.
This also requires a close relationship of the two sectors (i.e. water safety and spatial planning). Despite
different governmental programs (e.g. Actieprogramma Water en Ruimte30), there is much room for
improvement (Ellen et al., 2014). In particular changes in culture will be needed in order to increase
the number of project that couple production. This will require investments from both sectors in
reciprocal meetings. Both sectors should be convinced by the advantages of coupled production:
spatial planning could benefit from secure levels of water safety, while water safety could benefit from
innovative and sustainable solutions of spatial planning (Ellen et al., 2014).
The existing institutional arrangements do not meet the current demand for coupled production. In
order to meet these demands the institutional arrangements should be modified. Ellen & van Buuren
et al. (2014) suggest the following requirements to the institutional arrangements:
1. It should become possible to identify potential opportunities of coupled production within
water safety policy.
2. These opportunities should be considered seriously and weighed against traditional dyke
reinforcement.
3. Plans on coupled production should be developed with respect to water safety (i.e.
expedient and guaranteed protection) and regional interests.
4. Coupled production should be tested in order to check whether it contributes to the right
amount of water safety levels.
Administrators demand little administrative effort to integrate water safety and spatial planning.
Among administrators there is little willingness to make big changes to the current institutional
arrangements (Ellen et al., 2014). Especially since other legislation (i.e. Omgevingswet31) requires a lot
of energy and attention. When coupled production is considered, authorities have to take
responsibility with respect to their legal obligations. This not only requires willingness to cooperate,
but also the opportunities to do so. Not all actors are enthusiastic, some actors fear that levels of water

29

http://wetten.overheid.nl/BWBR0025458/2017-01-01
https://www.helpdeskwater.nl/onderwerpen/water-ruimte/algemeen/nieuwsbrieven/nieuwsbriefteksten/berichten-2010/nummer-17-december/actieprogramma-water/
31
https://www.rijksoverheid.nl/onderwerpen/omgevingswet
30
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safety will be affected by coupling production. Therefore, fundamental rearrangements of tasks,
responsibilities and funding are irrelevant at the moment (Ellen et al., 2014).

Four levels of institutions
The study of Ellen & Buuren (2014) did make use of the four levels of social analysis introduced by
Williamson (2000) and adapted by Koppejan & Groenewegen (2005). The four adjusted levels: (i)
Actors and games, (ii) Formal and informal institutional arrangements, (iii) Formal institutional
environment, and (iv) Informational institutional environment: culture values, beliefs. The levels
distinguish different kind of institutions. The different levels are interrelated: for instance, culture
shapes and constraints formal rules, which in turn affects the type of network relations (Koppejan et
al., 2005). Institutional arrangements do not stand apart, but are embedded in a larger context.
Therefore institutional arrangements are difficult to influence, and characterized by incremental
change (Koppejan, 2005).
Ellen & Van Buuren (2014) did make use of these four levels to analyse the current institutions and
obstacles in water safety management. Obstacles that in stand in the way of coupling production. After
the analysis recommendations were defined on all four levels. These recommendations are on what
should be changed in order to improve the implementation of coupled production. All this information
is put together in table 2.1 (next page).

Table 2.1 Institutions at water safety projects, based on Ellen & Van Buuren (2014)

Institutional level

Characteristics

Current situation

Obstacles

Adaptations

(i). Actors and
games;

Actors/agents and
their interactions
aimed at creating
and influencing
provisions, services,
outcomes

-

Network of actors,
that has their own
language and tools.
Dominated by civil
technique.
Lack of trust towards
the interest on water
safety by other
authorities

-

Lack of trust during
cooperation of
coupled production.
Differences in
perceptions and
language.
Both sectors are
unfamiliar with each
other’s tools.

-

Procedures are
captured in
guidelines.
Focus on efficiency
and timespan (no
interference with
policies and interests
of other units).

-

Poor communication
and closed networks.
Different procedures
and rules of the game.
Lack of institutions for
coupling production.

-

(ii). Formal and
informal
institutional
arrangements

Gentlemen
agreements,
covenants,
contracts, alliances,
joint-ventures,
mergers etc.
Informal: rules,
codes, norms,
orientation,
relations.

-

-

-
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-

-

-

-

-

Expand
knowledge and
expertise on
coupled
production.
Better integration
of spatial
development and
civil technique.
Exploratory phase
of HBWP should
be broadened.
Early and periodic
communication
between MIRT
and HWBP on a
regional level.

(iii). Formal
institutional
environment

Formal rules, law
and regulations,
constitutions,
(formal institutions)

-

-

(iv). Informational
institutional
environment:
culture values,
beliefs

Norms, values,
orientations, codes
(informal
institutions, culture)

-

-

Safety norms are
statutory.
Dyke manager has
formal obligations to
test, strengthen,
maintain and
manage dykes.
Focus on own sector.

-

Focus on water
safety (i.e. rejected
dykes) by
Rijkswaterstaat and
waterboards.
Similar approach,
different norms.
Strong public
support.
Barely no initiative
and support of
citizens or
companies.

-

-

-

-

Water manager is
focused on
prevention.
Shared responsibility is
perceived as a risk.
Unspoken fear of
claims or
consequences
regarding liabilities.

-

No self-reliance and
low risk awareness.
Implicit trust on the
concept of dyke’s risk
approach32.
Strong tendency to
prevent instead of
limit flooding.

-

-

Financial support
for coupling
production by
government.
Existing
frameworks
should be
stretched to
create
institutional
arrangements on
coupling
production.
Change of norms
for water safety
in case of
opportunities for
coupling
production.

2.1.6 Institutions and Nature
Without embedding the values of nature in institutions, methods and instrument that evaluate nature
are worthless. The value of ecosystem services is increasingly recognized. Yet, the challenge is to turn
this recognition into institutions that guide the conservation of ecosystems (Daily, et al., 2008).
Institutions reflect the way human interact with each other, and the way they interact with the
environment. Using ecosystem services into decision-making will require changes in institutions
(Sirmon, et al., 1993).
First, if they don’t even consider coupled production, opportunities could be wasted. Coupled
production is often accompanied by innovative concepts. The potential benefits of innovative concepts
are generally challenging to recognize, which complicates decision-making. In case of nature, these
benefits could be recognized and captured with the use of ecosystem services33. In case of innovative
concepts, benefits from ecosystem services could possibly be transferred from similar cases (i.e.
benefit transfer).
Second, institutions seem to be based on the past, in which resources were believed to be
inexhaustible (Cortner, et al., 1998). Many of these institutions reflect a different view of natural
resources, human and land, and contrasts with the ecosystem approach. Ecosystem management
requires a more holistic and dynamic approach, while current institutions seem more rigid and
32
33

Risk that’s approached by the costs of flooding and investments of protection
“the direct and indirect contributions of ecosystems to human wellbeing” TEEB (2010)
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hierarchical. Current institutions are created by the values of the past, while changing social values will
affect future institutions. Thus, it is important to identify the current values, and how they can be used
into decision-making (Cortner, et al., 1998).

2.1.7 Public Management
Citizens’ well-being and resource management is determined by public and governmental institutions.
These institutions could be adjusted through public management. By taking into account ecosystem
services into public management, local governments can optimize resource management and citizen’s
well-being (Wittmer et al., 2012). Actions by local governments will have implications for ecosystems
and its services. Policymakers often neglect that when implementing their decision, it does not only
require financial resources and labour, but also natural resources and ecosystem services (Wittmer et
al., 2012). To identify cost-effective management options, ecosystems and the services they provide
should be assessed in public management. Local ecosystem services such as, for example; rainwater
drainage, air filtration and recreational services have a substantial impact on citizen’s well-being.
Maintaining ecosystem services will safeguard the environment to future generations (Wittmer et al.,
2012).
The benefits of ecosystem services are sometimes far removed from the ecosystem, and become
visible after a certain time-leg. To overcome unfair distribution of costs and benefits over time and
space it is important to collectively take action and carefully design policy. Allocating and managing
different land use options is of great importance to ecosystems and its services. Thus, integrating
ecosystem services into spatial management will make an impact. Understanding the institutional
arrangements can inform spatial management (e.g. studying the access and property rights). Adjusting
institutions and policies may help to reward ecosystem services. If institutions and policies will not
change, natural degradation will continue. Economics can support by estimating the value of nature,
and therefore show the decision-makers its value.

2.2 Economics
In this section the economics will be discussed, this includes the cost-benefit analysis (2.2.1), valuation
of nature (2.2.2), TEEB (2.2.3) and valuation methods (2.2.4). It starts with explaining cost-benefit
analysis, a tool that assists in making a proper selection on different alternatives, by weighing the costs
and benefits of an alternative. Costs and benefits that relate to nature are often difficult to monetize
as they are hard to quantify. Chapter 2.2.2 explains why it is important to measure the value of nature,
even though it is challenges and it includes uncertainties. Now we know why it is important to weigh
the costs and benefits and include nature in it, chapter 2.2.3 will explain the method of TEEB to
recognize, demonstrate and capture the value of nature. In chapter 2.2.4 the method of TEEB will be
explained for local and regional policymakers, which is meaningful to stakeholders of comparable
water safety projects. At last, the different methods to measure the value of nature will explained in
chapter 2.2.4.

2.2.1 Cost-Benefit Analysis
CBA is an useful tool, that by systematically comparing the costs and benefits of each alternative, helps
to find the best alternative. All the costs and benefits of an alternative are valued, summed, and
compared. This method provides a net value to the existing alternatives, which easily could be
compared. When the benefits outweigh the costs; the available resources will be allocated in such a
way that the people (affected by the allocation) will benefit as a whole. The alternative with highest
positive net value will in theory generate the highest benefit to society. To create the best possible
indication of the effects on society, as many as possible values are included in a CBA. Ideally, this also
includes the value of nature (ecosystem services and biodiversity). This is certainly necessary, since
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mostly scarce resources face unlimited wants (Hanley et al., 2009). By determining the costs and
benefits to society, a CBA could serve as a ‘gatekeeper’ of society. A CBA might also provide new
insights, which could affect the original design.
CBA is in many cases used as a tool to indicate efficiency in the final stage of a project (Biesbroek et
al., 2014). Alternatively it could be used as a tool to assess different alternatives during the exploratory
phase. Thus, CBA could assist stakeholders developing and evaluating their ideas, and support
interaction between policymakers and economists. A CBA can verify whether coupling production will
generates increased social value or not.
According to Hanley & Barbier (2009) a CBA should consist of six steps:
1. Scope of the project: Who are the stakeholders? What are the alternatives?
To analyse the costs and benefits, it is important to strictly differentiate the outcomes ‘with’ or
‘without’ the project. Which costs and benefits stem (in)directly from the project (alternative)? Who
are the stakeholders? Whose welfare should be considered? What is the time period? Once this has
been determined, the expected outcomes of the project can be evaluated.
2. Classification of impacts: What are the expected costs and benefits? When do they occur?
The expected costs and benefits that are likely to occur should be identified in physical magnitudes
(e.g. man hours of labour, hectares of land). Especially predictions on the environmental impacts will
contain certain uncertainties (Hanley, et al., 2009). If the impacts are linked to the well-being of the
relevant population, they should be included in the CBA.
3. Monetization: How can we monetize the expected costs and benefits?
A rather important step in CBA is the conversion of physical impacts into marginal social costs and
benefits. Social refers to evaluation with regard to the whole economy (Hanley, et al., 2009). By
monetizing the relevant effects, they can be aggregated. As long as markets are not impacted by the
project, market prices are a good indicator to value the costs and benefits (Hanley et al., 2009).
Markets, however, fail to inform about the social costs of externalities imposed by others, for example
when pollution harms people’s health. Some environmental goods and services lack a market such as,
for example, biodiversity or water purification. In such cases, market prices cannot be used to evaluate
these services, therefore, other valuation methods will be needed (as explained in 2.2).
4. Discounting: Monetized costs and benefits converted into present value.
Immediate costs and benefits are more valuable than when they occur in the future, by discounting
less value is given to benefits and costs that occur in the future. The costs and benefits are converted
into present values, because of time preference and time value:
𝑃𝑉 (𝑋1 , 𝑋2 , … , 𝑋𝑡 ) = 𝑋𝑡 [(1 + 𝑖)−𝑡 ]
For example if people can choose; 100 euro today or 102 euro in a year, they would probably prefer
the first option. That’s mainly because of two things. First, the sooner you are able to spend the money,
the sooner you are able to receive your enjoyment from it. Second, banks pay interest rates, therefore
the 100 euro will be worth 100 euro plus interest in the future. Additionally, the future is uncertain,
you will never be 100% sure that you will be able to receive the money or actually will be in the position
to receive the money. Costs or benefits that occur further in time (larger t) have a lower discount factor
(greater effect of discounting). A higher discount rate means a lower preference for costs and benefits
that occur further in time.

5. Net Present Value: Do the discounted benefits outweigh the costs?
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The goal of a CBA is to help selecting projects or policies that are most efficient in terms of their use of
resources (Hanley, et al., 2009). In order to realize a positive impact on society, a project or policy
should have a positive Net Present Value (NPV). NPV is the sum of the discounted benefits minus the
sum of the discounted costs:
𝑁𝑃𝑉 = ∑𝐵𝑡(1 + 𝑖)−𝑡 − ∑𝐶𝑡(1 + 𝑖)−𝑡
6. Sensitivity analysis: How reliable are the numbers used in the study?
Different data has been used during the calculations of the NPV. Most of this data is based on
prediction and could of course change during the project. There will be no perfect foresight, especially
when it involves environmental aspects. Therefore, as a last step, a sensitivity analysis could be
performed. By changing the key parameters, the NPV will be affected. When a change of parameter
has a big effect on the NPV and this parameter is yet uncertain, then the CBA is more sensitive to error.

2.2.2 Valuation of nature
More often decisions on spatial planning are being made on economic grounds (e.g. CBA) (Barbier et
al, 1997). This requires a better understanding of the social and economic value of the different
elements of spatial planning. As spatial planning often affects nature it is important to include its value.
However, indicating nature’s value is rather complex as is often lacks a market. Yet, different methods
are developed to express nature into economic terms, which should prevent nature from being
underestimated in modern decision-making.
Nature provides us humans with different goods and services, often crucial to our existence. These
goods and services, commonly known as ecosystem services (e.g. water purification, fish production)
can be expressed in economic terms. Which initially started to increase public awareness on nature
conservation, has shifted into a more theoretical term, essential to the growth of scientific literature
on this topic. Especially, the last two decades increasing effort has been made to create economic
incentive for conservation (Gomez et al. 2011). A true landmark publication in this development on
ecosystem services is the Millennium Ecosystem Assessment34 (MA). Around 1400 scientists assessed
the state of ecosystems, the drivers of ecosystem change and the implications for human well-being
(MEA, 2005).
According to the MA, ecosystems are being degraded because people undervalue and under-recognize
ecosystem’s goods and services. Unsustainable use and degradation adversely affected 60% of all
ecosystems (MA,2005). This fact has probably led to the growth of scientific interest in the concept of
ecosystem services. The focus shifted to a more economic approach by initiatives such as The
Economics of Ecosystem Services and Biodiversity35 (TEEB) and Intergovernmental Platform on
Biodiversity and Ecosystem Services36 (IPBES). Both initiatives developed analytical methods and
models that assist in transforming ecosystem services into economic terms.

2.2.3 The Economics of Ecosystem services and Biodiversity (TEEB)
In 2006, Nicholas Stern proved with his paper that economics makes a convincing case for early action
on climate change. This paper has served as great inspiration for starting the TEEB-initiative led by
Pavan Suhkdev, who wants to build a convincing case on environmental degradation by human. The
initiative was introduced by the German Federal Ministry for the Environment (BMUB) and the
European Commission (EC). TEEB endorses the fact that by satisfying our growing demands,

34

www.maweb.org
www.teebweb.org
36
www.ipbes.net
35
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ecosystems have been changed rapidly and extensively. The initiative builds on the analysis of the MA,
by assessing the economic terms of ecosystem degradation and biodiversity loss (TEEB, 2010).
The benefits of nature are often neglected (TEEB, 2010a). The goods and services provided by nature
are in many cases considered to be a public good: unable (difficult) to exclude people and individual
use does not reduce the availability to others (e.g. clear air, fresh water). Many components of nature
doesn’t get priced by markets, which complicates monetizing its value. This has been perfectly
illustrated by Pavan Sukhdev37: “A bee doesn’t send an invoice for pollinating our crops”. Our natural
capital, which includes ecosystem services and biodiversity, is degrading every day. Putting a price tag
on nature will give more weight to nature in balancing the costs and benefits, which would probably
lead to an increase of decisions that respect nature.
All natural assets can be seen as natural capital. Ecosystem services can be seen as ‘dividend’ that flows
from that natural capital (TEEB, 2010a). Ecosystem services originally started off as an ecological
concept to describe the interdependencies of both biotic and abiotic services of natural communities
(Barbier et al., 1997). Nowadays ecosystem services are seen as a variety of benefits, that can be
classified into three economical categories: (1) goods (products obtained from ecosystems, e.g. fish,
timber and water) (2) services (for example regulatory services as climate regulation and water
purification) and (3) cultural benefits (for example religious or spiritual) (TEEB, 2010).
Society’s way of valuing biodiversity and ecosystem services needs to change in order to sustain these
services. Even though everyone benefits in a certain way from these ecosystem services, incentives to
retain ecosystems are often insufficient. An example that is often used to illustrate this problem is
about open access fisheries. Fish could be seen as a providing service, ‘dividend’ that flows from the
natural capital in our open waters. This ‘free’ provision service is put to pressure by overfishing.
Everyone wants to benefit, but who makes sure that fish levels will stay at a sustainable level?
Incentives to conserve this ecosystem service are insufficient. This will eventually lead to exhaustion
of the ecosystem service, meaning no fish at the table.
Management and governance on ecosystems cope with problems of poor information and institutional
failure (TEEB, 2010). Currently, knowledge about the effects of biodiversity on ecosystems, and
therefore its final effect on human well-being is inadequate. This is accompanied by ambiguity on the
impact from human on environmental change. Therefore the dynamics between ecology and
economics are extremely complex, which could lead to wrong incentives. Wrong incentives which
could causes large scale and persistent degradation of our environment. The rapid decrease of
ecosystem services forces our society to rethink how to incorporate the value of nature into our
decision-making.
The benefits and values of ecosystem services can be divided into three main types; ecological, sociocultural and economic benefits and values (TEEB, 2010). The ecological benefits and values refer to the
causal relationships within the ecosystem, such as, the value of one species to another species or to
the ecosystem itself. On a wider scale, ecosystems and their constituent species, play different roles
in maintaining life-supporting processes. These values are too indirect and complex for expressing
individual processes, although they are of great importance for human existence (TEEB, 2010). The
contribution of ecosystems to maintain life on this planet is too complex, there is not (yet) a method
that is able to expresses this value in measurable terms.

The non-material well-being is represented by the socio-cultural values an benefits. Ecosystems and
its biodiversity are also of influence on many people’s mental health, through their cultural, spiritual
and religious significance (Haines-Young et al., 2010). It also contributes to historical and ethical values,
37
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which are of value to a lot people. A broad range of these values can be captured, but unfortunately
not all of them. Decision-makers should be aware of this fact, so these values are not underestimated
during decision-making.
The economic benefits and values refer to the contribution of biodiversity and ecosystem services to
our economy, and comprises both and use (e.g. recreation, timber, fish)) and non-use values (cultural
values). Most use-values are able to express in monetary terms, especially consumptive ecosystem
service, such as, fish and timber, who have a market. The degree of accuracy varies, depending on the
technique that is used (e.g. market prices, shadow prices, questionnaires).
TEEB is mainly focusing on the economic consequences of the loss of biodiversity, and could therefore
be of help for decision-makers. Decision-making is about trade-offs, by expressing the trade-off in
economic terms (e.g. opportunity costs), the decision could be made on more rational terms. The
expense that has to be made, such as, adverse effects on nature, could possibly outweigh the new
benefits. By comparing the effects in monetary terms, economic valuation could lead to new insights,
and could therefore be seen as a second opinion.

2.2.4 TEEB for local and regional policy makers
For this document, a team of very experienced professionals from complementary backgrounds had
been composed by the coordinators of TEEB (TEEB, 2012). With help of their networks, the team wrote
a report on TEEB with a focus on local policy. By taking the benefits of nature into account,
opportunities on securing and enhancing human well-being could be created. Orientation, guidance
and inspiration is provided to local policymakers who want to include nature’s benefits in their policy
(i.e. decision-making). It could potentially save the local policymakers costs on future measures that
otherwise would have been required. It could therefore, stimulate local economies, secure livelihoods
and enhance quality of life (TEEB, 2012). The reports points out several reason for withholding
environmental investments:
-

Nature’s benefits seem to be invisible and often it is assumed that their availability is
continuous.
Benefits of nature are often considered to be a public good, which takes away some of the
incentive to take action.
Without knowing the consequences on the environment, other needs and objectives seem to
be more pressing and desirable.

The degradation of the world’s natural environment goes beyond the local scope. Though, local policymakers do often deal with the consequences. They also have the opportunity to at least tackle some
of the environmental problems. National and international policy-makers design frameworks, but the
actual decision is often made on the local level. This decision-making process involves a large number
of decision-makers, diverging from citizens to the mayor. Local policymakers can utilise nature’s assets
by; making good use of instruments (e.g. CBA. Environmental Impact Assessment), developing local
solutions (e.g. REDD38) and advocating environmental concerns at higher policy levels (e.g. European
Union) (TEEB, 2012).
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Reducing Emissions from Deforestation and forest Degredation: redd.unfccc.int
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Appraising ecosystem services
Often it turns out to be a better (i.e. less expensive) option to maintain healthy ecosystems (TEEB,
2012). By appraising ecosystem services, a full overview of the effects could be provided. This could
then be helpful in selecting the right local policy strategy (i.e. CBA). To guide policy-makers in
appraising and including nature’s benefit into their decision, a stepwise approach has been developed
(see textbox 2.1).
1. Specify and agree the policy issue with stakeholders to avoid
misunderstandings during decision making and implementation.
2. Identify which ecosystem services are most relevant to the policy
issue in order to focus analysis.
3. Define the information needs to tackle your issue and select
appropriate methods for assessment.
4. Assess ecosystem services, expected changes in their availability and
distribution.
5. Identify and appraise policy options based on your assessment.
6. Assess distributional impacts of policy options on different groups in
your community.
Textbox 2.1 TEEB's stepwise approach (TEEB,

seen2012)
as a

The natural environment should no longer be
constraint, but as an economic opportunity
(TEEB, 2012). In order to make this happen it is important to distribute the rights of nature’s benefits,
optimally use of scientific and experience-based knowledge and facilitate participatory processes
(TEEB, 2012).

Tipping points
Ecosystems are capable to adapt to change and to recover from disturbances in the environment. But,
certain levels of disturbance could lead to a change of character of the ecosystem. Which could mean
that certain services will no longer be produced by the ecosystem. In that case the ecosystem has
reached its tipping point. The greatest driver on the transformation of ecosystem’s character is human
impact (e.g. increasing population density). Other drivers for major changes in ecosystems are the
introduction of new species from other areas and human-induced climate change (TEEB, 2012). When
these major changes lead to degradation or a collapse of the ecosystem, it will be very expensive and
time-consuming, or even impossible, to recover the ecosystem and the services it provided. Until now,
it is impossible to assess tipping points, because the ecological process is rather complex. Thus,
precaution is imperative, in order prevent ecosystems from irreversible harm (TEEB, 2012).

Benefits beyond the local community
While the conservation of nature is often a local task, benefits are not just felt locally. Ecosystem
services such as fresh air are free to everyone, which is not necessarily a problem given its abundancy.
But, because its value is neglected, it is also not accounted for decision-making on intensifying land
use. The benefits of the landowner increases when the use of his land intensifies. In contrast to a
landowner who would extensify his land, in order to stop environmental degradation of his land. That
would be different when regulating ecosystem services had a price. The fact that benefits go beyond
the local community and are free of charge complicates nature conservation. When a decision leads
to degradation of an ecosystem, it can be very expensive to restore it (assuming it is even possible).
When it turns out that the overall benefits of nature conservation outweigh the costs. It will still be
difficult to advocate nature conservation, when there is no incentive to share the costs, while others
can easily benefit. The benefits, provided to regions outside the local community, should therefore be
recognized and rewarded on a higher level.
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Climate Change
Now that the effects are increasingly visible, dealing with the impacts of climate change becomes more
challenging for local policy makers. Sea level rise is one of the effects of climate change that is clearly
visible. Adapting to sea level rise is extremely costly, but is certainly necessary in order to protect us
from flooding. Climate change is also an important thread to ecosystems, and its biodiversity.
Maintaining and improving ecosystems is a cost-effective strategy to adapt and mitigate on climate
change (TEEB, 2012). Improving ecosystems could, for example, lead to an increase of its capacity to
restore carbon, and could therefore serve as an important method to mitigate on climate change.
Ecosystems can also play a vital role in adapting to climate change, for example, salt marshes and
mangrove forests are well-known for breaking waves/flood protection. The pressure on ecosystems is
expected to increase by climate change, safeguarding ecosystems can therefore lower the risk on their
future collapse (TEEB, 2012).

2.2.5 Valuation Methods
In this section, different methods that are able to put a ‘price-tag’ on nature will be described. As
already defined, ecosystem services are the various benefits that flow from natural capital. Without
putting a value on these services, the dominant economic system will remain biased toward the
degradation of ecosystems (TEEB, 2012). Valuing nature has been proved extremely challenging, that
is probably also why there is still no clear favourable method. Nature could be excluded from decisionmaking, as it is increasingly based on monetary values. Also intensification of land, sometimes degrade
more ecosystem services than accounted for in decision-making. For example, cutting some trees
could affect the habitat of an endangered bird, and at the same time decreasing the ecosystem’s
capacity to sequestrate carbon and its aesthetic appreciation. On the contrary, putting a price tag on
nature could lead to marketization, which could complicate nature conservation.
The last two decades environmental valuation methods have developed markedly. It is important to
select the right method for an ecosystem service, since not all methods work for every ecosystem
service. Some ecosystem services have a market such as, for example clay or cockles. With little
statistics, these economic values can be calculated. Some markets for ecosystem services are
emerging, which is, for example, the case with CO2 emissions (i.e. carbon emission trading).

Alternative markets
Nevertheless, a lot of ecosystem goods and services do not have observable markets. According to
TEEB (2010) are more than 80% of the ecosystem services not (yet) captured in markets. For these
goods and services other methods are needed to estimate their value. One way of doing so, is by
looking at alternative markets that are related to the good or service that requires estimation. This can
be done in three different ways:
1. Replacement costs: The costs that will be needed to carry out an alternative for that
ecosystems service (e.g. investments in a water treatment plant, when water purification
services might be affected).
2. Damage avoided costs: The costs that will be needed to cover the decay of protection
provided by the ecosystem (e.g. costs of dyke reinforcements when salt marshes are going
to be removed).
3. Production function: The implications of changing the quality or quantity of nature’s input
on production. (e.g. increasing salinization that will adversely affect local agriculture)
With the use of replacement cost, ecosystem services that are provided ‘for free’ might be replaced
by alternatives that are on a market. This method does not require complicated data analysis, but it
requires a manufactured or artificial alternative for a particular ecosystem service. For ecosystems that
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protect economically valuable assets, the damage avoided cost method could be suitable. First, the
potential impact on the ecosystem’s service of protection should be identified. The identified impact
could then be used to calculate the costs of damage. Production functions help to identify the effect
of a change in the ecosystem’s management. For this method also certain knowledge on ecology is
needed. Nevertheless, the ecological relationships within an ecosystem are in many cases rather
complex.

Surrogate markets
Surrogate markets could serve as an alternative way to determining the value of ecosystem services
(i.e. use services such as leisure and air quality). Preferences in markets closely related to the
ecosystem service are measured to determine the value. Two commonly used methods are:
1.
Travel costs method: The amount of time and money that people are willing to spend on
visiting a site (e.g. wildlife park, deciduous forest).
2.
Hedonic price method: Goods from other markets that (directly) relate to ecosystem services
(e.g. the effect of the surrounding on housing prices)
Data (i.e. questionnaires) from visitors can be used to indicate the value of especially cultural
ecosystem service. This method make use of the correlation between the value of an area and the
travel expenses (including time). The hedonic pricing method uses in most cases the real estate market
as a surrogate market. For example a house that is situated near some mountain tops or is surrounded
by clean air. With this method the price difference due to a specific ecosystem service is identified (e.g.
aesthetic values, clean air). This should be done carefully, since a lot of other factors affect housing
prices. It is a complex analysis that requires a lot of data to finally come up with an estimation of the
value of the ecosystem service.

Stated Preference
For some cultural and spiritual ecosystem services it is even more challenging to place a monetary
value on (e.g. conservation of pandas). To determine people’s ‘willingness-to-pay’ (willingness to
accept), people’s preferences and choices are collected and analysed. Within stated preference there
a two categories:
1.4

2.4

Contingent Valuation Method (CVM): Values placed on hypothetical changes in the
environment by respondents (E.g. the willingness to pay to conserve the beaver in the
Biesbosch or the willingness-to-accept their loss).
Choice Modelling: Preferences chosen by the respondent. Different situations (cost and
levels of the ecosystem) are being proposed to the respondent.

The group of respondents needs to be representative for the wider population that will be affected by
the suggested environmental change. The hypothetically amount that people are willing to pay or
accept differs in general from what respondents would actually pay. By taking this into account during
the design and analysis of the questionnaires, the willingness to pay (or willingness to accept) will be
more accurate. This approach also requires a clear explanation of the ecological differences that are
linked to the choices/questions in the questionnaire.
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Benefit Transfer
All valuation methods mentioned in the previous section are quite expensive and time consuming.
Sometimes studies that require these methods don’t have the time or financial resources to perform
a valuation method. In such cases results from similar valuation methods could be used to get a better
indication of the costs and benefits of a certain ecosystem service. It will not be as precise, but with
the right expertise and statistical analysis, it could provide a good indication. First, existing similar
studies should be identified. Secondly, an examination on the transferability should be performed (e.g.
quality of the ecosystem service and institutions arrangements). Thirdly, potential identical studies
need to be screened in order to judge whether they are theoretically and methodologically sound. And
last, modifications of the selected data need to be made, so the values reflect the ecosystem service
on the current site.
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3. Methodology
This chapter explains the research methods that have been used for this study. First, an explanation of
the approach and focus of the research will be given. Second, the findings of the literature review will
be explained. Third, the concept of the case study will be explained. Furthermore, an explanation will
be provided on how the data has been collected. At last, the important limitations of this study will be
described.

3.1 Approach
This research aims to create better insights on a case that could be of value to future water safety
projects. Data on the case will be taken from reports39 and personal communication (including semistructured interviews). The factors of failure and success, as described by Van Hattum et al. (2014), will
be determined by analysing the data from the interviews. The data will also be of help in order to put
this project into a wider perspective of coupling production at water safety projects. This will be done
by comparing the results with the observed institutional arrangements of Ellen & van Buuren (2014).
As most of the potential costs and benefits of the innovative concept have been estimated, they can
be used in order to study the difference in NPV between the innovative concept and traditional
reinforcement. All extra costs and benefits of the innovative concept that have been monetized will be
included in the cost-benefit analysis. This analysis will result in a NPV that will be examined in a
sensitivity analysis. Costs and benefits that have not been included as they were uncertain or difficult
to monetize will be listed. The unmonetized costs and benefits that are expected to have a substantial
effect on the NPV will be described in more detail.

3.2 Findings of Literature Review
As shown in the previous chapter, theory on this topic seems to be quite sufficient. Environmental
valuation and institutional arrangements are well-represented within literature (also specific on the
topic of coupled production). Different studies have shown that higher levels of social value (i.e. cost
savings, added value) could be achieved by coupling production (van Hattum et al., 2014; Fontein et
al., 2015). Especially the integration of nature has proven to be successful (Fontein et al., 2015).
Unfortunately there are some obstacles that keep policymakers away from coupled production (Ellen
& Van Buuren, 2014). In order to take away these obstacles it is important to know the current
institutional arrangements and factors of success and failure of water safety projects.
This information is taken from the reports of Ellen & Van Buuren (2014) and Van Hattum et al. (2014).
Both reports analysed data taken from interviews with stakeholders at water safety projects. Data
from this case will put into perspective with the results from both studies. Some of the
recommendations and failures of success have been put into practice at the pilot project. Performing
a case study will produce detailed information, this may include interesting arrangements or aspects
that have not been described by other studies.
As the benefits of nature are often neglected, it could also be helpful to monetize the benefits of nature
that flow from an alternative. This may convince policymakers to integrate nature into water safety
projects. Yet, it is rather complex to monetize these values. There are, however, ways to indicate (i.e.
monetize) these benefits, which are being practiced at a more regular basis nowadays. The framework
of TEEB includes valuation methods and helps to recognize, demonstrate and capture the value of
39

This includes several reports of the province: Reports of the province
Risicodossier Dubbele dijk (2016), Bijlage Demonstratieproject Dubbele Dijk (2016), Bijlage Exploitatie
Landbouwgebied (2016).
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nature. This framework has also been used in the report of Kwakernaak et al. (2015). The framework
will be used to help identifying information that lacks, to perform a complete CBA. The CBA as
explained by the book of Barbier & Hanley (2009) will be used to weigh the monetized benefits and
costs of the pilot project, since this has not been done at the pilot project. This will help to get an
indication of the social return of the project relative to traditional dyke reinforcement.
Given the fact that hundreds of kilometres of dyke have to be reinforced the coming years, the project
will definitely carry valuable information on the institutional arrangements of future projects. The
government has been promoting coupled production, so that goals on both water safety and nature
conservation could be achieved (Natuurambitie Grote Wateren 2050). Nonetheless opportunities of
coupled production are in many cases not even explored.

3.3 Case study
In order to study the implementation of coupled production at water safety projects a case study will
be performed. As explained earlier, this case study will focus on a pilot project at the Emsdelta. This
case study allows for detailed (practical) information on the complexity of implementing coupled
production at water safety projects. As this case is quite unique it would be difficult to set up a more
general study on several cases. Focusing on one case allows a detailed analysis on both economics and
policy & institutions. It provide good opportunities to test theoretical assumptions, such as, made by
van Hattum et al. (2014) and Ellen & Van Buuren (2014). Data for the case will by gathered by reports,
public documents and personal communication (e.g. interviews).

Case Study

Institutional Arrangements:
Ellen & Van Buuren (2014)

Qualitative
Research

Quantitative
Research

Interviews

CBA

Factors of failure and
success: Van Hattum et al.
(2014)

Performing a
CBA/Environmental
Valuation: Hanley & Barbier
(2009)

Figure 3.1 Structure of this thesis
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Recognize, demonstrate and
capture the value of ESS:
Teeb(2010)

The case (see figure 3.1) is split into qualitative research (interviews) and quantitative research (CBA).
The qualitative part will mainly focus on the policy and institutions, which for the most part focuses on
the reports by Ellen & Van Buuren (2014) and Van Hattum et al. (2014). The quantitative part will
mainly focus on the CBA. The set-up of the CBA is taken from the book by Hanley & Barbier (2009),
which also includes methods to measure the value of nature. As the report by Kwakernaak et al. (2015)
uses TEEB to recognize, demonstrate and capture the value of ecosystem services (ESS) of the initial
innovative concept, TEEB has been used to understand this report. In addition, TEEB could be used to
identify unmonetized costs and benefits and help to set up further research on these unmonetized
costs and benefits.

3.3.1 Interviews
The qualitative research method of interviewing is chosen to collect more information, which creates
opportunities to explore whether the factors of failure and success determined by van Hattum et al.
(2014) hold for this case. The interviews will also allow for more in-depth information on the case.
Which, among other things, could be of help to put this case into a wider perspective on institutional
arrangement. These interviews are semi-structured and partly based on the factors of success by
Hattum et al. (2014). As all stakeholders perceived the creation and establishment of the project from
a different angle, some specific additions will be made to the interviews. The interviewees will be
actors of the relevant stakeholders (i.e. Provincie Groningen, Waterschap Noorderzijlvest, Alterra and
Groninger Landschap). The interviews should help to find answers on the sub questions linked to the
first research question.

3.3.2 Factors of failure and success
The report of van Hattum et al. (2014) is key to the design of the interviews. The structure of the
interview is mainly based on the factors of success. As the factors of success relate to certain extent,
the interview will also be help by identifying the factors of failure. As the interview will also include
some general questions on the project, the interview will take too much time if the it would also
include the factors of success. A general set-up of the interview could be found in appendix D. The
interviewees are actors that were all involved in either a different role or employed at a different
stakeholder(a list of the people that were interviewed cold be found in appendix A). The interviewees
were selected with care and are considered to give a valuable representation of this project.

3.3.3 Institutional arrangements
Coupled production requires different ways of thinking and cooperating. At traditional dyke
reinforcement projects waterboards act practically on their own. Adding spatial planning to the project
would involve other stakeholders with different perspectives. This will require flexibility of
waterboards and joint planning strategies. Which will mean a different network of actors, other types
of contracts, rules, law and regulations. In short, coupled production demands for another structure
of institutions(i.e. institutional arrangements). Ellen & Van Buuren (2014) studied what will be needed
in order to change these institutional arrangements. The study includes information on the current
state of institutional arrangements, obstacles that complicates coupled production and
recommendations on how to change these institutional arrangements. This will help to estimate the
current state of coupled production in the Netherlands and will be used to the strengthen
recommendations on coupling production at water safety projects in the Netherlands.

3.3.4 Cost-benefit analysis
Once the available costs and benefits of the project are collected a cost-benefits analysis will be
performed. The main objective of the cost-benefit analysis is to perform the difference in NPV between
the innovative concept and traditional dyke reinforcement. The cost data originate from public
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documents and are complemented by the province of Groningen. The data on benefits originate from
the report by Kwakernaak et al. (2014) and reports of the province, and refer to the returns on the
sludge extraction and aquaculture and saline agriculture. The cost-benefit analysis will be performed
according the book of Hanley & Barbier (2009) and guidelines and social cost-benefit analysis by Romijn
& Renes (2013). As the same safety norms have been used for both dyke concepts, aspects on risks
regarding water safety are not included in this study.

Assumptions
The study aims to produce a costs-benefit analysis that is as realistic as possible. As a cost-benefit
analysis is complex and case-specific assumptions have to be made. These assumptions will be
explained in the results section. If the cost or benefit still contain a certain level of uncertainty, an
alternative could be considered at a sensitivity analysis.

Discount rate
In order to monetize the costs and benefits in present values, they will need to be discounted. The
discount rate determines the weight to costs and benefits that will appear in the future, and is
therefore is crucial to cost-benefit analysis. For example, the benefits on the yield of aquaculture weigh
relative less than the potential costs that will be saved on the innovative concept of the dyke. A
discount rate should be selected with care, as it has a big impact on the NPV. In 2015, a taskforce to
inform the parliament on discount rates at social cost-benefit analysis did advise a discount rate of
4,5% at public projects that include substantial fixed costs40. This is higher than the average discount
rate that has been used at other projects, which is currently 3% (due to low interests rates). The net
benefits that flow from a project are more susceptible to fluctuations in case of substantial costs that
do not depend on its use. As this includes economic risks a higher discount rate has been advised. This
is mainly because of the high fixed costs (i.e. big investment that do not vary with the utilisation of the
project). These high costs (e.g. maintenance or exploitation) are necessary, irrespective of the usage.
Therefore, a discount rate of 4,5% is used for the cost-benefit analysis. However, a sensitivity analysis
will be performed on the discount rate in regard to NPV.

Sensitivity Analysis
As some of major costs and benefits are uncertain, it is important to perform a sensitivity analysis.
These costs and benefits will be adjusted to analyse its effect the NPV. Costs and benefits that have
been selected for the sensitivity analysis are assumed to have a substantial impact on the NPV and are
assumed to be uncertain. Based on different scenario on one of the costs of benefits the sensitivity
analysis will be performed. For example, the differences in costs between the innovative and
traditional concept are quite uncertain. For instance, there is a chance that the current dyke needs
extra cover after the execution has taken. If that is the case, the costs of the innovative concept will
be rise, which will have a great impact on the NPV. By studying the case through interviews and reports,
more knowledge is gained about the details on the dyke reinforcement. Any costs of benefits that is
uncertain and important to the NPV will be used for a sensitivity analysis. The sensitivity analysis will
use potential scenarios if possible.

Unmonetized benefits
In order to perform a comprehensive cost-benefit analysis, extra data will be required. Not all
ecosystem services were monetized by the report of Kwakernaak et al. (2015). The methods that will
be necessary to collect this data will be explained. Steps which need to be follow, will be taken from
the reports of TEEB and the book of Hanley and Barbier (2009). This part will help to find an answer on
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sub question 2c and could be interpreted as a guide for a follow-up study. Which elaborates on the
aspects of the natural environment that are currently not included in the cost-benefit analysis. Yet,
aspects that improve the natural environment could be under-recognized, which could have an effect
on decision-making.

3.4 Limitations
The case study allows for a detailed analysis of both institutions and economics. However, the study
also has a broad scope as it analyses more than one aspect of dyke reinforcement. The interviews are
focused on the factors of success, but will also be of help by analysing the factors of failure, institutional
arrangements, costs and benefits. It is impossible to address all aspects of the process in the same
detailed way. Therefore, decisions on the level of detail have to be considered. Although, case studies
allow for detailed information, that will not always be the case during this study.
As there is no official document that includes all the costs and benefits, creativity will be required to
gather as many as possible costs and benefits. This creativity should not have a big impact on the
quality of the numbers, but will have some effects on the consistency. Therefore these numbers will
be verified by stakeholders and experts.
The timing of the study will have an effect on the results. Some of the aspects of the innovative concept
need further detailing. The timing will mainly affect the numbers of the cost-benefit analysis, as some
of these numbers are still uncertain. This should be taken into account while drawing conclusions.
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4. The case
A pilot-project that couples production to reinforcing activities will be studied for this research. The
pilot is part of a dyke reinforcement project between Eemshaven and Delfzijl. This pilot project will use
an alternative approach to reinforce a part of the dyke that does not meet the right requirements. This
innovative approach includes a second barrier behind the primary dyke. The agricultural land between
the two barriers will be transformed into a nature site that provides opportunities for sludge
extraction, aquaculture and saline agriculture, thus providing opportunities for nature, recreation and
economics (see figure 4.1). The amount of saltwater that flows in and out the area between both dykes
can be regulated by tidal culverts.

4.1 Case Description
Beside sea level rise, this area also has to deal with soil subsidence and
earthquakes (i.e. gas extraction). These factors have caused the disapproval of
the current dyke. The new dyke has to meet the requirements set by the
government. It will become the first earthquake resistant dyke of the
Netherlands. The innovative approach makes this project unique, and therefore
interesting to study. Not only the design, but also the way the stakeholders
cooperated is quite interesting. Because of earthquakes, reinforcing activities
have to start just two years after the disapproval of the dyke. This time
restriction has, interestingly enough, has not been an argument for the
stakeholders to decide on a traditional approach. The process and design might
contain important information for future dyke reinforcement projects.
Figure 4.1 The pilot project

The dyke will be reinforced on a trajectory of 12 kilometres, of which 2,4
kilometre will be part of this pilot project. A second barrier will be constructed
behind the existing 2,4 kilometre of dyke. The former agricultural land between the two barriers will
be transformed into the WadLAB and saltmarshes41. The pilot-project is innovative in many ways:
-

It will be part of the first earthquake proof dyke of the Netherlands.
In an early stage stakeholders were involved to discuss the alternatives (e.g. joint design
studios) which in the end has resulted this integrated pilot project.
Despite the accelerated process (i.e. the risks of earthquakes), the decision-makers went for
an innovative approach.
TEEB was used in order to recognize, demonstrate and capture the benefits of ecosystem
services that flow from the alternative.
It will be the first aquaculture project in the province of Groningen
New developments on improving turbidity levels at the Ems-Dollard

On January 30th of 2014 the stakeholders (i.e. companies, governmental authorities and nature – and
environmental organizations) signed a cooperation agreement42. This agreement emphasizes the
willingness of the stakeholders to cooperate at the ecological and economic level in this region.
Ecologists and economists should stop considering each other as enemies, and start cooperating, and
looking for common goals43. This tendency for cooperation has probably been of importance during
41

Area that will be used to extract sludge from the Ems.
http://www.ee-eemsdelta.nl/nieuws/nieuws/belangrijke-stap-voorwaarts-richting-vitale-eemsdelta
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the exploratory phase of the pilot project. This study will provide a better understanding on this
assumption. Most stakeholders are part of a regional platform called Economy and Ecology (E&E)44.
This platform encourages cooperation between companies and environmental NGOs. The port of
Eemshaven is located at the Ems-Dollard, which is a Natura 2000 area. Environmental NGOs did not
appeal to the excavation of the waterway by Groninger Seaports, in exchange they have made better
agreements to increase the environmental quality at the Emsdelta. The coming years this region wants
to improve the natural and ecological environment, recreation and economy. By bundling these goals,
costs could be saved and goals could be achieved.

4.2 The Dyke
The pilot project will make use of an innovative dyke concept (figure 4.2). This concept differs from
initial idea for traditional dyke reinforcement, which will be considered as null hypothesis (figure 4.3).
The new concept is required to meet the same water safety norms. Yet, the concept will bear different
costs as compared to traditional dyke reinforcement. Based on the estimations at the HWBP report,
the new concept seems to save certain costs. Mainly because certain expensive measures at the
existing dyke are not required by adding a second barrier. Both concepts differ mainly on two points:
1. Required measures on the dyke
 (1) The existing dyke does not need to be reinforced as planned for the traditional dyke
reinforcement. By adding a second barrier the requirements on the existing dyke
reduces.

Figure 4.2 Double barrier



(2) The dyke will be reinforced traditionally, like the rest of the dyke between
Eemshaven and Delfzijl.

Figure 4.3 Traditional dyke reinforcement

2. The agricultural land
 (1) Approximately 52 ha. will be transformed into: saline agriculture and aquaculture
(area B, 30 ha.), and a sludge extraction site/salt marshland (area C, 22 ha.).
 (2) The agricultural land will remain the same.

44
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4.3 Innovation
This pilot-project serves primarily as an informative project, wherein information is gathered about
sludge extraction, saline agriculture and aquaculture. It will also provide valuable information on the
water safety of this innovative concept. The existing dyke can scrap some of the required measures,
since the second barrier will also serve as protection. This is based on models, actual figures can be
deducted by monitoring after the completion. These figures will be important for future dyke
reinforcement projects. Projects that will be certainly necessary, considering the rising sea level.
By human activity (i.e. impoldering), the Eemsdelta has become a turbid estuary, which adversely
affects the enviromental values. Strict separation of agricultural land and sea has led to the
accumulation of sludge in the Ems-Dollard. There are ways to extract the sludge from the Ems and use
it for other purposes (e.g. reinforcement of dykes, raising land). Currently, a lot of experiments on the
potential use of sludge take place. The Breebaartpolder, close to this project, shows high levels of
sludge extraction from the Ems-Dollard. This project should provide further information on extracting
the sludge. Ideally, the extracted sludge could be used to reinforce dykes nearby. Other applications
of sludge could be for heightening of agricultural lands, fertilizing agricultural lands or as alternative
for concrete. The pilot project covers approximately 55 hectares, of which 25 hectares will be
constructed as saltmarshes for the purpose of sludge extraction (see figure 4.1).
The other approximately 30 hectares will be divided into saline agriculture and aquaculture. Probably
most of the sludge will settle in area C, before it reaches area B, where the water will feed the saline
agriculture and aquaculture. The project will also provide valuable information on salinization, which
is a global problem. Wherever there is salt (water), agriculture be affected adversely by high levels of
chloride. Possible solutions could be found by experimenting with crops on saline grounds (e.g. crops
resistant to higher levels of chloride). Growing aquaculture (e.g. cockels, samphire) will mainly
generate money, and therefore serve as an economic impulse. Cockles are often exported to Spain,
since it is an important ingredient of Paella, but cockles are also available in Dutch supermarkets. Since
2005 it is not allowed anymore to fish for cockles with commercial ships at the Wadden Sea,
aquaculture could provide new opportunities. However, the potential growers will need permission to
catch new-borns. The price of aquacultural products makes it economically interesting to harvest.
There might also be an opportunity to extend the season by extracting warm water from the nearby
Google datacentre.

4.4 Study on the benefits of the innovative concept
This study, commissioned by PBL and performed by Kwakernaak et al. (2015), puts the TEEBmethodology into practice at the innovative concept at the Ems, that involves coupled production.
The TEEB-methodology consists of three phases; recognizing, demonstrating and capturing the value
of ecosystems services and biodiversity. The study was mainly focused on demonstrating and
capturing the values, since the recognition had already resulted in a memorandum of understanding
(Kwakernaak, 2015). In this memorandum, the waterboard45, province, ministries and municipalities
agreed on exploring the opportunities for improving nature. With the help of a checklist, an
indication of potential effects on the ecosystem services was developed (Kwakernaak, 2015).
By changing the land use, biodiversity will be strengthened and additional ecosystem services are
provided (e.g. the provisioning service of aquaculture and saline agriculture). The second step of the
TEEB-method is about evaluating the ecosystem services (e.g. the potential gains of aquaculture and
saline agriculture). Because at that time the planning process was not decided upon, it was not
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Noorderzijlvest: https://www.noorderzijlvest.nl/

36

possible to fully perform step 3. This step should help to find ways to capture the value of ecosystem
services and strengthened biodiversity. In this last step it is important that stakeholders are able to
‘directly’ benefit from the ecosystem services. In this way the stakeholders will be (more) willing to
contribute.
From the beginning the stakeholders were in favour of the innovative concept. But within the
approach there was room for negotiation on how to develop the ideas. In order to be of influence on
the decision-making process, the study had to be completed in a short amount of time. The
researchers started just a few months before the actual decision was made. Due to this timerestriction the researchers didn’t have enough time to evaluate all the ecosystem services. Especially
the evaluation on cultural and regulating services is missing. These services are more challenging to
evaluate, because there is no market for these services.
At the end the study elaborates briefly on the process that has led to the alternative. In exploring the
feasibility, this study was responsible for the ecosystem services and biodiversity. According to
Kwakernaak et al. (2015) this study has played a significant role in creating support for the alternative
by informing the stakeholders about the benefits that flow from coupling production. However,
further research on recognizing and capturing these values will be needed during the planning and
construction stage (Kwakernaak et al., 2015). Aspects that needs more elaboration are, for example,
the design, cost-benefit analysis and governmental arrangements (Kwakernaak et al., 2015).
Additional specification of the costs, funders, benefits and earnings will be needed to actually start
excavating (Kwakernaak, et al., 2015).
Not only a lot of water safety issues have to be resolved the coming years, but also a lot of nature goals
will need to be achieved. That is why, among others, the Dutch Delta Program46 states that an
integrated approach is desirable (Ministerie van Infrastructuur & Milieu, 2014). If possible, it might be
useful to have a look at other ambitions at stake, which could possibly contribute to the social return
of the projects. Even though society could often benefit as a whole, too little opportunities on
integration are taken (Kwakernaak et al., 2015).

Textbox 4.1 Funding
The projects is mainly funded by three parties; the HWBP, the province and the Waddenfonds.
Funding of the tidal culverts and creation of the WadLab and sludge extraction originates from
the Waddenfonds. This foundation invests in projects that improve the local economy and
ecology at the Wadden. There is no doubt this investment is crucial for this project. The HBWP
would initially fund 90% of the measures that ensure flood safety. Since, the project is indicated
as innovative, the HWBP will bear 100% of the costs. Therefore the waterboard does not have
any costs regarding this dyke. Because the HWBP was not entirely convinced by the business case
of the WadLab, they will share 40% of the land rents. The other 60% will be financed by the
province. Whether they will earn back their investment will depend on the benefits of the
WadLab and sludge extraction. Extra costs on setting up a pilot at Texel* will also be partly funded
by the province.
*Pilot that performs tests on harvesting cockles (research will be performed by NIOZ)
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4.5 Factors of success at the case
The factors of success, as explained at the literature review, were briefly analysed by the study of
Kwakernaak et al. (2015). The analysis was made on the basis of interviews that were held with; the
project manager of the province, the chairman of the steering committee and the environmental
manager of the waterboard. The urgency and common interest (1), trust and cooperation (2), and
administrative commitment (4) had been important to the decision-making of the project that includes
coupled production (Kwakernaak et al., 2015). The stakeholders had a time frame of only six months
to explore the opportunities of the innovative concept.

Urgency and common interest:
Reinforcing the dyke was an urgent task, because of the disapproval of the existing dyke due to the
risks of earthquakes, subsidence and sea level rise. But this region has other urgencies as well:
1. Challenges on increasing the liveability, the region deals with decline of population,
especially young people. This has implications for the economic conditions.
2. Restoring and developing nature, especially on the transition of fresh and salt water. This
is important for the conditions of the Emsdelta, which is a Natura 2000 site.
The wide support for an integrated approach in this region has caused the inclusion of a more
integrated program(POV)47 within the HWBP. This program goes beyond traditional dyke
reinforcement, which has provided opportunities for innovative concepts (Kwakernaak, 2015). The
integrated program contributed to the memorandum48 of August 29th that pronounces an integral
approach on water safety, economy and ecology.

Trust and cooperation
In an early stage, province, municipalities, business, environmental NGOs and recreational partners
were consulted by the waterboard about the integrated and innovative character of POV. The
waterboard also hired an environmental manager, who was able to deal with the integrated character
of the project. Right from the start both executive as administrative stakeholders were on the same
page. This was important given the short time and the complexity that comes from coupling
production. There was no detailed design from the start, which allows for a cooperative process. The
land that will be needed for these plan will not be expropriated, which contributed to the voluntariness
of the process. It was clear to the stakeholders that the innovative approach could provide
opportunities on different aspects. The title of the concept that was preferred by the stakeholders was
named ‘Give and Take’, which is illustrative for this process.

Leadership and commitment
Together with the waterboard, the province has encouraged the stakeholders to perform this project
within the short time. Het Groninger Landschap49, who represents the environmental NGOs during the
project, didn’t make strict demands with respect to nature. This demonstrates the willingness of
stakeholders to adapt their ideas. All stakeholders welcomed the way of cooperating.
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Projectoverstijgende verkenning (POV) Waddenzeedijken: http://pov-waddenzeedijken.nl/
As stated in this news-article: https://www.noorderzijlvest.nl/website/zoeken/@8398/overheden/
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5. Results
In this section, the outputs from the interviews and the cost-benefit analysis are reported. Again, a
division between the institutional part and economic part is analysed. The first portion below displays
the findings of the interviews which relate to the institutional part. Also discussed is policy, which in
this circumstances falls under the same umbrella as the institutions. The second portion below reveals
the findings of the cost-benefit analysis.

5.1. Policy & Institutions
In this first section the policy and institutions of the case will be described. First, the process that led
to the creation of the innovative concept will be discussed. Furthermore, the factors of success and
failures of van Hattum et al. (2014) that apply to this case will be explained. Finally, the institutional
arrangements as described by Ellen & Van Buuren (2014) will be compared with the institutions of this
particular case.

5.1.1 The process
The interviews with different stakeholders provide a better understanding on the decision-making
process that led to the innovative concept. The rejected dyke is part of the current HWBP.
Noorderzijlvest is responsible for managing and maintaining this dyke. Therefore, they are obligated
to implement the compulsory measures set by the HWBP. At first, Noorderzijlvest consulted the
province about the potential innovative pilots that could arise from the POV-Waddenzeedijken. The
province saw opportunities to couple some of their regional projects to the dyke reinforcement, and
took the lead. Right from the start potential alternatives were put on the table by the province.
In this cooperation, Noorderzijlvest remains responsible for accomplishing the targets on water safety.
Due to the short time period, the province was not able to convince the HWBP that renting the land
would be cost-effective, so the HWBP only funds 40% of the land rents, the other 60% is funded by the
province (M. Buurman, personal communication, 2017). Beside the overall coordination, the province
is also responsible for managing and co-financing the land located between the two areas. This also
includes the tidal culverts, which will be subsidized by the Waddenfonds. By co-financing these lands
the province is taking a financial risk in the pilot project.
The province had a lot of administrative support in order to get the confirmation on funding, as the
pilot project is in line with the shared vision on improving ecological character of the Emsdelta.
Eventually, the project became part of the implementation program Vitale Kust50 which is part of a
multiannual program on the Ems-Dollard (i.e. Eems-Dollard 205051).
The pilot project also became part of the POV-Waddenzeedijken, which helped to examine the
innovative concept in this area. By reinforcing this part of the dyke in an innovative way more money
will be made available to the overall project. Studies have shown that these innovations could lead to
savings of costs and reduction of time in the future, that’s why the HWBP will invest 100% of the initial
estimated costs (instead of 90%, and 10% for the waterboard).
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http://www.ee-eemsdelta.nl/assets/pdf/dossiers/natuur-enlandschap/Deelprogramma_Vitale_Kust_ED2050%20(1).pdf
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http://edepot.wur.nl/392735

39

Textbox 5.1. Agreements
A memorandum of understanding was issued following the initiative, which all stakeholders
signed and abided by. After performing several feasibility studies on water safety, design
and environmental and economic values, a cooperation agreement got signed in spring
2015. In this agreement the cooperation was explained in more detail, which includes
agreements on the division of tasks, costs, responsibilities and time. Later on, this
agreement was followed by rules on how to implement the innovative concept.

5.1.2 Factors of Success
The short amount of time did not stop the province from exploring the opportunities of coupled
production. The factors that led to the success of the project have been discussed during the interviews
with the stakeholders. Since 2 of the 6 interviewees were not considered to be consistently involved52,
these two interviews have not been used for this analysis. Factors that were emphasized (see table
5.1) by 3 or more of the interviewees are considered to be important. The results differ from the
analysis by Kwakernaak et al. (2015 in section 4.5). It resulted in 5 factors of success, which are urgency
and common interest, trust and cooperation, administrative commitment, project management, and
communication.
Factor
Urgency and Common Interest
Trust and Cooperation
Timing
Administrative commitment
Project Management
Communication
Clever Budget-linking
Knowledge & Innovation
Room for Innovation
Flexibility of Laws and Regulations

Interviewee 1
X
X
X
X
X
X
X

Interviewee 2
X
X
X
X
X
X
X

Interviewee 3
X
X

Interviewee 4

X

X
X
X

X

X

X
X
X

Table 5.1 Selection Factors of Success

Urgency and Common Interest
The region recently decided to join hands in increasing economic activity, improving the living
environment and improving the environmental qualities of the Emsdelta. This has been affirmed in the
memorandum of understanding by the platform Economy & Ecology (E&E), which was signed in 2012.
The E&E consists of 20 diverse partners, including businesses, regional governments, waterboards and
environmental NGOs. This partnership became more relevant after a new agreement on deepening
the water way of the Ems at the beginning of 2014. The partners of E&E agreed to deepen the
waterway in return for improvements on the ecological values in this region.
Stakeholders recognize each other’s ambitions and decided that it the best interest of both economy
and nature to cooperate together in this area. All stakeholders mentioned that this factor of success
was important for the establishment of the pilot project. For instance interviewee P. van Dijken stated
that cooperation between the stakeholders was “hand-in-hand”, instead of standing with the backs
against each other” (personal communication, Van Dijken, 2017).
52

Interviewee 5 and 6 were involved at a later stage of this process.
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Trust and Cooperation
Due to the previous project interactions (e.g. Marconi project53), stakeholders know how to find each
other quickly. Given the short time frame of this project, this was really important. Interviewee R.
Reintsema puts forward the close cooperation between the province and Groninger Landschap at
polder Breebaart, illustrating the importance of previous cooperation. The steering committee54 of the
Vitale Kust, which is accountable for the projects on an administrative level, had already worked well
together before (i.e. Marconi Project). The fact that the stakeholders were consulted at an early stage
also was identified to have had a positive impact on the levels of trust and cooperation between them.
These satisfactory levels of trust led to the construction of the memorandum of understanding, which
led to the initial stage of the project.
Due to the absence of a detailed design, all stakeholders were able to put forward their own ideas.
During design workshops stakeholders, and invited landowners, were able to discuss their ideas
openly. These workshops helped reach satisfactory levels of trust and cooperation. The landowners
were not obligated to release their land, which made it a voluntarily process. The negotiations between
the province and landowners have been difficult. The land will become available to the project, but as
stated by R. Reintsema the satisfactory levels of trust and cooperation do not apply to the negotiations
between the province and landowners. Overall the trust and cooperation was successful, besides
minor conflict between the province and the landowners.

Administrative commitment
Administrative commitment has been mentioned most during the interviews. Structures on the
administrative level were already established by the Marconi Project. As mentioned, stakeholders
were familiar with each other, which made it easier for them to commit. The steering committee Vitale
Kust is part of the program Eems-Dollard 2050. This is a strong administrative foundation that
promotes a well-balanced economy and ecology at the Emsdelta. The pilot project has also been part
of the MIRT-study55 for the Emsdelta. This study produced recommendations on how to improve the
ecological values of the Emstdelta.
This MIRT-study also includes the economic developments in the region, and how they should go handin-hand with the ecological values. Thus, the project is part of a program that comes from a national
study that has been established by the government, industries, waterboards and environmental NGOs
on different levels. Also the support of the HWBP by the POV-Waddenzeedijken has been important,
as it provided opportunities to go beyond traditional dyke reinforcement.

Project Management
Almost every stakeholder emphasizes the importance of the facilitating role that M. Buurman (project
manager of province) had. P. van Dijken states that the project manager was dedicated to the job and
really eager to help this pilot project succeed. The role of initiator and leading party is required to bring
stakeholders and their ideas together.

Communication
The province and Noorderzijlvest met on a regular basis to discuss the proceedings of the project.
These meetings were considered constructive and in close dialogue (personal communication, Van
Dijken 2017). Which contributed to the creation and establishment of the pilot project.
Communication between the province and landowners were not as constructive, which did complicate
the negotiations on renting the land.
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5.1.3 Factors of failure
The interviews also provide relevant information on the factors that cause difficulties with coupled
production. Even though the interviews were initially more focused on the factors of success, the
interviewees also provided a lot of information on the factors of failure. The most relevant factors will
be described individually below.

Different fields of policy
Water and nature are two different fields of policy, which are separated in many ways (e.g. procedures,
networks, visions). Due to the satisfactory level of cooperation, networks and visions have not being
noticed as obstacles at an administrative level. However, at the project itself these differences were
more clear, as the waterboard did focus on flood safety, the province was more concerned on the
creation of the WadLab and sludge extraction.
At first, the province could not account for a lot of help by the waterboard. For instance, the province
had to take the lead at developing the plans on coupled production for the HWBP. In addition, the
waterboard was not involved at the application for a subsidy of the Waddenfonds, while it was crucial
for the development of the project. On the other hand, to deal with different procedures on requesting
permits, the waterboard and province worked closely together.

Sectoral financing
Funding is still mainly organized by sector, such was the case for this project. Funding on water safety
comes from the HWBP, which is based on traditional approaches. However, the HWBP did encourage
new concepts by allowing some budget for research. In case the HWBP was convinced by the concepts,
they would fund 100% of the initial estimated costs (originally this was 90% and 10% for the
waterboard). This encourages waterboards to look for innovative concepts, as they can save
themselves costs by implementing innovative concepts. Extra costs that arise from coupling production
is not on the account of the HWBP. Costs saved by the innovative concept, could later be invested in
the pilot project.
The tidal culverts and part of the costs for developing the area between both dykes will be subsidized
by the Waddenfonds. The costs of leasing the agricultural land will be on the account of the province,
along with extra costs on the development of the area between both dykes. The process of balancing
and dividing all costs took away hours to organize.

5.1.4 Institutional arrangements
The current institutional arrangements at water safety projects comparable to this case have been
characterized by Ellen & Van Buuren (2014). Their analysis on the current situation, obstacles and
adaptations will be compared with this project. This analysis is based on the interviews and reports on
the pilot project56. The current situation, obstacles and adaptations will be individually described
below.

Current situation
The waterboard is still responsible for meeting the norms on water safety, in that sense nothing has
changed. By providing incentives, the HWBP aims to enable the waterboard to explore alternative ways
for reinforcing dykes. In regard to formal rules, law and regulations, no changes worth mentioning
were found. Focus of the HWBP is still on efficiency and timing. Hence extra costs or delays are still not
56

Reports of the province: Risicodossier Dubbele dijk (2016), Bijlage Demonstratieproject Dubbele Dijk (2016),
Bijlage Exploitatie Landbouwgebied (2016)
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considered appropriate by the HWBP in case of coupling production at one of their projects. The same
applies to differences in languages and tools, which can be reduced by analysing the intense
cooperation between the waterboard and province (e.g. the province assisted in developing plans for
the HWBP).

Obstacles
This study did not observe the same amount of distrust between the waterboard and other
organizations, as suggested by the study of Ellen & Van Buuren (2014). The project shows that a
waterboard is capable of trusting other organizations and vice versa. The waterboard met with the
province on a regular basis, and was involved in the design workshops. The project shows that
differences in procedures and regulations do not necessarily have to be an obstacle. Previous
cooperation on the Marconi project provided certain institutional arrangements. For instance, the
structure and composition of the steering committee was reproduced. There are room for
improvements as interviewees from both province and waterboard have some critical notes as well.
The project shows that risks could definitely be shared between the HWBP, province and waterboard.
The province takes a financial risk by funding the rents of the lands for 25 years. If the project fails, the
province is also responsible for returning the land in the original state to the farmer. The HWBP has
accepted the risks of the innovative concept on water safety. In case the land will be returned to the
farmer (after 25 years), the waterboard and HWBP are responsible for taking new measures in order
to secure water safety.

Adaptations
The province will not bear all the costs on coupling production. Costs that will be saved by the HWBP
and waterboard on the innovative concept (e.g. 40% of land rents), could be used for coupling
production. The project could also rely on funding by the Waddenfonds. POV Rijke Waddenzee has
been important in exploring the innovative dyke concepts that include coupled production. Therefore,
both the Waddenfonds and POV Rijke Waddenzee could serve as examples that help to generate
coupled production at water safety projects.
The exploratory phase of this project is interesting and might help other projects that want to explore
the opportunities of coupled production. At first, the waterboard got instructions from the HWBP to
explore ways to develop innovative dyke concepts and couple production. The waterboard consulted
the province about potential innovative concepts. After that, the province saw opportunities for nature
and economy, and wanted to explore these opportunities. Since then the province was the leading
actor in this process.
The process could be characterized as an open process. Landowners were approached to voluntarily
rent their lands and stakeholders were involved in an early stage. After two design workshops
(involving all stakeholders), studies on the feasibility of the innovative concept were started. Among
these studies, is the TEEB-study by Kwakernaak et al. (2015), that evaluates the ecosystems services
and biodiversity. This evaluation did contribute to the support of the innovative concept.
The pilot project has also been included in de MIRT-study of the Ems-Dollard. The program EemsDollard 2050 is a result from this MIRT-study and includes further cooperation between the national
government and regional partners. This includes a budget of 60 million (partly subsidized by the
HWBP), to improve the ecological quality and environment of the Emsdelta.
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5.2 Economics
This pilot project will contribute to the regional ambitions on nature and economy. But it is unclear
whether the provided benefits outweigh the extra costs that are involved. In this part the costs and
benefits will be identified and weighed. These costs and benefits refer to the extra costs and benefits
of the innovative concept in comparison to the traditional dyke reinforcement. The costs and benefits
originate from reports on the project, including the report of Kwakernaak et al. (2015) and personal
communication with stakeholders. Due to the time-consuming character of monetizing these costs and
benefits, costs and benefits that have not yet been monetized will be excluded from the cost-benefit
analysis. Instructions on how to include these costs and benefits (i.e. to perform a full cost-benefit
analysis) will be explained at the end of this chapter.

5.2.1 Identification of costs and benefits
All costs and benefits that will flow from the pilot project are identified in table 5.2 (see next page).
Yet, not all of the costs and benefits have been monetized. In table 5.2 a distinction has been made
between costs and benefits that are monetized and the ones that are not. In chapter 5.3 further
explanation will be given about how they could be estimated. But, as they are highly uncertain, they
have been excluded from the cost-benefit analysis. Further elaboration on the costs and benefits that
have been included in the cost-benefit analysis, could be found in appendix G.
Table 5.2 Overview of costs and benefits

Monetized
- Included at
the costbenefit
analysis,
further
explanation at
5.2.3 and 5.2.4

Costs

Benefits

- The construction and design of
the WadLab (including
development and operational
costs)

- Returns on aquaculture and saline
agriculture.
- Higher returns, because of extra yields by
extending the season by warm water from the
data centre.
- Returns on sludge that could be extracted.

- Tidal culverts
- Initial returns on the 52
hectares by agricultural
activities.
- Extra study on seaweed and
cockles.
- Development of knowledge
and systems to monitor this
innovative dyke concept
(including activities to share this
knowledge).
- Risks during implementation
- Differences in costs between
the innovative concept and the
traditional reinforcement.
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Unmonetized*
Excluded from
the costbenefit
analysis (p.m.
costs57)

Sludge extraction site
- Biodiversity increases; fresh and brackish
flora will grow well, which will also attract
different fauna.
- Turbidity level at the Ems will slightly
decrease (≤0,5%), which will positively affect
the natural environment of the Emsdelta.
- More knowledge will be gained on extracting
sludge. In this way it will be of interest for
accomplishing lower levels of turbidity at the
Ems.
- Extracted sludge could be used for other
usages (e.g. dyke reinforcement, heighten
agricultural lands). As the economic values of
these usages are uncertain, it is not included
in this cos-benefit analysis.
- It could lower the footprint of clay in this
region, which is currently imported from
Estonia.
- If not excavated, it could provide extra
protection (i.e. heightens simultaneously with
rising sea level). Natural heightening that
contributes to water safety.
Innovation
- The pilot project will provide additional
information that will be of importance to
future dyke reinforcement projects.
- More knowledge will be gained on
aquaculture and saline agriculture behind
dykes. Yet, there have been more pilots on
both topics58.

5.2.2 Basic Cost-Benefits Analysis
The basic scenario aims to perform a well-considered analysis on the potential costs and benefits. The
cost-benefit analysis exists of estimated numbers that are considered to be the most relevant based
on reports, interviews and personal communication59. The costs are taken from documents of the
province60, most of these costs have not been modified. If costs were modified it has been mentioned.
In table 5.3 (next page) an overview of the cost-benefit analysis is introduced. More detailed
information on these costs and benefits will be explained at 5.2.3 and 5.2.4.
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Pro Memorie; effects that are not monetized, because its uncertainty.
http://zeeschelp.weebly.com/pilots-aquacultuur.html
59
Including personal communication through mail or phone.
60
More information can be found in appendix E.
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Table 5.3 Basic cost-benefit analysis

Costs
Risks
Additional research on seaweed and cockles
System for monitoring and gaining knowledge from the innovative concept
Construction of WadLab
Operational costs of WadLab foundation
Costs on developing Cultivation and Market
Costs of Tidal Culverts
Loss on previous agricultural returns
Differences in costs between traditional and innovative dike reinforcement
Total Costs

€
€
€
€
€
€
€
€
€
€

421.250
750.000
723.427
2.465.652
1.510.000
720.000
9.057.857
2.014.412
-4.381.483
13.281.115

Benefits
Benefits of Sludge Extraction
Average annual profits on WadLab
Additional benefits by extended season
Total Benefits

€
€
€
€

201.965
10.545.673
5.465.498
16.213.136

NPV

€

2.932.021

5.2.3 Costs
First the important aspects that have been considered while defining the costs for the basic costsbenefit analysis will be described.

Innovative dyke concept
The costs of building a second dyke are lower than extensively reinforcing the sea dyke (excluding land
rents). First estimation expected a saving of €7.900.000 (HWBP, 2016). During the interviews and
personal communication61 with stakeholders there was a high degree of uncertainty about this saving.
Due to the high uncertainty on this saving a more prudent number will be used in the basic costbenefit analysis. In case the second dyke will need reinforcement measures to meet the safety norms
an extra investment of €2.900.000 will be needed (HWBP, 2016). That’s why a saving of €5.000.000
will be used for the basic cost-benefit analysis.

Risks
The province identified and monetized risks regarding the implementation. As some of the risks already
took place a relevant selection of risks has been made. More details on the assumptions could be found
in Appendix H. As these risks could occur this year €421.250 has been put aside for costs the year 2017.

Monitoring
The costs on monitoring and gaining knowledge on the innovative concept will all be put into the year
2019. Some of these costs will be spend earlier, while others will be spend later. Due to some delays it
is really difficult to set the exact dates, therefore the cost-benefit analysis assumes all cost to appear
in 2019.

61

Additional information from stakeholders by e-mail or phone.
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Heat exchanger
Warm water from the data centre could extend the season at certain crops and breeding types at
WadLab. The pipeline for drainage is already there, costs for renovating the pipeline have been
included at the costs of the dyke. The costs for installing a heat exchanger will be made regardless of
the WadLab. That’s why these costs will need be included at the cost-benefit analysis.

Operational costs WadLab
All operational costs to run the WadLab will take place in the first year. This has been assumed, because
the distribution of costs over the years is unclear and most of these costs are expected at the beginning
of the project.

Lost agricultural income
As the land of the arable farmer will be rented to facilitate the innovative concepts. There will be no
crop (i.e. no benefits) on this part of his land. This loss of benefits will be seen as a cost. The province
has estimated his loss on €2500/ha (M. Buurman, personal communication, 2017). This amount is
considerably lower than the amount that has been paid by the province to rent this land (M. Buurman,
personal communication, 2017). As this is a transaction between the province and the farmer it has
not been included in the cost-benefit analysis.

After the pilot
There would also be costs involved if the landowner or province decide to end the pilot after 25 years.
The land needs to be returned in the current conditions. This means that second dyke will have to be
removed (€300.000 in 2041) and the land will need to be desalinated (i.e. no WadLab in last year) (M.
Buurman, personal communication, 2017). When the second dyke will be removed, the sea dyke will
no longer meet its safety norms. These extra measures are estimated on €13 million in 2041
(€4.325.498 when discounted) (HWBP, 2016). As there is no risk percentage, these potential extra costs
are not included in the costs-benefit analysis. To demonstrate the potential financial effects it will be
included as a scenario in the sensitivity analysis.

5.2.4 Benefits
In case of the pilot project monetizing the benefits has been more challenging. The pilot project
includes innovative concepts that have not been applied on this scale or in the same context. As some
of the benefits contain a high level of uncertainty, they have not have not been included in the costbenefit analysis (see chapter..). The benefits that have been included are explained down here.

Sludge extraction
As the assumptions of the accounted benefits of extracting the sludge extraction are ambiguous, a
more prudent approximation has been used. The benefits that has been estimated by Kwakernaak et
al. (2015) assume that the sludge fully consists of clay and all of that clay could be used. While the
province did use a ratio of 80% sand and 20% clay at their estimations for using the clay and sand for
dyke reinforcements in 2070 (HWBP, 2016). However, these estimations also assume that all of the
sand and clay could be used. As both estimations are ambiguous, the analysis makes use of a more
prudent figure estimated by the province, which assumes returns between €600/ha and €1000/ha (M.
Buurman, personal communication, 2017). Therefore the cost-benefit analysis will include €800/ha as
an benefits regarding sludge extraction.

Benefits from WadLab
The net returns on the yields at the WadLab carry much weight in the analysis. The estimated net
returns per type of crop/shellfish are addressed in the report of the pilot project (HWBP, 2016). The
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estimations were established with the help of Zilt Proefbedrijf Texel62 and Meromar63. This analysis has
made use of these estimations. The estimations were multiplied with the expected division of
crops/shellfish at the WadLab given by that same report (HWBP, 2016). The province expects that
WadLab could be constructed in 2020, after the tidal culverts have been built in 2019 (M. Buurman,
personal communication, 2017). In that first year (i.e. 2020) no returns are expected from the WadLab.
The province expects commercial net returns five years after the establishment of the WadLab (HWBP,
2016). However, within these five years there will be some profit. That’s why the cost-benefits analysis
did assume a linear growth in the first four years of 20%. Commercial levels will then be established in
2025.

Extended season
Warm water from the nearby data centre allows for extension of the season. Even though the supply
of warm water is not fully acknowledged in the implementation, the province expects that it will be
created (M. Buurman, personal communication, 2017). Therefore the cost-benefit analysis did include
the benefits of the warm water supply. The benefits that flow from the warm water supply were also
estimated at the report of the province(HWBP, 2016). As its creation is not entirely evident, the
potential absence of the warm water supply will be considered at the sensitivity analysis down here.

5.2.5 Sensitivity analysis
The cost-benefit analysis includes estimations, and thus uncertainties. In order to check the robustness
of the analysis, changes are made to key variables. Modification to these variable are made with the
use of potential scenarios. The results of the sensitivity analysis are shown in table 5.3. The effect of
the scenario on the NPV is shown as a percentage that represents the change relative to the NPV of
the basic scenario. The NPV of each scenario will also be shown in table 5.4.
Table 5.4 Scenarios/sensitivity analysis 4,5%
Difference in
costs/benefits64
-

Effect (%) on NPV65

-

+104% (€ 5.989.532)

No extra measures are necessary

+€2.900.000

+86% (€ 5.473.281)

Existing dyke need extra measures to improve its
cover

-€8.000.000

-239% (€ -4.078.352 )

Costs of both concepts is equal

-€5.000.000

-149% (€ -1.449.462)

Revenues appear to be 1% Less66

-€15.790/year

-5,46%

Max percentage loss on harvest from WadLab67
No warm water from data centre

18.31%
-€539.000/year

€0,- (Min: €42.996/ha)
-186% (€ -2.533.477)

Cost/benefit

Scenario

Basic scenario

- Prudent on returns of sludge extraction
- Extra reinforcements on the second dyke
- Additional benefits by extended season
- First five year linear grow towards commercial levels
- Discount rate of 3%

Costs of the innovative
dyke concept

Differences in yield at
WadLab

62

http://www.ziltproefbedrijf.nl/
http://www.meromar.nl/
64
Undiscounted.
65
Relative to basic cost-benefit analysis, between brackets is the NPV in that case.
66
Including extended season.
67
Extended season included.
63
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0% (€ 2.932.021)

The first five years there will be no revenues from
WadLab
Sludge could be used to reinforce the dyke in 2070

-€3.280.000

-83% (€ 504.636)

+€556.000

+21%( € 3.558.830)

Sludge contains a lot of clay that could be sold on the
market

+€ 1.478.400

+23% (€ 3.618.702)

Sludge appear to be worthless

-€272.000

-7% (€ 2.730.056)

Worst Case Scenario

- All extra measurements have proven to be necessary
- Sludge appears to be worthless
- The first five years no revenues at all at WadLab

-€8.000.000
-€272.000
-€3.280.000

-€-6.707.702
-329%

Best Case Scenario

- No extra measures are necessary
- Sludge could be used to reinforce the dyke in 2070
- After three years on full protection at WadLab

+€2.900.000
+€556.000
+€1.078.000

+€7.331.583
+150%

Pilot project finishes after
25 years

- Second dyke will be removed
- No revenues in year 25
- Extra measurements on the outer dyke

-€300.000
-€1.579.000
-€13.000.000

€-2.247.022
-177%

Sludge Extraction

The basic scenario of the cost-benefit analysis did result in a positive NPV of €2.932.021. This
estimation is considered to be realistic as it accounts for extra costs on the second dyke and prudent
estimations on the benefits of sludge. On the other hand, it is quite optimistic about the revenues of
the WadLab. These estimations were established by Zilt Proefbedrijf Texel and Meromar, and involves
warm water supply. If there would be no warm water supply, the NPV would turn out to be negative
(-€2.533.477). It will take five years to reach commercial levels, within this five years the cost-benefit
analysis expects a linear growth on the revenues. If there would be no revenues at all the first five
years of the WadLab, the NPV will turn out to be much lower (€504.636). If the revenues at the WadLab
turn out to be 1% lower (every year), the NPV would decrease by 5,5% (assuming all costs and benefits
remain constant). If the revenues turn out to be 18,3% lower, the NPV would be zero.
The basic scenario does not account for extra costs on the sea dyke or costs for ending the pilot. If
extra measures on the sea dyke prove to be necessary the NPV will turn negative (€ -4.078.352). In
case the pilot ends after 25 year, the NPV will also turn negative (€-2.247.022). The sensitivity analysis
also includes a best case scenario (€7.331.583) and a worst case scenario (€-6.707.702). Both these
scenarios do not include a potential end of the pilot project.

5.2.6 Costs and benefits excluded from the costs-benefit analyses
The basic cost-benefit analysis does not contain all costs and benefits, since not all costs and benefits
of the pilot project have been monetized. For now, the estimations on these costs and benefits are
uncertain. However, these unmonetized costs and benefits do affect the results of the pilot project.
That’s why they have been included in the overview (table 5.2). The costs or benefits with the highest
expected impact on the cost benefit analysis will be explained.

Environmental value
The agricultural land will be transformed into a salt/brackish marsh, which probably will be excavated
from time to time in order to extract the sludge. Aside from the sludge that will be extracted this
marshland will also have a value to this region. It will probably attract other species and increase the
level of biodiversity, but could also attract visitors. These values are not incorporated in the costbenefit analysis. According to TEEB (2012) the value of salt/brackish marshes in Europe is estimated
on $12,051/ha. This value mainly results from extensive food webs that support rich biodiversity
(Barbier et al., 1997). These marshes also provide regulating ecosystem services that contribute to a
healthy environment (e.g. recycling waste, watershed protection) (Brander et al.,2010). The
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excavations will create different dimensions in time and development of the marshes. These
differences and uncertainty about the time span between the excavations complicate the estimations
on ecosystem services and biodiversity.

Sludge extraction
Apart from studying the value of ecosystem services and biodiversity for this form as marshland
(including the effects of excavating on the biodiversity and ecosystem services), extra study will be
needed on the optimal time span and value of sludge in order to value this 22 hectares. Information
on this topic could be gathered from the nearby Breebaart polder, that has been extracting sludge
from the Ems since 2001. Extracting sludge has also been included as a program68 within the EemsDollard 2050 document to start several pilots and gather more information about sludge extraction.
The value of the marshland is currently indicated as €800/ha by the province (M. Buurman, personal
communication, 2017). This value could potentially be higher, but that would require more research
as there are currently too many uncertainties about the value of sludge, ecosystem services and
biodiversity.

Recreation
At the outer dyke a cycling path will be constructed. This cycling path will become part of a 90 km
connection between west and east Groningen that will ride along the Ems69. At the pilot project, there
will be a special transfer point, where people could start their bike ride. The costs and potential
benefits of this point and cycling path are not taken into account at the cost-benefit analysis, as there
are no estimations on the number of visitors and their willingness to pay. The pilot could potentially
attract visitors out of curiosity of aquaculture or the aesthetic values of the marshland. A travel cost
method could be of help to indicate these numbers (chapter 2.2.5).

Innovation
The pilot project could be seen as a study on its own. A to study to show whether this innovative
concept could be a successful alternative or not. This concept could be applied to different dykes that
will need to be reinforced in the future. First indications show that it could potentially save 1-3 million
per kilometre. This pilot will at least gather valuable information on dyke reinforcement projects. First
indications show that quite some parts of Dutch dykes could be used in order to apply this concept.
Thus, this pilot could contribute to the potential savings of some millions of costs by the HWBP.

68

Nuttig toepassen slib: http://www.ee-eemsdelta.nl/assets/pdf/dossiers/natuur-enlandschap/Deelprogramma_Slib_ED2050.pdf
69
Kiek over Diek: https://toerisme.groningen.nl/over-groningen/groningen-nieuws/nieuw-fietspad-over-dewaddendijk-kiek-over-diek

50

6. Discussion and conclusion
In this section, I interpret the results, compare them to theoretical concepts, place them in the context
of previous findings (discrepancies will be explained), and describe what they mean for future research,
as well as for possible real-life policy measures. Besides providing a summary in the next subsection,
this final chapter presents the study’s limitations in Section 6.2. Then, the main conclusions of this
master thesis are presented in Section 6.3 by formulating answers to the two research questions posed
in the first chapter. That section also sets out policy directions for integrated water safety projects.
When deemed relevant, implications for further research are mentioned.

6.1 Summary of the main findings
This section is structured along the two main research questions. That is, the first part describes the
main findings on institutions and policy, while the second part pays particular attention to the
economic findings of the project.

Institutions and policy
Even though there was limited time70 to develop and implement this dyke reinforcement, the
waterboard (responsible for dyke reinforcement) and province (initiator of coupled production)
decided to go for an innovative concept. A concept that couples aspects of nature and economy to a
dyke reinforcement. As both aspects are prominent issues on the regional political agenda, the
province saw opportunities for win-win solutions after they were informed by the waterboard about
the plans for reinforcing the dyke. That is, developing innovative concepts for improving the sea dyke
between Eemshaven and Delfzijl, can result in integrative outcomes that extract sludge (increase
natural environment and biodiversity), lead to economic benefits of aquaculture and saline agriculture
for local farmers and improve flood safety.
During the first consultation on the plans for reinforcing the dyke, the waterboard indicated the
possibilities to coupled production (as they were instructed by the HWBP to do so). As initiator, the
province took the lead in exploring opportunities to couple nature and economy to the reinforcement.
All stakeholders71 were informed in an early stage, and collectively they decided to explore the
possibilities of an innovative concept. Through design workshops72 with stakeholders and feasibility
studies the plan became reality.
During this process several factors influenced the creation and establishment of this project. Urgency
and common interest, trust and cooperation, administrative commitment, the project management
and communication did positively affect the creation and establishment. By signing different
memorandums on collaboration between governments, businesses and environmental organizations,
sufficient levels of urgency and common interest, trust and cooperation, and administrative support
were established. As the stakeholders are involved in other projects in this region as well, they already
knew each other which stimulated and eased communication.
While the waterboard had their own specific goals and focused on meeting water safety norms, the
province focused on aquaculture and sludge extraction. Even though both topics are integrated into
one project, responsibilities are separated. Spatial planning and water safety could be seen as two
fields of policy that could merge into one project. However, if both parties focus too much on their
own field of policy this complicates cooperation. At the same time both parties did cooperate on
70

Due to the risks of earthquakes
Groninger Landschap, LTO Noord, ministry of Economic Affairs
72
Workshop in which the stakeholders collectively discussed ideas on the innovative concept
71
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several procedures and requesting permits. Funding is also separated per sector, the HWBP funds the
dyke reinforcements plus 40% of the land rents. The other costs will be covered by the province and
by funds of the Waddenfonds.
As the project has proven to be innovative, the HWBP bears all the costs on water safety, so the
waterboard doesn’t have to cover any costs. This arrangement has stimulated the waterboard to
explore innovative ways. The cooperation between province and waterboard shows that it is possible
to share risks, trust each other and collectively work on procedures and regulations. There is room for
improvement (e.g. clear agreements on division of tasks, collectively applying for funds), but it is not
as black and white as mentioned by Ellen & Van Buuren (2014). Funds, such as the Rijke Waddenzee
and Waddenfonds could serve as an example to other water safety projects. The two design workshops
– with stakeholders have proven to be of help to establish sufficient levels of trust and cooperation,
and to build a shared understanding about the nature-inclusive dyke improvement on personal
perspectives and experience as well as previous research findings (such as a MIRT-study).

Economics
A nature-inclusive dyke improvement leads to coupling production, which could be beneficiary to
water safety projects. In order to check whether the extra benefits of the innovative concept outweigh
the costs a cost-benefit analysis has been performed. A list of all monetized and unmonetized benefits
could be found in chapter 5.2.1. As there are uncertainties about some of the costs and benefits,
different scenarios have been developed. These scenarios are described and examined at the
sensitivity analysis (chapter 5.2.5).
The extra costs of the innovative concept include: construction costs, former agricultural activities,
risks, additional research, monitoring and differences in costs with traditional reinforcement (see
chapter 5.2.3). The benefits of the innovative concept will exists of returns of the WadLab and value
of extracted sludge (see chapter 5.2.4).
This basic scenario involves extra costs on the second dyke and prudent estimations on the value of
sludge. This NPV will increase if the extra measures will not be needed or the extracted sludge proves
to be more valuable. To be more valuable a higher NPV will be reached. However, this NPV strongly
depends on the revenues at the WadLab, if they decrease by more than 18.31 percent the benefits do
no longer outweigh the costs. Furthermore, the NPV strongly depends on the costs that will be saved
on the dyke reinforcement itself, the extension of the season and its continuation after 2025.
The basic costs-benefit scenario results in a positive NPV of €2.932.136. As there are no unmonetized
costs identified, one can assume that the NPV could potentially be higher if the unmonetized benefits
are involved. Therefore the NPV of the basic-scenario could be seen as a lower limit.
The cost-benefit analysis did not include nature, recreation and innovation. The 22 hectares that serve
for sludge extraction will also serve as a salt/brackish marshland. It is difficult to estimate the value of
the ecosystem services and biodiversity as it will be excavated on a regular base73. This would set back
its development but at the same time add an extra dimension, which complicates its valuation.
Additionally a bike path will be constructed at the sea dyke, a starting point is planned at the location
of the innovative concept. People will probably appreciate this location74, because of the WadLab and
salt/brackish marshes. Moreover, if the innovative concept proves to be more cost-efficient than
traditional dyke reinforcement, it could save the HWBP a lot of money at future dyke reinforcement
projects.
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This will depend on the amount and value of sludge, which is still uncertain.
This could be estimated as described in chapter 2.2.5, by the travel cost method, stated preference or benefit
transfer.
74
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6.2 Discussion
In this section the main findings will be discussed. The first part will focus on the unmonetized benefits.
Secondly, the set-up of the interviews will be critically discussed. Thirdly, the data of the cost-benefits
analysis will be discussed. Furthermore, the fact that all data originates from one case will be discussed.
At last, the social cost-benefit analysis will be critically discussed.

Unmonetized benefits
Nature has been included as an unmonetized benefit in the pm-list, as its value was uncertain75.
Therefore it does not affect the NPV. The TEEB-report by Kwakernaak et al. (2015) did not include
sufficient evidence to include environmental benefits76 in the basic cost-benefit analysis. The
environmental benefits have been discussed and analysed, but as there are too many uncertainties,
they remain unmonetized. As including monetized environmental benefits into the CBA was expected
beforehand, it is disappointing to remark there were too many uncertainties within this time frame.
This remark endorses the fact that it is a real challenge to produce reasonable estimations on
environmental benefits.

Interviews
As two of the in total six interviewees were involved at a later stage in the process, interview 5 and 6
have been excluded from the analysis of the factors of success. Additionally not all interviews have
been deducted in person, which may influence the results. Because the interviews that were held in
person did include the opportunity to interrogate the interviewee. Which did affect the interview
positively, as more information could be extracted. However, as the interviewees all lived near
Groningen, it was efficient to plan all interviews in two days. Unfortunately not all stakeholders were
able to meet these days. Nonetheless, the interviewees that received a questionnaire were able to
provide additional comments if perceived necessary.

Collection of information
Not all information on the costs of the project was accessible, as not all decisions had been taken. This
did complicate (i.e. time-consuming) the collection of information. Sometimes this information had to
be collected from personal communication, if that is the case it has been indicated. It could also have
some effect on the cost-benefit analysis as some of the estimations or funds could still be adapted. It
is also not entirely clear when some costs or benefits occur, which also affect the NPV.

Case study
It is difficult to generalize the findings as they are taken from a case study. A unique case in a specific
region, with specific stakeholders and individuals. For example, if the landowner did not voluntarily
rent out his land, this pilot project would never have been established. In addition, if the local
stakeholders would not have signed a partnership agreement of cooperating on ecology and economy
(E&E), there would have been lower amount of trust. Furthermore, if other regional projects, such as,
the Marconi project would not have been a success there might have been a lack of trust. The fact that
the stakeholders did have some good experience together was important to this case. Moreover,
without the subsidy of the Waddenfonds this project would not have had the indispensable financial
support and funding.
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Takes another study to produce acceptable estimations on these benefits, also benefit transfers were too
uncertain as these benefits are very case-specific.
76
It does include provisioning ecosystem services (sludge, aquaculture, saline agriculture)
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Social cost-benefit analysis
As it is a social cost-benefit analysis the land rents paid to the farmer are excluded. It could be seen as
a transaction from one to another without affecting society. However, if you exclude it from the
analysis, the amount paid by the province does not affect the NPV. Even if the province would have
paid ten times as much, it does not matter for the NPV. If the amount paid to the landowner would be
included in the cost-benefit analysis, the NPV would be negative as the province pays the owner an
amount that is higher than the farmer misses out for not using the land (personal communication, M.
Buurman, 2017). The rent has also been paid at once, so this cost would have a considerable weight in
the cost-benefit analysis.

6.3 Conclusion
This research aimed to the identify the factors of failure or success, the institutional arrangements and
costs and benefits of the innovative concept. A concept that has developed into a pilot project in which
the creation of WadLab and sludge extraction has been coupled to an innovative form of dyke
reinforcement. On the basis of the factors of failures and success, the institutional arrangements and
cost-benefit analysis the following could be concluded, which will answer the research questions.

Factors of success and failure
As sea levels will rise the coming years, additional measures will need to be taken. As these measures
are costly, innovative concepts that are more cost-efficient are welcome. These innovative concepts
may involve other fields of policy, such as recreation, economics or nature. Since nature is currently
more decentralized, addressing and managing projects that couples production (i.e. that integrates
nature conservation goals into flood safety programmes) will have to take place on a more regional
setting. So, in order to explore potential coupled production, local initiative is needed. Whether this
initiative will succeed depend on the factors of success and failure as determined by Van Hattum et al.
(2014).
The following factors of success were considered to be of importance at the creation and
establishment of the pilot project: Urgency and common interest, trust and cooperation,
administrative commitment, project management and communication. However, these factors cannot
be seen separately from one another. For instance, trust and cooperation will be affected by the level
of urgency and common interest, and vice versa. Additionally, change in formation could affect the
level of trust and cooperation, and again vice versa. It is hard to give weight to its importance, as they
are meaningless independently. For example, good communication is useless without administrative
commitment, and vice versa. All factors of success should be present in a certain level77 in order to
couple production, as they affect each other. The same holds for the factors of failure, for instance, if
institutions differ (e.g. rules of the game) too much, coupling production would be impossible.
The fact that most stakeholders already gained some good experience of cooperating together led to
sufficient levels of trust and cooperation. All stakeholders are also involved in the platform E&E78,
which did support the level of urgency and common interest. The conditions for establishing such a
pilot project were good, as stakeholders seem to be less divided. All stakeholders are familiar with the
economic challenges in the region, while nature has been put to pressure. These two challenge are
both represented by this pilot project.
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Which means that they should be at least present in some way. For instance if a province that is not open to
innovative idea, such a pilot project would never be initiated.
78
For more information, see appendix C
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Institutional arrangements
The report by Ellen & Van Buuren (2014) describes the current institutional arrangements of water
safety projects. These institutional arrangements did not fully match with the institutional
arrangements in the case-study area. The idea of exploring coupling production originates from the
HWBP, which does not match with the findings of Ellen & Van Buuren (2014). The HWBP also
encouraged the waterboard to discover innovative concepts by providing financial incentives (i.e.
100% funding of the reinforcement activities). This clearly indicates a different approach towards
coupling production as was described in the report of Ellen & Van Buuren (2014). Nonetheless, this
would not have been possible without funding from the Waddenfonds and province. The risks of this
project have been shared, which again is in contrast with the findings of Ellen and Van Buuren (2014).
By creative funding and sharing risks this innovative concept has turned into a pilot project. This
indicates a shift in the institutional arrangements, which is more open to the idea of coupling
production at water safety projects. This shift could be carried on by information from projects like
this. Especially cooperation between waterboards and provinces could use some improvements. As in
most cases, the waterboard will be responsible for meeting safety requirements and the province79
will have ideas on coupling production. Therefore it is important for these two stakeholders to make
clear agreements from the moment the idea has been initiated. As of path dependency it is of course
difficult to make abrupt changes, actors have been working on dyke reinforcements for decades
without substantial changes. Altogether, the implementation of this pilot project took a lot of effort.
Whether this project will outweigh its costs and effort will be demonstrated the next 25 years. A social
cost-benefit analysis gives an estimation on the differences in costs and benefits of the innovative
concept with respect to traditional dyke reinforcement.

Cost-Benefit analysis
The findings of this study suggest that the NPV of the project is positive. As the basic scenario (chapter
5.2.2.) accounts for low benefits on sludge extraction and extra reinforcements on the second dyke it
generates a realistic prudent approach. Additionally, the cost-benefit analysis does not include
innovation and nature, which will generate an even higher NPV. On the other hand, the basic costbenefit scenario does not account for extra measures on the sea dyke, disappointing revenues from
WadLab, and returning the land to the owner. Even though if one of these three setbacks would occur,
it would probably cause a negative NPV.
The project will create valuable information on future dyke reinforcement projects, an interesting
highlight for cyclists and other visitors, and increase the level of biodiversity. Together with the positive
NPV of the basic cost-benefit analysis it provides a good basis to start the project. Further developing
the design of WadLab and its warm water supply is going to be essential to realize this positive NPV.
The pilot project that has been started at Texel80 (partly financed by the province of Groningen) should
provide more information on harvesting cockles. As the harvest of cockles covers around 83% of the
total benefits of the WadLab, it will be essential to ensure these estimations.
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This could also be another actor, for instance an environmental organization
For more information check textbox 4.1
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6.4 Recommendations
As there a still a lot of uncertainties at the project, further research will be needed. Some studies have
already been started, such as the program “Nuttig toepassen slib” that describes the (im)possibilities
of the practice of sludge (and therefore its benefits). This program will also study the quality of the
sludge and therefore its application. One of the applications could be drying the clay, the creation of
an area to do so will also be created in this program. This will provide better insight of its utilization,
costs and benefits. Other studies could contribute to this knowledge. For example by studying the
effects of discharging sludge from the seaport in front of the sludge extraction. Such a test could be
performed at the nearby polder Breebaart, where they will extract sludge in the near future. The levels
of sludge could then be compared with the levels of sludge that settles down without sludge being
discharged in front of the marshlands.
The warm water supply is crucial in accomplishing a positive NPV. In order to make sure this warm
water supply will be present at the start of WadLab, the province should make clear agreements with
the data centre that will deliver this warm water. As they probably will receive a percentage of the
revenues by the farmers, they will also directly benefit from the agreements. If the pilot does not
continue after 25 years, the waterboard will probably need to take extra measures to improve and
reinforce the sea dyke. These measures will probably be expensive, the waterboard and HWBP should
therefore make agreements on how these potential costs will be divided. As most benefits arise later
in the pilot project, the NPV of the project will become higher if this period will be extended.
The role of the HWBP was not as passive as described in the report of Ellen & Van Buuren (2014). Even
though his statement is based on just one case, one could say the role of the HWBP is changing. As
innovative concepts could save costs in the future, these concepts are also of interest for them. They
also called on the waterboard to ask the province if there are opportunities to couple production. In
addition, the HWBP encouraged the waterboard by funding 100% if the projects proves to be
innovative and could therefore save costs on future projects. Without these encouragements this
project would probably have never been established. The HWBP, waterboards and provinces could
probably learn a lot from evaluating this pilot project. That is why they should all evaluate this project
and learn valuable lessons from it.
From the moment the province initiated their ideas they took the lead. As initiator they are responsible
for a smooth running of proceedings (i.e. procedures, request, permits, meetings and arrangements).
The waterboard assisted in some activities, but most work had to be done by the province. As the
project manager was also involved in other projects, he was not able to fully focus on this project. That
is one of the reasons why still a lot of details are not covered, which leads to unrest. However, in the
person of the project manager lays an important indicator of success challenge or failure of the project.
Therefore, as initiator of an integrated project with this scale it is recommended to either have a
manager that could dedicate enough time, or a team that have a variety of knowledge to deal with all
different aspects of such a project.
The TEEB-study of Kwakernaak et al. (2015) was part of the feasibility study for the innovative concept.
This study was offered by PBL as part of their program on natural capital in the Netherlands. The TEEBstudy showed the benefits on ecosystem services and biodiversity. However, these ecosystem services
did only focus on saline agriculture, aquaculture and sludge extraction. Regulating or cultural
ecosystem services (e.g. recreation, water purification) are excluded from the TEEB-study. It is
important to take these services into account while weighing the effects of this project. As there are
no considerable costs that are not involved at the NPV, the potential NPV will become higher by taking
into account the unmonetized benefits.
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Appendix A. List of ecosystem services81
Provisioning services
-

Provisioning Food
Provisioning Raw Materials
Provisioning Fresh Water
Provisioning Medicinal Resources

Regulating services
-

Regulating Local Climate
Regulating Carbon
Regulating Extreme Events
Regulating Waste Water Treatment
Regulating Soil Erosion and Fertility
Regulating Pollination
Regulating Biological Control

Habitats
-

Habitats for Species
Habitats for Genetic Diversity

Cultural Services
-

81

Recreation
Tourism
Aesthetic Appreciation
Spiritual Experience

Based on TEEB (2010)
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Appendix B.
List of stakeholders that were interviewed.
Interviewee 1
Waterboard Noorderzijlvest: Peter van Dijken, (environmental manager)
Interviewee 2
Groningen Landschap: Rob Reintsema (‘kwartiermeester’)
Interviewee 3
Province of Groningen: Matthijs Buurman, (project manager)
Interviewee 4
Alterra: Cees Kwakernaak (researcher)
Interviewee 5
Waterboard Noorderzijlvest/Arcadis: Marco Veendorp (senior business advisor)
Interviewee 6
Antea Group: Geeke Slats (interim project manager)
People who were consulted for further information on ecosystem services:
University of Groningen: Peter van Kampen (sludge extraction)
Wageningen Economic Research Centre: Ernst Bos (cost-benefit analysis)
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Appendix C Explanation on case-specific aspects

Ecologie & Economie in
Balans

Memorandum of
understanding E&E (30-102012)
Cooperation agreement
E&E (28-01-2014)

MIRT-onderzoek Economie
& Economie in Balans

Eems-Dollard 2050

Vitale Kust Eemsdelta
Integraal Management Plan
Eems-Dollard
Kaderrichtlijn Water

Natura 2000

Waddenfonds

Programma naar een Rijke
Waddenzee (PRW)
Deltaprogramma

HoogWaterBeschermingsPr
ogamma

POV Rijke Waddenzee

Partnership of regional governments, industries and environmental
NGOs to establish a proper balance between the economy, ecology and
living environment.
http://www.ee-eemsdelta.nl/over-eems-dollard/e-and-e
Official document in which the actors of E&E expressed their intentions
on cooperating on the economy and ecology at the Emsdelta.
https://rijkewaddenzee.nl/wpcontent/uploads/2016/05/Intentieverklaring-30-10-12-pdf-2.pdf
Official document in which the actors of E&E make further agreements
on: sludge extraction, Marconi-projects and MIRT and IMP.
https://rijkewaddenzee.nl/wp-content/uploads/2016/05/Convenantdefinitief-dinsdag-28januari-2.pdf
National study on ways to bundle economic and ecologic ambitions in
this region. The pilot project is part of this MIRT study.
http://www.ee-eemsdelta.nl/assets/pdf/dossiers/natuur-enlandschap/Eindrapport%20MIRT-onderzoek_Eems-Dollard.pdf
Program on the ecology and environment of the Emsdelta. (focus on
coastline, sludge extraction, hydrology) Pilot project is included in this
program. http://edepot.wur.nl/392735
Subprogram of the Eems-Dollard 2050 on the coastline of the Emsdelta,
again including this project.
Construction to encourage cooperation between Germany and the
Netherlands on the Ems-Dollard.
Guidelines for water managers in the Netherlands on water quality
based on the European guidelines.
https://www.rijkswaterstaat.nl/water/wetten-regels-envergunningen/natuur-en-milieuwetten/kaderrichtlijn-water/index.aspx
European network of natural areas, since 2016 is the Ems-Dollard part
of Natura 2000.
http://ec.europa.eu/environment/nature/natura2000/index_en.htm
Funds initiatives that support the ecology and sustainable development
at the Wadden area. Run by the provinces North-Holland, Fryslan and
Groningen:
http://waddenfonds.nl/
Brings together governments, businesses and environmental NGOs at
the Wadden Sea. They help, support and fund E&E.
https://rijkewaddenzee.nl/het-programma/
National program in cooperation with different governments and NGOs
on future plans on water safety.
https://www.deltacommissaris.nl/deltaprogramma/inhoud/wat-is-hetdeltaprogramma
Implementation programme produced every 6 years, includes all water
protection measures in the Deltaprogramma.
http://www.hoogwaterbeschermingsprogramma.nl/Programma/Een+in
troductie/default.aspx
Exploration of innovative concepts by the northern waterboards that
could save time and money on future dyke reinforcement projects of
the HWBP.
http://pov-waddenzeedijken.nl/
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Appendix D Main structure of the interview

Vragenlijst Dubbele Dijk
Naam:
Organisatie:
De komende jaren worden miljarden geïnvesteerd om opgaven op het gebied van waterveiligheid,
zoetwatervoorziening, waterkwaliteit en natuur te realiseren. Door ambities op het gebied van natuur,
economie, milieu, cultuurhistorie en ruimte kwaliteit mee te koppelen kan een hoger maatschappelijk
rendement worden behaald. Dit wordt onder andere gedeeld door de demissionair minister van I&M
en demissionair staatssecretaris van EZ (van Hattum et al., 2014). In 2013 hebben de ministeries van
I&M en EZ, IPO82, UvW83 en CNK84 gezamenlijk als Werkgroep Meekoppelen om de tafel gezeten
omtrent dit onderwerp. Deze partijen concludeerden dat er veel kansen tot meekoppelen liggen,
echter worden deze maar zelden benut. De realisatie van de waterveiligheidsopgave heeft in de
praktijk vaak prioriteit. Een integrale aanpak brengt bepaalde risico’s met zich mee ten aanzien van
geld en tijd. Dit zou de prioriteit in gevaar kunnen brengen, waardoor de meekoppelkansen niet benut
worden. De regie van deze projecten is in de afgelopen jaren steeds meer verschoven van het Rijk naar
de regio. Dat betekent dat provincies, waterschappen en Rijkswaterstaat meer invloed hebben op het
beleid dat gevoerd wordt. Deze gezamenlijke regionale aanpak biedt mogelijkheden voor een meer
integrale aanpak. Echter blijkt in de praktijk dat het meekoppelen bij wateropgaven nog niet van
zelfsprekend is. Dit project is een voorbeeld van een integrale manier van samenwerken, waarbij
ondanks de snelle realisatie is gekozen voor geïntegreerde aanpak die kansen biedt voor natuur,
economie en recreatie.
Zou je voor mij kunnen omschrijven hoe de integrale aanpak tot stand is gekomen?
De provincie was de initiatiefnemer en nam het voortouw in dit project, hoe ging de provincie om met
deze rol?
Zijn er partijen, regelgeving of incidenten geweest die een geïntegreerde aanpak voor dit project in de
weg stonden?

 Wat zijn mogelijk oplossingen? Wat voor tips en suggesties zou u aan beleidsmakers (Rijk,
provincie) mee willen geven?
Hoe zou je de algehele samenwerking(communicatie, bijeenkomsten, maken van afspraken etc.) met
de betrokken partijen in deze geïntegreerde aanpak omschrijven?

 Wat had daarin beter gekund?
 Wat kunnen andere projecten die een geïntegreerde aanpak hanteren hier van leren? (Maak
daarbij een onderscheidt in positieve punten en leerpunten)
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Hebben zich tijdens de samenwerking veranderingen in beleid of regelgeving voortgedaan?
 Zo ja, wat? En wat is hiervan het effect geweest?
Waren alle partijen zich volgens jou voldoende bewust van de urgentie (waterveiligheid,
aardbevingsbestendigheid, en natuurdoelen)?

 Wie wel en wie niet? Wat was de reden volgens jou daarvoor?
Hoe zou je het onderlinge vertrouwen tijdens de samenwerking willen omschrijven?

 Hoe uitte dit vertrouwen zich?
 Wat is het aandeel van het platform E&E hierin geweest? (Stel dit platform had niet bestaan)
 Wat is hierin de rol van de bestaande sturingsgroep (Marconi) geweest?
Hoe zou je de rol van het Waterschap omschrijven gedurende de samenwerking?
Als initiatiefnemer ben je verantwoordelijk voor het juridische, technische en financiële aspect. Hoe
was de houding van andere stakeholders daarin?

 Wat vind je hiervan?
Het takenpakket voor de provincie werd daardoor erg groot, hoe is de provincie hiermee omgegaan?

 Hoe zou je de steun van de andere stakeholders daarin willen omschrijven?
 Wat zou je initiatiefnemer van een integrale aanpak (bijvoorbeeld een andere provincie) adviseren
met de kennis die je nu hebt?
Hoe zijn de verschillende partijen omgegaan met de bereidheid om bepaalde risico’s op zich te
nemen?
Hoe belangrijk is de medefinanciering door de Rijke Waddenzee voor het dubbele dijk project?
Ben je bekend met de haalbaarheidsstudie?
Zo ja, wat heeft deze betekent voor de besluitvorming?
De opbrengsten van de slibopvang en aquacultuur zijn de haalbaarheidstudie in geld uitgedrukt. Wat
is hiervan de invloed geweest op het project?
Niet alle baten zijn in geld uitgedrukt (bijvoorbeeld natuurwaarden en recreatie)? Hoe zou je het
ontbreken daarvan omschrijven?
Voor dit project is geen kosten-baten analyse uitgevoerd (hierin worden de kosten en baten in euro’s
tegen elkaar afgewogen). Stel dat dit wel was gedaan, wat was dan volgens jou de invloed daarvan
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geweest op de besluitvorming?
Zou een verplichte toets die meekoppelkansen voor dijkprojecten op voorhand bestudeerd een
oplossing zijn voor projecten als deze? En wie zou dit dan moeten financieren?
Overige op- en aanmerkingen kunnen hier geplaats worden:
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Appendix E, adjusted85 frame on institutional arrangements for coupling production at water
safety projects.
Institutional level

Characteristics

Current situation

Obstacles

Adaptations

1. Actors and
games;

Actors/agents and
their interactions
aimed at creating
and influencing
provisions, services,
outcomes

-

Network of actors,
that has their own
language and tools.
Through cooperation
(e.g. steering group),
this language could
change.
Dominated by civil
technique.
Lack of trust towards
the interest on water
safety by other
authorities.

-

-

Procedures are
captured in guidelines.
Focus on efficiency
and timespan (no
interference with
policies and interests
of other units).

-

Lack of trust during
cooperation of coupled
production. No sense of
distrust, possibly
because of cooperation
on the Marconi project.
Differences in
perceptions and
language.
Both sectors are
unfamiliar with each
other’s tools. The
province wrote the
plan of action on the
pilot for the HWBP
Poor communication
and closed networks.
Room for
improvement, but
province and
waterboard
communicated a lot,
the network seem to
be more open.
Different procedures
and rules of the game.
Lack of institutions for
coupling production.

Water manager is
focussed on prevention.
Shared responsibility is
perceived as a risk.
Risks are definitely
shared at this project.
Unspoken fear of claims
or consequences
regarding liabilities.

-

-

2. Formal and
informal
institutional
arrangements

Gentlemen
agreements,
covenants, contracts,
alliances, jointventures, mergers
etc. Informal: rules,
codes, norms,
orientation,
relations.

-

-

-

-

3. Formal
institutional
environment

Formal rules, law and
regulations,
constitutions, (formal
institutions)

-

-

Safety norms are
statutory.
Dyke manager has
formal obligations to
test, strengthen,
maintain and manage
dykes.
Focus on own sector.

-

-

-

-

-

-

85

Italics = confirmed by this study, bold = adjustments, underline = not analysed by this study
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Expand knowledge
and expertise on
coupled
production.
Knowledge could
be taken from
pilots like these.
Better integration
of spatial
development and
civil technique.

Exploratory phase
of HBWP should
be broadened. Has
been broadened
in this case,
however most
initiative was
taken by the
province.
Early and periodic
communication
between MIRT and
HWBP on a
regional level.
Good idea, this
could have
increased the time
span of this
project.
Financial support
for coupling
production by
government. The
government has
funded some of
the research,
which have
contributed to the
development of
the plans.
Existing
frameworks
should be
stretched to
create institutional

4. Informational
institutional
environment:
culture values,
beliefs

Norms, values,
orientations, codes
(informal institutions,
culture)

-

-

86

Focus on water safety
(i.e. rejected dykes) by
Rijkswaterstaat and
waterboards. Through
incentives the HWBP
aims to enable
waterboards to look
for alternative ways
of taking measures.
Similar approach,
different norms.
Strong public support.
Barely no initiative
and support of
citizens or companies.

-

-

-

No self-reliance and low
risk awareness of
citizens.
Implicit trust on the
concept of dyke’s risk
approach86.
Strong tendency to
prevent instead of limit
flooding.

Risk that’s approached by the costs of flooding and investments of protection
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-

arrangements on
coupling
production. Pilots
like these could
contribute to that.
Change of norms
for water safety in
case of
opportunities for
coupling
production.

Appendix F, Risks

Risico's
Kans van Gevolg in
optreden Geld

Oorzaak
*Alleen WHA of partij door WHA gekozen mag aansluiting VKAleiding doen.
*Afstemming met gebruikers over leiding vindt te laat plaats.

17,5%

€ 350.000

€ 61.250

7,5%

€ 2.000.000

€ 150.000

Bekende archeologische vindplaatsen in het projectgebied
aanwezig.

17,50%

€ 350.000

€ 61.250

aanwezigheid explosieven

17,50%

€ 150.000

€ 26.250

aanwezigheid bodemverontreiniging

17,50%

€ 350.000

€ 61.250

financiering en contractering inrichting binnengebied dubbele dijk niet tijdig rond

17,50%

€ 350.000

€ 61.250

Onvoldoende klei categorie 2 in tussengebied aanwezig.

€ 421.250
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Appendix G, description of costs and benefits

Risks
Additional research
on seaweed and
cockles
System for
monitoring and
gaining knowledge
from the innovative
concept
Construction of
WadLab
Operational costs of
WadLab foundation
Costs on developing
Cultivation and
Market
Costs of Tidal
Culverts
Loss on previous
agricultural returns
Differences in costs
between traditional
and innovative dyke
reinforcement

Benefits of Sludge
Extraction
Average annual
profits on WadLab
Additional benefits
by extended season

The risks were taken from the 'risicodossier' that has been created by the
province. Since a lot of these risks already exceded their deadline, they could
be removed from this list. Risks that are still relevant: 1. Planning of the
pipeline, 2. Not enough clay at the construction site. 3. Detection of
Archaeological goods. 4. Detection of explosives. 5. Diagnosis of soil
contamination. 6. Delay on funding and contracts
Foreseen budget of €750.000 to do additional research on the production of
seaweed and cockels. (Personal communcation, Matthijs Buurman, 2017)
Because this approach is new and might be used at dyke reinforcement
projects in the future, tests and monitoring are required. This will produce also
produce valuable information for measures in the future. The costs are taken
from the 'bijlage demonstratieproject' created by the province.
Costs that are foreseen on constructing the WadLab. This number is taken
from the 'bijlage demonstratieproject' created by the province.
Operational costs of the foundation that will be put together in order to
manage to the WadLab. This information is taken from the 'Exploitatie
landbouwgebied' created by the province.
Costs to set up the foundation and costs on developing knowledge for this
particular project. This information is taken from the 'Exploitatie
landbouwgebied' created by the province.
Costs that are foreseen on constructing the Tidal Culverts. This number is taken
from the 'bijlage demonstratieproject' created by the province.
Costs refering to the 'loss' of the landowner, who won't be able to farm on
these lands. The province estimated this loss on 2.000 per hectare. (personal
communication, Matthijs Buurman)
This amount refers to the difference between the costs of innovative concept
and the costs of the traditional approach. This number is taken from the
'bijlage demonstratieproject' created by the province.
This benefit refers to the returns on the 'slibmotor' (area C). For the basic costbenefit analysis, numbers of the province were used; €800/ha (personal
communication, Matthijs Buurman), for the different scenarios numbers were
used from the 'Bijlage Demonstratieproject' (€828.774 NCW in 2020) and the
report of Kwakernaak et al. (2015) (144.000/year).
Prognosed sum of net benefits per crop/breeding type multiplied by the
number of hectares taken in by that crop or breeding type.
Net benefits of extending the season by warm water from the nearby data
centre of Google.
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