Deltares

Exploration of the use of ecosystem
services within Dutch water challenges




Exploration of the use of ecosystem services within Dutch water challenges

Authors:
Wesley van Veggel, Marnix van der Vat

2 of 35 Exploration of the use of ecosystem services within Dutch water challenges
11212472-000-ZWS-0001, 17 December 2025

Deltares



Executive summary

Managing water has always played a central role in spatial planning in the Netherlands.
Choices about land use, infrastructure and economic development are closely related to
water management. Climate change is putting increasing pressure on the functioning of water
systems, with more frequent and severe droughts, extreme rainfall and floods creating risks
for agriculture, households, infrastructure and ecological systems. Nature can provide
essential benefits, such as storing or purifying water, which can help address these
challenges. These benefits, known as ecosystem services, are widely recognised in scientific
research, but their practical application in the Dutch water sector is less clear.

This study explores how ecosystem services have been applied within 29 Dutch case studies
addressing the water challenges of freshwater availability, flood safety, water quality and
pluvial flooding. The analysis is done based on a desk-study and supported by interviews
with experts. This study identifies current use of ecosystem services, knowledge gaps and
examines what is needed to increase the practical use of ecosystem services in project
development and policy. While this is not a systematic review, the analysis reveals trends in
how ecosystem services are used in Dutch water-related projects.

Across the case studies, ecosystem services are already being considered in practice,
though mostly implicitly, under terms such as “spatial quality”, “ecology” or “landscape
development”. Only a minority of studies explicitly apply a formal ecosystem-services
framework. Provisioning services are often quantified, as are several regulating services,
such as moderation of extreme events and climate regulation (mainly related to CO,
emissions from peatlands). Other regulating services, such as water purification, habitat and

certain cultural services, are more frequently assessed qualitatively.

Economic analyses, such as cost-benefit analyses (CBAs), are used in the Dutch water
sector to compare policy alternatives and support investment decisions. Ecosystem services
can enhance these analyses by offering a structured framework to identify, prioritise and
quantify broader effects related to nature. Even though ecosystem services are considered
(implicitly), they are rarely assessed in a systematic way, which can lead to underestimating
the value of more nature-based measures. This is likely because knowledge on ecosystem
services is still being translated into practice, combined with constraints in budget and time of
practitioners. While existing tools and valuation guidelines are available, they could be better
aligned to water-specific contexts.

The findings from the case studies and interviews show that ecosystem services can offer a
valuable framework for identifying the effects of measures addressing water challenges.
Although ecosystem services are already considered in many Dutch water projects, they are
often applied implicitly or under different terminology. Using ecosystem services more
explicitly, as both a qualitative and quantitative narrative, helps to make the broader benefits
more visible, create a common language and can support cooperation between waterboards,
drinking-water companies, nature organisations and private actors.
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This study indicates that a more systematic application of ecosystem services could
strengthen decision-making in the Dutch water sector, particularly where nature-based
measures compete with more traditional solutions. To support wider and more consistent
use, several steps are suggested:

»  Strengthen and maintain a shared understanding and narrative around ecosystem
services, so that ecological and societal benefits are recognised earlier and more
explicitly in planning and design processes, rather than only at later stages of evaluation.

* Integrate ecosystem services more structurally into planning, appraisal and evaluation
frameworks, including economic assessments, to support upscaling and more consistent
consideration within projects. This requires continued investment in the underlying
knowledge base as well as capacity building among practitioners.

» Improve and update valuation tools and guidelines, such as the Kentallen Natuur, to
better reflect current practical insights, align more closely with Dutch water challenges,
and reduce the time and effort required from practitioners in project studies.

»  Use financial incentives to encourage stakeholders to explicitly consider ecosystem
services and to broaden the scope of alternatives evaluated within the water sector. By
linking ecosystem services to benefits, whether through lending conditions, subsidy
schemes, or opportunities like carbon credits, stakeholders are more likely to include
nature-based measures in their considerations.

Together, these steps can help move ecosystem services from an implicit consideration
towards a more systematic consideration within Dutch water challenges and therefore,
improving the visibility of the long-term value of nature in decision making.
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1 Introduction

The Dutch economy and many sectors are highly dependent on natural systems (SER,
2025). Within water-related challenges, natural processes play a crucial role, for example by
retaining, storing, and purifying water. At the same time, these functions are under pressure
due to climate change and existing or new land uses, thereby increasing the risk of droughts,
peak discharges and salinization (Sivakumar 2011; Yang et al., 2021). As a result, water
availability, water quality, and water safety are increasingly under pressure, which also
results in challenges for the economic system and human well-being that depend on water
(Viscusi et al., 2008; Brown et al., 2013). Recent studies of the European Central Bank (ECB)
show that water scarcity, flood protection and water quality pose significant risks for financial
stability, with drought scenarios that can put nearly 15% of the euro area’s economic output
at risk (Ceglar et al., 2025).

These developments increase the urgency to incorporate natural processes into water
management and policy decisions. Insights into economic trade-offs can help create support
for climate adaptation and prioritize cost-effective measures. The concept of ecosystem
services supports this by clarifying the value ecosystems provide to society, such as water
purification and flood prevention. (Maes et al.,2012). Ecosystem services are defined as “the
benefits people obtain from ecosystems” (MEA, 2005). For example, wetlands can contribute
to society by providing fish and raw materials, regulating coastal protection, and offering
opportunities for recreation and tourism. These services can create value for local
communities, businesses, and fishermen, since they impact livelihoods and provide economic
opportunities.

The concept of ecosystem services has been used for some time in reports, pilot projects and
research. Well-known Dutch nature-based projects like the Markerwadden have
demonstrated to provide a variety of ecosystem services (van Leeuwen et al, 2021).
However, an overview of its practical application in the water sector is lacking. This is
increasingly important, as financial institutions such as the European Central Bank show how
ecosystem services and water-related risks can directly influence economic performance,
asset values and financial stability (Ceglar et al., 2025).

The aim of this report is to show how ecosystem services have been applied in recent years
within Dutch water-related challenges and what role different ecosystem services have
played. This analysis aims to accelerate the understanding and application of how these
services have influenced project initiation, design, and decision-making, while highlighting
remaining development and knowledge gaps. In addition, it provides insights into how
ecosystem services can be better integrated and identifies when they are most valuable in
decision-making processes. Finally, this study can aid to: 1. Give language to the broader
values created by identifying which ecosystem services are linked to specific water
challenges, 2. Identify which stakeholders benefit from ecosystem services, and 3. Improve
the understanding of potential economic and financial returns.
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1.1 Research method

This research is carried out through desk research including 29 case studies' dealing with
Dutch water-related challenges illustrated in chapter 1.3. The analysis is further based on the
results of semi-structured interviews with experts working directly or indirectly with ecosystem
services (a list of experts and interview guide can be found in Annex Il). While this overview
does not cover all existing studies, as these are not always publicly available, it provides an
indication of current use of ecosystem services, knowledge gaps and trends in the Dutch
water sector. These findings offer insights into how ecosystem services have been applied so
far and highlight opportunities for further development within the water sector.

1.2 Ecosystem services framework

Several classification methods exist to provide a structured way to identify, classify and value
ecosystem services. Well-known frameworks are the Millenium Ecosystem Assessment
(MEA), TEEB (The Economics of Ecosystems and Biodiversity) and CICES (Common
International Classification of Ecosystem Services). These often serve as a basis for
identification, standardization, and scientific publications. However, a gap remains between
science and practice, and its integration into policy decisions to address global challenges
has been limited (Mandle et al., 2021).

The concept of ecosystem services distinguishes provisioning services (such as food and
drinking water), cultural services (such as recreation and landscape experience), and
regulating services (such as water storage, water purification, and carbon sequestration. This
report uses the ecosystem services as defined in Leenders & Heijblom (2024), based on the
framework of The Economics of Ecosystems and Biodiversity (TEEB) and can be found in
Annex I.

For this study, habitat services were also considered, to illustrate the role of
biodiversity/ecology in the case studies. Figure 1 illustrates the connection between the
hydrological system and ecosystem services provided within a watershed. This overview can
be extended depending on the type of ecosystem illustrated, where for example in dune
ecosystems, flood prevention would be a significant ecosystem service in the Netherlands.

" The case studies were selected to reflect a balanced mix of key Dutch water challenges, the use of economic
decision-support tools such as cost—benefit analyses in policy and project decision-making, and more explorative
studies that examine ecosystem services without a formal economic appraisal. While this is not a systematic review,
the analysis reveals clear trends in how ecosystem services are used in Dutch water-related projects.
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Figure 1 Overview of hydrological system and ecosystem services, a) illustrates
hydrological processes while b) illustrates ecosystem services provided within this
system (Brauman, 2015)

The different types of services and their relation to water challenges are presented below:

*  Provisioning services are tangible goods ecosystems provide for human use, including
food, water, bio-based energy, and raw materials. Within the water context, ecosystems
provide freshwater that supports drinking water supply for domestic use. Additionally,
water is used for agriculture and in industrial production processes.

* Regulating and maintaining services are benefits that ecosystems provide by regulating
climate, water cycles, soil formation, and biochemical processes. In this way, ecosystems
can moderate the impact of extreme events such as floods and droughts. An example is
the role of coastal dunes in reducing flood risk (Bechauf et al., 2021). Additionally, water
purification, carbon sequestration and the regulation of water flows are among the most
important water-related ecosystem services.

* Habitat (previously supporting services) services emphasize the importance of habitats in
the functioning of a healthy ecosystem. These are often difficult to express in monetary
terms and do not provide a more direct service such as other categories but are important
to take into account for their role of a proper functioning of an ecosystem.
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» Cultural Services are benefits that nature offers for mental and physical well-being
through experiences like walking in a forest, engaging in recreational or cultural activities,
or valuing the existence of natural environments. Water-related recreation is an important
ecosystem service and can provide large societal value within river management
strategies in the Netherlands (Kok et al., 2025).

Ecosystem services can be expressed in monetary terms using different valuation
approaches. An example of this is the Make Nature Count project (de Jong et al., 2024). This
methodology, developed with ASN Bank, translates ecosystem services into euros by
combining ecological data with economic valuation techniques. It focuses on services like
carbon storage, water regulation, and biodiversity, enabling organizations to integrate
nature’s value into financial reporting, investment strategies, and policy frameworks. For the
valuation, several resources can be used, including the Ecosystem Services Valuation
Database (ESVD), the Kerntallenboek Natuur 2006, the TEEB-Stadstool, and other relevant
valuation studies that provide standardized or context-specific economic estimates for
ecosystem services. The Netherlands relatively high-quality data available for ecosystem
services at the national scale, as reflected in its Natural Capital Accounts (de Jongh et al.,
2021). These accounts provide large-scale insights into the state and value of the
ecosystems in the Netherlands.

The importance and valuation of water-related ecosystem services depend on context, scale
and the stakeholders involved. These factors can influence how ecosystem services are
recognised, valued and incorporated into decision-making processes. Figure 2 illustrates how
different types of ecosystem services operate at different spatial and temporal scales and
their potential financing mechanisms (van Leenders & Heijblom, 2024). Provisioning services,
such as freshwater supply and food, often have direct market value and are therefore easier
to assign, quantify and finance. Regulating and maintaining services, including flood
protection and water purification, typically provide long-term, area-wide benefits and align
closely with the core responsibilities of Dutch waterboards and Rijkswaterstaat. Cultural
services generate societal value through recreation and spatial quality, particularly in densely
populated areas where water plays a central role in the living environment.

PROVISIONING ECOSYSTEM SERVICES

Van Leenders & Heijblom, 2024

Figure 2 Relationships between types of ecosystem services and the scale on which they occur (Van
Leenders & Heijblom, 2024).
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1.3 Water challenges

The water challenges considered in this study are based upon the Delta scenario’s 2050-
2100 of the Dutch Delta programme (Deltares, 2024), with the addition of water quality:

« Fresh-water availability: increasing water shortages, especially in summer periods, due
to increasing periods of droughts, lower river discharges and increased evaporation are
causing periods where water availability is too low to maintain important functions in the
Netherlands. Drought events are expected to increase and are already causing
economic damage. For example, the economic damage of the drought of 2018 was
estimated to be around 0,5-2 billion Euros mainly due to water shortages lowering the
agricultural output and quality, but also because of the increase of transport costs due to
low river water levels (Ecorys, 2019). Droughts also led to damage to nature, but this is
not included in the above estimation. Additionally, droughts can impact building
foundations stability due to the exposure of wooden foundation structures, increase the
risks of natural fires and increase carbon emissions of peatlands due to oxidization
(Deltares, 2024; 2025).

* Flood safety: concerns protecting the Netherlands from large-scale flooding caused by
the sea, major rivers, and lakes. Primary flood defences, dikes and barriers are under
increasing pressure due to sea-level rise. At the same time, consequences of flooding are
growing with more people and economic assets at risk behind dikes, and greater
vulnerability of vital infrastructure like power and communication networks (van Ginkel et
al., 2025).

+ Water quality: the quality of surface water and groundwater in the Netherlands is under
increasing pressure due to nutrient loading, chemical pollutants, and salinization. Climate
change amplifies these challenges: prolonged droughts reduce dilution capacity and sea-
level rise increases risks of salinization. Low water quality impacts ecological systems,
but also the economy through restricted recreation and increased water treatment costs
of drinking water companies. With current measures, it is highly unlikely that the
Netherlands will meet European Water Framework Directive standards? set for 2027
(SER, 2025).

+ Pluvial Flooding: refers to local flooding caused by overloaded regional water systems
during extreme rainfall or prolonged wet periods. It occurs when urban drainage, sewers,
streams, and canals cannot handle excess water. This risk is increasing due to increased
rainfall in summer, longer periods of rain in winter and the combination with high river
discharge. Urban areas and industrial sites are especially vulnerable, with damage
potential increasing in all scenarios.

These water challenges are often already reflected in the objectives and mandates of
waterboards, the Flood Protection Programme (HWBP), Rijkswaterstaat and the Delta
Programme. However, this does not necessarily mean that the measures taken to address
these challenges also generate ecosystem services. For instance, flood safety can be
achieved by constructing dykes, with little consideration for ecosystems. At the same time,
there are many examples, as shown in the case studies in Chapter 2, that do demonstrate
how integrating nature into measures can create multiple ecosystem services and long-term
societal benefits.

2 Kaderrichtlijn water (KRW)
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The greatest opportunities for the use of ecosystem services likely arise from measures that
strengthen the hydrological functions of Dutch ecosystems. For freshwater availability,
groundwater-dependent ecosystems such as peatlands can play an important role by
buffering water, reducing drought impacts, and carbon sequestration (Altenburg & Wymenga
2022). Areas prone to flooding, as seen in Limburg in 2021, can benefit from natural
approaches to managing peak rainfall. For instance, the Geuldal (valley) acted as a natural
buffer by capturing and storing water in the soil, reducing downstream flood impacts
(Stroming, 2022).
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2 Ecosystem services & water challenges in the
Netherlands

This chapter introduces the Dutch water policy context relevant to the use of ecosystem
services. It first discusses the Room for the River programme, as this programme reflects an
important shift in Dutch water management by combining flood safety with spatial quality and
nature-based approaches. The following sections build on this experience by discussing
more recent developments, including the Akkrumer Goedland cooperative and a broader set
of case studies, and their relevance for the use of ecosystem services.

2.1 A well-known case though the lens of ecosystem services: Room for
the River

The floods of 1993 and especially 1995, caused widespread evacuations and showed the
vulnerability of the Dutch dike system. This led to a fundamental shift in flood-risk
management and resulted in the Dutch government to adopt the spatial decision “PKB3”
Ruimte voor de Rivier (Room for the River) in 2006, prepared by Rijkswaterstaat in
cooperation with the provinces and water boards. The objectives of the PKB were to improve
flood protection and spatial quality. Nature, biodiversity, and recreation were seen as parts of
this spatial quality. Ecosystem services as such were not mentioned, but the starting point of
the program was to give more space to nature by increasing the floodplain area and using the
flood regulating service of nature to decrease flood water levels. Therefore, ecosystem
services were (implicitly) considered, with the pre-condition that all alternatives should satisfy
safety norms for flooding. The programme ultimately comprised around 39 individual projects
running until 2017, with a budget of 2,4 billion euros. Beyond the overarching economic
analysis, individual projects were often supported by a cost-benefit analysis (CBA) to inform
decision-making.

A first example of such a project is the relocation of the embankment at Lent, opposite
Nijmegen (Haskoning, 2010). This involved moving the existing dike several hundred metres
inland to create a wider floodplain that provided more room for the Waal River, lowering flood
risk while increasing spatial quality for the area. Within the CBA, a qualitative description of
the impact of different alternatives included recreation and nature. However, these criteria
appear not to have been very distinctive between the alternatives. Increased recreation was
monetized in the quantitative description of impacts, while nature was not included. However,
the most distinguishing criteria between the alternatives were the construction costs and
benefit from existing and new real estate.

3 Planologische Kernbeslissing
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De-poldering of the Noordwaard can serve
as a second example, resulting in the
Nieuwe Merwede to discharge water to the
sea more quickly during high water, and
create a intertidal area (see figure 3). Here a
qualitative comparison between alternatives
included nature as a criterion. Nature is
explicitly mentioned in the considerations:
“... will result in a multifunctional area that
will regain more of the character of the
Biesbosch, with increased nature and
recreation, continued habitation, and
agriculture concentrated in highly embanked Figure 3 Flooding in the Noordwaard at the border of the
polders.” However, the contribution to Brabantse Biesbosch and Merwede. Picture: Kunst &
lowering of the water levels seems to have Viiegwerk

had a more importance in the

considerations.

Ruimte voor de Rivier is a program that can serve as an excellent example of different
governments cooperating to make use of the flood regulating service of nature to lower flood
water levels and to increase safety against flooding. The program is considered a success
and currently a follow up, Ruimte voor de Rivier 2.0, is embedded in the Integrated River
Management (IRM) programme (Deltaprogramma, 2025). In this approach, multiple river
functions are considered together: safe water discharge, freshwater availability, water quality
and nature, navigability, regional economic development and spatial quality.

Akkrumer Goedland: a recent cooperative, nature-based area
development in peatland

A more recent and ongoing example is the Akkrumer Goedland is a cooperative, which is an
area-based development initiative started in 2021 in the peatland area near the village of
Akkrum (Friesland). The initiative brings together farmers, public authorities and other
partners to explore nature-based solutions and is part of the NL2120 programme.

The Akkrumer Goedland cooperative addresses challenges by applying nature-based
solutions, in which water and soil are used as guiding elements for spatial planning. Through
a cooperative leasehold (erfpacht) construction, farmers make part of their land available for
different forms of development, including housing, water retention, nature-inclusive design
and wet cultivation. Housing development forms an important component of the initiative, as it
provides a financial basis for broader landscape measures. In line with the emphasis within
NL2120, Akkrumer Goedland explicitly explores new business models that combine
ecological improvement with economic returns. An example is the experimental cultivation of
cattail (lisdodde), a wet crop that can grow under high water levels. This practice contributes
to reducing peat oxidation and CO, emissions due to increasing water levels, while exploring
opportunities for biobased building materials as an alternative income stream for farmers.

Several ecosystem services are explicitly or implicitly addressed within Akkrumer Goedland.
Regulating services play a central role, including water regulation through water retention,
climate regulation via reduced CO, emissions, and soil regulation by limiting subsidence.
These regulating services form the foundation for the project and deliver benefits at the
landscape scale. Provisioning services are also considered, notably through the production of
biobased materials from cattail, and the potential generation of local renewable energy. In
addition, cultural ecosystem services are created by developing an attractive environment
that enhances spatial quality, enabling recreation and local well-being.
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By combining water management, with housing development, wet cultivation and nature-
inclusive design, Akkrumer Goedland illustrates how ecosystem services can be mobilised to
address water challenges in peatland areas. The case also demonstrates the importance of
collaboration between farmers, governments, water authorities and local communities in
realising multifunctional land use

2.3 Analysis of cases studies

To illustrate how ecosystem services are incorporated into Dutch water-management studies,
Table 1 presents an overview of 29 relevant case studies. The table shows which ecosystem
services were assessed quantitatively, with the numbers in brackets indicating those that
were considered qualitatively. For example, waste treatment (water purification) is quantified
in only two case studies, while it is considered qualitatively in nine additional cases. Full
descriptions of all case studies are included in Annex lll.

Across the 29 case studies, only seven explicitly apply a formal ecosystem-services
framework.

However, ecosystem services are clearly implicitly used in practice, often described through
related indicators such as “spatial quality” or “ecological improvement” when analysing more
nature-based measures*. Interviews confirm this: practitioners do consider ecosystem
services, though typically in an implicit way, without relying on standardized frameworks or
databases like IUCN, ESVD, TEEB, or CICES. This reflects a growing recognition of
ecosystem value since Room for the River, even when standardized approaches are not
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used.
Ecosystem service Fresh water Flood safety Water quality Pluvial flooding
(TEEB 23 categories) availability (N=12) | (N=11) (N=17) (N=5)
Provisioning
Food 5(0) 4 (0) 6 (1) 0 (0)
Water 2 (0) 1(0) 3(2) 0 (0)
Raw materials 3(0) 2 (0) 2 (0) 1(0)
Regulating
Climate regulation 7(1) 4(1) 9(2) 2(2)
Moderation of extreme 6 (0) 8 (1) 7(1) 5(0)
events
Regulation of water flows | 7 (1) 3(0) 6 (3) 4 (2)
Waste treatment (water 2 (3) 1(1) 2(9) 1)
purification)
Habitat
Maintenance of life 0(2) 0(4) 0(8) 0(3)
cycles
Maintenance of genetic 2(3) 0 (6) 2(9) 0(3)
diversity
Cultural
Opportunities for 3(3) 6 (2) 7 (4) 0(3)
recreation and tourism

4 The term nature-based measures is used since many of the analysed cases focus on specific measures within
existing water-management systems rather than on complete system-level solutions.
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Ecosystem service

Fresh water

Flood safety

Water quality

Pluvial flooding

(TEEB 23 categories) availability (N=12) | (N=11) (N=17) (N=5)
Aesthetic information 3(5) 5 (6) 2(7) 2(4)
Existence, bequest value

Existence, bequest value | 3 (2) 5(1) 7(3) 0(3)

Table 1: Overview of ecosystem services within water challenges across 29 studies, showing quantitative values

first, followed qualitative considerations in brackets. As several case studies address multiple water challenges,

cases may be counted in more than one column. An extensive overview can be found in Annex Ill.

This overview of studies shows that in Dutch water-management practice, measures are
usually developed with several goals at the same time. This is partly due to the limited space
in the Netherlands and the need to combine functions such as ecology, recreation, and
economic development. Because of this, studies generally cover multiple ecosystem
services, whether implicitly or explicitly stated, which makes it difficult to clearly link a specific
water challenge to a single ecosystem service, although some trends can be seen:

» Provisioning services, such as food production, are mentioned relatively often because
many water-related measures influence agricultural land use and farming practices. This
is reflected in Table 1, where food provision is mentioned for freshwater availability, flood
safety, and water quality. The increase (or decrease) of these services is relatively easy
to quantify, market prices for crops are well establishes, and they align closely with
stakeholders such as farmers and landowners.

+ Climate-regulation services are considered primarily through carbon storage or reduced
CO; emissions, especially in challenges related to water quality and freshwater

availability. This service is closely linked to peatland ecosystems, which play a significant
role in the carbon cycle when water levels are raised. Currently, peatlands account for an
estimated 2-4% of carbon emissions in the Netherlands. Encouragingly, pilots are
exploring innovative approaches, such as monetizing reduced emissions through carbon
credits (Natuur & Milieufederatie ZH, 2025).

Water-regulation services are associated with lowering long-term water-management
costs, particularly when implementing measures aimed at improving freshwater
availability or reduced dredging. These reduced costs are especially relevant for
stakeholders such as the waterboards and drinking water companies.

Most water challenges have an emphasis on avoided damages, as reflected in the
moderation of extreme events category (Table 1). This emphasis partly due to the
historical development and institutionalisation of economic optimisation in flood-risk
management. Additionally, avoided (flood) damages are relatively easy to quantify and
monetise, with existing frameworks and models using indicators such as Expected
Annual Damage (EAD).

Water quality measures are often considered qualitatively and mainly driven by regulatory
frameworks such as the Water Framework Directive (KRW). Table 1 illustrates this clearly
with only 2 cases quantifying waste treatment (water purification). Also, habitat services
are often described in words evaluated using simple scoring systems, such as assigning
ratings (--, -, 0, +, ++), indicating a negative or positive effect.
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» Cultural services, such as recreation and tourism, play an important role in many water-
related projects, except for pluvial flooding. These services often contribute directly to
local livelihoods and community well-being. A good example is the Holwerd project, which
aims to reconnect the village with the Wadden Sea by creating an opening in the sea dike
and a navigable channel. This intervention will enable a marina and new recreational
facilities and strengthen the local economy and livelihoods. Even though the main goal
was not necessarily a water related challenge, the use of nature and water and their
importance for the economy is clearly represented in this case study.

24 Role of ecosystem service in maintenance costs

In cost—benefit analyses for water-related projects, the comparison between nature-based
measures and grey infrastructure is often strongly influenced by assumptions about
investment, long-term maintenance and replacement costs. These costs are divided for
different stakeholders, for example, capital investments may be covered by the
Rijkswaterstaat and the Flood protection Program (HWBP), while long-term maintenance of
the nature measure is the responsibility of the waterboard or local municipality. Several case
studies show that natural measures can implicitly reduce these costs through ecosystem
services such as improved water-flow regulation or reduced dredging needs. Making these
values more visible for each party can support nature-based measures and create incentives
for long-term maintenance, which is essential for the functioning ecosystem within the area.
However, it is important to note that maintenance costs are often compared directly with
those of a grey solution. Grey infrastructure generally assumed to be cheaper to maintain in
the short term, which can make it seem more attractive. However, the eventual replacement
of grey infrastructure, can be expensive, is sometimes left outside the scope of the analysis
or discounted so heavily that they barely influence outcome of a CBA.

2.5 Ecosystem services, economic analysis & decision-making

A cost-benefit analysis (CBA) is a widely used and standardized tool for economic
assessment and is closely connected to legal requirements in Dutch infrastructure planning.
In some cases, conducting a CBA is mandatory, for example within the Meerjarenprogramma
Infrastructuur, Ruimte en Transport (MIRT), to evaluate different options for infrastructure
projects. Traditionally, a CBA compares the costs and benefits of several alternatives,
considering not only economic but also societal effects. For nature-based projects,
ecosystem services can serve as a basis to identify and quantify the values of several project
alternatives and incorporate these into decision-making.

Interviewees highlighted that a CBA is not a static exercise. Although often perceived as a
straightforward calculation, it involves numerous choices and assumptions that can
significantly shape the results. Decisions such as which ecosystem services to include, how
to value them, and which effects to leave out play an important role in determining the final
outcome. Incorporating ecosystem services depends largely on the type of study, main goal
of the project and available budget, rather than being standardized in decision-making. At the
same time, applying ecosystem services in water-sector decision-making requires access to
reliable, up-to-date and location-specific data. The availability and quality of such data largely
determine if ecosystem services can be identified, valued and compared with conventional
measures in practice.
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Within the various CBAs included in the case studies, business as usual (BAU) or a grey
measure are often compared to measures that include spatial or nature development. Nature-
based measures that have positive effects on water systems do not always emerge as the
most favourable option, since the assessment does not include a wide scope of ecosystem
services. This limited scope is important, since the combined contribution of multiple
ecosystem services can influence the outcome of an analysis, even when individual services
are relatively small (Ruijgrok, 2023). Indicators such as reduced damages, investments costs
and maintenance costs are generally valued and have a relative high weight within CBAs.
This highlights the importance of understanding the limitations when interpreting CBA results.

After Room for the River, the Cost-Benefit Analysis (CBAs), within the Netherlands had less
emphasis on broad effects due to the policy goal of “sober en doelmatig” in the dyke
reinforcement goals of 2050. Focussing on the main goal of flood safety preferably to the
lowest costs possible, rather than creating room for additional natural measures. This while
more nature-based water safety measures have the potential to incorporate broad benefits
such as spatial development, ecology and recreation (Riemslag & van der Linde, 2021). At
the same time, many projects still contributed to ecological improvement, driven in part by the
Water Framework Directive (KRW), which requires improvement in water quality and aquatic
habitats.

It remains challenging to directly attribute analytical frameworks or concepts, such as
ecosystem services, to specific decision-making processes since decisions are typically
influenced by a variety of factors. These insights are hard to find within studies and even in
the interviews conducted for this analysis. If the main goal of the project is to improve water
quality, spatial quality or ecology, the economic analysis can be informative or required, but
not decisive in its outcome. This is also illustrated in the case of the Waterdunen in the text
box below:

Cost-benefit analysis Waterdunen: economic analysis is not always a deciding factor.

The main objective of the Waterdunen project
in West Zeeuws-Vlaanderen was to combine =
coastal safety with nature development and
recreational opportunities. While ecosystem
services were not explicitly addressed, they
were indirectly considered through aspects
such as spatial quality, biodiversity, and
landscape enhancement.

e

The cost-benefit analysis (CBA) favoured the
“Veilig zonder Waterdunen” alternative,
because of its low investment and
maintenance costs. However, this alternative
offered no improvement in spatial quality or
added value for nature and recreation. These elements were included in the analysis but only
to a limited extent, and a broader quantitative assessment would likely not have changed the
outcome. If policy objectives prioritize spatial quality alongside flood safety, then alternatives
that integrate nature and recreation can still be implemented which was the case, and
implementation started in 2013.

Figure 4 Waterdunen, Natural Tidal area (source: Foto
August 2021, province of Zeeland; Deltares 2025)
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Overall, interviewees involved in water-related studies mention that the exercise of an
economic appraisal and the use of ecosystem services can be valuable in and of itself to:
identify the most important effects of a measure, identify which ones are significant, how
much they will change and if feasible valuate the change. In practice, economic appraisals
are often carried out at a late stage of development in the decision-making process, and in
some cases is more experienced as a compliance check. Considering an economic analysis
early on in a project using ecosystem services can already inform about the potential and
help better shape different measures.
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3 Opportunities for strengthening uptake through
cooperation

This chapter examines which stakeholders are typically involved in addressing water
challenges in the Dutch water sector, which ecosystem services are considered most
relevant, what opportunities exist, and how tools are being used and could be further
improved.

3.1 Water challenges, ecosystem services and their stakeholders

The stakeholders involved in the studies are mainly public actors such as waterboards,
Rijkswaterstaat, provinces, and municipalities since they are mainly responsible for managing
and addressing the water challenges in their area or have an interest in spatial planning
within the area. Private actors are rarely mentioned other than agricultural stakeholders.
These studies are generally carried out with knowledge institutes and consultancies such as
Deltares, WUR, and Witteveen+Bos to support the technical or economic analysis.

Stakeholders Mentions
Waterboards 14
Rijkswaterstaat 14
Provinces 11
Municipalities 11
Witteveen+Bos 7

Ministry of Infrastructure and Water Management | 6

Deltares 6
Agricultural stakeholders 5
Wageningen University & Research 4

Table 2: Overview of different stakeholders/actors mentioned across 29 studies. Parties that are mentioned only
twice or less are not included in this overview.

The majority of the studies (such as CBAs) focus on societal welfare rather than distributing
benefits to individual stakeholders, however in practice many ecosystem services do benefit
a specific stakeholder.

« Ecosystem services that support freshwater availability primarily benefit farmers,
waterboards, and drinking-water companies, as they depend directly on stable water
levels for production and service delivery. Case studies within peatlands show that
measures in peatlands and groundwater-dependent areas can also generate carbon-
emission reductions, which mainly benefit the Dutch state through national climate
targets. As mentioned before, peatlands emit 2—4% of carbon emissions in the
Netherlands. This can also provide opportunities for existing land use, with pilots
exploring innovative approaches, such as monetizing reduced emissions through carbon
credits (Natuur & Milieufederatie ZH, 2025). This mix of local and national beneficiaries
highlights the need for broad cooperation when developing freshwater strategies.
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* Improved water quality benefits multiple stakeholders simultaneously: waterboards
responsible for ecological status, drinking-water companies for decreasing treatment
costs, nature organizations, local inhabitants and recreational users who depend on clean
water for tourism and leisure.

» Flood-safety measures primarily benefit households, businesses, infrastructure, and
public authorities responsible for risk reduction. These stakeholders currently pay or carry
out implementation for flood safety through the funding of (water) taxes. Nature-based
measures can also deliver co-benefits for recreation, biodiversity, and landscape quality.

» For pluvial flooding, the most direct beneficiaries are households, local businesses,
agriculture, and tourism sectors that experience damages from extreme rainfall events.
Nature-based measures, such as retention areas, soil infiltration or river-valley buffering
are used, can address this risk while providing broader benefits such as improve
biodiversity, recreational quality, and landscape experience. Even though this wasn’t
shown in the case studies, there is an increased interest in these nature-based solutions
in Limburg, due to the large-scale flood event of 2021.

3.2 Opportunities & momentum

Interviewees mention that over the last 5 years there has been an increasing demand for
valuation of nature-related measures. Ecosystem services can serve as an explicit approach
to create a narrative that bridges the gap between ecology and the economy, providing a
starting point for better cooperation and for identifying effective measures in water
management. Additionally, making explicit for who the ecosystem service benefits are, can
create support for measures and provide a clearer overview of financial flows. The latter can
be improved upon, since the studies consider the increase or decrease of ecosystem
services mainly as a societal benefit or cost.

Which stakeholders are most important is always dependent on the specific area and context,
as each landscape has its own functions, interests, and actors. Implementing nature-based
measures typically starts with the waterboard, as they carry primary responsibility for most
water challenges. Emphasis on different dimensions such as water quantity, water quality, or
ecology can be geographically dependent, since waterboards are elected bodies with
different local cultures. Cooperation can then involve other public actors, local businesses,
nature organisations and agricultural stakeholders. Involving a diverse group of stakeholders
can be time-consuming, but it can create added value that exceeds what can be achieved
through siloed efforts. Although the case studies mainly focus on public and local actors, they
also highlight the potential to more explicitly involve financial stakeholders, as their capital is
often exposed to water-related risks and depends on the long-term performance of
ecosystem services.

In addition, current momentum within the national knowledge programme NL2120 offers
opportunities to strengthen stakeholder collaboration. Within NL2120, governments,
knowledge institutions, and societal partners work together to scale up nature-based
solutions that contribute to a sustainable, safe, and economically resilient living environment.
Alongside testing the physical effectiveness of these measures within pilots, the programme
also develops knowledge and tools to make their socio-economic impacts more explicit,
many relevant to challenges within the water sector. These insights can help the above-
mentioned stakeholders better understand the distribution of costs and benefits, identify
opportunities and improve local support.
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3.3 Tools and data for economic and monetary evaluation

The valuation of ecosystem services is embedded in the Werkwijzer Natuur and the Kentallen
Waardering Natuur, Water, Bodem & Landschap, which provide a useful basis for integrating
ecosystem services into Dutch cost—benefit analyses. Existing innovative tools as the Groene
Baten Planner and TEEB-Stadtool show that quantifying ecosystem services is increasingly
feasible, but their application is mainly urban, and current databases are often too context-
specific to support diverse water-sector landscapes. In practice, some guidelines are not
updated frequently, and translating ecological effects into monetised values can be
challenging, especially given the time constraints practitioners face in project studies.
Scenario analysis is also needed to reflect uncertainties in hydrological and ecological
responses, information that valuation sources alone cannot provide. Tools more tailored to
specific water-challenges could therefore accelerate practical use of ecosystem services.

Despite these limitations, ecosystem services are already used, implicitly and explicitly, in
many projects. A next step is to make this use more consistent within planning procedures.
Requiring more consideration of a broader spectrum of ecosystem services in CBAs would
help make the benefits of nature-based measures to be considered more consistently. This
can be supported by an update of the Kentallen Natuur for practical application.

A current knowledge gap mentioned by several practitioners is the uncertainty of how
measures will impact the physical system, which is required to quantify and monetarize an
ecosystem service. Measuring certain impacts on water systems and its ecosystem services
require hydrologic modelling which requires large time investments, which is often insufficient
within the budgets available. There is a need for clearer guidelines on selecting appropriate
decision-making frameworks based on project characteristics. These guidelines should
specify when to assess ecosystem services and under what conditions, whether the
assessment should be tailored, qualitative, or quantitative (e.g., through cost-benefit analysis)
and which projects require additional hydrological modelling to support decision-making.

The academic framework for ecosystem services provides a structured way to identify
potential effects. However, in practice it is difficult to be applied by stakeholders with limited
knowledge of nature-based solutions or ecosystem services, which can lead to over or
underestimating certain benefits and blurring the distinction between significant and
insignificant effects. This is a growing pain that can be reduced through capacity building and
by developing more strong case studies in the water sector that highlight the practical
integration of ecosystem services.
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4 Conclusion: impact of ecosystem services on
water-related challenges, future steps and policy
recommendations

1. The findings from the case studies and interviews show that ecosystem services are
already used within many Dutch water-related challenges, but mostly in an implicit way or
under different terminology.

Interviewees emphasized that the concept is generally viewed as useful tool and language to
identify effects of water related measures, however practical application is not necessarily
systematic. This can cause ecosystem services of nature-based measures to be
underrepresented in decision-making frameworks such as cost—benefit analyses, since these
effects are only partially quantified.

2. Using ecosystem services as a narrative both qualitatively and quantitatively can help
make these benefits more visible and relevant.

Nature-based measures in water systems provide value over the long-term. This is difficult to
make tangible, particularly for policymakers and local stakeholders. Ecosystem services can
provide a language to bridge this gap and support cooperation between waterboards,
municipalities, landowners, drinking-water companies, nature organisations, and residents.
Integrating ecosystem services structurally in planning and evaluation frameworks is
essential for upscaling, but achieving this requires strengthening the knowledge base and
building practitioner capacity.

3. Aclearer framework for the use of ecosystem services for water, more up-to-date
valuation guidelines, and improved water-related tools would support more systematic
and consistent use of ecosystem services in water-sector decision-making.

The Werkwijzer Natuur, Kentallen, ESVD and other resources offer valuation support,
however they are not always up to date or aligned with Dutch water-specific contexts. Since
practitioners have limited time and budget, clearer, more practical, and updated valuation
guidance would help integrate ecosystem services earlier and more systematically into CBAs
and design choices.

An example of this is the 2006 environmental prices handbook (Kentallen boek), which could
be updated to improve practical application of ecosystem services in Dutch economic
decision-making frameworks. The information in the Kentallen boek from 2006 is fairly
outdated for some values and sometimes over or underestimates value based upon little
sources. Even though at the time it was a comprehensive method, much more knowledge
and experience have been gained in valuing ecosystem services. This is also confirmed by
interviews and other recent studies (SEO, 2024). Even though comprehensive databases
exist, they do not necessarily align with the practical application of a cost-benefit analysis for
water challenges in the Netherlands. At the same time a guideline for practitioners to use
ecosystem services for water management could support economic decision-making.
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4. Financial incentives, such as discounted lending rates for projects that incorporate
nature-based measures, can encourage stakeholders to consider ecosystem services in
decision-making and broaden the scope of options evaluated within the water sector.

Such incentives can make the added value of ecosystem services more tangible for actors
whose work is primarily driven by regulatory or safety standards, such as waterboards. They
can also motivate municipalities, landowners, and other partners to consider ecosystem
services beyond their KPI, rather than considering nature as an additional requirement. By
linking ecosystem services to these financial incentives, whether through lending conditions,
subsidy schemes, or opportunities like carbon credits, stakeholders are more likely to include
nature-based measures in their considerations.

5. Quantifying ecosystem services can be useful, but its added value depends on context
and scale.

It is important to recognize that not every policy goal requires a full economic assessment,
sometimes the objective is simply to implement a measure. In such cases, the added value of
a detailed economic analysis and use of ecosystem services may be limited.

In certain cases, a more area based approach can be more valuable to identify the potential
of nature-based measures and their economic impact. An example of this would be applying
ecosystem services within area-based projects at the intersection of water, nature, agriculture
and drinking water, involving regional partners such as provinces, waterboards, drinking-
water companies, nature managers and agricultural organisations. In these settings,
ecosystem services can help inform challenges related to pluvial flooding, freshwater
availability and water quality, while supporting more integrated regional goals. These types of
analyses can then be embedded in broader research and planning programs such as the
Delta Programme and PAGW, where they contribute to strategy and governance.

Finally, scaling up the use of ecosystem services in the Dutch water sector will not be
achieved through a single instrument or measure. It requires a combination of a clear
narrative that makes these benefits visible, continued capacity building among practitioners,
practical and updated guidelines, and if possible financial incentives. Together, these
elements can help integrate ecosystem services more firmly in practice, strengthening the
role of nature in addressing water challenges across the Dutch water sector.
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Annex |

23 ecosystem services considered by The Economics of Ecosystems and Biodiversity (TEEB, 2023).

TEEB — ECOSYSTEM SERVICES CLASSIFICATION

Ecosystem Service

Provisioning Food

Regulating
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Water

Raw materials

Genetic resources

Medicinal resources

Ornamental resources

Air quality regulation

Climate regulation

Moderation of extreme events

Regulation of water flows

11212472-000-ZWS-0001, 17 December 2025

ES
Code

Ecosystem Sub-Service
Fish

Meat

Plants / vegetable food
NTFPs [food only!]

Food [unspecified]

Other

Drinking water

Industrial water

Water Other

Irrigation water [unnatural]
Water [unspecified]
Fibers

Timber

Fuel wood and charcoal
Fodder

Fertiliser

Other Raw

Raw materials [unspecified]
Sand, rock, gravel
Biomass fuels

Plant genetic resources
Animal genetic resources
Genetic resources [unspecified]
Biochemicals

Models

Test-organisms
Bioprospecting
Decorative Plants

Fashion

Decorations / Handicrafts
Pets and captive animanls
Capturing fine dust

Air quality regulation [unspecified]

UVb-protection
C-sequestration
MDS-production

Climate regulation [unspecified]
Microclimate regulation

Gas regulation

Storm protection

Flood prevention

Fire Prevention
Prevention of extreme events
[unspecified]

10 Drainage
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ESS
Code

11
12
13
14
15
16
21
22
23
25
26
31
32
33
34
35
36
37
38
39
41
42
43
51
52
53
54
61
62
63
64
71
72
73
81
82
83
84
85
91
92
93

94

101
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Habitat

Cultural

Waste treatment

Erosion prevention
Maintenance of soil fertility

Pollination

Biological control

Maintenance of life cycles

Maintenance of genetic diversity
Aesthetic information

Opportunities for recreation and
tourism

Inspiration for culture, art and
design

Spiritual experience
Information for cognitive
development

Existence, bequest values

11

12
13

14

15

16

17
18

19

20

21

22

23

River discharge

Natural irrigation

Water regulation [unspecified]
Water purification

Soil detoxification

Abatement of noise

Waste treatment [unspecified]
Erosion prevention
Maintenance of soil structure
Deposition of nutrients

Soil formation

Nutrient cycling

Pollination of crops

Pollination of wild plants
Pollination [unspecified]
Seed dispersal

Pest control

Disease control

Biological Control [unspecified]
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Attractive landscapes
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Tourism
Ecotourism
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Inspiration [unspecified]
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Education
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Existence value
Bequest value
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List of interviewees

Contact Job description Organization
Rob van der Veeren Environmental economist Rijkswaterstaat
Arianne de Blaeij Environmental economist Rijkswaterstaat

Sien Kok Environmental economist, PhD Deltares, WUR
Researcher MERLIN
Ellis Penning Strategic leader research Deltares
program Nature-based
solutions, Project coordinator
Spongeworks
Mieke Siebers Executive director FSD Foundation of
Sustainable
Development (FSD)
Gigi van Rhee Managing Director Stratelligence

Merel Hendriks

Sustainability officer

NWB Bank

Daan Jochem Groot

Managing director

Natuurverdubbelaars

Leo Heitbrink

Strategist for vision
development and agenda-
setting

Waterschap
Vechtstromen

List of interview questions/topics used in semi-structured interviews:

» Experience with applying regulating ecosystem services in Dutch water-related
challenges: what role did they play in the initiation, design, and decision-making of
measures, projects, or programs?

+  Which water challenges and ecosystem services were central in the cases or policy

processes?

*  Which stakeholders were involved?
* How were ecosystem services valued or represented: qualitatively, quantitatively, or

monetarily?

»  Within which decision-making framework were ecosystem services used (CBA, MCA, or

other)?

+  When were/are ecosystem services decisive in decision-making?

»  Which factors hinder or promote the use of ecosystem services in decision-making? What

are the knowledge gaps?
What is needed in practice and policy to make the concept of ecosystem services more
applicable and useful?

Exploration of the use of ecosystem services within Dutch water challenges
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Project Name

Location

Main Project Goal

Water-Related
Challenge

Ecosystem
Services
Consideration

Ecosystem
Services
Consideration
quantitatively

Ecosystem Services
Consideration
qualitatively

Partners Involved

Outcome of study / Impact on Decision

Deltares

Source

MKBA Collective High- Zegveld, Province of Prevent peat soil subsidence | Fresh water Indirect, Food, regulation of | - Provincie Utrecht; Supports investment decision-making for Witteveen+Bos (2007), MKBA
Water Facilities Utrecht and improve water availability, qualitative, water flows, Waterschap hoogwatervoorzieningen Positive MKBA collectieve
management by creating water quality monetarised moderation of Rivierenland; balance (€1.16 million) if no extra nitrogen hoogwatervoorzieningen. In
collective high-water facilities extreme events, Hoogheemraadschap measures required. Measures include opdracht van Provincie Utrecht
[hoogwatervoorzieningen] climate regulation van Rijnland; technical interventions,such as pumps and
and partly ecological banks (C0O2), existence Hoogheemraadschap partly nature-based (ecological banks).
[natuurvriendelijke oevers] in bequest values De Stichtse Rijnlanden;
peat meadow areas. Waternet;
Witteveen+Bos;
MKBA Reeuwijk-West Reeuwijk-West and MT- Assess societal costs and Fresh water Indirect, Climate regulation, | Water purification, Hoogheemraadschap The MKBA results emphasize that the non- Swinkels, M. (2016). MKBA
and Middelburg & polder, Province of Zuid- benefits of different water availability, qualitative, Regulation of aesthetic information van Rijnland; monetized nature values must play a role in | Reeuwijk-west en Polder
Tempelpolder Holland level management scenarios | water quality monetarised water flows, Provincies; decision-making and cannot stand alone. Middelburg en Tempelpolder
by testing technical water Opportunities for Gemeenten; Agrarische | Current results support BAU: "Ook voor de (Adviesrapport).
level control [technisch recreation and stakeholders; MT-polder kan geconcludeerd worden dat Hoogheemraadschap van Rijnland.
peilbeheer] to balance tourism, Witteveen+Bos; het huidige peilbeheer de komende vijftig
agricultural use, nature Maintenance of jaar maatschappelijk gezien rendabel blijft"
conservation, and peat soil genetic diversity
subsidence.
Moonshot Regeneratieve Noord-Brabant (high Develop a business case for Fresh water Directly Climate regulation, | Waste treatment Ministerie van Study supports Groeifonds application; Witteveen+Bos (2023).
Landbouw sandy soils) and Noord- regenerative agriculture to availability, Regulation of (water purification), Infrastructuur en ecosystem services quantified for potential Doorbraakproject circulaire
Holland (clay soils) quantify and valorise water quality water flows, aesthetic information Waterstaat; payments. Measures are mainly nature- ecosysteemdiensten regeneratieve
ecosystem services for Maintenance of Versnellingshuis based [natuurgebaseerde maatregelen] landbouw: Oplegnotitie voor
funding and circular genetic diversity Circulaire Economie; combined with technical soil and water onderzoeksproject ter
economy goals. Agrarische management practices. ondersteuning van het
stakeholders; Groeifondsvoorstel Regeneratieve
Witteveen+Bos; Landbouw
MKBA- remming Friese veenweidegebied, CBA for reduction of soil Fresh water Indirect, Food, water, Regulation of water Provincie Fryslan; The cost-benefit analysis shows that Witteveen+Bos (2019). MKBA-
bodemdaling Friese Provincie Fryslan subsidence in Frysian availability, monetarised regulation of water | flows (groundwater) Wetterskip Fryslan; mitigation pays off through avoided climate remming bodemdaling Friese
veenweidegebied peatland area of the water quality flows, moderation Wageningen UR; damage and landscape preservation; an veenweidegebied (113312-19/03).
Netherlands. of extreme events, Countus; integrated approach delivers the highest Witteveen+Bos.
climate regulation, Witteveen+Bos; welfare gains; sensitivity analyses for
Opportunities for agrarische sector; emissions and business models.
recreation and Provinciale Staten;
tourism, existence Witteveen+Bos;
bequest values
MKBA Rotterdam, Zuid-Holland Economic analysis of climate | Fresh water Indirect, Regulation of - Gemeente Rotterdam; The study shows that climate-adaptation Rebel. (2014). MKBA
Klimaatadaptatiestrategie adaptation strategy; analysis | availability, monetarised water flows, Royal Haskoning DHV; measures such as water storage, green Klimaatadaptatiestrategie Casus:
Bergpolder Zuid of nine measures against pluvial flooding moderation of Deltares; TNO; WUR; infrastructure, and improved drainage can Bergpolder Zuid. Rebel Economics
heat stress, water nuisance, extreme events, TU Eindhoven; TU significantly reduce water nuisance and & Transactions BV.
and drought. climate regulation, Delft; Vestia; Rebel foundation damage in Bergpolder Zuid, with
air quality several measures delivering positive
regulation, societal returns.
aesthetic
information
MKBA Spankrachtstudie Nederlandse Exploring spatial measures Fresh water Indirect, Aesthetic Climate regulation, RIZA; WL Delft The cost-benefit analysis (CBA) compares Kind, J. (2002). MKBA
(Ruimte voor de Rivier) rivierengebied (Lobith— for long-term water safety availability, qualitative, information, Opportunities for Hydraulics; NEI; CPB; four options with dike reinforcement; all Spankrachtstudie: Vingeroefening
zee, |Jsselmeer, Maas, and spatial quality; flood safety, monetarised existence bequest recreation and DWW; Bouwdienst; options are negative compared to dikes, but | voor het in kaart brengen van de
Zeeuwse Delta) comparison with dike pluvial flooding values tourism, Existence diverse positive compared to doing nothing. For the | maatschappelijke kosten en baten
reinforcement bequest values, Rijkswaterstaat- spatial quality option, there are also more van rivierverruimende maatregelen
aesthetic information afdelingen; values involved: not everything can be op de lange termijn. RIZA.
Projectgroep quantified. Spatial quality is difficult to
Spankrachtstudie monetarize.
MKBA Peilgebied Berg Rotterdam (Hillegersberg To provide insight into the Pluvial Indirect, Moderation of Waste treatment Hoogheemraadschap Water-level management strategies in Berg | Witteveen+Bos. (2017). MKBA
en Broek Noord & Zuid) societal costs and benefits of | flooding, water | qualitative, extreme events, (water purification) van Schieland en de en Broek and shows that measures peilgebied Berg en Broek:
three strategies aimed at quality monetarised climate regulation, Krimpenerwaard; reducing water nuisance and foundation Eindrapportage (RT976-1/17-
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reducing foundation
problems in the Berg en
Broek water level area.

Exploration of the use of ecosystem services within Dutch water challenges

Opportunities for
recreation and
tourism

Gemeente Rotterdam;
Bewonersorganisaties
Hillegersberg;
Witteveen+Bos

damage can generate substantial societal
benefits compared to maintaining current
conditions.

000.301). Witteveen+Bos.
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Project Name

Location

Main Project Goal

Water-Related
Challenge

Ecosystem
Services
Consideration

Ecosystem
Services
Consideration
quantitatively

Ecosystem Services
Consideration
qualitatively

Partners Involved

Outcome of study / Impact on Decision

Source

MKBA Holwerd aan Zee Noordoost-Fryslan The project aims to Flood safety, Direct, Moderation of Maintenance of Stichting Holwerd aan With optimization spatial planning (more Witteveen+Bos. (2015). De
(Holwerd) reconnect the village of water quality monetarised extreme events, genetic diversity, Zee; Provincie Fryslan; leisure tourism, cost reduction). With some maatschappelijke kosten en baten
Holwerd with the Wadden climate regulation, Existence & bequest Rabobank; Rho adjustments to measures and a stronger van Holwerd aan Zee
Sea by creating an opening Opportunities for values Adviseurs; focus on achieving certain benefits, a
in the sea dike and a recreation and Witteveen+Bos positive cost-benefit ratio can be achieved.
navigable channel, enabling tourism, Aesthetic
a marina and recreational information
facilities.
MKBA Waterdunen West Zeeuws-Vlaanderen | To achieve the required Flood safety Indirect, Moderation of Aesthetic information Provincie Zeeland; The ‘Safe’ scenario delivers the highest net | Decisio BV. (2006). MKBA
(Breskens) coastal safety standards qualitative, extreme events, Ministerie van V&W; benefits (mainly because of low costs, Waterdunen: Maatschappelijke
while simultaneously monetarised climate regulation, Oranjewoud; Decisio; especially operation & maintenance), but it Kosten-batenanalyse voor
improving spatial quality Opportunities for Molecaten; Zeeuws provides no benefits for spatial quality, kustversterking en
through integrated area recreation and Landschap; Decisio nature, or related aspects. If the political gebiedsontwikkeling in de Jong- en
development. tourism, Aesthetic objective also includes area development, Oud-Breskenspolder. Decisio BV.
information then the other scenarios become relevant
depending on those goals.
MKBA Ruimte voor Midden-Waal (Nijmegen— | Exploring the costs and Flood safety, Indirect, Food, Raw Maintenance of WWEF; Bureau Negative balance of measures (—€162 Wienhoven, M., Hulsker, W.,
Levende Rivieren Zaltbommel, ca. 46 km) benefits of a naturally Fresh water qualitative, Materials, Climate genetic diversity, Stroming; million) in the baseline; sensitivity analysis Schutte, H., Bos, D., Broersma, L.,
Midden-Waal designed river (RVLR) availability, monetarised regulation, Existence & bequest LandschappenNL; ARK | shows potential positive (+€130 million) & Andringa, T. (2021). MKBA
versus business-as-usual. Moderation of values Natuurontwikkeling; with synergies and higher benefits; input for | Ruimte voor Levende Rivieren:
extreme events, Rijkswaterstaat; IRM program. Verkenning kosten en baten
Regulation of Provincies; integrale visie voor het riviertraject
water flows, Gemeenten; TBO'’s; Midden-Waal. Ecorys & Sweco.
Opportunities for Ecorys & Sweco
recreation and
tourism, Aesthetic
information
MKBA Zwakke Schakel Noord-Holland Strengthening coastal safety | Flood safety, Indirect, Food, Moderation Maintenance of life Hoogheemraadschap The analysis shows that all alternatives Warringa, G. E. A, Klooster, J., &
Hondsbossche en (Hondsbossche en and improving spatial quality, | water quality qualitative, of extreme events, | cycles, Maintenance Hollands improve coastal safety and spatial quality, Van Moppes, D. A. F. (2010).
Pettemer Zeewering Pettemer Zeewering) recreation, and nature monetarised Opportunities for of genetic diversity, Noorderkwartier; but the financial balance is negative for MKBA Zwakke Schakel
recreation and Aesthetic information Gemeente Zijpe; every option. Recreational and tourism Hondsbossche en Pettemer
tourism, Provincie NH; benefits are significant, especially for Zeewering (074073315:C).
Rijkswaterstaat; alternatives with added beach and nature ARCADIS Nederland BV.
Arcadis features, yet they do not outweigh the high
investment costs.
MKBA Ruimte voor de Nederlands Optimizing Flood Safety Flood safety Indirect, Moderation of Aesthetic information CPB; Rijkswaterstaat Dyke enhancement is often financial Eijgenraam, C. J. J. (2005).
Rivier (Veiligheid tegen rivierengebied (22 Standards qualitative, extreme events (spatial quality) (RIZA, DWW, easiest way to achieve safety standard. Veiligheid tegen overstromen:
overstromen) dijkringen) monetarised Bouwdienst); Early investment strategy supported. Kosten-batenanalyse voor Ruimte
Projectorganisatie voor de Rivier (deel 1) (CPB
Ruimte voor de Rivier; Document No. 82). Centraal
Adviescommissie Planbureau.
MKBA Zuidwestelijke Delta Supporting strategic choices Flood safety, Indirect, Food, Water, Waste treatment Ministerie lenM; The study evaluates alternatives for Stratelligence. (2014). MKBA bij
Rijksstructuurvisie (Grevelingen & Volkerak- | for water quality, water water qualitative, Opportunities for (water purification), Rijkswaterstaat; improving water quality and ecological Rijksstructuurvisie Grevelingen en
Grevelingen & Volkerak- Zoommeer) safety, and regional quality,Fresh monetarised recreation and Moderation of Provincies Zeeland, conditions in the Grevelingen and Volkerak- | Volkerak-Zoommeer (Definitief).

Zoommeer

development.

water
availability

tourism, Aesthetic
information

extreme events,
Maintenance of life
cycles, Maintenance
of genetic diversity

Zuid-Holland, Noord-
Brabant; Gemeenten;
Waterschappen;
Natuurorganisaties;
Stratelligence

Zoommeer while considering flood-risk
functions and freshwater supply, showing
that restoring more natural water dynamics
can generate substantial societal benefits.

Stratelligence.

Ecosysteemdiensten van
grondwater en
ondergrond
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Nederland (nationaal
kader)
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Scoping study of ecosystem
services of groundwater and
the subsurface for policy
considerations

Exploration of the use of ecosystem services within Dutch water challenges

Fresh water
availability,
Water quality

Direct, qualitative

Water, waste
treatment (water
purification),
regulation of water
flows, biochemical
cycles, climate
regulation,
Maintenance of life
cycles, Maintenance
of genetic diversity,
Aesthetic information

Deltares; RIVM;
Ministerie lenM;

Not a cost-benefit analysis, but a
foundation for the STRONG decision-
making framework and the Natural Capital
Atlas; input for policy and Environmental
Impact Assessment (EIA) procedures.

Vermooten, S., & Lijzen, J. P. A.
(2014). Ecosysteemdiensten van
grondwater en ondergrond:
Beschrijvingen en relaties met
activiteiten en maatregelen
(Deltares Briefrapport 1209468-
012-BGS-0002 / RIVM rapport
2014-0167). Deltares & RIVM.
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Project Name Location Main Project Goal Water-Related | Ecosystem Ecosystem Ecosystem Services Partners Involved Outcome of study / Impact on Decision Source
Challenge Services Services Consideration
Consideration Consideration qualitatively
quantitatively
Ecosysteemdiensten als Buulder Aa, gemeente Investigate how ecosystem Pluvial Direct, qualitative | - Air quality regulation, Waterschap De Expressing the effects of measures such as | Van der Meulen, S, Brils, J., & De

verbindende taal in
gebiedsontwikkeling
(Buulder Aa)

Heeze-Leende

services can support
communication and
decision-making in stream
restoration.

flooding, Water
quality

Regulation of water
flows, Opportunities
for recreation and
tourism, waste
treatment (water
purification),
Biological control,
Maintenance of life
cycles, Maintenance
of genetic diversity,
Aesthetic information

Dommel; Deltares;
Gemeente Heeze-
Leende; lokale
agrariérs;
campingondernemers;
Deltares

stream restoration in terms of changes in
ecosystem services can enhance
communication with stakeholders and
decision-makers. However, the term
“ecosystem services” often requires
explanation and may cause resistance
among non-ecological parties. The
ecosystem services framework appears
more suitable for larger areas than the 500-
hectare pilot, as it can reveal functional
interconnections and potential synergies
between projects across different locations.

Hoog, J. (2011).
Ecosysteemdiensten als
verbindende taal in
gebiedsontwikkeling: Case
peilbeheer en beekherstel
(Deltares-rapport 1202272-003).
Deltares.

Quickscan MKBA Nationaal (Rijn, Maas, Exploring the costs and Water quality Indirect, - Water, food, Rijkswaterstaat; No full cost-benefit analysis; qualitative Wienhoven, M., Schiitte, H.,
Kaderrichtlijn Water Schelde, Eems) benefits of additional KRW qualitative regulation of water Provincies; benefits assessment; input for policy Kolenberg, J., Van Well, E., Van
(KRW) maatregelen measures for water quality. flows, waste treatment | Waterschappen; decisions and legal risk analysis. Vliet, J., & Gilissen, H. K. (2021).
2022-2027 (water purification), Gemeenten; Ministerie Verkenning kosten en baten
climate regulation, lenW; CLM; Universiteit Kaderrichtlijn Water (KRW): Een
opportunities for Utrecht quickscan van kosten en baten van
recreation and de KRW (Eindrapport). Ecorys
tourism, information Nederland B.V.
for cognitive
development,
Maintenance of life
cycles, Maintenance
of genetic diversity
SEEA Ecosystem Dutch North Sea Develop ecosystem Water quality Direct, Food, water, - CBS; Rijkswaterstaat; The study develops ecosystem accounts Bogaart, P., Brandenburg, K.,
Accounting Noordzee accounts for policy and quantitative, regulation of water Wageningen Marine for the North Sea that quantify changes in Driessen, C., Lous, B., Mosterd,
monitoring of sustainable monetarised flows, climate Research; Ministerie ecosystem condition and services, R., Piet, G., Poot, M., Rensman,
development. regulation, lenW providing a basis for integrating marine M., Schenau, S., Soldaat, L., & De
Opportunities for ecological value into national economic Zeeuw, M. (2023). SEEA Ocean
recreation and statistics. Ecosystem Accounting for the
tourism, existence Dutch North Sea: towards a first
bequest values full implementation (PR001018
ENR/SLO). Statistics Netherlands.
Trade-offs in ecosystem Rijntakken (Rhine Quantitative analysis of Flood safety, Direct, Food, raw - Deltares, WUR, Policy advise for further quantitative Kok, S., Le Clec’h, S., Penning,
services under various Branches), Nederland ecosystem services under freshwater quantitative, materials, MERLIN CBA. Suggestion for which external W. E., Buijse, A. D., & Hein, L.
river management different river and floodplain availability, monetarised moderation of effects to be valued: with focus on (2025). Trade-offs in ecosystem
strategies management strategies. water quality extreme events, recreation, biodiversity and spatial services under various river
Wasls treatment quality. management strategies of the
(wa_t_er ) Rhine Branches. Ecosystem
purification), Services, 72(101692).
climate regulation,
Opportunities for
recreation and
tourism, aesthetic
information.
Quick scan MKBA Dordrecht Exploring the costs and Water quality Indirect, - Waste treatment Gemeente Dordrecht; Full CBA on a package of measures; Witteveen+Bos. (2019, 21
Noordendijk Dordrecht benefits of residential qualitative (water purification), Witteveen+Bos; lokale ecosystem services were not monetised februari). Noordendijk Dordrecht:
development in a freshwater Opportunities for stakeholders but were qualitatively considered in the Quick scan analyse kosten en
tidal landscape. recreation and decision-making process. baten (MKBA). Gemeente
tourism, Maintenance Dordrecht.
of life cycles,
Maintenance of
genetic diversity,
aesthetic information.
Economische analyse Nationaal Economic analysis for new Fresh water Direct, Water, food Waste treatment Stratelligence; No formal CBA; detailed cost—benefit Stratelligence. (2021, januari).
Zoetwater (MKBA delta decision on freshwater; availability, quantitative, (water purification), Deltares; analysis including societal benefits; Economische analyse zoetwater:
Deltaprogramma identifying economically water quality monetarised Opportunities for Rijkswaterstaat; provides recommendations for financing Eindrapportage . In opdracht van
Zoetwater) viable measures against recreation and Ecorys; strategies. het Deltaprogramma.
drought. tourism, Maintenance Witteveen+Bos;
of life cycles, Zoetwaterregio’s
Maintenance of
genetic diversity,
aesthetic information.
Rekenen aan Bovenkerkerpolder Analysis of effects, costs, Water quality, Indirect, Raw materials, Maintenance of life Waterschap Amstel, The study shows that nature-friendly banks De Natuurverdubbelaars. (2022).
biodiversiteitsherstel: (Noord-Holland) and benefits of nature- Pluvial flooding | quantitative, regulation of water | cycles, Maintenance Gooi en Vecht; De can significantly improve ecological water Rekenen aan Biodiversiteitsherstel:
Kosten en baten van friendly banks for biodiversity monetarised flows, waste of genetic Natuurverdubbelaars; quality and biodiversity while providing Kosten en baten van
natuurvriendelijke oevers restoration and water quality. treatment (water Waternet; Agrariérs; additional societal benefits such as reduced | natuurvriendelijke oevers in de
purification), Provincie; water nuisance and enhanced recreational Bovenkerkerpolder
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moderation of
extreme events,

Natuurorganisaties

value.
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Project Name Location Main Project Goal Water-Related | Ecosystem Ecosystem Ecosystem Services Partners Involved Outcome of study / Impact on Decision
Challenge Services Services Consideration
Consideration Consideration qualitatively
quantitatively
Maatschappelijke Markermeer; Comparison of traditional Flood safety Only - - Rijkswaterstaat; Royal Eco engineering maintenance costs are De Bel, M., Schomaker, A. H. H.
kostprijs analyse (MKA) Noordwaard; water defences with eco- maintenance Haskoning; Deltares; higher, but investment costs are lower. M., & Van Herpen, F. C. J.

Levende Waterbouw

Oosterschelde

engineering variants

costs considered

Waterschappen

Over the long term, eco variant is often
more financially viable.

(2011). Meerwaarde Levende
Waterbouw: Een
maatschappelijke
kostprijsanalyse. Haskoning in
opdracht van Rijkswaterstaat

De waarde van natuur Nationaal This study examines how fresh water Indirect, Water purification, Habitat provision, Vereniging van Bos- en | Natural areas significantly strengthen KWR (2019), De waarde van
voor de watervoorziening natural ecosystems availability, qualitative, groundwater biodiversity support, Natuurterreineigenaren, | drinking-water supply by improving natuur voor de watervoorziening
contribute to the Dutch water quality monetarised recharge, flow regulation, KWR, groundwater quality, enhancing infiltration,
drinking-water supply by contribution to aesthetic and cultural drinkwaterbedrijven and lowering treatment costs.
improving groundwater drinking-water values.
quality, enhancing infiltration, supply, climate
and reducing treatment regulation (carbon
costs. sequestration).
Quick scan MKBA- Gouda, Zuid-Holland First exploration of costs and | Pluvial flooding | Indirect, Regulation of Existence bequest Gemeente Gouda; Quick scan shows ‘Hoog Houden’ has Kok, S., & Hommes, S. (2018).
bodemdaling binnenstad benefits for two strategies to qualitative, water flows, values, aesthetic Hoogheemraadschap negative cost-benefit balance (high Quick scan MKBA bodemdaling
Gouda address subsidence in monetarised Moderation of information van Rijnland; Coalitie investment, low avoided damage), while binnenstad Gouda: Een eerste
Gouda’s historic city centre: extreme events Stevige Stad op Slappe | ‘Laten Zakken'’ is positive. verkenning naar de kosten en
Measures include deep Bodem; Deltares
foundation, waterproofing handelingsperspectieven voor
bodemdaling (1230530002
water level management. BGS-0005). Deltares.
MKBA-kaderplan Gouda, Zuid-Holland CBA for Kaderplan Pluvial flooding | Indirect, Regulation of Opportunities for Gemeente Gouda; MKBA concludes both variants have Kok, S. (2019). MKBA kaderplan
bodemdaling binnenstad Bodemdaling Binnenstad qualitative, water flows, recreation and Hoogheemraadschap positive economic rationale; Variant 2 bodemdaling binnenstad Gouda
Gouda Gouda comparing two monetarised Moderation of tourism, Existence van Rijnland; Coalitie (1230530-002-BGS-0007).

,

variants: ‘Eenvoudig en Snel
(simple and fast) and
‘Maatwerk’ (tailored).

extreme events

bequest values,
aesthetic information

Stevige Stad op Slappe
Bodem; Deltares

(compartment + 25 cm lowering) yields
higher net benefits than Variant 1.

Depoldering
Noordwaard (Ruimte
voor de Rivier)

Noordwaard, Province
of Noord-Brabant

Increase river discharge
capacity to reduce flood
risk while enabling nature
development and adapted
land use

Flood safety

Indirect, mainly
qualitative

Moderation of
extreme events;
Regulation of
water flows

Aesthetic
information;
Opportunities for
recreation and
tourism;
Maintenance of life
cycles; Maintenance
of genetic diversity

Rijkswaterstaat;
Province Noord-
Brabant; Waterschap
Rivierenland;
Municipalities; Local
residents

Flood risk reduction was decisive.
Regulating ecosystem services were
central to decision-making; habitat and
cultural services were considered
qualitatively to support comparison of
alternatives.

Bureau Benedenrivieren (2006),
Ontpoldering Noordwaard, een
afgewogen keuze voor de

Dike Relocation Lent
(Ruimte voor de Rivier)

Lent/ Nijmegen,
Province of Gelderland

Relocate the dike inland to
widen the floodplain, lower
river water levels and

Flood safety

Indirect, partly
monetised

Moderation of
extreme events;
Regulation of

Aesthetic
information;
Maintenance of life

Rijkswaterstaat;
Municipality of
Nijmegen; Province

CBA focused on construction costs,
flood safety and real-estate impacts.
Recreation was monetised; other

Haskoning (2010), Projectnota
MER Dijkteruglegging Lent
Maatschappelijke Kosten/Baten

improve spatial quality water flows; cycles; Maintenance | Gelderland; Water ecosystem services supported decision- Analyse. In opdracht van
Opportunities for of genetic diversity boards making qualitatively. gemeente Nijmegen
recreation and
tourism
Akkrumer Goedland Akkrum, Province of Develop nature-inclusive Freshwater Explicit, mainly Climate Regulation of water Farmers Exploring business models and
Fryslan housing combined with availability; qualitative regulation flows; Waste (cooperative); ecosystem services are implicitly
water retention, wet Water quality; treatment; Municipality essential to project design and narrative.

cultivation and peatland
restoration through a
cooperative model

Exploration of the use of ecosystem services within Dutch water challenges
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Maintenance of soil
fertility; Maintenance
of life cycles;
Maintenance of
genetic diversity;
Aesthetic
information;
Opportunities for
recreation and
tourism

Heerenveen; Province
Fryslan; Wetterskip
Fryslan; Local
community;
Developers

Deltares
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